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AMAC ve KAPSAM

Cukurova Universitesi Miihendislik Fakiiltesi Dergisi, y1lda dort say1 olarak yayimlanan hakemli bilimsel
bir dergidir. Miihendislik alanindaki gelismeleri takip etmek, meslek kuruluslar1 ve bireylerin ulusal ve
uluslararasi1 gelisimlerine katkida bulunmak ve bu alanlarda Tiirk¢e bir kaynak olusturmak amaciyla
yayimlanmaktadir. Derginin yazim dili Tiirk¢e/Ingilizcedir. Daha énce baska bir yerde yayimlanmamis
tim 6zglin ve giincel bilimsel arastirma ve uygulamalar1 kapsayan makaleler kabul edilmektedir. Tim
mithendislik alanlar1 ile ilgili teorik/deneysel ve uygulamaya yonelik caligmalar Dergi’nin ilgi
alanindadir. Ceviri ve derleme makaleler kabul edilmemektedir. “Arastirma ve uygulama iceren
makaleleri” yaymlamaktadir.

AIM and SCOPE

Journal of the Engineering Faculty of Cukurova University is a peer-reviewed scientific journal which is
currently published quarterly. The journal is published to follow the developments in the field of
engineering, to contribute to the national and international development of professional organizations and
individuals, and to create a Turkish resource in these areas. The language of the journal is Turkish/
English. All original and up to date scientific research and applications articles that have not been
published elsewhere are accepted. Theoretical/experimental and practical studies related to all
engineering fields are in the scope of the Journal. Translation and compilation articles are not accepted.
The journal publishes “articles of research and practice”.
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Oz

Leishmaniasis, Leishmania parazitlerinin neden oldugu tropikal bir hastaliktir. Halk arasinda “kala-azar”
olarak bilinen, hastaligin en 6liimciil formu olan viserial leishmaniasise (VL) L. infantum’un neden oldugu
bilinmektedir. Piyasada hali hazirda antileishmanial ajanlar mevcuttur, ancak bu kemoterapétik ajanlarin
toksisitelerinin ve yan etkilerinin oldugu bilinmektedir. Sifali bitkiler ve onlarin ekstraktlarina olan ilgi,
yan etkilerinin yok denecek kadar az olmasiyla her gecen giin artmaktadir. Bu ¢alismada leishmaniasise
yonelik etkin bir ila¢ formiilasyonu gelistirmek i¢in, zengin kimyasal i¢erige sahip, anti-leishmanial 6zellik
sergileyen kudret nar1 (Momordica charantina) oziitleri kullanilmistir. Calismada kudret nar1 ekstraktlart
tek basina ve farkli antileishmanial ilaglarla (Amfoterisin B ve miltefosin) kombine edilerek RAW 264.7
makrofaj hiicrelerinde sitotoksik etkisi aragtirilmigtir. Ayrica elde edilen ekstrakt-ila¢ formiilasyonlarinin
L. infantum parazit hiicreleri lizerindeki oldiirticii etkinligi de MTT analiz yontemi ile incelenmistir.
Calismadan elde edilen verilere gore ekstraktin tek basina toksik etkisinin olmadigi, ilagla kombine edildigi
zaman dogal immiin sistem hiicreleri iizerinde ilacin toksik etkisini azalttig1, leishmania parazitleri {izerinde
ise sitotoksik etkisini arttirdigi belirlenmistir. Elde edilen sonuglarin VL karsi tedavi yaklagiminin
gelistirilmesine yardimet1 olacag diisiiniilmektedir.

Anahtar Kelimeler: Leishmania infantum, Momordica charantina, Sitotoksisite, Antileishmanial

*Sorumlu yazar (Corresponding Author): Kiibra KELLECI, kubragkelleci@gmail.com
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Momordica Charantina Ekstraktinin Amfotericin B ve Miltefosin Ilag Kombinasyonlar: ile Leishmania Parazitleri
Uzerindeki Sitotoksik Etkilerinin Incelenmesi

Investigation of the Cytotoxic Effects of Momordica Charantina Extract on
Leishmania Parasites with Amphotericin B and Miltefosine Drug Combinations

Abstract

Leishmaniasis is a tropical disease caused by Leishmania parasites. It is known that L. infantum causes
visceral leishmaniasis (VL), which is the deadliest form of the disease, popularly known as "kala-azar".
Antileishmanial agents are already available in the market, but these chemotherapeutic agents are known
to have toxicities and side effects. Interest in medicinal plants and their extracts is increasing day by day,
with almost no side effects. In this study, bitter melon (Momordica charantina) extracts with rich chemical
content and exhibiting anti-leishmanial properties were used to develop an effective drug formulation for
leishmaniasis. In the study, the cytotoxic effect of bitter melon extracts alone or in combination with
different antileishmanial drugs (Amphotericin B and miltefosine) was investigated in RAW 264.7
macrophage cells. In addition, the lethal activity of the obtained extract-drug formulations on L. infantum
parasite cells was also investigated by MTT analysis method. According to the data obtained from the study,
it was determined that the extract did not have a toxic effect alone, when combined with the drug, it reduced
the toxic effect of the drug on the cells of the innate immune system, and increased the cytotoxic effect on
the leishmania parasites. It is thought that the results obtained will help to develop a treatment approach
against VL.

Keywords: Leishmania infantum, Momordica charantina, Cytotoxicity, Antileishmanial

1. GiRiS nar1 glinimiizde birgok hastaligin tedavisinde
kullanilmakla birlikte son yillarda iilkemizde artan

Bitkiler binlerce yildir farkli medeniyetler leishmaniasis hastaliginin  tedavisine yonelik

tarafindan, halk arasinda geleneksel tedavi ¢alismalarda da kullanilmaya baslanmustir [4].

amactyla yaygin olarak kullanilmaktadir. Bitkilerin

hemen hemen biitiin kisimlarinda farkli diizeylerde ~ Leishmaniasis, Phlebotomus cinsi = sineklerden

bulunan fenolik bilesikler sayesinde antialerjen,

antimutajen, antikarsinojen, antiglisemik,
antikolesterol, antienflamatuar, antitrombotik,
vasodilator ve sakinlestirici Ozelliklere sahip

olduklar1 bildirilmektedir [1].

Cucurbitaceae familyasina ait bir tiir olan kudret
nart (Momordica charantina) bugiin sadece
geleneksel tipta kullanimi nedeniyle halkin degil
ayn1 zamanda tibbi ve gida endiistrisinde kullanimi
ile de aragtirmacilarin ilgisini ¢ekmektedir.
Iceriginde bulunan fenolik bilesikler sayesinde
antidiyabetik, antiviral, anti-inflamatuar,
antiparazitik 6zellige sahip oldugu kanitlanmistir

[2].

Yapilan ¢alismalar bitkinin sahip oldugu kimyasal
bilesen diizeyinin, bitkinin olgunluk seviyesine,
bitkinin kisimlarma ve ekstraksiyonda kullanilan
¢oziiciiye bagli oldugunu gostermistir [3]. Kudret

bulasan paraziter bir hastaliktir. Hastaligin en
oliimctil formu olan viseral leishmaniasis (VL) e L.
infantum, L. tropica ve L. donovani tiirlerinin neden
oldugu bilinmektedir [5]. VL’nin tedavisinde
genellikle kemoterapi ilaglart ile saglanmaktadir.
Deoksikolat veya lipozomal formiilasyonlarda
hazirlanan amfoterisin B, paromomisin ve
miltefosin  dahil olmak iizere yeni ilaglar
gelistirilmis olsa da bu ilaglar ciddi toksik ve yan
etkilere neden olmakta, ilag direncini arttirmaktadir
[6]. Bu nedenle antileishmanial ilaglarin
gelistirilmesine acilen ihtiyag¢ vardir [7].

Yapilan literatiir ¢aligmalart tedavide kimyasal
ilaglara ek olarak bitkisel kaynakli ekstrakt
kullanilmasmin ilacin etkinligini artirabilecegini
belirtmistir. Bu nedenle birgok bitki ekstraktinin
leishmaniasis tedavisinde kullanimi aragtirtlmigtir
[8]. Yapilan ¢aligmalarda kudret narinin iceriginde
bulunan Momordicatin adli bilesigin L. donovani

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024
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iizerinde etkili bir ajan oldugu kanitlanmugtir [9].
Bitkideki Momordicatin adli  bu bilesigin
leishmaniasis tedavisinde kullanilan ilaglarla
kombinasyonunun olumlu bir etki olusturacagi
diistiniilmektedir. Kombinasyon tedavisi son
zamanlarda anti-leishmanial ilaglarin
dezavantajlarii minimize etmek igin en ¢ok
aragtirillan alanlardan biri olmustur [6]. Bu
calismada kudret nari ekstrakti tek basma ve
leishmaniasis tedavisinde siklikla kullanilan ilaglar
ile kombine edilerek leishmania parazitlerindeki
toksisitesinin belirlenmesi amaglanmistir. Kudret
nar1 ekstraktinin anti-leishmanial aktivitesi tespit
edilmeden 6nce toksik olmayan konsantrasyonlari
RAW 264.7 makrofaj hiicre hattt kullanilarak
belirlenmistir.

2. YONTEM

RPMI-1640, Fetal bovin serum (FBS),
Dimetilsulfoxid (DMSO), gentamisin, filtre kagidi
(Hoffmann) ve 0.22 pum filtrelerin timii Sigma-
Aldrich'ten satin alindi. Tiim sulu ¢ozeltiler milli-Q
su ile hazirlandi. Morfolojik degisiklikleri
gozlemlemek amaciyla ters mikroskop (Olympus
CKX 41) kullanildi.

2.1. Kudret Nar1 Ekstraktinin Hazirlanmasi

M. charantia yerel pazardan temin edilmistir.
Olgun kudret nari uygun sekilde distile su ile
yikandi, meyvelerin i¢inde yer alan tohumlar
temizlendikten sonra meyveler kiigiikk parcalara
ayrildi. Mikrodalgada kurutularak toz haline
getirilen kudret narindan 8 gr tartilip, iizerine 50 ml
metanol eklendi. 6 giin karanlik ortamda oda
sicakliginda inkiibe edildikten sonra elde edilen
0ziit, Whatman No.l filtre kagidi kullanilarak
stizlildii ve metanol hava akimi ve sicaklik yoluyla
buharlastirildi. Kudret nart ekstraktinin miktari
hesapland1 [10].

2.2. Parazit ve Hiicre Kiiltiiri
Bu calismada laboratuvarimizdaki kriyobankta

bulunan RAW.264.7 makrofaj hiicresi ve VL
etmeni olan L.infantum paraziti kullanildi

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

Hiicrelerin ve parazitlerin proliferasyonu igin
RPMI-1640 besiyeri igerisine %1 gentamisin, %1
L-glutamin ve %10 FBS ilave edilerek, 37°C, %95
nem ve %5 CO; inkiibe edildi.

Makrofaj hiicreleri %80-90 konfluente ulastiktan
sonra fiziksel yol ile toplanarak 1000 rpm’de 5 dk
sireyle santrifiij edildi [11]. Laboratuvar
kriyobankinda mevcut olan L.infantum, RPMI-
1640 besiyerinde 27°C, karbondioksitsiz etiivde
inkiibe edildi. 25 cm?’lik flasklara 3x10° parazit/ml
olacak sekilde kiiltiirden parazit ekimi yapildi. 25
cm?’lik flaskta 107 parazit/ml sayisina ulastiginda
L.infantum promastigotlar1 75 cm?’lik flaska
aktarilarak 48 saat boyunca inkiibe edildi. Parazitler
gerekli konfluente ulasan parazitler 96 kuyulu
plaklara 2x10° parazit/ml olacak sekilde ekilerek
27°C de karbondioksitsiz ortamda 24 saat boyunca
tutuldu [12].

2.3 Sitotoksisite Analizleri

Farkli konsantrasyonlarda hazirlanan ekstrakt, ilag
(10-100 pg/ml), ve ekstrakt+ilag (40 pg/ml ekstrakt
ve 10 -100 pg/ml ilag) formiilasyonlarinin
sitotoksisitesini belirlemek igin MTT yodntemi
kullanildu. Parazitlerin canliligi, 3-(4.5-
dimetiltiazol-2-il)-2.5-Difeniltatrazilyum  bromiir
ile degerlendirildi. Plakalara fenol-red igermeyen
besiyerinde ekilen parazitlere (2x10° parazit/ml)
ekstrakt, ilag ve ekstrakt+ilag formiilasyonlar
eklenerek CO, igermeyen 27°C'lik inkiibatorde 48
saat inkiibe edildi. Inkiibasyondan sonra her
kuyucuga 10 pl MTT soliisyonu ilave edilerek
CO2’siz etiivde 27°C'de 3 saat inkiibe edildi.
Inkiibasyon sonunda kuyucuklara 100 pl DMSO
ilave edilerek plakalar 30 dakika karanlikta tutuldu
[13].

Parazitlerin canlilik analizi 570 nm dalga boyunda
Ol¢iildii. Her deney grubu ii¢ kez tekrarlandi ve
ortalamas1 alindi. Hiicre canliligi Denklem 1
kullanilarak, 48 saat sonunda elde edildi.

Ornek absorbansi
Hiicre Canlilign (%) = (————————— )+ 10 1
HETRE IRl ‘h’onn‘o.’ absorbans: ( )
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2.4. istatistiksel Analiz

Calismadan elde edilen veriler IBM SPSS 25.0
(IBM Corporation, Armonk, NY, ABD) paket
programinda analiz edilmistir. Gruplar arasi
kargilagtirmalar tek yonlii varyans analizi Tek
Yonli ANOVA testi ile yapilmistir. Sonuglar
ortalamatstandart sapma olarak verildi ve
istatistiksel anlamlilik p<0,05 olarak kabul edildi.

3. ARASTIRMA BULGULARI

Bitkilerdeki ikincil metabolitler, fenolik asitler,
flavonoidler, tanenler, kinonlar, antosiyaninler gibi
bircok aktif bilesigin anti-leishmanial etkinligi
oldugu Dbilinmektedir [14]. Bu c¢alismada
maserasyon yontemi ile hazirlanan kudret nari
ekstraktinin anti-leishmanial aktivitelerinin
belirlenmesi amaglanmigtir. Bu amagla hazirlanan
ekstrakt ve anti-leishmanial ilaglar ile yapilan
kombinasyonlarin =~ RAW  264.7  makrofaj
hiicrelerinde ve L. infantum parazitlerinde
toksisiteleri tespit edilmistir. /n vivo calismalarda
denenmek  iizere leishmaniasis tedavisinde
uygulama potansiyeli en yliksek olan ekstrakt-ilag
konsantrasyonu belirlemistir. Yapilan c¢alismada
ekstraktin en yiiksek Oldiirme etkinliginin 100
pg/ml konsantrasyonda elde edildigi goriilmektedir.
Fakat bu konsantrasyon Sekil 1’de gosterildigi gibi
RAW 264.7 hiicrelerine uygulandiginda yiiksek
sitotoksisite gosterdigi icin degerlendirilmemistir.

40 pg/ml konsantrasyondaki ekstraktin sitotoksisite
analizi incelendiginde RAW 264.7 hiicrelerinde %

110

b
B RAW 264.7
20
10
0
10 20 40 80 100

M. Charantia Ekstrakt Konsantrasyonu (ug/mL)

3888

Hicre Canlilig (%6)
&858

109,44 canlilik tespit edilirken, Leishmania
parazitlerinde %72,36 canlilik tespit edilmistir.
Ekstraktin ~ artan  konsantrasyonla  birlikte
Leishmania parazitlerini 6ldiirme kabiliyetinin
arttig1  goriilmektedir. Kudret nar1 ekstraktinin
sitotoksik  etkinligi en yiksek 40 pg/ml
konsantrasyonda oldugu i¢in ilag kombinasyonlari
bu konsantrasyon ile uygulanmistir. Kudret nar1
ekstraktinin Amfoterisin B ve miltefosin ilaci ile
kombinasyonun RAW 264.7 hiicrelerinde ve
Leishmania parazitlerindeki sitotoksik etkinligi
Sekil 2’de gosterilmistir. RAW 264.7 hiicrelerinde
40 pg/ml Amfoterisin B uygulandifinda %81,27
canlilik, 40 pg/ml miltefosin ilac1 uygulandiginda
ise %81,29 canlilik tespit edilmistir. Aym
konsantrasyonda Leishmania parazitlerine
Amfoterisin B uygulandiginda %56,47 canlilik,
miltefosin uygulandiginda ise %57,03 canlilik
tespit edilmistir.

Kudret nari ekstraktinin  Amfoterisin B ve
miltefosin ilact ile ayrt ayri kombinasyonunda,
RAW 264.7 hiicrelerinde 40 pg/ml ekstrakt+40
png/ml Amfoterisin B ilacinin %84,26 canliliga, 40
png/ml ekstrakt+40 pg/ml miltefosin ilacinin ise
%84,45 canliliga neden oldugu bulunmustur (Sekil
3). Aym sekilde ekstrakt+ilag kombinasyonlarinin
Leishmania parazitleri lizerine sitotoksik etkileri de

yer almaktadir. Sonuglara goére 40 pg/ml
ekstrakt+40  pg/ml  Amfoterisin B ilaci
uygulandiginda  %45,36  canlilik, 40 pg/ml

ekstrakt+40 pg/ml miltefosin ilac1 uygulandiginda
ise %45,13 canlilik tespit edilmistir.

70
60
40 B Leishmania
30
20
10

0

10 20 40 80 100

M. Charantio Ekstrakt Konsantrasyonu (ug/mL)

Hicre Canlilig {%6)
8

Sekil 1. Ekstraktin RAW 264.7 hiicre hatt1 ve Leishmania parazitindeki sitotoksisitesi
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Sekil 2. Amfoterisin B ve miltefosin ilacinin RAW 264.7 hiicreleri (sol) ve Leishmania parazitleri (sag)
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Sekil 3. Amfoterisin B ve miltefosin ilacinin kudret nar1 kombinasyonlartyla RAW 264.7 hiicreleri (sol)
ve Leishmania parazitindeki (sag) sitotoksik etkileri

Leishmaniasis  tedavisinde kullanilan ilaglar
Leishmania parazitlerinin oldiiriilmesini
saglamaktadir. Fakat mevcut ilaglarin tek basina
kullanimlarinin  sitotoksik etki olusturmalari ve
istenilen etkinlik diizeyinde olmamalar1 gibi
dezavantajlar1 vardir. Son yillarda yapilan
calismalarla leishmaniasis tedavisinde kullanilan
ilaglarin  bitkisel ekstraktlarla kombine olarak
kullaniminin, ilaglarim toksisitelerini azalttigir ve
anti-leishmanial etkilerini artirdig1 goriilmektedir.
Yapilan bu caligmada elde edilen sonuglar literatiirii
desteklemektedir [15]. Yapilan bir ¢aligmada P.
granatum ekstraktinin anti-leishmanial altivitesi
incelenmistir. L. infantum ve L major parazitlerinde
P. granatum ekstraktinin 1Csy degerleri sirasiyla
0,84 ve 1,67 uM olarak bulundugu bildirilmistir
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[16]. Sonuglar referans ilag miltefosin degerleriyle
karsilagtirildiginda, P. granatum ekstraktinin L.
infantum parazitlerinde miltefosine gore yaklasik
25 kat daha segici oldugu rapor edilmistir.

4. SONUCLAR

Bes degerlikli antimoniyaller, o6liimciil oldugu
bilinen VL tedavisi i¢in ilk ilag grubu olarak kabul
edilmektedir [17]. Baz1 parazitik suslar bu klasik
bes degerlikli antimonlara kars1 direng gelistirmistir
[18]. Piyasada siklikla kullanilan Miltefosin,
Amfoterisin B ilaglar1 VL tedavisi i¢in etkili oldugu
bilinmektedir. Fakat ne yazik ki kesin ¢dziim
degildir. Bu ilaglarin kullanimi ile hastalarda
kutanoz leishmaniasis ya da yeniden VL tekrarlama
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durumu s6z konusudur. Ayrica ilaglarin sahip
oldugu yan etkiler ve toksisite gibi zararlar1 da
ilaclarmm kullanimint sinirlamaktadir. Dolayistyla
VL tedavisi i¢in yeni ilaglarin gelistirilmesine acil
ihtiyag vardir [19].

Paraziter hastaliklarin tedavisinde sifali bitkilerin
ve bitki ekstraktlarinin = kullanimi  gegmis
zamanlardan beri siklikla ¢aligmalara arastirma
konusu olmustur [16]. Bugiine kadar, halk arasinda
kudret nar1 olarak da bilinen M. charantia bitkisi ve
bitki dziitl ile yapilan pek ¢ok in vivo ve in vitro

calisma  vardir. M.  charantia  bitkisinin
antidiyabetik, antiparaziter, antimikrobiyal pek ¢ok
faydali  etkisi oldugu literatiirde  yapilan

caligmalarda goriilmektedir [2].

Bu calisma kapsaminda kudret nari ekstraktinin
RAW 264.7 makrofaj hiicre hattinda sitotoksik
etkinligi aragtirillmistir. Ayn1 zamanda L. infantum
parazitleri  iizerindeki  Oldiiriicii  etkisi de
incelenmigtir. Calismada bitki ekstrakt1 tek basina
kullanildiginda dogal immiin sistem hiicreleri
iizerinde toksik etkisinin olmadig1 fakat Leishmania
parazitleri icin toksik etki yarattig1 belirlenmistir.
Leishmania parazitleri iizerindeki etkiyi artirmak ve
mevcut anti-leishmanial ilcalarin toksik etkisini
minimize etmek i¢in, ilag+ekstrakt kombinasyonu
uygulanmistir. Elde edilen veriler 1s18imda kudret
nar1 ekstraktlarinin ilaglarin dogal immiin sistem
hiicreleri  iizerinde toksik etkisini azalttig1,
Leishmania parazitleri tizerinde ise toksik etkisini
arttirdigt belirlenmistir. Bu c¢alisma ile kudret
narinin  leishmaniasis tedavilerinde kullanilma
potansiyeli olan antileishmanial &zelliklerinin
oldugu belirlenmistir.

Bu bulgular 1s1g3inda leishmaniasis tedavisinde
kudret narinin etkili sonuclar verse de tek basina
yeterli olmayacagi ve antileishmanial ilaglarla
kullanildigit zaman ilaglarin  toksik etkilerini
azaltarak antileishmanial etkilerini arttirdig1
belirlenmistir. Kudret nart ile Amfoterisin B ve
Miltefosin gibi antileishmanial ilaglarin
kombinasyonlarinin leishmania tedavisinde
kullanim potansiyellerinin oldugunu ve in vivo
caligmalarla bitkisel ekstrakt+ilag
formiilasyonlarinin  leishmaniasis  tedavilerinde
etkili sonuclar verecegini diisiinmekteyiz.
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Oz

Diinya ¢apinda ve {ilkemizde yiiriitiilen ¢alismalar, tasitlarin yasam dongiisii boyunca enerji verimliligi
konusunu, sera gazi salimimindaki artis ve enerji kaynaklarindaki azalmaya bagli olarak, hammadde
asamasindan geri doniistiiriilme siireglerine kadar onemli bir éncelik haline getirmistir. Ozellikle uzun
mesafeli yolculuklara hizmet eden toplu tagima aracglari i¢in tasit agirligini azaltmak, yakit tasarrufunu
onemli 6l¢iide artirmaktadir. Bu tasitlarin prototip imalata gegmeden dnce sonlu elemanlar analizleri ile
dogrulama siireglerinin gergeklestirilmesi maliyet ve zaman avantaji saglamaktadir. Literatiirde yapilan
calismalar incelendiginde benzer toplu tasima araglarinin sonlu elemanlar modeli kurularak farkli
yontemler ile incelenmigtir. Ancak sonlu elemanlar modelinin sadece govde iizerinde olusturuldugu
modellerde govde karkasina etkiyen kuvvetlerin tam anlamiyla temsil edilemedigi goriilmistiir. Tiim
bunlarla beraber literatiirde yapilan ¢aligmalar genel olarak ticari bir tasarimi igermemekte ve yerlesim plani
ve teknik 6zelliklerin detayli incelenmedigi goriilmektedir. Bu ¢alismada M3 siifi bir elektrikli otobiisiin
calisma kosullarindaki davraniglarini incelemek igin otobiis govdesi, akslar dahil olmak {izere tamamini
icerecek sekilde modellendi ve hareket halinde en ¢ok maruz kaldigi ii¢ senaryo olan tam yiikte 1G
ivmelenme, yanal ivmelenme ve ani frenleme ve hizlanma senaryolarinda yapisal analizler gerceklestirildi.
Yapilan analizler sonucunda govde karkasinda bazi tasarimsal degisikliklere gidilmis ve arag agirligi
azaltilmigtir. Yeni tasarim tekrar ayni smir sartlarinda analiz edilerek dogrulama c¢alismasi
gerceklestirilmistir. Yapilan tasarim degisiklikleri sonrasinda govde karkasinda sol duvar bolgesinde
19,694 kg, sag yan duvar bolgesinde 17,346 kg, tavan bolgesinde 72,43, sasi ve diger bolgelerde ise 122,53
kg’lik bir kiitle tasarrufu saglanarak toplamda %7,41 oraninda bir hafifletme saglanmustir.

Anahtar Kelimeler: Elektrikli otobiis, Yapisal analiz, Ivmelenme, Hafifletme
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Lightweighting of an M3 Class Electric Bus Under Different Scenarios with Finite
Element Analysis

Abstract

Studies carried out worldwide and in our country have made the issue of energy efficiency throughout the
life cycle of vehicles an important priority, from the raw material stage to the recycling processes, due to
the increase in greenhouse gas emissions and the decrease in energy resources. Reducing vehicle weight
significantly increases fuel economy, especially for public transportation vehicles that serve long-distance
journeys. Carrying out verification processes with finite element analyzes of these vehicles before
proceeding with prototype manufacturing provides cost and time advantages. When the studies in the
literature are examined, finite element models of similar public transportation vehicles have been
established and examined with different methods. However, it has been observed that the forces acting on
the body frame cannot be fully represented in models where the finite element model is created only on the
body. In addition to all this, the studies in the literature generally do not include a commercial design and
it seems that the layout plan and technical features are not examined in detail. In this study, to examine the
behavior of an M3 class electric bus under operating conditions, the bus was modeled including the entire
body, including the axles, and structural analyzes were carried out in the three scenarios to which it is most
exposed in motion: 1G acceleration at full load, lateral acceleration and sudden braking and acceleration
scenarios. As a result of the analysis, some design changes were made to the body frame and the vehicle
weight was reduced. The new design was analyzed again under the same boundary conditions and a
verification study was carried out. After the design changes, a mass saving of 19.694 kg in the left wall
region of the body frame, 17.346 kg in the right side wall region, 72.43 kg in the ceiling region, and 122.53
kg in the chassis and other regions was achieved, resulting in a weight reduction of 7.41%.

Keywords: Electric bus, Structural Analysis, Acceleration, Lightweighting
geri doniistiirilmesine kadar olan siireglerde enerji

verimliligi 6nemli bir dncelik haline gelmistir [2].
Tasitlarda enerji verimliligini artiran teknolojiler

1. GIRIS

Giliniimiizde enerji kaynaklarindaki daralma ve

kiiresel 1sinma gibi faktorler tiim endiistriyel
alanlarda enerji verimliligini arttirmay1 6ncelikli
hedef haline getirmistir. Giinliikk hayatimizin
vazgecilmez bir pargasi olan ulagim faaliyeti de
sirdiiriilebilir ~ ¢evre  kavramint  dogrudan
etkilemektedir. Ozellikle karayolu tagimacihigt
ulastirma sektorii igerisinde dnemli bir yere sahiptir.
Avrupa Birligi’nde (AB) 2020 yilinda kisi bagina
yaklagik 10.000 km yol motorlu ulagim araglari ile
kat edilmis ve bu hareketliligin %80,6’lik kismi1

binek otomobiller ile %6,6’ik kismi yolcu
otobisleri ve %50 ise demiryolu ile
gerceklesmistir [1].

Ulkemizde ve diinya genelinde yapilan

aragtirmalar, sera gazi salimimindaki artig1 ve enerji
kaynaklarindaki azalmaya bagli olarak tasitlarin
yasam dongiisii boyunca hammadde asamasindan

10

arasinda, arag agirhigin hafifletme yontemi 6nemli
bir rol oynamaktadir. Bu yontem, yakit tiketiminde
diisiis saglamanin yani sira aracin omrii boyunca
salgilanan emisyon oranlarinda da azalmaya neden
olur [3]. Yapilan arastirmalar degisik tasitlarda,
farkli kullanim ¢esitlerine ve kullanim miktarlarina
bagl olarak tasitlarda her 100 kg’lik hafifletmenin
100 km mesafede ortalama 0,3-0,4 L yakit tasarrufu
saglayacagini ortaya koymustur. Farkli bir a¢idan
bakildiginda tasitin %10 hafifletilmesi ile yakit
ekonomisinde %2-9 oraninda iyilesme
saglayacaktir [4]. Tasit agirhiginda elde edilecek
hafifletmeler hibrit ve elektrikli arag¢larin menzilleri
acisindan da énemlidir [5]. Ozellikle uzun seyahat
mesafelerine hizmet eden toplu tagima araglari igin
tasit agirliginin azaltilmasi, onemli olgiide yakit
tasarrufu saglamaktadir. Emisyonlar1 azaltmanin
yani sira kat edilen her kilometre bagina diisen yakit

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024



tilketimini azaltmak, bu sektdrde karliligin kilit bir
unsuru olup, maliyetleri de diigiirmektedir [6].

Aracin giivenlik beklentilerinden 6diin vermeden
agirhgmi  azaltmak icin  yeni malzemelerin
kullanilmasinin yani sira parcalarin optimizasyon
teknikleri ile yeniden tasarlanip yeni iretim
teknikleri ile tiretilmesi gerekmektedir. Bu siiregte
sonlu elemanlar analizleri Onemli avantajlar
saglamaktadir. Ozellikle toplu tagima araglarinda
prototip imalatlarin gerceklestirilmesinden Once
sonlu elemanlar analizleri yeni tasarimlarin
dogrulama siiregleri olduk¢a hizli ve diigiik
maliyetli gerceklestirilebilir. Literatiirde birgok
arastirmaci sonlu elemanlar analizleri ile 6zellikle
otobiislerin yapisal analizlerini
gerceklestirmiglerdir.

Arslan ve Solmaz (2018) 12 metre uzunlugundaki
bir yolcu otobiisiiniin yapisal analizlerini
gergeklestirmis ve karkas yapisindaki maksimum
gerilme degerinin profillerin birbirine baglandig1
noktalarda olustugunu belirtmislerdir [7]. Karamert
ve Demir (2022) bir otobiis govde yapisinda
topoloji optimizasyonu uygulayarak profil orgii
yapisini bu optimizasyon sonuglarina uygun olarak
revize etmislerdir.  Gergeklestirdikleri  sonlu
elemanlar analizlerinde govde katilik degerleri
optimizasyon ¢alismasinda korunmasi gereken
kriter olarak kabul belirlenmistir. Govde karkasinin
rijitlik degerleri 6lgiilmiis ve yeni tasarimda
yaklagik %9 oraninda bir hafifletme elde etmislerdir
[8]. Jung ve arkadaglar1 (2020) bir elektrikli
otobiisiin tavan yapisinin hafifletilmesi igin ¢ok
malzemeli topoloji optimizasyonunu
gerceklestirmiglerdir [9]. Kongwat ve arkadaslari
(2020) ECE-R66 standardi ile uyumlu olarak
gerilme, rijitlik ve devrilme performansi agisindan
otobiis karkasini incelemislerdir.
Gergeklestirdikleri topoloji  optimizasyonu ile
yaklasik %2,5 oraninda bir hafifletmenin miimkiin
oldugunu agiklamiglardir [10]. Raj ve arkadaslar
(2020) otobiis govdesini dort farkli senaryo altinda
(yercekimi ivmesinin etkisi, frenleme etkisi, 2g
ivme etkisi ve darbe yiikiiniin etkisi) statik ve
dinamik olarak analiz etmislerdir [11]. Fu ve
arkadaglart (2019) bir elektrikli otobiis gdvde
yapisinda  optimizasyon  gerc¢eklestirmiglerdir.
Optimizasyon hedefi olarak toplam kiitleyi en aza
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indirmeyi belirlemisler ve buna karsilik egilme,
burulma rijitligini, egilme ve burulma frekansi kisit
olarak belirlenmistir [12]. Croccolo ve arkadaslari
(2011) bir sehir ici otobiisiin sasi sistemini sonlu
elemanlar yontemi ile incelemisler ve c¢alisma
sartlarinda  sasinin maruz kaldigr yiikleme
kosullarinda gerilme, gerinim ve yer degistirme
miktarlarint  arastirmuglardir [13]. Tam  ve
arkadaslar1 (2023) gri iligkisel analize dayal
Taguchi yontemini kullanarak 29/34 koltuklu
otobiisiin sasi yapisini optimize etmislerdir. Bu
calismada, sasi dayanimi saglanirken arag agirligini
azaltmak amaciyla tasarim degiskenleri olarak
tavandaki ¢apraz profillerin sayisina ve kalinliginda
revizyon gerceklestirmiglerdir [14]. Ko ve
arkadaslar1 (2009), kompozit malzemeden {iretilmis
parcalarin  kullanildigi  bir  otobiisiin  darbe
dayanimint  sonlu  elemanlar modeli ile
incelemislerdir. Hazirladiklart modeli ECE R66
regiilasyonuna uygun olarak devrilme analizine ve
onden c¢arpma analizine tabi tutmuslardir. Elde
ettikleri sonuglarda siiriicii ve yolcularin hayatta
kalmalarini saglayacak alanlarin, devrilmeye kars1
korundugunu tespit etmislerdir [15].

Bu calisgmada M3 smifi bir elektrikli otobiisiin
calisma kosullarindaki davranislarini incelemek
icin hareket halinde en ¢ok maruz kaldigi ti¢
senaryo olan tam yiikte 1G ivmelenme, yanal
ivmelenme ve ani frenleme ve hizlanma
senaryolarinda yapisal analizler gergeklestirilmistir.
Yapilan analizler sonucunda govde karkasinda bazi
tasarimsal degisikliklere gidilmis ve arag¢ agirhigi
azaltilmistir. Yeni tasarim tekrar ayni smir
sartlarinda analiz edilerek dogrulama c¢aligmasi
gerceklestirilmistir.

Yapilan literatlir arastirmalarindan da goriilecegi
iizere benzer toplu tasima araglari sonlu elemanlar
modeli kullanilarak farkli yonlerden
incelenmektedirler.  Ancak sonlu elemanlar
modelinin sadece govde iizerinde olusturuldugu
modellerde govde karkasini etkileyen kuvvetlerde
farklilik yasanmakta ve sonuglarin dogrulugu
azalmaktadir. Tiim bunlarla birlikte literatiirde
yapilan ¢aligmalarin genel olarak ticari bir tasarimi
icermemesi sebebi ile yerlesim plan1 ve teknik
ozelliklerin detayli incelenmedigi goriilmektedir.
Bu calismanin en 6nemli 6zgiinliigli, modelleme
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asamasinda akslarin gdovde ile tiim baglanti
pargalarinin modellenerek yolcu yerlesim plan1 gibi
onemli etkilerin gergek hayattaki ile birebir olarak
uygulanmasi sayesinde daha dogru sonuglar elde
edilmistir.

2. YONTEM

Bu ¢aligmada 6rme sasi tipine sahip, M3 simift, 92
yolcu kapasiteli ve ¢ift aksa sahip 12 metre
elektrikli bir otobiis gdvdesinin yapisal analizleri
gerceklestirilmistir.  Otobiis gdvdesine ait i
boyutlu katt model Catia V6 programi kullanilarak
tasarlanmistir. Govde karkasinin genisligi 2500 mm
uzunlugu 12000 mm ve yiiksekligi 3000 mm’dir.
1185 adet profil ve 187 farkli sac levha kullanilan
govde karkasinin toplam agirligi 3130 kg olarak
Olciilmiistiir (Sekil 1).

Calismadaki sonuglarin gercege en yakin olarak
elde edilmesi agisindan govde karkasinin yant sira,
aracin akslar1 ve camlar1 da modellenmistir. Arag
iizerinde alt1 tanesi tavan bolgesinde, dort tanesi
arka bolgede olmak iizere 10 adet batarya
kullanilmaktadir. Bataryalar da dahil olmak {izere
araca etki edecek tliim kiitleler, kendi agirlik
merkezlerinden ilgili bélgelere tanimlanmistir. Tim
kiitleler dahil edildikten sonra aracin tam kapasitede
agirhiginm 19500 kg oldugu kabul edilmistir.

Sekil 1. 12 Metre otobiis govde karkasi modeli

Standart {iretim yoOntemlerine uygun olarak
tasarlanan otobiis govdesinde, profiller igin
otomotiv sektdriinde sik¢a kullanilan ve korozyon
gibi istenmeyen durumlara kars1 galvaniz kaplamali
S350GD+Z malzemesi kullanilmistir. Otobiisiin sac
kaplamalari ve diger tiim destek saclar1 igin ise St37

12

yap1 celigi

tercih  edilmistir.

Otobiis

govde

karkasinda kullanilan malzemelere ait mekanik
ozellikler Cizelge 1’de verilmistir.

Cizelge 1. Govde

karkasinda

kullanilan

malzemelerin mekanik 6zellikleri

R, Profiller Sac levha
Mekanik ozellikler (S350GD+7) (SB37)
Elastisite modiilii
(GPa) 210Gpa 210Gpa
Poisson orani 0.3 0.3
Yogunluk (g/cm?) 7.8 7.8
Akma sinir1 (MPa) 350 250

Yolcu kiitlesi ve arag tizerinde etkili olan diger tiim
kiitleler aracin ilgili bdlimlerine noktasal kiitle
seklinde kendi agirhk merkezlerinden
tanimlanmustir. Analiz senaryolarinda uygulanacak
siir sartlart otobiisiin gergekteki tim caligma
kosullar1 dikkate alinarak belirlenmistir. Bu amag
dogrultusunda govde ile etkilesimi olan tim
komponentler modellenmis, koriik ve slispansiyon
kuvvetleri olarak aracin ilgili bdliimlerine yaylar
tanimlanmis  siispansiyonlart  temsilen tepki
kuvvetleri belirlenmistir. Mesnet noktalar1 aracin
tekerlek bolgeleri olup, diger aks parcalari ise
uygun serbestlik dereceleri tanimlanmigtir. Aracin
isletme kosullarindaki caligmasinin gézlemlenmesi
icin aracin hareket halinde en ¢ok maruz kaldig ti¢
senaryo se¢ilmis ve yapisal analizler bu senaryolara
gore yapilmustir.

2.1. 1G Senaryosu

Birinci senaryo aracin en ¢ok maruz kaldigi
durumlardan biri olup bu senaryoda tasit govdesi
tam yiikli durumda iken yergekimi ivmesinin
meydana getirdigi etkiler incelenmistir. Aracin 1G
senaryosuna ait yikleme durumu Sekil 2’de
verilmistir.

Klima Kiitlesi(300kg)

Sofutucu Kiitlesi (65kg) Batarya Kiitlesl (1500kg)

Kompresar, Motor
Kontrol Onitesi (120kg) Yer Gakimi (9,806m/s%)

| !

Sekil 2. 1G yiikleme durumu sematik goriintiisii
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2.2. Yanal ivmelenme Senaryosu

Arac sag veya sol yonde virajli yollarda seyahat
halinde iken virajin yarigapina bagh olarak aracin
agirlik merkezinde viraja ters yonde bir ivmelenme
olusacaktir. Bahsi gegen bu ivmelenme yanal
eksenin iki yonii i¢in 1,5 m/s? olarak kabul edilip
govde karkasi ilizerindeki etkileri incelenmistir. Bu
durum incelenirken 1G durumunda Sekil 2’de
goriilen tim smir sartlart ayni kalmis ek olarak
sadece agirlik merkezinden sag ve sol yonde 1,5
m/s? ivime eklenmistir (Sekil 3).

Batarya Kiitlesi (1500kg), Sogutucu
Kiitlesi (65kg), Klima Kiitlesi (300kg)

Yer Cekimi (9,806m/s%)

Kompresir, Motor

Yanal ivme (1,5m/s%) 1 Yanal fvme (1,5m/s*)
Kontrol Unitesi (lzokgll

s W

Batarya Kiitlesi (1000kg)

l Yoleu Kiitlesi (6250kg)
Sekil 3. Yanal ivmelenme senaryosu sematik
goruntisi

2.3. Ani Hizlanma ve Frenleme Senaryosu

Tiim tasitlarda hizlanma ve frenleme anlari, diger
senaryolarda oldugu gibi agirlik merkezlerinden
ivmelenerek gergeklesmektedir. Ara¢ hizlandigi
anda govdenin agirlik merkezinden gidis yoniiniin
tersine bir ivme olusacaktir. Bu ivme, 5 m/s? olarak
kabul edilmis olup bunlara ek olarak 1G
senaryosunda uygulanan tim smir sartlar
uygulanmigtir (Sekil 4).

Sofutucu Kiitlesi (65kg)  Batarya Kiitlesi (1500kg)  Klima Kiitlesi{300kg)

! !

Yer Gekimi (9,806m/s?)

l Ani Frenleme vmesi (Sm/s?) l Ani Hizlanma ivmesi (Sm/s%)
e

Komprestr, Motor
Kontrol Unitesi (120kg)

Sekil 4. Ani hizlanma ve frenleme senaryosu
sematik goriintiisi
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Sonlu elemanlar aginda gévde yapisini igeren yiizey

elemanlar i¢in quadrilateral elemanlar kati
elemanlar i¢in ise hexahedron elemanlar
kullanilmigtir.  Tim gévde konstriiksiyonunu

olusturan profiller icin 10 mm boyutlandirma
yapilmistir. Carpik elemanlarin olugmamasi igin
model iizerinde yer alan radyus gibi detaylar
temizlenmigtir. Tiim bunlara ek olarak govde
yapisini olugturan tiim profiller gerilme gegislerinin
daha hassas gozlenmesi adma Space Claim
ortaminda ayn1 diigiim noktasini paylasacak sekilde
modellenmis ve mesh gegcislerinde ayni diigim
noktasinin kullanilmasi saglanmigtir. Kurulan sonlu
elemanlar modeli 4006856 diiglim noktasi ve
3794000 eleman sayisindan olugsmaktadir (Sekil 5).

Sekil 5. Govde karkasi sonlu elemanlar modeli

Ortalama eleman kalite degeri 0.9491 olarak elde
edilmistir (Sekil 6).

= | Quality
Check Mesh Qua...| Yes, Errors
Error Limits Standard Mechanical
Target Element Q... Default [5,¢-002)
Smoothing High
Mesh Metric Element Quality
Min 5,2628e-004
Max 1
Average 0,9451
Standard Deviati... 0,1055
+ Inflation
+ Batch Connections
+ | Advanced
-
Nodes 4006556
Elements 3754000

Sekil 6. Ag yapisina ait eleman kalite bilgileri
3. ARASTIRMA BULGULARI

3.1. 1G Senaryosu Analiz Sonuclari

Belirtilen sinir sartlar1 i¢in, 1G senaryosuna ait
analiz sonuglar incelendiginde, aracin en kritik
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bdlgeleri yiikleme kosullarina bagli olarak sasi ve
tavan bolgelerinde tespit edilmistir. Govdenin sonlu
elemanlar modeli kurulurken karkasta yer alan tiim
profillerin radyuslu kisimlarinin  temizlenmesi
sonlu elemanlar hesaplarinda bazi ¢entik etkilerinin
olusmasina sebep olmustur. Centik etkilerinin
yarattigi  “singularity” sebebiyle maksimum
gerilmeler diigiim noktalarmin  ikincisinden
okunmus ve gentik etkileri ihmal edilmistir. Elde
edilen sonuglar neticesinde sasi bolgesinde
maksimum 177 MPa gerilme goriilmiistiir.
Kullanillan malzemenin S350 yap1 ¢eligi oldugu
bilindiginden en kritik sayilabilecek noktada bile

sasi bolgesi yaklasik olarak 2 kat emniyetlidir
(Sekil 7).

Bir diger kritik nokta olan tavan bdlgesindeki
gerilme dagilimi incelendiginde ise, bataryanin
tastyict takozlarinin bulundugu braketlerde yaklasik
olarak 130 MPa gerilme degeri okunmustur. Asil
tehlike  yaratabilecek kesme  gerilmelerinin
meydana geldigi baglanti kenarlarinda ise
maksimum 60 MPa bir gerilme degeri
goriilmektedir. Bu bulgulardan yola ¢ikarak tavan
bdlgesinin gerilme y1gilmalarinin en ¢ok goriildiigi
noktalarda dahi 2,5 kat emniyetli oldugu

sOylenebilir (Sekil 8).

Sekil 8. 1G yiikleme kosulunda tavan bolgesi yapisal analiz sonuglar1
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Sag ve sol duvar profilleri ise 1G senaryosunda
ekseriyetle basma ve burkulma gerilmelerine maruz
kalacaklardir. Bu tiir karkas yapilarinda basma ve
burkulma gerilmeleri biiyiik tehlikeler yaratmadigi
goriilmektedir.

3.2. Yanal Ivmelenmesi Analiz
Sonuglari

Senaryosu

Bu senaryo kapsaminda tiim smir sartlart ayni
birakilip agirlik merkezine yer ¢ekimine ek yanal
bir ivme ekleyip yapisal analiz tekrarlanmistir.
Gerilme yigilmalar1 1G senaryosunda oldugu gibi
aks ve tavan bolgelerinde gozlemlenmis fakat
biiyiik bir artis meydana gelmedigi goriilmiistiir.

Ahmet OZCAN, Celalettin YUCE

Otobiis viraj aninda iken 6zellikle sasi lizerinde
yanal ivmenin meydana getirdigi egilme ve
burulma momentlerine bagli olarak, aks mesnet
bolgelerinde gerilme artiglar1  gézlemlenmistir.
Aracm tam yiiklii durumunda agirlik merkezinin
arka aks bolgesine yakin olmasi sebebi ile 1G
Senaryosunda oldugu gibi en biiyiik gerilme miktari
arka aksin mesnetlendigi kiriste 205 MPa olarak
okunmaktadir. Okunan bu deger kullanilan yapi
celigine gore emniyetli bdlgede kaldigindan
herhangi bir tehlike teskil etmemektedir. Tespit
edilen bu gerilme degerleri yap1 tizerinde siireklilik
yaratmayilp ag yapisimin anlik olarak bir miktar
bozulmast ve keskin koselerin gentik etkisi
yaratmasi sonucu meydana gelmistir (Sekil 9).

Ansys

Ansys
2023R2

Sekil 10. Yanal ivmelenme kosulunda tavan bolgesi yapisal analiz sonuglari

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024
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Tavan bolgesi lizerinde yaklasik olarak 1800 kg
statik ylik bulunmaktadir. Viraj aninda batarya
baglant1 noktalarinin araca paralel eksen etrafinda
donmeye c¢alismasindan dolayisiyla zorlanmalar
meydana gelmis ve tavan batarya baglanti
bolgelerinde 165 MPa civarlarinda gerilme
degerleri tespit edilmistir. Tespit edilen gerilme
degerinin ekseriyetle standart yer ¢ekiminden
kaynaklandigi ve basma yoniinde oldugu
goriilmiistiir.  Bolgede  kullanilan  malzeme
acisindan degerlendirildiginde ise yaklasik 2,2 kat
emniyetli oldugu tespit edilmistir. Bu sebeple tavan
profilleri ve saclar1 iizerinde yapisal agidan
herhangi bir tehlike olmadigir goriilmistiir (Sekil
10).

~ —fiI—— T 1| 11

Viraj senaryosunda dikkat edilen diger bolgelerden
birisi de sag ve sol duvar bolgeleridir. Bu bdlgeler
agirlikli  olarak basma gerilmelerine maruz
kalmakta ve bu bdlgelerde yapinin nispeten sik
profillerden olustugu goriilmektedir. Bu sebeple
yap1 rijit davranmakta ve yiiksek gerilmelerin
olusmasini engellemektedir. Sag ve sol duvar
bolgelerinde, ana tastyict olarak uzun kirisler
bulunmaktadir. Bu kirisler bahsedildigi gibi basma
ve burkulma gerilmelerine maruz kaldigindan
kesitlerine bagli olarak atalet momentleri 6nem arz
etmektedir. Yapisal analiz ¢iktilarindan goriildigii
iizere ana kirisler, sistemi viraj senaryosunda dahi
rijit ve emniyetli bolgede tutmaktadir (Sekil 11).

Ansys
Haie2

Ansys

0e3m

Sekil 11. Yanal ivmelenme kosulunda a) sag duvar, b) sol duvar yapisal analiz sonuglart
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3.3. Ani Hizlanma ve Frenleme Senaryolar:
Analiz Sonuclar1

Ani hizlanma durumu i¢in Sekil 4’te agiklanan sinir
sartlart uygulanmustir. Sonuglar incelenip diger
senaryolar ile kiyaslandiginda biiyiik farkliliklara
rastlanmamistir. Maksimum gerilme degeri arka
aks mesnet bolgesinde goriilmiistiir. Ani hizlanma
senaryosu igin sasi ve tavan bolgeleri detaylica

Ahmet OZCAN, Celalettin YUCE

incelenmis, yapilan inceleme sonucunda sasinin
paralel eksenine gore ivmelenmesi, aracin yanal
ekseninde donmeye caligarak burulma momentine
maruz kalmasina sebep verdigi goriilmiistiir. Fakat
arag paralel eksende yanal eksene kiyasla daha rijit
bir yapt olusturdugundan dolayr gerilme
degerlerinde herhangi bir artiga rastlanmamigtir
(Sekil 12).

Sekil 13. Ani hizlanma kosulunda tavan bdlgesi yapisal analiz sonuglari

Tavan bdlgesi incelendiginde maksimum gerilme
degerlerinin diger analiz senaryolar1 ile benzer
bolgelerde olustugu ve bir miktar artis gosterdigi
goriilmiistiir (Sekil 13). Bahsi gecen bu artisin
nedeni aracin paralel ekseni yoniinde ivmesinin
artmasi sonucunda batarya baglanti takozlarinda
meydana gelen kayma gerilmesidir. Bu bélgedeki
batarya baglanti takozlarindan alinan noktasal

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

Olciimlerde 208 MPa degerinde bir gerilme
okunmus ve bu deger 350 MPa olan akma
smirindan diisiik oldugu igin bu bolge emniyetli
kabul edilmistir.

Ani frenleme durumu da arag iizerinde ivmelenme

bakimindan ani hizlanma durumu ile ayni etkiyi
olusturdugu  gorilmektedir.  Incelenen  tiim
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senaryolarda, sasi bdlgesinin mesnet noktalarinda
gerilme yigilmalari meydana gelmis ancak bu
degerler maksimum olarak 200-250 MPa arasinda
yer almistir. Ani frenleme durumunda maksimum
gerilme olusan bolge degismemis fakat bu
senaryoda ara¢ 6ne dogru burulmaya c¢alistigindan
dolay1 6n akslarda olusan gerilme miktarlarinda
artis meydana gelmistir.

Tavan bolgesinde batarya yiikleri simetrik bir
bicimde dagildigindan dolayi, bataryanin geldigi
tastyict karkasta herhangi bir gerilme degisimine
rastlanmamustir.

3.4. Govde Hafifletme Calismalari

Calisma kapsaminda {i¢ farkli senaryo altinda
gerceklestirilen yapisal analizler sonucunda gévde
karkasinda diisiik gerilme olusan bolgelerde tasarim
degisiklikleri ile hafifletmenin miimkiin olacagi
gOrilmistiir. Yapisal analiz sonuglart
incelendiginde, ilk olarak sag ve sol duvar profil
yapilarinin  bazi bdlgelerinde diisiik gerilme
bolgeleri ve sik bir profil yapisina rastlanmistir. Bu
baglamda bazi tasarimsal degisikliklere gidilmistir
(Sekil 14). Sag ve sol duvar bolgelerinin yani sira
bu tiir degisiklikler tavan batarya tastyicilari ve arag
ici sac metal pargalarda da yapilmis olup, iptal
edilen ve degistirilen parcalari gdsteren tasarim
Sekil 15°de verilmistir.

_________________________________________

(b)
Sekil 14. a) Sol duvar profilinin, b) sag duvar
profilinin eski ve yeni hallerinin
kiyaslanmast

18

e -
-_QF'- -..;_-.:-ln-;‘*-"»-‘_

R

(b)
Sekil 15. a) Yapisal optimizasyona tabi tutulan
bolgeler, b) iptal edilen pargalar

Optimizasyon islemi govde {iizerinde 289 adet
komponent {izerinde uygulanmistir. Bunlardan 45’1
iptal edilirken 244 parca {izerinde yapisal
optimizasyon islemi gergeklestirilmistir. Yapilan
islemler sonucunda 232 kg kiitlesel bir azalma
meydana  gelmistir. Bu  kisimdan  sonraki
asamalarda, yeni tasarim igin ilk gévde karkasina
uygulanan analiz senaryolari ayni sinir sartlari ile
tekrar edilmistir.

Yeni tasarim govde karkasi {iizerinde yapilan
yapisal analiz sonuglart incelendiginde, sasi
bolgesinde yapiyr etkileyecek biiyiikliikkte bir
optimizasyon islemi yapilmadigindan gozle goriiliir
bir gerilme artisi meydana gelmemistir. Ancak
tavan bolgesi ve 6zellikle tavanda bulunan batarya
karkas bolgesinde birgok komponent
optimizasyona ugradigindan dolayi, bu boélgedeki
gerilme seviyeleri 140 MPa degerlerinden 267 MPa
degerlerine kadar yiikselmis fakat bu deger,
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kullanilan S350GD+Z yap1 ¢eliginin akma sinirina
uzak oldugundan dolayr 1,3 kat emniyetli oldugu
gorilmiistiir.

Calismaya konu M3 sinifi yolcu tasima otobiisii
ticari olarak iretilmekte ve sonlu elemanlar
analizleri sonrasinda c¢esitli test asamalarindan
geemekle birlikte sahada aktif ¢alisan otobiislerin
yapisal durumlart geri bildirimler ile takip
edilmektedir. Metinde bahsi gegen emniyet
katsayisinin bu durumlar géze alindiginda yeterli
oldugu gorilmektedir. Literatiir tarandiginda,
Kabak¢i ve Solmaz (2019) Statik yiikleme
analizinde otobilis govdesinin azami yikli
haldeyken meydana gelen deformasyon ve
gerilmeleri incelenmistir. Maksimum gerilme

Ahmet OZCAN, Celalettin YUCE

degeri 1245,7 MPa olarak tespit edilmistir. Bununla
birlikte emniyet katsayilar1 da sirasiyla alt sasi
yapisinda 0,285 ve karkas yapida da 0,369 olarak
bulunmustur. Buradan hareketle bazi optimizasyon
ve agilik azaltma calismalar1i da yapilabilir
seklinde ifade etmislerdir [7,16] (Sekil 16). Batarya
bdlgesinin disinda kalan tavanin diger bolgelerinde
herhangi bir yiikleme olmadigindan dolayr bir
gerilme artig1 gozlenmemistir.

Optimizasyon yapilmis diger boliimler olan sag ve
sol duvar profillerinde gozle goriiliir bir gerilme
artist olmus fakat profil yapisimin yeterince rijit
seviyede oldugu goz Oniine alindiginda tehlike
yaratacak bir soruna rastlanmamustir (Sekil 17).

Ansys
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|

Ansys
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Ansys
3Rz

Sekil 17. Ani hizlanma kosulunda tavan bdlgesi yapisal analiz sonuglari

Sekil 17°te 1G durumunda sag ve sol duvar
profilleri {izerindeki gerilme dagilimi verilmektedir.
Ozellikle sol duvar iist profil bolgesinin bataryalar
tastyan boliimlerine bakildiginda, bu bdlgelerde
profil yapisinin tasariminin degismesinden dolay1
kayma ve kesme gerilmelerinin arttig1 acgikca
goriilmektedir. Fakat tiim bu gerilmelerin 60 MPa
degerini ge¢medigi goriilmiistiir. Arka kapinin
oldugu bolgedeki saclarin kaldirilmasindan dolay1
yatay tasiyici profiller lizerinde bir miktar gerilme
artis1 oldugu gézlemlenmistir. Bu bdlgede kapi yer
almasi1 ve bataryalarin bir bolimiiniin de aracin
arkasinda yer almasindan dolay1 okunan gerilme
degeri ikinci tasarim igin 132 MPa degerinden 250
MPa seviyelerine yiikselmistir.

Literatiirdeki ¢alismalar incelendiginde yolcu
tagimaciliginda kullanilan bu tarz tasitlar i¢in ¢esitli
yapisal optimizasyon tekniklerinin kullanilarak
benzer hafifletme oranlarmin elde edildigi
gozlenmistir [8,17].

4. SONUCLAR

Bu c¢alismada M3 smifi bir elektrikli otobiisiin
calisma kosullarindaki davranislarint incelemek
icin hareket halinde en ¢ok maruz kaldigi ii¢
senaryo olan tam yiikte 1G ivmelenme, yanal
ivmelenme, ani frenleme ve  hizlanma
senaryolarinda yapisal analizler gergeklestirilmistir.
Yapilan analizler sonucunda otobiisiin tam yiiklii

20

durumunda, en ¢ok zorlanma yasayacagi senaryoda
(1G ivmelenme) emniyetli oldugu goriilmistiir.
Ayrica yeni tasarim sonucunda ortaya ¢ikan yapinin
da gerilme degerleri, kullanilan malzemenin akma
sinirlarini agmamis ve karkas yapisinin statik ve tam
yikli  durumda giivenli  bolgede oldugu
goriilmiistiir.  Yenilenmig  tasartmda  yanal
ivmelenme sirasinda batarya tasiyicilar iizerindeki
maksimum gerilme %10 oraninda bir artig
gostererek 290 MPa seviyesine ulagsmistir. Bu bdlge
tastyict takozlarin oldugu bolgede oldugundan 1G
senaryosunda oldugu gibi tehlike yaratmayacak ve
araca agirlhik merkezinden viraj aninda ivme
uygulandiginda rijit bir davranis sergileyecektir.
Yeni tasarlanmis sag ve sol duvar profilleri tizerinde
yanal ivmelenmenin yarattig1 etki incelendiginde,
egilme momentinin artig1 sebebiyle kdse baglanti
noktalarinda c¢ok kiiciik gerilme artislart meydana
gelmis fakat bu artis yapiyr olumsuz ydnde
etkilememistir. Son olarak ani hizlanma ve
frenleme  senaryolart  yeni  tasarim  i¢in
incelendiginde, degisiklik yapilan bdolgelerde ve
genel yapida akma sinirinin disinda bir gerilmeye
rastlanmamistir. Ani hizlanma ve frenlemenin
agirhik merkezinde yarattigi Sm/s*‘lik ivme degeri
ozellikle aracin aks ve tavan bdlgelerinde yer alan
batarya karkasinin kaynak noktalarinda etkili
olmustur. Ik tasarim ile kiyaslandiginda ana yapisal

pargalarin  formundan  biiyilkk  degisiklikler
yapilmadigindan gerilme degerlerinde kayda deger
bir artis yasanmamistir.  Yapilan  tasarim
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degisiklikleri ile M3 sinifi otobiis gdvde karkasinda,
sol duvarda 19,694 kg, sag duvarda 17,346 kg,
tavan bolgesinde 72,43 kg, sasi ve diger bolgelerde
ise 122,53 kg kazang saglanarak toplamda 232
kg’lik bir hafifletme saglanmistir. Toplam arag
govdesi gbz oOniine almdiginda yaklasik %7,41
oraninda bir agirlik disiisii elde edilmistir. Yeni
tasarim  mevcut  analiz  senaryolart  ile
dogrulanmustir.
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Oz

Havacilik endiistrisi ve savunma sanayiinde ugak gemilerinin operasyonel olarak kullanilmasi oldukga
kritik bir konudur. Giiniimiizde ise ucak gemilerinin operasyonel konsepti insansiz Hava Araglar1 (IHA) ile
beraber kurgulanmaktadir. IHAlarin ugak gemilerinin minimum maliyet ile kaldiriimasi askeri anlamda
bir¢ok fayday1 beraberinde getirecektir. Degisken hiicum agili kanada sahip olarak tasarlanan bir insansiz
hava araci, kisa mesafeli ugak gemisi pistlerinden rahatlikla kalkabilmesi i¢in uygun bir tasarim 6ngoriilmiis
ve bu baglamda uygun bir matematik model ile hesaplamalar dogrulanmistir. Yapilan hesaplamalarda
iilkemizin en biiyiik ugak gemisi Tiirkiye Cumhuriyeti Gemisi (TCG) Anadolu’dan toplam agirhigi 1425
kg’1 gegmeyen IHA rahatlikla kalkis-inis yapabilir sonucuna varilmistir.

Anahtar Kelimeler: Degisken hiicum acili kanat; Kisa mesafeden kalkis; Ugak gemisinden THA kalkis1

A Cost-Effective Approach to Operationally Removing UAVS from Short-Runway
Aircraft Carriers

Abstract

The operational use of aircraft carriers in the aviation industry and defense industry is a critical issue. Today,
the operational concept of aircraft carriers is designed together with Unmanned Aerial Vehicles (UAV).
The removal of aircraft carriers of UAVs with minimum cost will bring many benefits in military terms.
An UAV designed with a variable angle of attack wing was designed to be able to easily take off from
short-range aircraft carrier runways, and in this context, a suitable mathematical model was used to validate
the calculations. In the calculations, it was concluded that the UAV, whose total weight does not exceed
1425 kg, can easily take off and land from Republic of Tiirkiye Ship (TCG) Anadolu, the largest aircraft
carrier of our country.

Keywords: Variable incidence wing; Take-off from short runway; UAV Take-off from aircraft carrie
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1. GIRiS

Insansiz Hava Araglar1 (IHA)'m sivil, askeri ve
istihbarat alaninda kullanimi son yillarda hizla
artmaktadir [1]. Ozellikle askeri olarak, savunma,
saldir1, istihbarat gibi onemli alanlarda etkinligi
artan insansiz hava araglariin énemi her gecen yil
daha da iyi anlasilirken, iilkelerin bu teknolojiye
yaptig1 yatirimlar da katlanarak artmaktadir.

[HA’lar koklii konvansiyonel savas metotlarinda
paradigma degisimlerine yol agmis, savas
stratejilerini  degistirmis, artik savaglarin IHA
faktorlerine gore yeniden kurgulandigi bir doneme
girilmistir [2]. Ozellikle iilkemizde iiretilen IHA lar
giindem olmustur. Bunun en &nemli 6rneklerini
diinyaya Tiirk IHA larmin Karabag, Libya, Suriye,
Irak gibi birgok bolgede defalarca kanitlamis, tiim
diinya tilkemizin bu alandaki teknolojik giiciinii ve
iirtin kalitesini kabullenmistir. Bunun neticesinde
hava araglarinin ihracati siirekli artarak devam
etmekte, diinyada IHA denince akla Tiirk insansiz
hava araglar1 gelmeye baslamistir [3].

Bu platformlarin gelismesiyle birlikte birbirinden
farkli modeller ortaya c¢ikmistir, Ornegin seyir
fiizeleri artik bu platformlara entegre edilirken kimi
zaman baz istasyonu olarak bile kullanilir hale
gelen modelleri ve hatta denizalt1 avlayan modelleri
dahi savunma sanayinin hizmetine sunulmustur. Bu
gibi amaglarin disinda sosyal faaliyetlerde de sik sik
kullanilan bu teknoloji yangin, deprem ve herhangi
bir dogal afet durumunda da kendilerine genis
kullanim alanlar1  bulmaktadir [4]. Medya
sektoriinde de hemen hemen her yerde kullanilmaya
baslamistir. THA’1arm kullanim alanlar arttikca ve
varyasyonlari da zaman iginde gelistikge bu
sistemlerin deniz platformlarina tasinmasit ve
operasyonel olarak savag gemilerinde kullanilmasi
gelismis ordularin  bir istegi haline gelmeye
baslamistir. Bu istegin en onemli sebebi siiphesiz
savag gemilerinin harp sahasindaki Oneminden
kaynaklanmaktadir. Zira bir filo hava aracini deniz
Otesi ihtiya¢ olan bir bolgeye intikal ettirip ana
karadan uzakta savas ve ikmal faaliyetlerini
basariyla siirdiirebilmek ancak savas gemileriyle
miimkiin olmaktadir. Insan faktérii olmayan
[HA’larm bu savas gemileriyle basarili bir sekilde
entegrasyonu ve operasyonel olarak
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kullanilmasinin ise dniimiizdeki donemlerde savas
stratejisinde derin izler birakacagi1 6ngoriilmektedir.
Bu baglamda kisa pistli savas gemilerinden
operasyonel olarak IHA kaldirp indirmek
giinlimiiziin en O&nemli miihendislik konular
arasinda yer almaktadir. Ornegin giivertesinde
katapult ile cekme veya kanca ile durdurma sistemi
olmayan, pisti de kisa olan (202 m) TCG Anadolu
gemisinden IHA kaldirip indirmek ciddi bir
miithendislik konusu olup yeni maliyet etkin
yaklasimlara agik bir alandir. Bu baglamda
degisken hiicum agili kanat tasarimi ile kisa pistli
gemilerden kalkis ve inis operasyonel olarak
miimkiin olacaktir.

2. LITERATUR TARAMASI

Degisken hiicum acili kanat tasarimi hava aracina
bir¢ok alanda esneklik kazandirmaktadir. Bunlarin
baginda iiretilen kaldirma kuvvetinin istenilen
durumlarda artirtlip azaltilmasi ve CL/Cdmax
acisinin her ugus kosulunda rahatlikla yakalanmasi
olarak ozetlenebilir. (CL: Kaldirma veya tasima
katsayisi, Cd: Siiriklenme katsayisi). Degisken
hiicum agili kanat tasarimi fikri 1950’lere kadar
uzanmaktadir. Degisken hiicum agili kanat igin ilk
patent 1912 yilinda George Boginoff tarafindan
alinmustir [5]. Tk ugusunu 25 Mart 1955 tarihinde
gergeklestiren F-8 jeti, degisken hiicum acgili
kanatlar1 ile Amerikan Deniz Kuvvetlerinde
kullanilmustir. Toplamda 1219 adet iiretilen bu hava
aract 1900’lerin ortasinda kendine operasyonel
olarak kullanim alan1 bulmustur [6]. Hava
araclarmim deniz platformlarinda kullanimi genel
olarak ciddi bir konu iken bu durum 1950’lerde
daha biiylik bir sorun olarak kargimiza ¢ikmistir.
Ozellikle hava aracinin ugak gemisine yaklasmasi
esnasinda ugagin hizinin yavaglamasi, ugagmn
hiicum agisinin artmasina sebebiyet veriyordu.
Ucagin hiicum agisinin artmasi ise pilotlarin pisti
gormesini zorlastirtyor, ciddi kullanim zorluklarina
yol agtyordu. Bu sorunu ¢ozmek amacryla F-8
tasarimcilar1 degisken hiicum acili kanat ile ugagin
hiicum acgisimni artirmadan sadece kanadin hiicum
acisint artirarak ucagin gemiye daha kontrol
edilebilir ve giivenli olarak yaklagmasini
amagclayarak Sekil 1’de goriilen F-8’i tasarladilar.
Bu tasarim degisikligi sadece ugagin daha diisiik
hizlarda giivenle gemiye yaklasip inmesini
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saglamadi ayni zamanda gemiden daha kisa
mesafede kalkmasina da katkida bulundu.

Se 1. Degisken hiicum acili kanada sahip F-8 jeti
3. MALZEME VE METOT

Bu boliimde yapilan hesaplamalarda kullanilan
metot agiklanacaktir. Hava araglarinin  ugus
hesaplamalari ¢cok karmasik oldugu i¢in matematik
modelleme  yontemleri  bu  hesaplamalar1
gerceklestirirken kullanilan en temel yontemdir. Bu
baglamda matematik model Matlab SIMULINK ile
kurulmustur. Matematik modele eklenmesi gereken
parametreler ise CFD analizleri ile ugus mekanigi
verilerini el  hesaplamasi  temeline  gore
sonuglandiran XFLRS5 programui ile hesaplanmis ve
matematik modele eklenmistir. Kurulan matematik
model ile kalkis siiresi kalkis mesafesi, kalkis hizi

vb. tim parametreler hesaplanarak
grafiklendirilmistir.
4. KISA MESAFEDEN KALKIS

ANALIZI

Bu bolimde degisken kanat agili mekanizmanin
hava aracinin kalkis mesafesine olan etkisi ve buna
bagli olan diger parametrelerin incelenmesi séz
konusudur. Bu parametreler, basing merkezi,
aerodinamik merkez, nétr nokta ve stabilite olarak
siralanabilir.

Sekil 2°de gosterildigi iizere basing merkezi kanatta

olusan kaldirma ve siiriiklenme kuvvetlerinin
bileske olarak etkidigi hayali noktaya verilen addir.
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Lift Resultant Force

Incoming Airflow

Drag

I

Center c:[ Pressure

Sekil 2. Basing merkezi

Hiicum agis1 Sekil 3’de gosterildigi iizere yaklasan
hava veya ilgili hava akimui ile hava araci tizerindeki
bir veter ¢izgisinin arasindaki agidir.

Liftl

Lift2

d2

d1. Liftl = d2.Lift2

Sekil 3. Aerodinamik merkez

Ucaklarin irettigi kaldirma kuvvetinin ¢ok biiyiik
bir kismi kanatlardan elde edilmektedir. Her ne
kadar govde ve diger komponentler de kaldirma
kuvveti iiretse de asil etki kanattan gelmektedir.
Uretilen kaldirma kuvveti:

L=(0.5*(p)* (v)**S*CL[7]

p = Hava yogunlugu (kg/m?)
v = Hava araci hizi (m/s)

S = Kanat izdiisiimii (m?)

C. = Kaldirma katsayist

formiiliiyle hesaplanmaktadir. Bu formiilde ucagin
hizinin ve havanmn yogunlugunun sabit oldugunu
varsayarsak kaldirma kuvvetinin artmasi igin Cp
katsayisinin artmasinin gerektigi goriilmektedir. Cy,
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katsayisinin artmasi ise dogrudan kanadin hiicum
acisia baglidir [8]. Bu durumda, kanadin hiicum
acisini ihtiyag halinde artirabilecegimiz bir tasarim
yapmak kisa pistten kalkis imkanini IHA’lar icin
miimkiin kilabilecektir. Kanadin gévdeye oturma
acisinin yiiksek CL ihtiyaci oldugu durumlarda
artirilmasi ve gerekli ihtiyacin ortadan kalkmasi
durumunda da (CL/Cd)max agisina getirilmesi hem
kisa pistten inis kalkisi saglayacak hem de
maksimum havada kalis1 saglayabilecektir [9].

s
hd
Stall Angle

Angle of Attack |Degrees)

Sekil 4. CL-alfa grafigi

Cd-alfa grafigi (Sekil 4) bir diger Onemli
parametredir. Toplam iretilen siiriiklenme kuvveti
asagidaki formiil ile hesaplanmaktadir.

D=05%p*v>*S*Cd[10]

D: Siiriiklenme kuvveti (Newton)
Cd: Siiriklenme katsayisi

IHA tasarimi esnasinda dikkat edilen en onemli
parametrelerden bir tanesi de CL-Cd grafigidir. Zira
CL-Cd degerinin maksimum oldugu a¢t ayni
zamanda maksimum havada kalis i¢in gerekli ag1
oldugu i¢in bir diger 6nemli parametre olarak
degerlendirilmektedir. (CL/Cd)max degeri Sekil-
6’da sembolize edildigi iizere CL-Cd grafiginde
orijinde baslayip grafige teget ¢izilen bir dogrunun
acis1 olarak hesaplanmaktadir.

C

Sekil 6. CL-Cd grafigi

Bu calismada kalkis mesafesinin hesaplanmasi
Matlab Simulink programinda kurulan matematik
modelle gergeklestirilmistir. Kullanilan matematik
modelde kaldirma kuvveti, siiriiklenme kuvveti,
motor itkisi, yer siirtinmesi v.b. parametreler
kullanilmistir.  Kurulan matematik  modelde
kullanilan aerodinamik katsayilar XFLRS programi
kullanilarak hesaplanmistir ve elde edilen sonuglar
Cizelge 1’de gosterilmistir.

Cizelge 1. Kanat modeli aerodinamik veriler

. alpha CL CD Cm XCp
Ornek bir Cd-alpha grafigi Sekil 5’de gosterilmistir. 0 0,325062 | 0,010693 | -0,17838 | 0,9602
1 0,364823 | 0,011787 | -0,18803 | 0,9016

2 0,404533 | 0,012932 | -0,19765 | 0,8546

3 0,483775 | 0,015821 | -0,21684 [ 0,7838

4 0,562736 | 0,019623 | -0,2359 [ 0,7331

5 0,641363 | 0,024105 | -0,25483 [ 0,695

6 0,719607 | 0,029173 | -0,2736 | 0,6654

7 0,797416 | 0,034853 | -0,29219 [ 0,6418

8 0,874741 | 0,04091 | -0,31057 [ 0,6225

9 0951533 | 0,04755 | -0,32872 | 0,6066

10 1,027 0,054655 | -0,34663 | 0,5931

11 1,103 0,062443 | -0,36427 | 0,5818

12 1,178 0,070784 | -0,38163 | 0,572

13 1,252 0,079416 | -0,39867 | 0,5635

Angle of Attack (Degrees) 14 1,325 0,088469 | -0,41539 | 0,5562

Sekil 5. Cd-alfa grafigi 15 1,398 0,097917 [ -0,43175 [ 0,5498
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Yukarida verilen CL-alfa degerleri asagidaki
tabloda gosterilen 1. dereceden yaklagim ile
lineerlestirilip matematik modele eklenmis ve Sekil

7’de gosterilmistir.

CL-Alpha Graph of Retracted Wing

datal
14l ¥YEO0DTTR033 linear |

08 -~

06

04 /

02

0 5 10 15
alpha

Sekil 7. CL-alfa grafigi

Kanat i¢in sadece XFLRS programi kullanilmamis
olup CFD analizleri de gerceklestirilmistir. Bu
kompleks CFD analizleri neticesinde de kanadin
CL-alfa grafigi XFLRS5 programi ile benzer
¢ikmustir. 4,10 ve 14 derece agilari i¢in hiz ve basing
gradyenleri Sekil 8 ve Sekil 13 arasinda sirasiyla
asagida gosterilmistir.

¥ 127

Sekil 8. 4 derece hiicum agis1 i¢in hiz gradyeni

_ﬁl B6.6

¥ 09

Sekil 9. 10 derece hiicum agisi i¢in hiz gradyeni
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Sekil 10. 14 derece hiicum agis1 i¢in hiz grady

-~

¥ 001

eni

A 769

¥ -941

Sekil 11. 4 derece hiicum agis1 igin basing gradyeni

A 772
x10°
05
L]
0.5
1
15
-2
¥ -2.21x10°

Sekil 12. 10 derece hiicum agis1 igin basing
gradyeni

A 750
x10°
0.5
0
05
1

A\ 15
-2
25
-3
35
¥ -3.92x10°

Sekil 13. 14 derece hiicum agis1 igin basing

gradyeni
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CFD sonuglar ile elde edilen CL-alfa grafigi ile
XFLRS programu ile elde edilen CL-alfa grafigi
benzerlik gostermektedir.

Hava aracinin toplam agirhgr 1425 kg olarak
alinmustir. Bu agirhigi 225 kg’1 yakit agirhigt olarak
toplam itki ise 3000 Newton olarak kabul edilmistir.
Pist olarak ise Sekil 14’te gosterilen TCG Anadolu
amfibi hiicum gemisinin egimli atlama rampasi
(ski-jump) pisti matematik modele eklenmistir.
TCG Anadolu’nun toplam pist uzunlugu 202
metredir.

Sekil 14. TCG Anadolu

Kanadin hiicum agis1 ve kanadin kaldirma kuvveti
arttikca stiriklenme kuvveti de artmaktadir.
Stiriiklenme kuvvetinin artmasi ise hava aracinin
hizin1 azalttigr icin kanadin hiicum agis1 12.
saniyede kalkisa kisa bir siire kala 10 dereceye
¢ikartilmistir. Kanadin hiicum agisinin zamana
bagli degisimi Sekil 15°de gosterilmistir.

Angle of attack of wing [deg)

(] T . . 8 " 2 “
ame s)

Sekil 15. Kanadin hiicum agis1 — zaman grafigi

Kaldirma kuvveti Sekil 16’da gosterildigi lizere 12.
saniyeye kadar kademeli olarak artmustir. 12.

28

saniyeden sonra ise kaldirma kuvvetinde ani bir
artis gergeklestirmistir. Bu artisin sebebi kanadin
hiicum agisinin bu saniyeden sonra artmasidir. 14.
saniyeden sonra olusan kaldirma kuvvetinin
azalmasinin sebebi ski-jump bdolgesinin  egimi
dolayisiyladir. Kalkis bittiginde ise 1435 kg
kaldirma kuvveti iretilmektedir, bu da hava
aracinin toplam kalkis agirhigr kadar oldugu icin
kalkisin basarili oldugu sdylenebilir.

time ()

Sekil 16. Kaldirma kuvveti — zaman grafigi

Stiriklenme  kuvveti ise bu siire zarfinda
eksponansiyel olarak ski-jump bdlgesine kadar
artmigtir. Sski-jump bolgesinde hiz azaldigi icin
siirliklenme ~ kuvveti bu bolgede azalmistir.
Stiriklenme kuvveti zaman grafigi Sekil 17°de
gosterilmistir.

Drag Force (N )

-] 2 4 L3 L] w 7 "
time (&)

Sekil 17. Siiriiklenme kuvveti — zaman grafigi
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Hava aracinin hiz — zaman grafigi de neredeyse
lineer olarak ski-jump bdlgesine kadar artmis bu
bolgeden sonra hiz-zaman grafigi negatif
egime donmiistiir. Hava aracinin hiz-zaman grafigi
Sekil 18’de gosterilmektedir.

Velocity (xmih)

] 2 ] 6 8 10 12 14
time (5)

Sekil 18. Hiz-zaman grafigi

Hava aracinin konum-zaman grafiginin degisimi ise
eksponansiyel olarak ger¢eklesmis, hava araci 202
metrelik pisti 14,9 saniyede tamamlamistir.
Modellemede elde edilen konum-zaman grafigi
Sekil 19°da ifade edilmistir.

o 2 4 & ] ) 12 "
time (5)

Sekil 19. Konum-zaman grafigi

5. SONUC

Bu c¢alismada gerceklestirilen analizler ve
hesaplamalar pist uzunlugu 202 metre olan ski-
jump TCG Anadolu gemisinden toplam agirligt
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1425 kg1 gegmeyen kanat hiicum agisi
degistirilebilir bir mekanizmaya sahip bir insansiz
hava aracinin  rahatlikla  katapult sistemi

kullanmadan kalkabildigini gostermektedir.
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Oz

Ulkemizde demiryolu sistem agmin genisletiimesi fikri ile ¢ok fazla yiiksek hizli tren projesi
gerceklestirilmistir. Ayn1 zamanda suan yapim asamasinda olan ve iizerinde ¢alisilan bir¢ok demiryolu
projesi bulunmaktadir. Yiiksek hizl trenler (YHT), yolcu kapasitesinin yiiksek olmast, kisa siire yolculuk
yapabilme imkéan1 vermesi, emniyetli, konforlu ve verimli bir ulagim tiirii olmasi nedeniyle son dénemde
diinyanin birgok tilkesinde ve iilkemizde trafik yiikiinii azaltmanin ana araglarindan biri haline gelmistir.
Bu cergevede yiiksek hizli tren hatlarindan biri olan Mersin-Gaziantep yiiksek hizli tren hattinin yapimina
devam edilmektedir. Yapilan bu ¢alismada, hattin kullanilabilirligini arttirmak i¢in bu proje kapsaminda
Adana-Mersin arasinda yeni insa edilecek 2 yeni demiryolu igin istasyonlarin dnem sirasinin belirlenmesi
amaglanmustir. {1k olarak en uygun istasyon se¢imi icin degerlendirme 6lgiitleri tanimlanmis, daha sonra
Mersin-Adana arasindaki tren hattinda belirlenen istasyonlar alternatif istasyon yerleri olarak olgiitlere gore
degerlendirilmistir. Istasyon konumlarin1 degerlendirmek i¢in Analitik Hiyerarsi Prosesi (AHP) kullanilmis
ve belirlenen lokasyonlarin 6nem sirasi ortaya konmustur.

Anahtar Kelimeler: Cok kriterli karar verme, AHP, Yiiksek hizli tren, Istasyon yer se¢imi

Station Location Selection for Mersin-Gaziantep High Speed Train Line with
Analytical Hierarchy Process

Abstract

Many high-speed train projects have been carried out in our country with the idea of expanding the railway
system network. At the same time, there are many railway projects that are currently under construction
and are being worked on. High-speed trains (YHT) have recently become one of the main means of reducing
the traffic load in many countries of the world and in our country, due to its high passenger capacity,
providing the opportunity to travel for a short time, and being a safe, comfortable and efficient mode of
transportation. In this context, the Mersin-Gaziantep high-speed train line, which is one of the high-speed
train lines, continues to be built. In this study, it was aimed to determine the order of importance of the
stations for the 2 new railways to be built between Adana and Mersin within the scope of this project in
order to increase the usability of the line. First, evaluation criteria were defined for the selection of the most
suitable station, then the stations determined on the train line between Mersin and Adana were evaluated

*Sorumlu yazar (Corresponding Author): Olcay KALAN, okalan@cu.edu.tr
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according to the criteria as alternative station locations. Analytical Hierarchy Process (AHP) was used to
evaluate station locations and the order of importance of the determined locations was revealed.

Keywords: Multi-criteria decision making, AHP, High speed train, Station location selection

1. GIRIS

Artan ara¢ kullanimina bagli olarak genisleyen
sehir yapisinin getirdigi durum ve kosullar sonucu,
yolculuk uzakliklari ve siireleri artmistir. Geligmis
ve gelismekte olan llkelerde, seyahat segenekleri
igerisinde hesapli ve emniyetli olmasindan dolay1
demir vyollarinin kullanimi  daha ¢ok tercih
edilmektedir. Ulkemizde ise 2003 yilindan sonra
tekrar olusum siireci ile birlikte demir yolu
kullaniminda seri bir ilerleme goézlemlenmistir.
Olusan ilerlemeler yoniinde hat kapasitesindeki
cogalma ile beraber yiikselen siirat ve maksimum
tastma miktar1 iilkemizde de demir yollarinin
gelecekteki  devirlerde hedeflenen  diizeylere
cikacagini gostermektedir [1].

Ulkemizdeki kentler arasindaki yolculuk siiresinin
diistirilmesi, seri, konforlu ve emniyetli bir seyahat
olanag1 olusturulmasi ve bununla beraber seyahat
ederken demiryolu kullaniminin  ¢ogaltilmasi
hedeflenmektedir. TCDD (Tiirkiye Cumhuriyeti
Devlet Demiryollar1) son zamanlarda ayirdigi
biitgelerle daha dinamik ve hizli yolcu taginmasini
gerceklestirmek icin biiyiik yol kat etmistir [2]. Bu
gelisimin en mithim kismimi ise YHT projeleri
saglamaktadir. Tiirkiye’nin her yerine
demiryollarini kullanarak ulagsma amaci tizerine gok
fazla sayida proje gergeklestirilmistir  ve
giinlimiizde de yapimi siire gelen giizergahlar ve
projelendirilmekte olan yeni yol planlarn ile
YHT’ler aracilifiyla  demiryollarma  6nem
verilmektedir. Fakat bu tiir ulasim yollarmin yapim
biitgesi fazla oldugundan finans, siirdiiriilebilirlik
ve sosyal yarar gibi faktorler g6z Oniinde
bulundurulmalidir.

YHT’ler, 1960-1965 yillar1 arasinda Japonya’da
ortaya ¢ikmistir. 10 milyon niifuslu Tokyo gibi
metropol kentlerin niifus popiilasyonunu ¢evredeki
yerlesim bdlgelerine dagitma fikrinden hareketle
Tokyo - Osaka schirleri arasinda YHT hatlari
yapilmigtir.
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Gilinlimiizde demiryollarmin tercih edilir olmasinin
sebepleri arasinda diinyada karayolu lojistiginin
siradanlagmas1 ve insanlarin yolculuk yapmak
istemesi  gelmektedir. Bunun  yam1  sira
karayollarinda goriilen yogun trafik ve kazalar gibi
gelmeye baglamistir. Demiryollar: farkli ulagtirma
seceneklerine gore daha az maliyetli, daha c¢ok
miktarda yiik ve yolcu ulastirma imkanina sahiptir.
Bu yiizden YHT hatlarinin ¢ogaltilmasi ve YHT ile
yolcu tagimaciliginin arttirtlmasi 6nem kazanmustir.

Ulkemizde sehirlerarast yolculuk zamanimnin kisa
stireli olmasi, hizli, ucuz, konforlu ve emniyetli
yolculuk saglamasi ile YHT’lerin c¢ogaltilmasi
hedeflenmektedir. Demiryolu ¢aligmalarinda birgok
proje gergeklestirilmekte ve suan yapimi siiren
hatlar ve projelendirme agsamasinda olan yeni hatlar
bulunmakta olup YHT tasgimaciligina Onem
verilmektedir. Demiryolu hattinin yapilacag yer ve
giizergah, yatirimin verimliligi agisindan énemlidir.
Ayrica giizergah {izerinde diigiiniilen istasyon
noktalart da en az hattin giizergadh planlanmasi
kadar onemlidir. Istasyonlara ulagilabilirligin
saglanmas: konusunda istasyon noktalarinin
seciminde, bdlgenin popiilasyonu, genisleme
potansiyeli ve mevcut ulagima uyum gibi etkenler
dikkate alimmalidir. Ayrica YHT’ler igin hiz
smirlari, yavaslama ve hizlanma ivmeleri goz
oniinde bulundurularak en uygun istasyon
araliklarinin saptanmasi ile uzakliklarin kisalmasi
saglanacaktir. Dolayisiyla istasyon yeri se¢imi gibi
bircok karar siirecine, ¢ok fazla etmenin etki etmesi,
analitik stiregleri ve matematiksel prototipleri
gerektirmektedir [3].

Gergeklestirilen bu c¢alismada, oncelikle toplu
ulasimda giizergah se¢imi i¢in literatiirde yapilan
caligmalar incelenmis, daha sonra Mersin-
Gaziantep yiiksek hizli tren hatti icin istasyon
yerleri ¢ok kriterli karar verme (CKKYV)
yontemlerinden biri olan AHP ile degerlendirilerek
en uygun istasyon yeri belirlenmeye caligiimistir.
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Literatiirde rayli sistemler, YHT hatlari, toplu
tagima araglari ve metro hatlar1 igin giizergah
seciminde AHP’yi kullanan caligmalar
incelenmistir.

Brunner ve arkadaglarinin 2011 yilinda yaptiklari
calismada Hawai’nin Honolulu kentinde, Salt Lake
ve Havaalani arasinda sabit rayli sistem i¢in uygun
giizergah belirlemislerdir. Belirledikleri giizergahin
seciminde teknik, ekonomik, sosyal ve c¢evresel
kriterleri dikkate almiglardir. Karar vermede AHP
ve GIS (Geographic Information Systems)
yontemlerini kullanmiglardir [4]. 2013 yilinda yine
Dedemen’in yaptig1 caligmada, gii¢ transfer hatlar
icin gilizergah secimi icin GIS (Geographical
Information Systems)’e dayali AHP yontemi
kullanilmstir. Glizergah se¢imi igin dort alternatif
hattan uygun olani belirlenmistir [5].

Soltani ve arkadaslar1 Iran’da yer alan Siraz
sehrinde otobiis gilizergah1 se¢imi i¢in AHP ve
TOPSIS yontemlerini  birlikte kullanmuglardir.
Toplam 71 adet bulunan giizergahtan 6 tanesini
belirleyip bu gilizergahlar arasindan en uygun
alternatifi 16 adet kriter lizerinden
degerlendirmislerdir [6]. Yildirim ve Yomralioglu
2013 yilinda dogalgaz iletim hatti igin giizergah
seciminde GIS ile biitiinlestirilmis AHP yontemini
kullanmislardir. Oncelikle gevresel, ekonomik ve
sosyolojik faktorler ortaya konmus daha sonra
alternatif glizergahlar bu faktdrler iizerinden
degerlendirilmigtir [7].

Alkubaisi’nin 2014 yilinda yaptigi c¢alismada,
Irak’in Al-Ramadi sehrinde tramvay giizergahi
secimi  yapilmistir. 6  adet  alternatifin
degerlendirilmesinde yine GIS’e dayali AHP
yontemi kullanilmigtir. Yontemin uygulanmasinda
dikkate aldigi kriterler; ulasilabilirlik, giivenlik,
cevre, ekonomik ve niifus yogunlugudur [8]. Kays
2014 yilinda Avustralya’nin dogu kesimindeki
YHT hatt1 i¢in optimum giizergah1 belirlemede
karigtk  tamsayili  optimizasyon = modelini
kullanmustir. Degerlendirmede maliyet tasarrufunu
maksimize etmeye ¢alismistir [9]. Yine ayni yilda
yapilan Nosal ve Solecka’nin yaptiklari ¢aligmada,
kentsel toplu tasima icin giizergah secimi
yapmiglardir. Calismada AHP yontemini sosyal,
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teknik, ekonomik ve g¢evresel kriterler dikkate
alarak kullanmiglardir [10].

Ahmed ve Asmael 2015 yilinda Irak’in Bagdat sehri
icin metro glizergahi se¢ciminde GIS’e dayalit AHP
ve TOPSIS  yontemlerini  kullanmislardir.
Calismalarinda ¢evresel, miihendislik, ekonomik
toplam 9 kriteri giizergahlarin degerlendirmesinde
dikkate almislardir [11]. Hamurcu ve Eren rayh
sistem giizergaht se¢imi igin AHP yontemini
kullanmistir. Ankara’ da kurulmasi planlanan
monoray sistemi i¢in Oncelikle 15 adet kriter
belirlemisler daha sonra bu kriterler {izerinden en
uygun giizergah se¢imini yapmislardir [12]. 2015
yilinda Saat ve Serrano, YHT hatti igin optimum
giizergahin belirlenmesi amaciyla bir ¢alisma
yapmuglardir. Calismalarinda Malezya’da yer alan
Kuala Lumpur ve Singapur sehirlerindeki YHT
hatlar1 i¢in gilizergah se¢iminde ELECTRE
yontemini  kullanmuglardir  [13].  Keser ve
arkadaslarmm 2016 yilinda yaptiklar1 ¢aligmada
Eskisehir’in demiryolu hatt1 giizergah se¢imi igin
AHP yontemi kullanilmigtir. Yontemde hattin
uzunlugu, seyahat siiresi, giivenlik ve yakit tiiketimi
kriterlerini baz almiglardir [14].

Kirlangigoglu yine ayni yilda yaptigi ¢alismada,
Istanbul rayli tasima sistemi icin giizergah segimi
yapmigstir. Calismasinda fiziki ve beseri faktorleri
dikkate alan GIS’e dayali bir model gelistirmistir
[15]. Yine GIS’ e dayali giizergah tespiti yapan
diger bir ¢aliyma EL-Hallaq ve El-Yazory’nin 2017
yilinda yaptiklart calismadir. Filistin’in Gazze
sehrindeki metro hatt1 i¢in gilizergah se¢imi yapan
bir model 6nermislerdir. Dikkate aldiklar1 olgiitler
niifus yogunlugu, karayolu agi, trafik, park alanlari
ve arazi kullanimidir [16]. Eren ve arkadaslarinin
2017 yilinda yaptiklar1 c¢alismada, Ankara-Sivas
YHT hatt1 igin giizergah se¢iminde 4 alternatif
arasindan se¢im yapilmistir. 10 adet se¢im kriteri
baz almmarak en uygun alternatif AHP yontemi
kullanilarak belirlenmistir [3]. Hamurcu ve Eren’in
aynt yilda yaptiklann bir diger ¢alismada
Istanbul’daki rayl sitemler i¢in giizergah secimi
yapitlmigtir.  Caligmalarinda AHP ve ANP
yontemlerini Hedef programlama ile birlestirerek
hibrit bir sekilde kullanmuiglardir [17].
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Tas ve arkadaslar1 yine ayn1 y1lda monoray hatti i¢in
en uygun hat se¢imini AHP ve PROMETHEE
yontemleri ile belirlemislerdir. Yapilan ¢alismada
¢ift yon bindirme, tek yon bindirme ve tek yon asma
tipleri arasindan 6 kritere gdre secim yapilmistir
[18]. 2018 yilinda Zhou ve arkadaslarinin yaptiklar
calismada Kore’de ii¢ farkli toplu tasima tipleri
arasindan Ui¢ tip sehir tiirli i¢in se¢im yapilmasi
amactyla AHP yontemi kullanilmistir [19]. Siit ve
Arkadaglarmin  2018’de  yaptiklart ¢aligmada,
Ankara-Sivas YHT hatt1 i¢in AHP yontemi ile 5
adet ana kriter ve 3 adet alt kriter degerlendirilmis
ve 0nem seviyeleri saptanmugtir [20].

2019 yilinda Hamurcu ve Eren yaptiklari ¢alismada
Ankara’da yeni bir monoray sistemi i¢in rota se¢imi
yapmuslardir. Karar vermede ANP ve TOPSIS
yontemlerini kullanmiglar ve 8 rota 15 kriter
acisindan degerlendirilmis ve rotalarin Gnem
siralart ortaya konmustur [21]. Sarimehmet ve
arkadaslarinin 2020 yilinda yaptiklar1 ¢alismada
ise, Kirikkale YHT istasyonu i¢in 3 adet ana kriter
ve 10 adet alt kriter {izerinden ANP ve TOPSIS
yontemleri ile degerlendirilme yapilmis ve en
uygun giizergah belirlenmistir [22].

Literatiir caligmasina bakildiginda AHP yonteminin
en ideal alternatifin se¢ciminde sik¢a kullanildigi
tespit edilmistir. Yapilan bu g¢alismada Mersin-
Gaziantep yiksek hizli tren hatti projesi
kapsaminda yeni insa edilecek demiryolu hatlar
icin Adana-Mersin arasindaki yer alan istasyon
bolgelerinin 6nem sirast belirlenmistir. Goriisii
alman uzmanlarla belirlenen kriterlerle AHP
yontemi kullanilarak degerlendirme yapilmis ve

alternatif  istasyonlarn  Onem sirasi  ortaya
konmustur.
2. MATERYAL VE METOT

Ulasimin planlanmasinda 6nemli basamaklardan
biri de istasyon lokasyonlarinin belirlenmesi
siirecidir. lyi planlanmis bir istasyon konumu,
yolcular tarafindan tercih edilmeli, operasyonel
gereksinimleri  karsilamali ve c¢evreye uygun
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olmalidir. Hizli, emniyetli ve konforlu olan YHT’
ler, her gecen giin artmakta ve seyahati
kolaylastirmaktadir. Diinyadaki birgok iilkedeki
sehir bu araclarla birbirine baglanmigtir. Sehir
ulasiminin planlamasi, bu planlarin uygulanmasi ve
degerlendirilmesi stireci ana hatlariyla
belirlenmekte ve belirli faktorler lizerinden bir¢ok
calisma yiiriitiilmektedir.  Ozellikle istasyon
lokasyonlarmin dogru bir sekilde belirlenmesi
planlama asamasinda biiyiik 6nem arz etmektedir.

Bu kapsamda yapilan bu ¢alismada Mersin-
Gaziantep YHT hatti igin istasyon yerlerinin
se¢iminde ¢ok siklikla tercih edilen karar verme
yontemi olan AHP yontemi kullanilmisgtir.
Oncelikle yapilan literatiir aragtirmasi ve uzman
goriigleri  dikkate almmarak AHP yonteminin
uygulanmasi i¢in uygun kriterler belirlenmis daha
sonra en 1iyi alternatif secimi bu yontem ile
gerceklestirilmistir.

2.1. Analitik Hiyerarsi Prosesi

Karar verme siirecinde ¢ok siklikla kullanilan AHP
teknigi, 1977 yilinda Thomas L. Saaty tarafindan
gelistirilen CKKV teknigidir [23].

Karar problemlerinde en uygun kararin verilmesini
saglayan bu teknikte hiyerarsik yapi kullanarak ve
analitik inceleme yaparak problemde belirlenen
kriterlerin 6nem siralamast yapilmaktadir. Bu
hiyerarsik yapida en istte amag, orta kisimda
kriterler en altta ise alternatifler yer almaktadir [24].
AHP tekniginin bu hiyerarsik yapisi1 Sekil 1’de
gosterilmektedir.

AHP’ nin hiyerarsik yapisinda dncelikle ¢oziilecek
problemin tanimi yapilmakta ve bu probleme uygun
ama¢ net bir sekilde belirlenmektedir. Ardindan
konuda uzman kisilerin sahip oldugu bilgi diizeyi ve
deneyimleriyle probleme ait dikkate alinmasi

gereken  kriterler belirlenmektedir.  Kriterler
belirlendikten sonra problemde belirlenen amaca
uygun  olarak  degerlendirilmesi gereken

alternatifler ortaya konur.
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Alternatif 1

\ Alternatif 2

'

Sekil 1. AHP Yonteminde hiyerarsik yap1

Hiyerarsik yap1 belirlenirken dikkat edilmesi
gereken Onemli hususlardan biri  belirlenen
kriterlerin problemin ¢6ziimiinde problemi iyi bir
sekilde yansitmasi ve problemi tiim yonleriyle ele
alarak ortaya koymasidir.

Hiyerarsik olusturulduktan sonra
alternatiflerin degerlendirilmesi stireci
gerceklestirilmektedir. Bu siiregte kriterler ve
alternatiflerin  ikili  kargilastirma  matrisleri
olusturulmaktadir. Bu  matrislerde  sayisal
6lgeklendirme yapilirken, degerlendirmede yer alan
uzman kisilerin goriisleri biiyllk Onem arz
etmektedir. Kisilerin kriterleri ortaya koyarken ve
Olgeklendirme yaparken tarafsiz bir yaklagim
sergilemeleri  gerekmektedir [25]. Matrisler
olusturulmasi asamasini karar vericilerin kigisel
degerlendirmesinin test edilmesi asamasi yani
tutarlilik oranlarinin hesaplanmasi asamasi takip

yap1

eder. Tutarlilik oranlar1 hesaplandiktan sonra
hiyerarsik ~ yapida  belirlenen  alternatiflerin
degerlendirilmesi asamasina gegilir ve

degerlendirme siirecinde kriterlerin 6nem sirasi
belirlenerek amaca uygun en iyi alternatif segilir.

Ozet olarak AHP Sekil 2’de gosterilen adimlari
igermektedir [25].

Problem Tamimlama ve Amac¢ Belirleme
Asamasinda; Oncelikle problem agik ve net bir
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sekilde ifade edilmekte ve ardindan tanimlanan
probleme ait amag ortaya konmaktadir.

Kriterlerin  Saptanmast Asamasinda; uzman
goriisleri dogrultusunda probleme ait tiim kriterler
ortaya konmaktadir.

Alternatiflerin Belirlenmesi Asamasinda;
probleme ait kriterlerle degerlendirilecek tiim
alternatifler belirlenmektedir.

Karsitlastirma  Matrislerinin Olusturulmasi
Asamasinda; probleme ait tim kriterlerin
birbirlerine gore ne kadar dnemli oldugu sayisal
olarak ifade edilir. Bu matrislerde Saaty tarafindan
olusturulan Cizelge 1° deki puan skalasi
kullanilmaktadir [23].

Problem Tanimlama ve Amac Belirleme

v

Kriterlerin Saptanmasi

v

| Alternatiflerin Belirlenmesi

v

Karsilastirma Matrislerinin Olusturulmas:

v

| Tutarlilik Oranlarmnm (CR) Hesaplanmasi |

Onem Derecelerinin Belirlenmesi

v

| Segim

Sekil 2. AHP Adimlart

Cizelge 1.Karsilastirma matrislerinde kullanilan
puan skalasi

Onem
. Tanim

derecesi
1 Esit 6nem
3 Birinin digerine gore zay1f 6nemi
5 Gili¢lii onem
7 Cok giiclii 6nem
9 Mutlak 6nem

2-4-6-8 Ara Degerler
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Matrisler olusturulurken uzmanlarin goriisleri
almarak her bir kriterin diger kritere gore Onem
degeri belirtilir ve bu matris A matrisi olarak
isimlendirilir. A matrisinin her bir eleman aj;, 1.
kriter veya alternatifin j. kriter ya da alternatife gore
onem degerini belirtmektedir. Esitlik 1° de A
matrisinin gdsterimi yer almaktadir.

diq d12 ..« dqp
dpq dpp ... dpp
A= . (1)

dp1 dp2 «+ App

A matrisi n X n boyutunda bir kare matristir ve
kosegen elemanlari 1 dir. Yapilan ikili kiyaslamalar
sonucunda;

_ 1
Qﬁ —'Z;
seklinde hesaplanmaktadir. Ornek olarak, j. kriter
veya alternatifin i. kriter veya alternatife gére Gnem
derecesi 3 ise, i. kriter veya alternatifin j. kriter veya
alternatife gore degeri 1/3 tiir.

Kriterlerin birbirlerine gore onem degerlerinden
olusan matriste her bir kriterin biitlin matris
icerisindeki 6nem degerleri hesaplanmaktadir. A
matrisindeki her bir eleman o siitundaki kriter
degerlerinin toplamina boliinerek yeni degerler elde
edilir. Olusturulan bu matris C matrisi olarak
isimlendirilmektedir. C matrisinin her bir elemani
¢;j ler Esitlik 2°deki gibi hesaplanmaktadir.

)
Cij = n 2)

i=1 ai].

C matrisi, normalize edilmis A matrisidir. Daha
sonra bu matriste her bir satir ortalamasi alinarak
oncelik vektor degerleri (W;) bulunmaktadir. Bu
oncelik vektor degerleri her i. kriterin diger kriterler
igerisindeki &nem degerini gostermektedir. Oncelik

vektoric W;’ler Esitlik 3’te gosterildigi gibi
hesaplanmaktadir.

n
W, :Zizl Cij (3)

! n
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Tutarlilik Oranlarinin Hesaplanmasi
Asamasinda; Karar vericilerin
degerlendirmelerinin tutarliliginin test edilmesi
gerekmektedir [26] .Bunun i¢in A matrisinde
tutarlilik oranlar1 hesaplanir ve matris % 100 tutarlt
ise A matrisinin en biiylik 6zdegeri kriter sayisi n e
esit olmaktadir ve n=A,,,, seklinde gosterilir.
Burada A.w = A,,,4,.W esitliginden A matrisinin en
biliyiik 6zdegeri Esitlik 4’teki gibi hesaplanarak
bulunur [25].

n
_ Zj=12ij - Wi
}\max_

“)

Wj

Eger tutarsizlik fazla ise A matrisindeki en biiyiik
0zdeger, n degerinden o derece uzak demektir.
Tutarsizlik test edilirken iki deger hesaplanmaktadir
“Tutarhihik Endeksi” (CI) ve “Tutarlilik Orant”
(CR) [25]. Esitlik 5’te “Tutarlilik Endeksi” nin,
Esitlik 6’da ise  “Tutarliik Orant”nin nasil
hesaplandig1 gosterilmektedir.

Cl = Amax—n (5)
n-1
CI
CR=— 6
= (6)

Burada RI rastsal endeks degeri olarak ifade edilir
ve Saaty tarafindan belirlenen ve n degerine gore
degisen bu sabit sayilar Cizelge 2’de
gosterilmektedir [27].

Cizelge 2. Rastgele endeks degerleri
N degeri 1 2 3 4 5 6
RI degeri 0 0 0,58 | 0,89 | 1,12 | 1,24
N degeri 7 8 9 10 11 12
RIdegeri | 1,32 141 | 1,45 | 1,49 | 1,51 | 1,48

Ikili karsilastirma matrisinin tutarl1 olmas1 i¢in CR
degerinin  0.10 degerinden kiigiik  olmasi
gerekmektedir. Tutarsizlik olmast durumunda
karsilastirmalarin tekrar degerlendirilmesi
gerekmektedir [28].

Alternatifler Arasindan Se¢cim Asamasinda;
hesaplanan 6ncelik degerlerine bakilarak en yiiksek
oncelik degerine sahip olan alternatif en iyi
alternatif olarak belirlenir.
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3. BULGULAR VE TARTISMA

3.1. Adana-Mersin Arasinda Yeni Insa Edilecek
Yiiksek Hizl Tren Hatt1 icin Istasyonlarm
Degerlendirilmesi

Son yillarda YHT yatirimlari olduk¢a g¢ogalmistir
fakat hala bu sisteme ihtiyag duyulan yerler

b S Gukurova

Havalimam

MERSIN ADANA TOPRAKKALE

OSMANIYE

Olcay KALAN

bulunmaktadir. Bu yerlerde karar verilecek istasyon
bolgeleri hattin verimliligi i¢in ¢ok 6nemli bir rol
oynamaktadir. Bu c¢alismada Mersin-Gaziantep
yiliksek hizli tren hatti projesi 286 km’lik yiiksek
standarda sahip demiryolunun ingaatint
kapsamaktadir. Proje gilizergah1 Mersin ilinden
baslayip, Adana, Toprakkale, Bahg¢e, Nurdagi’ndan
geemekte ve Gaziantep’te son bulmaktadir. Proje
giizergahi Sekil 3’te gosterilmektedir.

t5km  ga7IANTEP

NURDAG
OSMANIYE

BAHGE NURDAG EASPINAR

‘ T8 KM 76 KM

58 KM

17 KM 56 KM ‘

Sekil 3. Mersin-Gaziantep YHT hatt1 proje giizergahi

Proje kapsaminda Mersin-Adana arasinda yer alan
78 km’lik mesafede demiryoluna ek olarak iki adet
yeni demiryolu inga edilmesi planlanmaktadir. Bu
kapsamda yapilan bu ¢alismada yeni insa edilecek
bu demiryollar1 igin belirlenebilecek alternatif
istasyon yerleri ele alinmustir.

3.1.1. Alternatiflerin Belirlenmesi

Alternatifler, yoneticiler ve uzmanlar araciligiyla
belirlenen 4 adet istasyon bolgeleridir. Bunlar
sirastyla, Taskent Istasyonu, Tarsus Istasyonu ve
Yenice Istasyonu ve Sehitlik Istasyonudur. Bu
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istasyonlar ve sembolik ifadeleri Cizelge 3’te
gosterilmigtir. Belirlenen istasyonlarin haritada
gosterimi ise Sekil 4’te verilmistir.

Cizelge 3. Mersin-Adana aras alternatif olabilecek
istasyon yerleri

Numara Sembol Istasyon yeri
1 is1 Taskent istasyonu
2 is2 Tarsus istasyonu
3 is3 Yenice istasyonu
4 iS4 Sehitlik istasyonu
37
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Sekil 4. Alternatif istasyon yerleri harita goriiniimii

Kriterlerin Kararlastirilmasi: Ulastirma
projelerinin degerlendirilmesi ¢ogunlukla teknik,
ekonomik ve lojistik, ¢evresel faktorler, emniyet,
sosyal etki ve arazi kosullar1 gibi ana o6lgiitler

Cizelge 4. Kararlastirilan kriterler

altinda yapilmaktadir.

aciklamalariyla birlikte sunulmustur.

Kriter siras1 |[Sembol |Kriter adi Kriter aciklamasi
1 K1 |Giivenlik Istasyon bélgesinin giivenligi
2 K2  |Ticari katki Istasyon bélgesinin bulundugu yere saglayacag:
ticari katki
3 K3  |Rayli sistem hatlari ile Demiryolu hattinin rayli sistemlerle baglantisi
entegrasyon
4 K4  |Arazi yapisi Istasyon bélgesinin toprak yapismin uygunlugu
5 K5  |Yatirim maliyeti Istasyon bolgesinin ingas1 i¢in olusturulan maliyet
K6  |Endiistri alanlarina Kurulacak istasyonun sanayi bdlgelerine yakinlik
yakinlk derecesi
7 K7  |Sehir merkezine yakinlik |Kurulacak istasyonun sehir merkezlerine olan
yakinlik derecesi
8 K8  |Ulasim imkam Kurulacak istasyona toplu ulagim imkan
9 K9 |Cevresel etki Kurulacak istasyonun gevreye etkisi
10 K10 |Genisleme potansiyeli Hattin yeni projeler ile genisletilme derecesi

3.1.2. Hiyerarsinin Olusturulmasi

AHP' de karar verme hiyerarsiye gore yapilir. Karar
hiyerarsisi problemin hedefi, Olgiitler ve en alt
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tarafta degerlendirilecek alternatifler olmak tizere
yapilmaktadir. Calismanin karar hiyerarsisi Sekil
5’te goriinmektedir.
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Degerlendirme olgiitleri
literatiir taramasi ve uzman goriisleri yoniinde
belirlenmistir. Kararlagtirilan 6l¢iitler Cizelge 4’te
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| Istasyonlarm Degerlendirilm esi

K1 | K2 |

K3 e K10

is1 | | is2

| | is3 ” is4

Sekil 5. Probleme ait karar hiyerarsik yap1

3.1.1. ikili Karsilastrma Karar Matrisinin
Olusturulmasi

Olgiitlerin ve alternatiflerin birbirinden bagimsiz
oldugu varsaymmu ile karsilikli ikili mukayeseler
yapilmaktadir. Basta Olgiitler kendi aralarinda
mukayese edilip 6z vektorleri hesaplanmis daha
sonra her Olgiit icin alternatifler ayr1 ayrt ikili
karsilastirlmstir. Olgiitlerin ikili karsilastirilmasi
Cizelge 5’te sunulmustur.

Ikili karsilastirma matrisi elde edildikten sonra her
siitundaki oOl¢iit degerleri situnun degerlerinin
toplamina boliiniir ve dlgiitler 6l¢iim birimlerinden
ayrilarak normallestirilmis deger elde edilir.

Daha sonra kriterler igin normallestirme matrisi
olusturulmustur. Cizelge 6’da normalize edilmis

degerler elde edildikten sonra, olusturulan her

Cizelge 5. Kriterler arasi ikili karsilagtirma matrisi

matrisin satirinin ortalamasi alinarak Olgiitlerin
kritik degerlerine ulastlir.
Ardindan kriterler aras1 normallestirme matris

agirhk degerleri hesaplanmistir. (Cizelge 6)
Olgiitlerin ~ oncelikler vektérii Cizelge 6°da
gosterilmistir.

Bu dlgiitlerin goreli 6nem agirliklart sirasiyla 0,058;
0,075; 0,055; 0,210; 0,152; 0,093; 0,109; 0,118;
0,061; 0,070 olarak bulunmustur. Olciitlerin 6nem
siralarma bakildiginda karar iizerinde etkili en
onemli Olgiitin 0,210 ile arazi yapisi oldugu
goriiliir. Ardindan yatirim maliyeti diger kriterlere
gore daha 6nemli bulunmustur.

Uciincii sirada 6neme sahip kriterin ise ulasim
imkani oldugu saptanmistir. En az 6neme sahip
kriterin ise 0,030 ile rayli sistem hatlar1 ile
entegrasyon oldugu goriilmektedir.

Kriterler arasi karsilastirma matrisi
Kriterlerinikili | yop | gy | g3 | k4 | K5 | K6 | K7 | K8 | K9 | K10
karsilastirma matrisi

K1 1,00 0,50 2,00 0,33 0,25 | 0,33 0,33 0,50 2,00 1,00

K2 2,00 1,00 2,00 0,25 0,33 | 033 2,00 0,33 2,00 0,50

K3 0,50 0,50 1,00 0,50 0,33 | 033 0,33 0,50 2,00 1,00

K4 3,00 | 4,00 2,00 1,00 3,00 | 3,00 2,00 3,00 2,00 3,00

K5 4,00 3,00 3,00 0,33 1,00 | 2,00 0,50 3,00 3,00 | 2,00

K6 3,00 3,00 3,00 0,33 0,50 | 1,00 1,00 0,50 0,50 1,00

K7 3,00 0,50 3,00 0,50 2,00 | 1,00 1,00 0,50 2,00 1,00

K8 2,00 3,00 2,00 0,33 0,33 | 2,00 2,00 1,00 2,00 | 2,00

K9 0,50 0,50 0,50 0,50 0,33 | 2,00 0,50 0,50 1,00 1,00

K10 1,00 2,00 1,00 0,33 0,50 | 1,00 1,00 0,50 1,00 1,00
Toplam 20,00 | 18,00 | 19,50 | 4,42 8,58 | 13,00 | 10,67 | 10,33 | 17,50 | 13,50
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Cizelge 6. Kriterler arasi normallestirilme matrisi ve dncelikler vektorii

Kcriterler arasi karsilagtirma matrisi .
Kriterlerin ikili Oncelikler
karsilastirma K1 K2 K3 K4 K5 K6 | K7 K8 K9 | K10 vektorii
matrisi
K1 0,050 | 0,028 | 0,103 | 0,075 | 0,029 | 0,026 | 0,031 | 0,048 | 0,114 | 0,074 0,058
K2 0,100 | 0,056 | 0,103 | 0,057 | 0,039 | 0,026 | 0,188 | 0,032 | 0,114 | 0,037 0,075
K3 0,025 | 0,028 | 0,051 | 0,113 | 0,039 | 0,026 | 0,031 | 0,048 | 0,114 | 0,074 0,055
K4 0,150 | 0,222 | 0,103 | 0,226 | 0,350 | 0,231 | 0,188 | 0,290 | 0,114 | 0,222 0,210
K5 0,200 | 0,167 | 0,154 | 0,075 | 0,117 | 0,154 | 0,047 | 0,290 | 0,171 | 0,148 0,152
Ké 0,150 | 0,167 | 0,154 | 0,075 | 0,058 | 0,077 | 0,094 | 0,048 | 0,029 | 0,074 0,093
K7 0,150 | 0,028 | 0,154 | 0,113 | 0,233 | 0,077 | 0,094 | 0,048 | 0,114 | 0,074 0,109
K8 0,100 | 0,167 | 0,103 | 0,075 | 0,039 | 0,154 | 0,188 | 0,097 | 0,114 | 0,148 0,118
K9 0,025 | 0,028 | 0,026 | 0,113 | 0,039 | 0,154 | 0,047 | 0,048 | 0,057 | 0,074 0,061
K10 0,050 | 0,111 | 0,051 | 0,075 | 0,058 | 0,077 | 0,094 | 0,048 | 0,057 | 0,074 0,070
Toplam 1,000 | 1,000 { 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000

Daha sonra kriterlerin  6nem derecelerinin  Cr degerinin 0,10’dan kiiciik oldugu belirlenmistir.
belirlenmesinde tutarsizlik oranlart hesaplanmistir.  Buna gore kriterler arast ikili karsilagtirma
Bu oranlar Cizelge 7’de gosterilmektedir.  matrisinin tutarli oldugu sdylenebilmektedir.
Cizelge 7°deki tutarsizlik orani hesaplamasina gore

Cizelge 7. Kriterler arasi karsilastirma matrisinin tutarlilik degerleri

Kriterler arasi karsilagtirma matrisi Tutarhlik oram hesabi
Kriterlerin .
ikili Oncelikler|, Lum
Kl | K2 | K3 | K4 | KS | K6 | K7 | K8 | K9 | K10 .. .. [onceliklery A |imax| CI | CR
karsilastirmal vektorii .
matrisi matrisi

K1 0,050 |0,028{0,103 |0,075{0,029| 0,026 [0,031]0,048|0,1140,074| 0,058 | 0,631 [10,911
K2 0,100 [0,056(0,103]0,057]0,039] 0,026 |0,188]0,032 0,114 |0,037| 0075 | 0848 11,305
K3 0,025 [0,028]0,051]0,113]0,039] 0,026 |0,031 /0,048 |0,114|0,074| 0055 | 0,595 10,824
K4 0,150 [0,22210,103]0,2260,350/ 0,231 |0,1880,290|0,114[0,222| 0210 | 2431 11,601
K5 0,200 [0,167[0,154[0,075(0,117/0,154 [0,047|0,290(0,171 |0,148| 0.152 | L761 |11,561
K6 0,150 [0,167[0,154|0,075{0,058| 0,077 [0,094|0,048[0,029|0,074| 0,093 1,070 {11,557
K7 0,150 [0,028{0,154|0,113{0,233/0,077 [0,094|0,048|0,114|0,074| 0,109 | 1,238 ]11,403
K8 0,100 [0,167[0,103[0,075[0,039/0,154 [0,188|0,097(0,114|0,148| O.118 | 1,353 11430
K9 0,025 [0,028{0,026[0,113{0,039|0,154 [0,047|0,048|0,057|0,074| 0,061 | 0,679 |IL115

K10 0,050 [0,111]0,051]0,075]0,058| 0,077 [0,094{0,048|0,057|0,074| 0,070 | 0,800 11,487
Toplam | 1,000 |1,000(1,000|1,0001,000|1,000 |1,000|1,000|1,000|1,000

11,3190,147(0,098

Ardindan her bir kriter i¢in istasyon alternatiflerinin ~ gdsterilmektedir. Cizelge 8’de yer alan tutarsizlik
ikili kargilagtirma matrisleri degerlendirilmis ve  oranlarina bakildiginda her kriter igin alternatiflerin
tutarliliklar1 ayri ayri test edilmistir. Tutarlillk  tiim ikili karsilagtirmalt matrislerinin  0,10°dan
oranlart  her  kriter i¢in  Cizelge 8’de  kiigiik oldugu i¢in tutarh oldugu sdylenmektedir.

40 C.U. Miih. Fak. Dergisi, 39(1), Mart 2024



Cizelge 8. Her kriter i¢in tutarlilik oranlarinin hesaplanmasi

Olcay KALAN

K1 Kriteri tutarhilik orani hesabi
. . Tiim
Alternatifler Oncellk!.er oncelikler A Amax CI CR
vektorii . .
matrisi
IS1 0,127 |0,51764706 |4,071504
is2 0,509
: 2,19518717 |4,316509 | 4 160211959 | 0,053403986 | 0.060004479
IS3 0,279 1,17072193 | 4,193966
IS4 0,085  |0,34565508 |4,05887
K2 Kriteri tutarhilik orani hesabi
> . Tiim
Alternatifler Oncel.l.klfr oncelikler A Amax CI CR
vektorii . .
matrisi
IS1 0,108  |0,43248663 |4,022996
is2 0,519
: 2,19518717 |4,227203 | 4 169743800 | 0,029914607 | 0,033611918
IS3 0,266 1,0855615 | 4,085779
IS4 0,108  |0,43248663 |4,022996
K3 Kriteri tutarhilik orani hesabi
» . Tiim
Alternatifler Oncel.l.klfr oncelikler A Amax CI CR
vektorii . .
matrisi
IS1 0,150  [0,60280749 |4,01524
is2 0,508
: 219518717 |4,321345 | 4 | 65935643 | 0,055311881 | 0,062148181
IS3 0,257 1,0855615 | 4,220562
IS4 0,085  |0,34772727 |4,106595
K4 Kriteri tutarhilik orani hesabi
> . Tiim
Alternatifler Oncel.l.klfr oncelikler A Amax CI CR
vektorii . .
matrisi
IS1 0,103 |04322861 |[4,212141
is2 0,490
- 2,26203209 |4,614144 4,232710829 | 0,077570276 | 0,087157614
IS3 0,260 | 1,04318182 [4,011317
IS4 0,147 {0,60200535 |4,093241
K5 Kriteri tutarhilik orani hesabi
> . Tiim
Alternatifler Oncel.l.klfr oncelikler A Amax CI CR
vektorii ..
matrisi
IS1 0,167  |0,64518717 |3,857044
is2 0,484
- 2,26203209 |4,671901 4,190501072 | 0,063500357 | 0,071348716
IS3 0,254 1,04318182 |4,10703
IS4 0,095  10,39010695 |4,12603
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Cizelge 8. (devami)

K6 Kriteri tutarhilik orani hesabi
. . Tiim
Alternatifler Oncellk!.er oncelikler A Amax CI CR
vektorii . .
matrisi
IS1 0,136 |0,61858289 |4,534115
is2 0,546
: 247433155 [ 4,534115 | 4 61645364 | 0,087281788 | 0,098069425
IS3 0,211 0,87406417 | 4,134087
IS4 0,106  |0,4092246 |3,845063
K7 Kriteri tutarhilik orani hesabi
> . Tiim
Alternatifler Oncel.l.klfr oncelikler A Amax CI CR
vektorii . .
matrisi
IS1 0217  |0,9822861 |4,529104
is2 0,284
: 112713904 |3.972069 | 4 504531238 | 0068077079 | 0.076491101
IS3 0,216  |0,93643048 |4,343684
IS4 0,284 1,12713904 |3,972069
K8 Kriteri tutarhilik orani hesabi
» . Tiim
Alternatifler Oncel.l.klfr oncelikler A Amax Cl CR
vektorii . .
matrisi
IS1 0,167  |0,64518717 |3,857044
is2 0,484
. 2,26203209 |4,671901 4,190501072 | 0,063500357 | 0,071348716
IS3 0,254 1,04318182 |4,10703
IS4 0,095  10,39010695 |4,12603
K9 Kriteri tutarhilik orani hesabi
> . Tiim
Alternatifler Oncel.l.klfr oncelikler A Amax Cl CR
vektorii . .
matrisi
IS1 0,147  10,56002674 |3,807814
is2 0,490
- 2,26203209 |4,614144 4,110224803 | 0,036741601 | 0,041282698
IS3 0,260 | 1,04318182 [4,011317
IS4 0,103 |0,41129679 |4,007624
K10 Kriteri tutarhilik orani hesabi
> . Tiim
Alternatifler Oncel.l.klfr oncelikler A Amax Cl CR
vektorii ..
matrisi
IS1 0,138  |0,61858289 |4,496072
s2 0,523
- 2,38917112 |4,572103 4,205352897 | 0,068450966 | 0,076911197
IS3 0,221 0,87406417 |3,95654
IS4 0,119  |0,45160428 |3,796697
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Istasyonlarin belirlenen kriterlere gore
degerlendirilmesi i¢in olusturulan karar matrisi

Cizelge 9°da gosterilmektedir.

Cizelge 9. Kriterlere gore istasyon alternatiflerinin siralamasi

Olcay KALAN

Kriterlere gore istasyon oncelikleri Alternatif
skorlart Siralama

Alternatifler K1 K2 K3 K4 KS Keé K7 K8 K9 K10
iS1 (Taskent)

0,127 | 0,108 | 0,150 | 0,103 | 0,167 0,136 | 0217 | 0,167 | 0,147 | 0,138 0,145203 3
iS2 (Tarsus)

0,509 |1 0,519 | 0,508 | 0,490 | 0,484 0,546 | 0,284 | 0,484 | 0,490 | 0,523 0,47779339 1
1S3 (Yenice)

0,279 | 0,266 | 0,257 | 0,260 | 0,254 0211 | 0216 | 0,254 | 0,260 | 0,221 0,24773339 2
1S4 (Sehitlik)

0,085 1 0,108 ] 0,085 | 0,147 1 0,095 ] ¢ 106 | 0,284 | 0,095 | 0,103 | 0,119 | 0,12927022 4
Oncelikler vektorii | 0,058 | 0,075 | 0,055 | 0,210 | 0,152 | 0,093 | 0,109 | 0,118 | 0,061 | 0,070
Uygulanan AHP yontemine gore Karar matrisi  edilecek olan iki demiryolu igin alternatif
incelendiginde tiim kriterler agisindan yapilan istasyonlar AHP yontemi kullanilarak
degerlendirmede Tarsus Istasyonunun diger degerlendirilmistir. Istasyon yeri se¢imi igin

istasyonlardan daha 6ncelikli oldugu gorilmiistiir.

4. SONUC

Tiirkiye’de YHT hatt1 projeleri her gegen giin tiim
hiziyla artmaktadir. Bu projelerde hattin gegis
giizergah1 ve istasyon lokasyonlar1 kentlerin
etkilenen bolgelerine cok bilyiikk ekonomik ve
sosyal fayda getirmektedir. Hattin gilizergahi
istikametinde kentin hangi lokasyonuna istasyonun
yapilacagl 6nemli bir karar problemidir. Bu karar
verme asamasinda ekonomik, sosyal ve cevresel
kosullarini dikkate alan kararlarin alinmasi gerekir.

Yatirim maliyetleri agisindan oldukga fazla kaynak
gerektiren YHT istasyonlarinin yer segiminde
uygun yontemlerin kullanilmas: ekonomik ve
sosyal yasami etkilemekte ve degerlendirme
prosesini saglikli kilmaktadir. Se¢im prosesinde
belirlenen olg¢iitler

ve alternatifler arasindaki iliskileri degerlendirmek
icin CKKV yontemleri sik sik kullanilmaktadir
[29]. Bu teknolojide proje degerlendirilirken bazi
sorunlarla karsilagilabilmektedir. Analitik
yontemlerin kullanilmasi, matematiksel modelleme
ve optimizasyon c¢alismalari bu problemlerin
¢Oziimiinde ve karar verme siirecinde etkilidir.

Yapilan bu arastirmada Mersin-Gaziantep YHT
projesinde Adana-Mersin arasinda yeni insa
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Onerilen prototip ve literatiir ¢aligmalar1 dikkate
almarak yapilan g¢ikarimlar sonucunda kurulacak
istasyonlarin yerleri i¢in dort alternatif istasyon
yerleri karsilagtirilmistir. Karsilastirmadan ¢ikan
veriler dogrultusunda oOlgiitlere gore en uygun
istasyonun Tarsus Istasyonu oldugu ortaya
ctkmustir. Sehitlik istasyonu ise dncelik sirasinda en
son sirada yer almistir.

fleride yapilacak olan arastirmalarda alternatif
sayisinin daha ¢ok oldugu hatlarda, 6nerilen bu
model uygulanabilir. Ayrica istasyonlarin insa
maliyetleri de g6z Oniinde bulundurularak
matematiksel model gelistirilebilir. Bunun yani sira
CKKYV tekniklerinden farkli yontemler kullanilarak
alternatif istasyon lokasyonlarinin karsilagtirtlmasi
gerceklestirilebilir.

Bu ¢alismanin devam niteligi olarak sadece iki sehir
arasindaki istasyonlar i¢in olusturulan aragtirma
diger schirler arasi yer alan istasyonlar igin de
olusturulabilir. Bununla birlikte rota belirleme
adiminda  alternatifler bu  Olgiitlere  gore
degerlendirilerek optimum lokasyon belirlenebilir.
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Oz

Calismada 3005 aliiminyum alagimi, mikro ark oksidasyon (MAO) teknolojisi ile farkli iglem siirelerinde
ve farkli oranlarda grafen ilavesi ile yiizey modifikasyonu gergeklestirilmistir. Kaplanan numunelerin
yiizey karakterizasyonu, faz analizi ve erozyon korozyonu testi gerceklestirilmistir. Islem sonras1 alasimin
MAO yontemi ile basarili bir sekilde kaplandigi, grafen ilavesi ile daha yogun bir kaplama tabakasi elde
edildigi ve yiizeydeki porlarin azaldigi goézlemlenmistir. MAO sonrast numunelerde erozyon-korozyon
dayaniminda belirgin bir artig tespit edilmistir. Artan grafen orani ile erozyon korozyonu dayaniminin
iyilesme gosterdigi raporlanmis ve islemsiz numuneye gore korozyon dayaniminda 17,4% oraninda
iyilesme oldugu tespit edilmistir.

Anahtar Kelimeler: Aliiminyum, 3005, Grafen, Mikro ark oksidasyon, Erozyon korozyonu

Effect of Graphene Addition on Erosion Corrosion Behavior of 3005 Alloy Coated
by Micro-Arc Oxidation Method

Abstract

In the study, surface modification of 3005 aluminum alloy was carried out (different coating time and
graphene ratios) with micro arc oxidation (MAO) technology. Surface characterization, phase analysis and
erosion corrosion test of the coated samples were performed. After the process, it was observed that the
alloy was coated successfully with MAO method, a denser coating layer was obtained with the addition of
graphene and the pores on the surface were reduced. After MAO coating, it was detected a significant
increase in erosion-corrosion resistance. It was determined that there was a 17.4% improvement in
corrosion resistance with increasing graphene content.

Keywords: Aluminum, 3005, Graphene, Micro-arc oxidation, Erosion corrosion

*Sorumlu yazar (Corresponding Author): Aysun AYDAY, aayday@sakarya.edu.tr

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024 47



Grafen Katkisinin Mikro Ark Oksidasyon ile Kaplanmis 3005 Alagimimn Erozyon Korozyon Davramsi Uzerine Etkisi

1. GIRIS

Glinlimiizde, aliiminyum ve alagimlari oldukca
genis bir endiistriyel alanda, tip, otomotiv, spor,
havacilik gibi, birgok alanda kullanilmaktadir.
Bunun da sebebi, bilindigi iizere sahip olduklari
diisik yogunluk, yiksek 1sil iletkenlik, geri
doniistiiriilebilir ve kolay sekillendirilebilir olmalari
kullanim alanlarini epey arttirmugtir [1,2].

Bununla birlikte, aliiminyum ve alagimlar
endiistriyel uygulamalardaki kullanimlarinda bazi
smirlamalar1  da  beraberinde  getirmektedir.
Endistride kullanilan pek ¢ok malzeme, kullanim
yerine bagli olarak asidik/bazik kimyasallarla temas
etmekte, bu durumlara bagli olarak da farkli
hasarlara ugrayabilmekte ve korozyona maruz
kalmaktadir. Ayrica, kimyasal akiglarin, akis debisi
ve icerdigi asmndirici partikiiller vasitasi ile
asmmmaya da maruz kalabilmektedir. Bu iki etkinin
bir araya gelmesi ile erozyon korozyonuna maruz
kalmas1 hem mekanik hem kimyasal olarak hasara
ugradigi anlami tasimaktadir [1,3-5]. 3005, bir
aliminyum ve mangan alasimidir. Diger Al
alasimlaria gore korozyon direnci de daha iyidir
[3-5]. Calismada kullanilan 3005 alasimi TKG
Otomotiv San. ve Tic. A.S’den tedarik edilmistir.
3005 aliiminyum levha otomotiv sektoriinde
otomobil altlarinda ve diger nemli ortamlarda
yaygin olarak kullanilmaktadir. Kullanim yerinden
kaynakli mekanik olarak hasara ugrama ylizdesi
oldukga yiiksektir.

Aliiminyum alagimlarinda bahsi gecen
olumsuzluklarin  ortadan  kaldirilmast  veya
geciktirilmesi amaci ile fiziksel buhar biriktirme,
kimyasal buhar biriktirme, termokimyasal iglemler,
plazma kaplama, anodizasyon, mikro ark
oksidasyon (MAOQO) vs. olmak {izere bir¢ok ylizey
islemi ile ylizey Ozellikleri iyilestirilmesi
saglanmaktadir [2,5]. Mikro ark oksidasyon
teknolojisinde numune i¢in herhangi bir 6n hazirlik
stireci olmamasi diger teknolojilere gore avantaj
saglamaktadir. Bu durum {retim siirecinde
zamanda kazang saglarken, kaplama dncesi numune
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hazirlamada kullanilan kimyasallarin  dogaya
etkilerinin en aza indirilmesini saglar.

Mikro ark oksidasyon teknolojisi hafif alagimlara,
aliminyum ve aliiminyum alasimlarina, titanyum
gibi, magnezyum gibi, zirkonyum gibi genis bir
malzeme agma uygulanabilmektedir. Benzer
teknolojilerden anodizasyon ile kaplanmasi zor olan
yiiksek silisyum igeren pargalarin ve yine yiiksek
oranda bakir igeren aliiminyum alagimlarinin MAO
ile kaplanabilmesi mimkiindiir. Mikro ark
oksidasyon isleminde kullanilan kaplama ¢ozeltisi
korozif olmayan, hazirlanmasi kolay ve ucuz bir
karigimdir. Bu hazirlanan karsimin ¢evreye zarari
bulunmamaktadir. MAO isleminde pek c¢ok
parametre (¢oOzelti, akim, voltaj, siire) kaplama
sonuglarini etkiledigi yapilan ¢alismalardan dolay:
bilinmektedir. Bu ydntem sayesinde istenilen
kalinlikta oksit tabakasi, ylizey sertligi, porozite
dagilimi ve orani, kaplama yapisma dayanimi gibi
ozellikler optimum iglem parametreleri belirlenerek
oldukga diisiik maliyette seramik esasli kaplamalar
iretilebilmektedir [6,7].

Yapilan son arastirmalarda, kaplama cozeltisine
ilave edilen takviye malzemeleri ile nano tozlar,
seramik takviyeleri gibi kaplamanin mekanik
ozelliklerine olan etkileri arastirilmaya
baglanmistir. Chen ve arkadaglari [8], grafen
oksidin korozyon dayanimi iizerinde ki olumlu
etkisini arastirmislardir. Ayday ve arkadaslari [9],
TiO, takviyesinin MAO igleminde Ti alagimlar1 ve
korozyon dayanimi iizerindeki olumlu etkilerini
aragtirmislardir. Kaseem ve arkadaslari [10] MoO;
ve ZrO; partikiillerin kaplama karakterizasyonu ve
korozyon dayanimina olan etkisi tartigmislardir.
Grafen etkisi son yillarda 6zellikle dikkat ¢eken,
MAO kaplama ¢aligmalarinda da etkisi arastirilmak
iizere kaplama ¢ozeltilerine katilan takviye
elemanidir.  Bu baglamda MAO yontemi ile
kaplanan ~ malzemelerde grafen  etkisinin
arastirllmast adma yapilan bazi arastirmalar
mevcuttur. Liu ve arkadaglar1 tarafindan, MAO ile
kaplanan DI16T aliiminyum alasimina grafenin
kaplama  oOzellikleri iizerine yaptig1 etkisi
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aragtirillmistir. Calismada, kaplama kalinliginin ve
kaplama sertliginin grafen ilavesi ile arttigi,
kaplama yiizeyindeki poroziteyi ise azalttig1 tespit
edilmistir. Cozeltiye ilave edilen grafenin korozyon
dayanimmuni iyilestirdigi goriilmiigtiir. Yiizeydeki
porlarin azalmasi ve korozyon dayaniminin
iyilesmesi grafenin yiiksek elektrik iletkenligine
sahip olmas1 ile iliskilendirilmigtir. Korozyon
dayanimi, grafen ilavesi ile MAO prosesindeki
elektrik alani etkilemesi ve yiizeyde kaplama
birikiminin artmastyla agiklanmigtir [11].

Chen ve arkadaslar1 tarafindan yapilan bir
calismada ise; grafen ilavesinin fakli bir aliiminyum
alasiminda (Al6063) olan etkisi ve ylizey
Ozelliklerine olan katkisi arastinlmistir. Grafen
ilavesi ile kaplamada hatalarin daha az oldugu ve
daha uniform bir tabaka elde edildigi tespit
edilmistir. Bu ¢alismanin sonucunda da grafen
ilavesinin kaplamanin korozyonu arttirdig1 rapor
edilmistir [2].

Bu ¢alismada unipolar MAO cihazi ile kaplanan
3005 aliiminyum alasiminin yiizey karakteristik
oOzellikleri {izerine islem siiresi, grafen etkisi ve
¢Ozelti bilesim oranlarinin etkisi aragtirllmistir.

2. YONTEM
2.1. Mikro Ark Oksidasyon Kaplama Siireci

Bu c¢alismada, 3005 (AlMn;Mgps) aliiminyum
alasimi  kullanilmigtir.  0.380x210x297 mm
olgiilerindeki aliminyum levhadan
0.380x10x15 mm o6lgiilerinde kaplama numuneleri
hazirlanmistir. Levha yiizeyi kaplamaya hazir halde
oldugundan herhangi bir 06n isleme tabi
tutulmamistir.  Calismada kullanilan  alasimin
kimyasal bilesimi Cizelge 1’de verilmistir.

Cizelge 1. AIMn Mgy s kalite
alasiminin kimyasal bilesimi

Kimyasal bilesim (%)
Ti Zn Mg Si Mn | Fe Cu Al
0.015 |0.023 | 0.525|0,128 | 1.17 | 0,445 | 0,056

aliminyum

Kalan
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15 kW giiciinde bir dis kaynaga sahip bir kaplama
initesi kullanilarak, MAO kaplama islemleri
gergeklestirilmistir. Hazirlanan numuneler farkli
konsantrasyonlarda sodyum silikat (%5, %7,
%10 g/l) ve grafen (%0.1, %0.2 g/l) banyosunda,
sabit voltaj ve akim degerlerinde 5 ve 10 dk
kaplama siirelerinde kaplanmistir. Cozelti pH’1

11.5-12.2  arahiginda  Olglilmistir.  Kaplama
siiresince  ¢ozelti sicakhigit 30 °C’de sabit
tutulmustur. Her numune i¢in yeni ¢dzelti

hazirlanip kaplama islemi yapilmistir. MAO islem
parametreleri Cizelge 2’de verilmistir.

Kaplama yiizey goriintiileri ve element analizleri
SEM (Joel, JSM 6060-LU), EDS analiz test
cihazlar ile incelenmistir. Rigaku marka X-Isin1
difraktometresi faz analizleri i¢in kullanilmistir.
Cihaz 25 kV gii¢ degerlerinde ve numune yiizeyinin
0,2°’lik artiglarla 0-90° arasinda taranmasiyla
gergeklestirilmistir. Cu Ka tiipti kullanilmustir.

Cizelge 2. Mikro  ark  oksidasyon  kaplama
parametreleri
Deney | Na:SiO; | Grafen | Siire H Voltaj
No | % gt | (% gnt| (k) P V)
1 5 0,1 5 11,5502 [ 500
2 5 0,1 10 11,540,2 | 460
3 5 0,2 5 11,5+0,2 430
4 5 0,2 10 11,5+0,2 460
5 7 0,1 5 11,8+0,2 480
6 7 0,1 10 11,8£0,2 | 420
7 7 0,2 5 11,8+0,2 460
8 7 0,2 10 11,8402 | 470
9 10 0,1 5 12,2+0,2 460
10 10 0,1 10 12,24+0,2 440
11 10 0,2 5 12,2+0,2 440
12 10 0,2 10 12,24+0,2 400

2.2. Erozyon Korozyonu Testi

MAO islemi ile 5 dakika siire ile kaplanan
numuneler, oda sicakliginda 24 saat siire ile
erozyon korozyonuna maruz birakilmistir. Deney,
750 cm? saf su dolu beherde, agirlikga %3.5 NaCl
ve %8 g/l Al,O3 tozu (3um) ilave edilerek erozif bir
ortam  hazirlanmistir.  Pargaciklar  manyetik
karigtirict yardimryla 700 rpm hizinda karistirilan
erozyon korozyonu i¢in bir ortam olusturulmustur.
Erozyon korozyon deneyleri 6ncesi numunelerin
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kiitle Olgtimleri ve ylizey alanlari Olgiimleri
yapilmistir. Ik tartimlar yarim saat sonra
alimmustir. Ardindan 1 saat, 2 saat, 9 saat ve 24 saat
sonrasinda agirhik kayiplart Olglilmiistir. Deney
sonrasi numunelerin  korozyon hizi verileri

hesaplanmis ve 24 saat sonrast SEM goriintiileri
almmugtir. Sekil 1°de erozyon korozyon deney
diizenegi verilmistir.

Sekil 1. Erozyon korozyonu deney diizenegi ve
deney sonu numuneler

3. DENEYSEL SONUCLAR VE
TARTISMALAR

Sekil 2 ve Sekil 3°’de MAO kaplama sonrasi diisitk
biiylitmede ve yiiksek biiyiitmede alinan SEM
goriintiileri sirasi ile verilmistir. Genel goriintiiler
incelendiginde kaplamalarin tiim numunelerde
basari ile gerceklestirildigi tespit edilmistir. Ancak
numunelerde  yer yer mikro  catlaklar
gozlemlenmistir. Meydana gelen mikro catlaklar
ylizeyde biriken sicak kaplama tabakasi ile
elektrolitik kaplama ¢ozeltisi arasindaki 1s1l
gerilmeler sebepli olusum gdstermektedir [12].
Artan kaplama siiresi ve grafen takviyesi ile azalma
gosterdigi tespit edilmistir. Grafen ilavesinin artigi
ile de elde edilen gorsellerin nihai mikro ark

oksidasyon  gorseline daha yakin oldugu
gozlemlenmistir.
Sekil 3’de  verilen kaplamalarin  yiiksek

biiyiitmelerde ki SEM goriintiilerine gore, diisiik
siirelerde desarj kanallarinin  varligimi  agikca
goriilmektedir. Artan siire ile desarj kanallarinin
(por) azaldig1 goriilmektedir. Ayrica, yiiksek grafen
ile kaplanan numunelerin, daha yogun bir kaplama
tabakasi elde edildigi ve artan grafen ile yiizeydeki

desarj kanallarinin (porlarin) azaldig1
gozlemlenmistir.
50

Artan grafen ile azalan porlarin nedeni, literatiire es
olarak elektrik iletkenligi yiiksek olan grafenin
MAO prosesindeki elektrik alani etkilemesi ve
kaplamada  ¢ozelti  birikiminin  artmasiyla
aciklanmigtir. Ve yapilan inceleme sonrasi artan
silikat ve siireye bagl olarak literatiire en yakin
mikro ark morfolojisi 11 ve 12 nolu numunelerde
elde edilmistir. Bu durum silikat ilavesi ile artan pH
ve elektriksel iletkenlige bagl olarak daha homojen
ve yogun bir tabaka elde edildigine baglanabilir.

Yapilan literatiir ¢alismalarinda, grafen ilavesiyle,
kaplama tabakasinda hatalarin daha az oldugu ve
daha uniform bir yap1 elde edildigi tespit edilmistir
[2,8,13].

Sekil 4’de 1 nolu numunenin SEM ve EDS analiz
sonuglart verilmistir. Aliman EDS analizine gore
ylizeyde Al, O, Na, Mg, Si ve C elementlerine
rastlanmistir.  Al, Mg altliktan gelmektedir.
Yiizeyde oksijen elementi olmasi kaplamanin oksit
esasli seramik oldugu yoniinii giiclendirmektedir.
Alman XRD analizleri ile daha detayli
incelenecektir. Kaplamanin yiiksek kisimlarinda
daha ¢ok Si elementi tespit edilmis olup, Si ve Na
ise kaplama ¢ozeltisinden gelmektedir. Kaplamada
farkli bir ¢6zelti kullanilmadigi i¢in EDS analizinde

farkli bir sonu¢ beklenmemektedir, sadece
elementlerin  agirlikga  yilizdeleri  farklilik
gostermistir.

Sekil 5°de 10 dk. islem siiresi ile kaplanan
numunelerin tamami, 8 nolu numune ile islemsiz
3005 aliiminyum alagim numunesinin XRD analizi
sonuglart goriilmektedir. Aliman XRD analizleri
sonrasinda, numune yiizeylerinde aliiminyumdan
farkli olarak, gama- AlOj’e rastlanmistir. Artan
sire ve grafen ilavesine baghh olarak pik
siddetlerinde artis goriilse de farkli faz tespit
edilmemistir.

MAQO ile biiyiitiilen kaplamalar diisiik sicakliklarda
yar1 kararli faz olan gama- AlLO; olusmustur.
Yiiksek sicakliklarda kararli alfa- Al,Os faz1 tespit
edilememistir. Ayrica bu fazlara ilave olarak 8 nolu
numunede kaplama ¢ozeltinin kimyasal bilesimine
bagli olarak miillit (Also5Si1.050952) faz1 da tespit
edilmistir.
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%35 NazSiOs %7 Na:SiOs %10 NaxSiOs

4 8 12

Sekil 2. [1-12] nolu numunelerin sirast ile diisiik biyiitmedeki SEM goriintiileri
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%35 NazSiOs %7 Na:SiOs %10 NaxSiOs

Sekil 3. [1-12] nolu numunelerin siras1 ile yiiksek biiylitmedeki SEM goriintiileri
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Sekil 4. 1 nolu numunenin SEM ve EDS analiz sonuglari
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Sekil 5. Numunelerin XRD Grafikleri (A) [2-4-6-8-10-12] nolu numuneler (10dk.), (B) 8 nolu numune ve

(C) 3005 islemsiz numune

Sekil 6°da islemsiz 3005 ve minimum siire ile
kaplanana numunelerin korozyon hizi grafigi
verilmigtir. Siire artis1 ile daha yogun kaplama elde
edilecegi gorlisii ile disiik siire ile kaplanan
numuneler sadece erozyon korozyonuna tabi
tutulmustur. Grafen ilaveli kaplamalarla ilgili
gozenek caplarmi kigilttiigli ve azalttigr goriisii
ylizey karakterizasyonun da bahsedilmisti. Grafen
ilave edilen numunelerde, artan kaplama
yogunlugundan dolay1 korozyon kaybinin daha da
azaldigin soyleyebiliriz. Islemsiz numunenin 2 saat
sonunda agirlik kaybina ugramaya basladigini Sekil
6’dan gorebiliyoruz. Kaplanan numunelerin, 24 saat
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sonrasinda agirliklarinda yiiksek oranda azalma
olmadig: tespit edilmistir.

Korozyon testinin sonunda 11 nolu numunenin
islemsiz numuneye gore %17.4 oraninda daha iyi
dayanim gosterdigi tespit edilmistir. Literatiir
caligmalar1 incelendiginde, MAO islemine grafen
ilavesinin korozyon ve asimnma direncini artirdigi,
MAO kaplamalarin dezavantaji olan poroziteli
yapinin azaldigi ve daha homojen yapida
kaplamalar elde edildigi goriilmektedir [2,8,13].
Yapilan c¢aligmamizda da benzer veriler elde
edildigini alinan sonuglarimizi destekledigini
sOyleyebiliriz [13].
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Sekil 6. islemsiz Al alasimi ve minimum siire ile kaplanan numunelerin korozyon hizi grafigi

Sekil 7’de islemsiz Al ve minimum siire de MAO
ile kaplanana numunelerin erozyon korozyonu
sonrast SEM goriintiileri, Sekil 8” de islemsiz Al ve
11 nolu numunenin EDS analizi sonuglari sirasi ile
verilmistir. Erozyon korozyonu sonrasi islemsiz
numunede oyuklanmalarin (Sekil 8.a) meydana
geldigi yiizeyin korozyona ugradig1 net bir sekilde
goriilmektedir.

7 Nolu Numune

Nolu Numune

Grafen orami disiik olan (1-5-9 nolu) MAO
kaplamalarda ise erozyon korozyonu sonrasi
kaplamada kirilmalar  dokiilmeler —meydana
gelmigtir. Alinan veriler ve gorseller neticesinde en
iyi korozyon dayanimi 11 nolu numunede
goriilmektedir. Korozyon sonrasi kaplama gorselini
kaybetmedigini yiizeyinde NaCl birikintilerinin
oldugu aliman EDS analizi sonrast tespit edilmistir.

5 Nolu Numune

o5

1 Nolu Numune

Sekil 7. Islemsiz Al alasimi ve minimum siirede MAO ile kaplanan numunelerin erozyon korozyonu

sonrast SEM goriintiileri
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islems iZ Line Conc-1 Conc-2 Conc-3 Conc-4 Units
' Ka = 0.000 0.000 0.000 0.000 wt.%
Ka 17327 14509 10360 6.825 wt.%
Ka = 0.199 0421 @ 0.273 0.236 wt.%
Ka  70.473  77.560 88.713 89.196 wt.%
Ka = 2333  0.169 @ 0.491 3.541  wt.%
Ka @ 9.668 @ 7.341 0.162 0.201  wt.%
100.00 100.00 100.00 100.000 wt.%
Line Conc-1 @ Conc-2 Conc-3 Units
Ka 0.000 0.000 0.000 wt.%
Ka = 33.980 3.536 29.613 wt.%
Ka 2.038 30.978 7.497 wt.%
Ka = 61.100 4.024 45.871 wt.%
Ka 0.000 0.100 0.198 wt.%
Ka 2.881 61.363  16.821 wt.%
100.000 100.000 100.000 wt.%

Sekil 8. Islemsiz Al alasimi ve 11 nolu numunenin erozyon korozyonu sonrast SEM ve EDS analizleri

4. GENEL SONUCLAR

Uygulanan farkl siirelerde ve farkli oranlarla ilave
edilen grafen takviyesinin kaplama dayanimi
iizerine olan etkisi arastirilmis olup, MAO islemi
sonrasina asagidaki sonuglar elde edilmistir;

» MAO islemi sonrasinda tiim numune
ylizeylerinde oksit tabakasi olugsmustur. Olusan
oksit tabakas1 gama-Al,O3 formundadir.
Kaplama tabakasi grafen ilavesine ve artan
stireye bagli olarak daha homojen ve yogun bir
olusum sergilemistir. Kaplama siiresinin
artmastyla beraber ylizeyde daha ¢ok birikme
olmasina neden olmustur.

Yapilan erozyon korozyonu deneyi sonrasinda
kaplanan numunelerin korozyon dayanimlarinda
iyilesme goriiliircken, en 1iyi sonuglar grafen
takviyeli numunelerde elde edilmistir. Erozyon
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korozyon testinin sonunda 11 nolu numunenin
islemsiz numuneye gore %17,4 oraninda daha iyi
dayanim gosterdigi tespit edilmistir.

5. TESEKKUR

Bu calisma; Sakarya Universitesi, Miihendislik
Fakiiltesi, Metalurji ve Malzeme Miihendisligi Ana
Bilim dalinda bitirme tez ¢aligmasi olarak basariyla
tamamlanmuistir.

Calismaya Adapazari TKG Otomotiv San. ve Tic.

A.S’ye aliminyum sarf desteklerinden dolay1
tesekkiir ediyoruz.

6. KAYNAKLAR
1. LingK.,MoQ.,LvX., QinG., Yang W., Li, L.,

Li, W., 2022. Growth Characteristics and
Corrosion Resistance of Micro-Arc Oxidation

55



Grafen Katkisinin Mikro Ark Oksidasyon ile Kaplanmis 3005 Alagimimn Erozyon Korozyon Davramsi Uzerine Etkisi

Coating on Al-Mg Composite Plate. Vacuum,
195, 110640.

2. Chen, Q., Jiang, Z., Tang, S., Dong, W., Tong,
Q., Li, W., 2017. Influence of Graphene
Particles on the Micro-Arc Oxidation Behaviors
of 6063 Aluminum Alloy and the Coating
Properties. Applied Surface Science, 423, 939-
950.

3. Dai, W., Zhang, C., Zhao, L., Li, C., 2022.
Effects of Cu Content in Al-Cu Alloys on
Microstructure,  Adhesive  Strength, and
Corrosion Resistance of Thick Micro-Arc
Oxidation  Coatings.  Materials  Today
Communications, 33, 104195.

4. Korkmaz, K., Cakir, A., 2017. Mikro-Ark
Oksidasyon Yontemi ile Oksitlenen 2017A
Aliiminyumun Erozyon- Korozyon Direncinin
Incelenmesi. Pamukkale Universitesi
Miihendislik Bilimleri Dergisi, 23(8), 979-983.

5. Huang, J., Dun, Y., Wan, Q., Wu, Z., Zhao, X.,
Tang, Y., Zhang, X., Zuo, Y., 2022. Improved
Corrosion Resistance of MAO Coating on Mg-
Li Alloy by RGO Modified Silanization. Journal
of Alloys and Compounds, 929, 167283.

6. Zhang, J., Dai, W., Wang, X., Wang, Y., Yue,
H., Li, Q., Yang, X., Guo, C., Li, C., 2023.
Micro-Arc Oxidation of Al Alloys: Mechanism,
Microstructure, Surface Properties, and Fatigue
Damage Behavior. Journal of Materials
Research and Technology, 23, 4307-4333.

7. Guan, S., Qi, M., Li, Y., Wang, W., 2020.
Morphology Evolution of the Porous Coatings
on Ti—xAl Alloys by Al Adding Into Ti During
Micro-Arc Oxidation in Na,B4O; Electrolyte.
Surface and Coatings Technology, 395, 125948.

8. Chen, Y., Wu, L., Yao, W., Wu, J,, Yuan, Y.,
Xie, Z., Jiang, B., Pan, F., 2022. Synergistic
Effect of Graphene Oxide/Ternary Mg-Al-La
Layered Double Hydroxide for Dual Self-
Healing Corrosion Protection of Micro-Arc
Oxide Coating of Magnesium Alloy. Colloids
and Surfaces A: Physicochemical and
Engineering Aspects, 655, 130339.

9. Ayday, A., 2018. Coatings of Bioactive TiO,
Films on Ti6Al4V Alloy by Micro Arc
Oxidation. Acta Physica Polonica A, 134.

10.Kaseem, M., Lee, Y.H., Ko, Y.G., 2016.
Incorporation of MoO> and ZrO, Particles Into
the Oxide Film Formed on 7075 Al Alloy Via

56

11.

12.

13.

Micro-Arc Oxidation. Materials Letters, 182,
260-263.

Liu, W,, Liu, Y., Lin, Y., Zhang, Z., Feng, S.,
Talha, M., Shi, Y., Shi, T., 2019. Effects of
Graphene on Structure and Corrosion
Resistance of Plasma Electrolytic Oxidation
Coatings Formed on D16T Al Alloy. Applied
Surface Science, 475, 645-659.

Sundararajan, G., Krishna, L.R.,, 2003.
Mechanisms Underlying the Formation of Thick
Alumina Coatings Through the MAO Coating
Technology. Surface and Coatings Technology,
167,269-277.

Aydin, F., Ayday, A., Turan, M.E., Zengin, H.,
2020. Role of Graphene Additive on Wear and
Electrochemical Corrosion Behaviour of Plasma
Electrolytic Oxidation (PEO) Coatings on Mg—
MWCNT Nanocomposite. Surface Engineering,
36(8), 791-799.

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024



Cukurova Universitesi Miithendislik Fakiiltesi Dergisi, 39(1), ss. 57-72, Mart 2024
Cukurova University Journal of the Faculty of Engineering, 39(1), pp. 57-72, March 2024

Yapay Sinir Aglar1 Yaklasim ile Toprak Kaynakh Is1 Pompasinin
Performans Analizi

Netice DUMAN™! ORCID 0000-0002-9926-8511
Ahmet Giirkan YUKSEK?2 ORCID 0000-0001-7709-6360
Mustafa CANER? ORCID 0000-0002-3674-7881
Ertan BUYRUK? ORCID 0000-0002-6539-7614

Sivas Cumhuriyet “Universitesi, Sivas TBMYO, Makine ve Metal Teknolojileri Boliimii, Sivas
Sivas Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Bilgisayar Miihendisligi Boliimii, Sivas
3Sivas Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Sivas

Gelis tarihi: 22.05.2023 Kabul tarihi: 28.03.2024

Anif sekli/ How to cite: DUMAN, N., YUKSEK, A.G., CANER, M., BUYRUK, E., (2024). Yapay Sinir Aglar
Yaklagimi ile Toprak Kaynakli Ist Pompasimin Performans Analizi. Cukurova Universitesi, Miihendislik
Fakiiltesi Dergisi, 39(1), 57-72.

Oz

Is1 pompalari, binalarda sogutma ve 1sitma igin kullanilan konvansiyonel sistemlere verimli ve ulasilabilir
alternatiflerdir. Is1 kaynagi olarak toprak 1sisin1 kullanan toprak kaynakli 1s1 pompalari (TKIP), 1sitma ve
sogutma yiiklerini temiz ve siirdiiriilebilir bir sekilde karsilamak i¢cin umut verici teknolojilerdir. TKIP,
kurulum ve igsletme maliyetleri yiiksek olan bir sistemdir. Bu nedenle verimlilik agisindan farkli sektorlerde
kullanimi uygun olan TKIP sistemini kurmadan performans analizleri yapilabilir olmasi ¢ok 6nemlidir.
Sistemler kurulmadan Once performans degerlerinin tahmin edilebilecek oldugu modeller ile
degerlendirilmesi yaklasimdan yola ¢ikilarak, 1s1 pompasi ve sistemin performansi ve yogusturucudan
atilan 1s1y1 tahmin etmek icin bir yapay sinir ag1 (YSA) modeli 6nerilmektedir. Yapay sinir aglan ile
regresyon analizi, girdi ve ¢ikis verileri arasindaki karmasik iliskileri 6grenme yetenegine sahip bir makine
6grenimi yontemidir ve problemlerindeki non-lineer iliskileri etkili bir sekilde modelleyebilir. Sivas ilinde
kurulan deneysel sistem ile lgiilen veriler, YSA'y1 egitmek igin egitim verisi ve test verisi olarak ayrilmigtir
ve modelin ilk asamasinda egitim verisi; ikinci agamasinda ise test verisi kullanilmigtir. Sunulan ¢alismada,
yatay TKIP’in performans katsayisini tahmin etmek i¢in ¢esitli uygulamalarda kullanilmis ve 6zellikle
sistem modelleme ve sistem tanimlamada yararli olduklar1 gosterilmis yapay sinir aglarinin
uygulanabilirligi ortaya konulmustur. Bu ¢alismanin sonucunda, 1s1 pompast COP R? degeri 0,9733, TKIP
sistemi COP R? degeri 0,9896 ve yogusturucudan atilan 1sinin YSA modelinin R? degeri 0,9878 oldugu
tespit edilmistir. Uretilen istatistiksel belirleyiciler iizerinden yola ¢ikilarak YSA'larin TKIP sisteminde
dogru bir yontem olarak COP tahmini i¢in kullanilabilecegi sonucuna varilmustir.

Anahtar Kelimeler: Toprak kaynakli 1s1 pompasi, Performans analizi, Isitma, Yapay sinir aglari,
Regresyon analizi
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Performance Analysis of Ground Source Heat Pump With Artificial Neural
Networks Approach

Abstract

Heat pumps are efficient and accessible alternatives to conventional systems used for cooling and heating
in buildings. Ground Source Heat Pumps (GSHP), using ground heat as the heat source, are promising
technologies to meet heating and cooling loads in a clean and sustainable way. GSHP is a system with high
installation and operating costs. For this reason, it is very important that performance analyzes can be made
without installing the GSHP system, which is suitable for use in different sectors in terms of efficiency. An
artificial neural network (ANN) model is proposed to predict the performance of the heat pump and system
and the heat removed from the condenser, starting from the approach of evaluating the performance values
with models from which the systems can be estimated before they are installed. Regression analysis with
artificial neural networks is a machine learning method that has the ability to learn complex relationships
between input and output data and can effectively model non-linear relationships in problems. The data
measured by the established in Sivas province experimental system are separated as training data and test
data to train the ANN and in the first stage of the model, the training data; In the second stage, test data was
used. In the presented study, the applicability of artificial neural networks, which have been used in various
applications to estimate the coefficient of performance of horizontal GSHP, and which have been shown to
be especially useful in system modeling and system description, has been demonstrated. As a result of this
study, it was determined that the COP R? value of the heat pump was 0,9733, the COP R? value of the TKIP
system was 0,9896, and the R? value of the ANN model of the heat removed from the condenser was 0,9878.
Based on the statistical determinants produced, it was concluded that ANNSs can be used for COP estimation
as an accurate method in the GSHP system.

Keywords: Ground source heat pump, Performance analysis, Heating, Artificial neural network,
Regression analysis

gerekliligini beraberinde getirmistir. Siirdiirtilebilir
enerji kullanimina yonelik kiiresel ¢abalarin bir

1. GIRIS

Giiniimiizde enerji tiiketimi, teknolojik gelismelerin
etkisiyle insan hayatinin her alaninda siirekli artig
gostermektedir. Bu enerji tiketimini
kargilayabilmek icin enerji iiretiminde dogal gaz,
petrol ve komiir gibi fosil yakitlarin yaygin olarak
kullanilmas1 ve bu yakit rezervlerinin Omriiniin
siirli olmast yenilenebilir enerji kaynaklarinin
Oonemini artirmigtir. Fosil yakitlar, tiikenebilir
olmasimnin yani sira hava ve su kirliligine, bitki
ortiisliniin ve toprak o6zelliklerinin bozulmasina ve
kiiresel 1snmaya neden olmaktadir. Sera gazi
emisyonlarinin  azaltilmasina  yoénelik  diinya
capinda artan talep, yeni bir enerji tasarrufu ¢agina
yol agmustir. Yiiksek karbon emisyonuna sebep olan
enerji kaynaklarinin kiiresel ¢evre kirliligini
artirmasi endiseleri yenilenebilir enerji
kaynaklarinin kullaniminin yayginlagmasi
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pargasi olarak, 1s1 pompalarina olan ilgi son yillarda
artmistir. Cevre dostu yesil ve siirdiiriilebilir bir
enerji kaynagi olan TKIP, 1s1y1 topraktan alan veya
topraga atan; 1sitma, sogutma ve sicak su saglayan
bir enerji sistemidir. Isitma modunda, TKIP termal
enerjiyi dig ortamdan i¢ ortama aktarirken, sogutma
modunda 1s1 daha sicak i¢ ortamdan daha soguk
topraga aktarilir. TKIP teknolojisinin diger bir
avantaji toprak sicakliginin yil boyunca sabit
kalmas1 ve diger sistemlerle de entegre edilebilir
olmasidir [1]. TKIP gibi ilk yatirim maliyeti yliksek
olan, gelecek vaat eden enerji tasarrufu
teknolojilerinin ~ yayginlagmas1t  son  derece
onemlidir. TKIP sistem performansi, toprakalti
devresinin olusturulmasi, toprak sicakligi, ekipman
verimligi  gibi  faktdrlerden  etkilendiginden
deneysel calismalar ile analiz yapilmaktadir.

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024



Netice DUMAN, Ahmet Giirkan YUKSEK, Mustafa CANER, Ertan BUYRUK

Bircok sektorde oldugu gibi bilgisayar ve veri
teknolojileri, nesnelerin interneti gibi akilli enerji
sistemlerinin artmasi ile performans analizlerinin
sistem kurulmadan yapilmasi nem kazanmustir.
Son yillarda deneysel c¢alismalarin yaninda gerek
dikey tip gerekse yatay tip 1s1 pompalarinin 1s1
transferi performanslarii analiz etmek igin
aragtirmacilar sayisal ¢aligmalara yonelmislerdir.
Is1 pompasi sistemlerinin performansi, analitik ve
deneysel yontemler kullanilarak analiz edilir.
TKIP'in performansini tahmin etmek igin simnirh
matematiksel modeller mevcuttur. Enerji alaninda
yaygin olarak  kullanilmakta olan tahmin
metodolojileri;

e Dogrusal regresyon ve otomatik gerileyen
biitiinlesmis hareketli ortalama (ARIMA) gibi
istatistiksel yontemler;

e Yapay sinir ag1 (YSA), destek vektdr makinesi
(DVM) ve Gauss isleme (GP) gibi yapay zeka
yontemleri;

e Energy Plus (E+) ve TRNSYS olmak iizere
miithendislik benzetim yontemleri seklindedir

[2].

Ozellikle sogutma, iklimlendirme ve 1s1 pompalar1
sistemlerinde makine &grenme yapilart igin ileri
beslemeli sinir aglari, uyarlanabilir néro-bulanik
cikarma sistemleri, radyal temelli iglevli sinir aglari
ve tekrarlayan sinir ag1 modelleri uygulanmaktadir.
Biyolojik sinir aglari olarak da bilinen YSA,
aciklayict  degiskenler ile yanit degiskenleri
arasindaki fonksiyonel iliskiyi yaklasik olarak
tahmin eden bir tiir sayisal analiz teknigidir. ileri
beslemeli sinir agi, sinyal iletimi veya atik olmadan
giriglerden ¢ikisa tek yonlii sinyal iletimi
saglamaktadir. Uyarlanabilir néro-bulanik ¢ikarim
sistemi, gelismis performans i¢in  mantik
tekniklerine dayanan bir tahmin yontemidir. Oto-
iliskisel sinir ag1 olarak da bilinen tekrarlayan sinir
agl, ileri ve geri sinyal aktarim degistirmeyi
saglayan cevrimsel baglantilara sahip
modellemedir.

Yapay sinir aglari, saglik sektorii [3], meteorolojik
tahminler [4], kurutma prosesleri [5], imalat sektorii
[6] ve enerji sistemlerinin modellenmesi [7-9] gibi
farkli uygulama alanlarinda incelenen sistemlerin
davraniglarin1  simiile etmek ve ¢ozimlerini
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optimize etmek i¢in bir arag olarak kullanilmustir.
YSA modelleri ve toprak kaynakli 1s1 pompalarinin
analizi lizerine bir¢ok ¢aligsma yapilmistir [10-13].
Arastirmacilar tarafindan deneysel caligmalarin
yaninda yapay sinir aglari yaklasimi ile toprak
kaynakli 1s1 pompasinin performans analizi basarilt
bir sekilde wuygulanabilecegi  gosterilmistir.
Omegin, farkhi kiitle oranlarina sahip sogutucu
akigkan karisimi1 R12/R22 olan bir 1s1 pompasinin
performanst  Arcaklioglu ve arkadaglart [14]
tarafindan YSA kullanilarak tahmin edilmistir.
Giris katmaninda karigim oranini, buharlastirictya
giren sogutucu akigkan sicakligi ve yogusturucu
basincini temsil eden ii¢ néron ve ¢ikis katmaninda
COP ve ckserji verimini temsil eden iki ndron
iceren bir model gelistirilmigtir. Caligmada
Levenberg-Marguardt (LM) 6grenme algoritmasi
ile ¢oklu belirleme katsayisi (R?) degeri 0,999
olarak tespit edilmistir. YSA teknigi bir grup
aragtirmacit [15,16] tarafindan, yatay ve dikey
toprak kaynakli bir 1s1 pompasimnin performansini
tahmin etmek igin basariyla uygulanmistir.
Arastirmacilar ¢aligmalarinda; COP, yogusturucu
iinitesine giren hava sicakligl, yogusturucu
iinitesinden ¢ikan hava sicakligt  ve  giris
katmanindaki toprak sicakliklart (1 ve 2 m
derinlikte) gibi {i¢ parametreye atifta bulunularak
tahmin edilmistir. 3-7-1 konfigiirasyonlu LM
Ogrenme algoritmasinin, yatay toprak kaynakli 1s1
pompast COP'sini deneysel sonuglara yakin
ongordiigii  bildirilmis ve R? degeri 0,9999
belirlenmistir. Esen ve arkadaglari [17] tarafindan,
minimum veri seti ile tahmin etmeyi 6grenmek i¢in
istatistiksel agirlikli bir 6n isleme yontemiyle hibrit
YSA modeli ile TKIP sistemlerini performansi
aragtirllmistir.  Egitim ve test verilerinin elde
edilmesi i¢in deneysel calismalar tamamlanmis,
yogusturucu iinitesine giren ve ¢ikan hava sicakligi,
yatay toprak 1s1 esanjoriine giren ve ¢ikan su-
antifriz karigimi sicakligi ve toprak sicakligi gibi
bes giris degiskeni ile COP ¢ikis degiskeni olacak
sekilde model olusturulmustur.  Caligmanin
sonuglarinda, R? 0,9999 olarak bulunmus ve hibrit
YSA modeli kullanilarak daha hizli ve basit
¢ozlimler yapildigr belirtilmistir. Mohanraj ve
arkadaglar1 [18] dogrudan genlesmeli giines destekli
1s1 pompasinin enerji performanst tahmini i¢in bir
YSA modeli gelistirmiglerdir. LM varyantini
kullanan YSA modeli, 2-10-4 yapilandirmast igin
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optimize edilmis ve R? degeri 0,9999 olan deneysel
degerlere yakin tahminler elde edilmistir. Diger bir
calismada, Wang ve arkadaslar1 [19], yatay TKIP
sisteminin  performansini tahmin etmek igin
YSA’nin  uygulanabilirligini  agiklamiglardir.
Deneysel ¢alismalarin  sonuglart  kullanilarak
makine o6grenme modeli gelistirilmistir.
Arastirmacilarin - elde  ettigi  sonuglar, TKIP
sistemlerinin performansinin giivenilir ve dogru bir
sekilde tahmin edilecegini gostermistir. Benli ve
arkadaglar1 [20] arastirmalarinda, yapay sinir
aglarmi, toprak, yogusturucu, fan-coil {initesine
giren ve ¢ikan hava sicakliklarinin TKIP sisteminin
performans katsayisina etkisini tahmin etmek igin
kullanmiglardir. Maksimum korelasyon katsayisi
R?nin 0,999 oldugunu géstererek TKIP sisteminin
1sitma performans katsayisinin tahmini igin yapay
sinir  aglarinin  kullanimmin  kabul edilebilir
oldugunu dogrulamiglardir. Sun ve arkadaslari [21]
bir diger calismada, TKIP sisteminin COP’sini
tahmin etmek i¢in, YSA ve uyarlanabilir bir néro-
bulanik  ¢ikarim  sistemi  ANFIS  modeli
olusturmusglardir. Deneysel ¢aligma ile elde ettikleri
egitim ve test verileri ile olusturulan gizli katmanda
farkli néronlara sahip YSA modelleri istatistiksel
dogrulama sonuglarina gore karsilastirilmistir. Gizli
katmanda bes ndéronlu modellerin, 1s1 pompasinin
ve sistemin COP'lerini tahmin etmek i¢in en uygun
yap1 oldugu goriilmiistiir. Hastane isitilmasi icin
yapilan bir calismada, Park ve arkadaglari [22]
tarafindan Kasim 2016'dan Mart 2017'ye kadar elde
edilen deneysel veriler kullanilarak TKIP sistem
performans analizi ¢oklu dogrusal regresyon
(MLR) ve YSA tahmin modelleri ile yapilmistir.
Puttige ve arkadaglari [23] cesitli 151 pompasi
modellerinin performansin1 degerlendirmek igin
genis bir saha Ol¢iimii veri seti kullanilmiglardir.
Caligmalarinda, ii¢ farkli 1s1 pompasindan 6l¢iilen
veriler ile bes regresyon ve iki YSA modelini
karsilastirmislardir. Sonug¢ olarak 3 girisli YSA
modelinin hata oranimnin diisiik oldugu ve 6zellikle
giris ve ¢ikig parametrelerinin se¢im esnekliginin
YSA modellerini cazip hale getirdigi goriilmiistiir.
Shin ve Cho [24] yaptiklar1 ¢aligmalarinda, yapay
sinir ag1, destek vektdr makinesi, rastgele orman ve
K-en yakin komsu modelleri kullanilarak 1s1
pompasi sisteminin performans tahmin modeli
gelistirmistir. Universite laboratuvarinda kurulan
151 pompasi sisteminin isleyis verileri dl¢lilmiis ve
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her bir makine 6grenmesi i¢in bir tahmin modeli
olusturulmustur. Elde edilen tahmin modelleri
arasinda en yiliksek dogruluk oranina sahip olan
yapay sinir ag1 modeli olmustur. Liu ve arkadaslar
[25] tarafindan yapilan caligma kapsaminda, TKIP
sistemlerinin uzun vadeli performansinin elde
etmek amaciyla dikey toprak 1s1 esanjorii (GHE), 1s1
pompast ve bina yiikiiniin birlestirildigi model
gelistirilmistir.  Parametrik  modelleme  igin
COMSOL ve MATLAB'm ortak simiilasyonu
kullanilarak, 600 set TKIP sistem modelinin tim y1l
boyunca dinamik simiilasyonlari
gerceklestirilmistir. Sayisal sonuglar kullanilarak
bir veri tabani olusturulmus ve bu veri tabanindan
ogrenmek lizere YSA metodolojisi kullanilarak bir
tahmin modeli gelistirilmistir.

TKIP’1n 1s1 transfer performansini analiz etmek igin
elbette deneysel calismalar en dogru ve hassas
olanidir. Deneysel c¢alismalardaki Slglimlerin
hassasiyet analizleri ile de degerlendirilmesi
yapilan ¢aligmalara daha ¢ok deger katacaktir ancak
aragtirmacilarin sahip olduklart deney sistemlerinde
Olciim yapamama, deney sistemlerinin Ol¢iim
limitlerinin disina ¢ikma vb. durumlarinda sayisal
caligmalar 6n plana ¢ikmaktadir. Yukarida verilen
literatiir ¢aligmalarinda gorildiigii iizere gerek
deneysel gerekse sayisal olarak TKIP 1n 1s1 transfer
performansi iizerine bir ¢ok ¢aligma mevcuttur.
Sunulan bu ¢alismada Sivas’ta kurulmus ve
deneysel calismalart yapilmis olan TKIP’1n
performans kriteri olan COP belirlemesinin YSA
yontemi ile de karsilastirilarak degerlendirilmistir.
Regresyon analizi teorilerine ve makine dgrenimi
yaklagimlarina dayanan bu c¢alismada, TKIP
sisteminin  1sitma sezonu i¢in  performans
katsayisinin  yaninda 1s1  pompast COP ve
yogusturucudan atilan 1smin tahmin edilmesi igin
YSA yaklagimi ile analiz yapilmustir.

2. SISTEM VE VERI

ANALIZI

TANIMI

2.1. Deney Sisteminin Kurulmasi
Sivas Cumhuriyet Universitesi’nde gergeklestirilen

bir yiiksek lisans tez c¢alismasinda {iniversite
yerleskesinde bulunan ve enerji evi olarak
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adlandirilan bir binanin 1sitilmasi igin yatay TKIP
sistemi kurulmusgtur [26]. 30 m? taban alanina sahip
iic odali enerji evi fotografi ve sistem plant Sekil
1’de verilmistir.

(a)
[ —
- l 1
i
(®)

Sekil 1. Enerji evi (a) dis cepheden goriiniis, (b)
sistemin plani

Sekil 2’de sematik gosterimi verilen yatay TKIP
sistemi temel olarak ii¢ ¢evrimden olusmaktadir.
Toprak ¢evriminde salamura (su — antifriz karisimi)
kullanilarak topraktan 1s1 g¢ekilmistir. Topraktan
cekilen 1s1, 151 pompasi ¢evriminin elemanlarindan
biri olan buharlastiricida sogutucu akigkana

aktarilmistir. Kompresorde basinci ve sicakligi
artirtlan  sogutucu akiskan yogusurken 1sitma
suyuna 1s1 vermigtir. Isitma suyu radyatdrlerde
dolastirlarak ortam 1sitmasi saglanmustir. Sekil 3(a)
ve (b)’de toprak alt1 1s1 degistirici ve toprak hatti
kollektorlerinden olusan 1sitma ¢evrimi  Sekil
3(c)’de ise 1s1 pompast sistemi goriilmektedir.

2.2. Veri Analizi

Deneyler sirasinda T tipi 1s1l ¢iftler kullanilarak
toprak sicakliklari, tiim ¢evrimlerdeki sicakliklar,
manometreler ile alcak ve yiiksek basinglar,
sayaglar ile salamuranin ve 1sitma suyunun debileri,
sebeke analizorleri ile kompresoriin ve dolagim
pompalarinin  glic  tiiketimleri  Sl¢iilmistiir.
Deneyler Aralik ay1 boyunca gergeklestirilmis ve
veriler bir dakika araliklarla kayit altina alinmustir.
Yapilan hesaplamalarda 1s1 pompasmin devrede
oldugu zaman dilimlerindeki ortalama degerler
kullanilmistir. Dig ortam sicakligi, toprak alti
esanjorlerin  ¢evresindeki sicaklik (250 cm
derinlikte), su-antifriz karigimmin toprak 1s1
degistiricisine gidis ve doniis sicakliklart ve
sogutucu  akigkanin 11 pompasinin  temel
elemanlarina girig ve ¢ikig sicakliklar1 olmak {izere
YSA modelinde 9 adet giris parametresi
belirlenmistir. Belirlenen bu giris parametreleri
Cizelge 1’de verilmisti. Bu parametreler
kullanilarak 1s1 pompasinin COP degeri (Model 1)
ve TKIP sistemin COP degeri (Model 2) ve
yogusturucuda 1sitma suyuna aktarillan 1s1 Qy
(Model 3) tahmin edilmistir. YSA modelinde
kullanilmak tizere her bir parametreye ait 640’ar
adet deneysel veri kullanilmistir.

| 1

: Toprak Cevrimi | : Ist Pompasi Cevrimi | :
1 ' 1 1 | |
| 1 I | |

y —F—O—T— T
I > i L
! TOPRAK — ! ! ! |
| _ I | POMPASI I 1
i @ |~ [ ] Lo
| I | 1
s « i1
1 | | | 1 | |
[ —— L ——
Termokupl F Debimetre ﬂ Manometre @ Sirkiilasyon pompast ST Sicak su tanki

Sekil 2. Sistemin sematik gosterimi
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Sekil 3. Sistem elemanlariin resimleri (a) toprakaltina dosenen borular, (b) gidis -doniis kollektorleri,
(c) 1s1 pompasi baglantisi

Cizelgel. Modellemede kullanilan 6l¢iilen sicaklik
degerleri

T1 |Salamuranin buharlastiriciya giris sicakligt

T2 |Salamuranin buharlastiricidan ¢ikis sicakligt

Sogutucu akiskanin buharlastiriciya girig

T3 -
sicakligi

T4 Sogutucu akigkanin buharlastiricidan ¢ikis
sicakligt

T Sogutucu akiskanin yogusturucuya giris
sicaklify

T6 Sogutucu akigkanin yogusturucudan ¢ikis
sicakligi

T7 |Dis ortam sicakligt

T8 2,5 m derinliginde toprak sicakligi

T9 |Sogutucu akiskanin kompresdre giris sicaklig

YSA ile regresyon analizi, bir makine dgrenimi
yontemi olarak kullanilan bir tekniktir. Bu
yontemde, bir yapay sinir agi, girdi verileriyle ¢ikis
verileri arasindaki iliskiyi Ogrenmeye c¢alisarak
regresyon analizi yapar. YSA, genellikle ¢oklu
katmanli perceptronlardan olusur ve &grenme
stireci, agirliklarin ve bias'larin uyarlanmasiyla
gerceklesir. Bu sayede, girdi verilerinden ¢ikis
verilerini tahmin etmek i¢in bir model olusturulur
ve regresyon analizi yapilir. Yapay sinir aglari,
karmasik ve non-lineer iliskileri modelleme
yetenekleri nedeniyle regresyon problemlerinde
etkili bir sekilde kullanilabilirler.
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(1) Is1 pompas (2) Dolagim
-_ pompasi (3)Manometre (4)
Y Genlesme tank (5) Sicak su tank

Korelasyon matrisi, bir veri setindeki degiskenler
arasindaki iligkileri Glgen bir matris tiiriidir ve
genellikle Pearson korelasyon Kkatsayisi gibi
istatistiksel Olglimleri igerir. Korelasyon, iki
degisken arasindaki iligkinin giliclinii ve yoniinii
gosterir, veri analizi ve istatistiksel modellendirme
sireclerinde iki degisken arasindaki iliskiyi
anlamak ve hangi degiskenlerin birbirleriyle nasil
iligkili oldugunu gérmek igin kullanilir. Cizelge 2°
de Model 1, IP COP’si, Cizelge 3’de Model 2, TKIP
sisteminin COP’si ve Cizelge 4’de Model 3,
yogusturucudan atilan 1sinin tahmininde kullanilan
veri setleri arasindaki iliskiyi agiklayan korelasyon
matrisleri verilmistir.

Cizelge 2. Model 1 kullanilan girislere ait COP
korelasyon matrisi

Cikis Giris Korelasyon FDR
COP T9 0,816 6,39616e-153
COP T4 0,767 2,39356e-124
COP T6 0,762 5,54557e-122
COP TS 0,731 1,93091e-107
COP T7 0,713 4,65612e-100
COP T1 0,71 5,38166e-99
COP T2 0,432 2,35887¢-30
COP T8 -0,2 3,64877e-07
COP T3 -0,208 1,26599¢-07
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Cizelge 3. Model 2 kullanilan girislere ait COPSYS
korelasyon matrisi

Cikis Giris | Korelasyon FDR
COPsys T9 0,806 1,64447¢-146
COPsys T4 0,756 9,15245¢e-119
COPsys T6 0,752 5,71787e-117
COPsys TS 0,719 1,57025e-102
COPsys T1 0,703 5,96967¢-96
COPsys T7 0,7 5,20033e-95
COPsys T2 0,427 1,15729e-29
COPsys T3 -0,227 7,19345e-09
COPsys T8 -0,162 3,69796e-05

Cizelge 4. Model 3 kullanilan girislere ait Qy
korelasyon matrisi

Cikis Giris Korelasyon FDR
Qy T9 0,855 1,78258¢-182
Qy T4 0,804 2,18336¢-145
Qy T6 0,803 5,42049¢-145
Qy TS 0,770 7,68406e-126
Qy T1 0,752 2,90587e-117
Qy T7 0,749 5,51014e-116
Qy T2 0,467 8,09553e-36
Qy T3 -0,210 9,09294¢-08
Qy T8 -0,191 1,19279e-06

2.3. Enerji Analizi

TKIP sisteminde kullanilan 1s1 pompasinin sematik
goriiniimii Sekil 4’te goriilmektedir.

| Is1 Pompasi Cevrimi I

Kompresér

& .
Yogusturucu

Isitma
Hatti

Buharlastirici

g
Toprak
Hatti

Kisilma Vanasi

P| Manometre

Sekil 4. Is1 pompasi ¢evrimin sematik gosterimi

E Termokupl
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Yogusturucuda 1sitma suyuna aktarilan 1st (Qy)
Esitlik 1 kullanilarak hesaplanmaktadir.

Qy:mR410A*(hy,g'hy,g) (1)

Mpajon - IP devresinde dolasan sogutucu
akigkanin kiitlesel debisi [kg/s],

hy,g : Yogusturucu girisinde sogutucu
akiskanin entalpisi [kJ/kg]

hy,¢c : Yogusturucu ¢ikisinda sogutucu
akiskanin entalpisi [kJ/kg]dir.

Is1 pompasinin performans katsayist
(Esitlik 2):

(COPwp)

COPIP: Qy/Wkomp (2)

Toplam tiiketilen gii¢ (Esitlik 3) ve Sistemin

performans katsayist (COPsys) Esitlik 4’te
verilmistir.

Wtop:Wkomp+Wsp (3)
COPgyg= Qy/ Wiop 4)

Wkomp : Kompresoriin tiikettigi giic [kW]
me : Kompresor ve sirkiilasyon pompalariin
toplam gii¢ tikketimi [kW]dir.

3. YSA METODOLOJISi

Insan beyninin sinir ag1 sisteminin matematiksel
modeli arastirmacilarin siirekli olarak dikkatini
¢ekmis ve yogun c¢alismalar sonucunda YSA olarak
isimlendirilen yaklasim gelistirilmistir.  YSA,
ozellikle son geyrek yiizyilda en giindemde olan ve
farkli disiplinlerdeki sayisiz problem igin, ¢6ziim
sunan bir yaklagimdir. YSA ile ilgili en kisa ve 6z
tanimlama, bir 6grenme siireci yoluyla cevreden
bilgi edinebilen ve bilgiyi baglantilarinda
depolayabilen basit islem birimlerinin biiyiik 6l¢tide
paralel bir kombinasyonu olarak Haykin [27]
tarafindan yapilmistir. Bilgi isleme yetenegine
sahip bir makine tarafindan insana ait fikir yiiriitme,
anlamlandirma, genellestirme ve Ogrenme gibi
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mental faaliyetlerin yerine getirilme becerisinin
temsili olarak kabul edilmistir. Bahsi ge¢cen modeli
olusturan en temel islem elemanmin (ndron)
hesaplama mekanizmas:t ile hala tam olarak
anlagilmayan insan beyninin nero fiziksel temel
islem elemaninin (ndron) davranigi modellenmeye
calistlmistir. McCulloch ve Pitt [28] 1943 yilinda
hazirladiklar1 akademik bir yayinda temel néron
tipinin ikili giris ig¢in davranisini modelleyerek
ozelliklerini tanimlamiglardir. Temel bir YSA
hiicresinde, Sekil 5’te goriildiigii gibi giris katmani,
agirhik katmani, toplama fonksiyonu katmani,
aktivasyon fonksiyonu katmani ve c¢ikis katmani
bulunmaktadir. Girisler lizerinden elde edilen veri
agirlik degerleri vasitasiyla ndrona iletilmekte ve
agirhiklarmm  etkisi  ile  girisin @ degerini
belirlemektedir. Noéronda olusan net deger, her bir
giris ve bu girise ait agirliklarin ¢arpimiin
toplamidir. Aktivasyon fonksiyonuna uygulanan bu
deger ndron c¢ikigint belirlemektedir. Genelde
aktivasyon fonksiyonu tiirevlenebilir dogrusal
olmayan bir fonksiyondur [29].

PR T N S=WX, + WX, + WX, +...
X E o )
i ¥ fix) p— TW. Xy _Q
i=]
y=1{s)
Sekil 5. Bir ndronun matematiksel yapisinin

aciklanmasi [29]

YSA, beyin hiicrelerinin birbirlerine baglanmasi ile
olusmus paralel ve daginik yapisini modellemek
amaciyla olusan bir sistem yaklagimidir ve yapay
sinir hiicrelerinin bu modeli taklit etmesi ile olusur.
Mimarisi  farkli  katmanlar ve bu farkli
katmanlardaki islem hiicrelerin Dbirbirleri ile
baglantis1 Sekil 6’daki gibi diizenlenir ve donanim
devreleri ile veya yazilimlar ile gelistirilebilir.

Sekil 6. Ileri beslemeli YSA modeli (¢ok katmanli)
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Beynin bilgi isleme kabiliyetine benzer sekilde
YSA, egitim siirecinin pesinde gelen bir 6grenme
asamasini takiben veriyi toplama, hiicreler arasinda
olusan agirlik degerleri ile bu veriyi saklama,
genelleme {izerinde calisilan probleme en uygun
cikttyr  dretmek icin  YSA  agirhiklarmin
giincellenmesini yoneten 6grenme algoritmalarini
icermektedir [30]. YSA’ nin belirleyici giicii olan
verilerden 6grenme kavrami, hedeflenen sonug
verilerini {iretebilmek i¢in diger katmanlardaki
ndronlart baglayan agirliklarimin gilincellenmesine
dayanan Ogrenme algoritmalarini kapsamaktadir.
Geri yayilim algoritmasi, ileri beslemeli YSA’lar1
egitmek icin en ¢ok tercih edilen algoritmadir [31].
Ag agirhiklarina gore kaylp fonksiyonunun
gradyanini hesaplar ve her bir ayr1 agirhiga gore
gradyan1 dogrudan hesaplamaya nazaran daha
verimlidir. Bu ozellik, c¢ok katmanli aglarin
egitilmesi ve ilizerindeki kaybi en aza indirme
asamasinda agirliklar1 yeniden diizenlemek igin
gradyan yontemlerinin  kullanilmasini1  saglar;
gradyan inis veya stokastik gradyan inis gibi
degiskenler siklikla kullanilir. Geri yayilim
algoritmasinin amaci, agdaki herhangi bir w veya b
Onyargisina gore C maliyet fonksiyonunun kismi
tiirevlerini 0C/0w ve 0C/0b olarak hesaplamak igin
(Esitlik 5) kullanilir.

€ == Tlly® - at @)1 )

Burada: n, egitim Orneklerinin toplam sayisidir;
toplam, bireysel egitim Ornekleri {izerindedir,
x;y=y(x) karsilik gelen istenen ¢iktidir. L, agdaki
katman sayisim gosterir ve al=al(x), x giris
oldugunda agdan ¢ikan aktivasyonlarin vektoriidiir.
Geri yayilim Ogrenme algoritmasi, egitim
basamaklarim1i  {i¢  temel iglem {izerinden
gerceklestirir. Egitim igin kullanilan veri seti aga
ileri yonde verilir. Ag ¢ikisinda model tarafindan
iiretilen hata degerleri hesaplanarak ag iizerinde
geri yonde yayilir ve son olarak bu islemler
sirecinde elde edilen hata orani ile agirliklar
giincellenir. Temel ¢ok katmanli geri yayilim ag1
modelinde giris katmani, gizli katman ve cikis
katmani bulunmaktadir. Bu asamada gizli katman
sayilari lizerinde teorik bir belirleme veya sinirlama
mevcut degildir. Geri Yayilim Algoritmast, sinir ag1
modelinin danigmanlt 6grenme tiiriine giren genel
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bir algoritmadir. Giris katmani ve ¢ikis katmani
arasinda ki hata degeri hesaplanarak, agirliklar bu
hata degerine gore yeniden hesaplayacak sekilde
gelistirilmigtir. Sekil 6’daki Z; ile gosterilen, ilk
gizli katmandaki hiicre i¢in temel ag islem esitligini
yazilirsa;

Zl—Giris =XV +.+ XV + (6-a)
et XV Ve,
N

Z./-Gm’s =V + z X iViJ (6-b)
=1

J Cukis — f(Z] Gzrz;) (6'C)

Esitlik 6°da belirtildigi iizere, i. katman igerisindeki
hiicrelerin iiretecegi ¢ikt1 degeri, bu katmana bagl
olan i-1. katmandaki hiicrelerin girisleri ve agirlikli
toplamlarin  {izerine bu hiicrenin aktivasyon
fonksiyonunun etkisidir. Ayn esitlikler ve yapilan
hesaplamalar i+1. katman i¢inde gecerlidir. Bu
esitlikler iizerinden genel bir matematiksel model
sunulacak olursa;

m

ag; =(x,); =x7, (7-a)

< ,,, . 7-b

Cii= D Wi @ity F Dy, i>0 (7-5)
k=1

(S0 T i>0 (7-¢)

,,(Z Wa b, (7-d)
aL:l = ym

Ly —l( -t ) =e =¢ 7

2 Xm —-m 2 ym m m m

Esitlik 7° deki deger tiretilecektir. Bu esitlikler i¢in,
i—1. katmani i¢in hesaplanan sonu¢ degerleri i.
katman igin gerekli olan cevap (hesaplanan)
degerlerini  belirlemek i¢in ileri yonde aga
verilecektir.  Egitim  i¢in  kullanilan  YSA
algoritmalariin 6énemli bir ¢cogunlugu, aga verilen
egitim veri setleri kullanilarak agin  ¢ikis
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degerlerinin hedeflenen ¢iktilar ile uyumlu veya
iiretilen agin hatasinin en kii¢iik oranlarda olmasini
amaclar. Egimli inig [32] olarak bilinen yontem
parametreleri  ile  birlikte  yaygin  olarak
kullanilmaktadir.

3.1. YSA Model Olusturulmasi

YSA teorileri iizerinden gelistirilen sistemlerde
modellerin mimarilerinin olusturulmasi
basamaklar1 veya modelin sonug¢ basarisi iizerinde
siiphesiz en etkili olan faktdr egitim igin
kullanilacak veri setinin olusturulmasidir [33].
Karmagik veri analizi problemlerinin YSA ile
¢Oziim basamaklar1 Sekil 7°de gosterildigi gibi dort
temel basamagi icermektedir. Sistem analizi
acisindan bakildiginda da verilen bu akigin
baslangic bolimii, problemin ve sinirlarinin
tanimlandigi, akig haritalarmin belirlendigi ve
kontrol olarak siirecinin olusturuldugu basamaktir
ve tiim modelin akislart iizerinde belirleyicidir.
Ikinci bolim de yer alan veri seti hazirhg,
gelistirilen model veya sistem tarafindan iiretilecek
¢ikis sonuglarina cevap olusturabilecek ve problemi
en iyi sekilde temsil edebilecek veri setinin
olusturulmasidir. YSA yaklagimda modelin basarisi
icin en 6nemli parametre veri setinin dogasi, yapisi
ve problemi temsil etme yetisidir. YSA modelinin
egiticisi  pozisyonunda oldugu i¢in problem
hakkinda karar vericiler igin net olarak
belirleyicidir. Diger asama olan iigiincii basamakta
yapisina karar verilmig olan YSA modeli tekrarl
stireglerde yaptig1 hesaplamalar ile egitilir. Son
basamakta ise, kurulan YSA modelinin irettigi
ciktilar ile deneysel Ol¢iim degerleri ile veri
madenciligi yapilarak karsilagtirilir ve modelin
basarisi test edilir [34].

YSA ile veri analizleri yapilirken kisaca girdi
verilerini belirli bir araliga dlgeklendirme islemi
olan veri normalizasyonu yontemleri kullanilabilir.
Bu islem verinin belirli bir aralikta ve tutarli bir
sekilde temsil edilmesini saglamak amaciyla
gerceklestirilir.  Yapay  sinir  aglart  veri
normalizasyonu, agin daha hizli, daha istikrarli ve
daha etkili bir sekilde 6grenmesine olanak tanir. Bu
nedenle, genellikle aglarin egitimi Oncesinde
uygulanan 6nemli bir 6n isleme adimidir. Fakat veri
genel Orlintiisiinde temsil uzayinda kaymalara sebep
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olabilir. Bu yaklasim ile kullanilan veri setinde, veri
normallestirme stirecleri tercih edilmemis, ¢alisma
verilerin 6l¢iildiigii hali ile gerceklestirilmistir.
YSA modelinin iiretecegi ¢iktilarin  beklenen
degerleri agiklayacak sekilde olusturulmasiyla
baslayan siireci destekleyecek olan kabul edilebilir
sonuglar iiretecek veri analizi igin yiliksek kaliteli
veriler hazirlamaktir.

Problemin Belirlenmesi

Deney Sistemi Tasarmm Verd Iylemberi

[ > VenSet [

Planlama

Iu pompan devren

YSA Model Olugturma L

Paramewelens Belrlenmen

o

YS5A Model Analiz

Doprulanman Modelin Dojprulanman

daha sonra gelistirilen model yapisinin tutarliligini
kontrol edebilmek amact ile baslangigta “Model
Test Veri Seti “olarak tiim veri setinin %151
gelisigiizel olarak secilen verilerden belirlenmis ve
ayrilmustir. Geri kalan %85°1 ise dnerilecek modelin
gelistirilmesi i¢cin “Model Egitim Seti” olarak
kullanilmistir.  Model test veri seti modelin
kurulmas1 veya egitilmesi esnasinda hicbir sekilde
modele sunulmamistir. Bu set modelin egitiminden
sonra performans degerleri tizerindeki kontroller ile
modelin  basarisinin  denenmesi  amaci  ile
kullanilmstir. Verilerin temel ayrim siireci sonrasi,
YSA modellerinin egitilmesinde kullanilmak tizere
“Model egitim seti; “%80°, %10 “Test” ve %10
“Dogrulama” setleri olarak tekrar gelisigiizel olarak
ayrilarak YSA modelinin egitimi i¢in hazirlanan

koda sunulmustur. Uzerinde calisilan YSA
modelleri bu setleri kullanarak iterasyonlar ile
kabul edilebilir basariya ulagilana  kadar
denenmistir.

Cizelge 5. iterasyonlar sonucunda belirlenen YSA
parametreleri

1. Modelin Mimarisi

2. Modelin Mimarisi

[20 30 10 5]
[20 30 30 10 5]

Sekil 7. YSA veri analiz basamaklari

4. BULGULAR VE TARTISMA

YSA modellerinde, modelin egitildigi veri setinin
orilintii yapisini en 1iyi sekilde temsil etmesi modele
ait parametrelerin giris verilerinin model tizerindeki
etkilerini yansitacak sekilde secilmesi gereklidir.
Bu sebeple en iyi ¢ikt1 sonuglar tiretecek model igin
parametreler {izerinde degisiklikler yapilarak
siirekli egitimler gergeklestirilmistir. Egitilen
modelin ¢iktilarini test etmek i¢in istatistiksel deger
Ol¢li birimlerinin ortalama mutlak hata (Mean
Absolute Error, MAE), hatalarin karelerinin
ortalamasinin karekokii (Root Mean Squared Error,
RMSE), ortalama mutlak hata yiizdesi (Mean
Absolute Percentage Error MAPE), ¢coklu belirleme
katsayist (R Squared, R?) [35] iirettigi degerler
arasindan temsil giici en iyi olan parametre
kombinasyonu Cizelge 5°te verilmistir. YSA
modeli egitilmeye baslamadan once veri seti ve
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3. Modelin Mimarisi
Ogrenme Algoritmasi

[20 40 20 10]
Levenberg-Marquardt

Ogrenme Orani 0.1

Momentum 0.9

Performans Mean Square Error
fonksiyonu

Veri Seti Ayirma | Divide data randomly
Yontemi

Gelistirilen YSA modellerinin genel performansini
degerlendirmek ve asir1 uyum gibi sorunlari tespit
etmek icin  kullanilan ¢apraz  dogrulama
uygulanmistir. Veri seti farkli alt kiimelerine
boliinerek modelin egitildigi ve test edildigi bir
yontemdir. Bu yontem ile modelin genelleme
yeteneginin  daha  gilivenilir  bir  gekilde
degerlendirilmesine olanak saglanir. K-fold capraz
dogrulama, veriyi rastgele k alt kiimeye boler ve her
asamada bir alt kiime test, digerleri egitim olarak
kullanilir. Bu islem tekrarlanarak modelin genel
performansi degerlendirilir. Capraz dogrulama, tek
bir egitim-test boliinmesine bagli olarak model
performansinin degisebilecegi durumlari azaltarak
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daha giivenilir sonuglar elde edilmesini saglar. Bu
calismada veri seti bu yontem ile ayrilarak egitimler
gerceklestirilmis ve en iyi sonucu veren veri
dogrulamasina ait ¢iktilar1 {ireten veri ayirimlari
kullanilmistir. Calismanin bu noktasindan ileride bu
yontem ile belirlenen en iyi istatistiksel deger
¢iktilarmi iireten veriler kullanilmigtir. Cizelge 6’da
tiiretilen veri setlerini sonuglar1 6rneklenmistir.

Cizelge 6. Capraz dogrulama veri ayrim sonuglari

[lk veri grubu igin yapilan egitim, test,
dogrulama(Dog.) ve model test deneme sonuglari
Cizelge 7’de verilmistir. Is1 pompasinin deneysel
degerlerini  kullanarak ~ YSA  yOntemiyle
modellemesi yapilmistir ve modelin tutarliligini ve
basarisini kontrol edebilmek amaci ile basglangicta
ayrilan “Model Test Veri Seti” gelistirilen YSA
modeline sunulmus, irettigi istatistiksel degerler
listelenmistir. Modelin performansimi belirleyen
degerler R, RMSE, MAPE ve MAE’dir. Sistemi en
iyi sekilde temsil eden modelin belirlenmesinde
“Model Test Veri Seri” kullanilarak en iyi degerleri
iireten modelin  segildigi bir kere daha
vurgulanmalidir. Diger veri seti degerleri, egitim
esnasinda kullanildiklar1 igin, YSA’nin egitimi
stireglerinde yiiksek degerler iiretmesi beklenen bir
durumdur. Fakat belirlenen modelin hi¢ gérmedigi
bir veri seti ile yiiksek sonuglar tiretmesi modelin en
iyi testidir. Onceden de belirtildigi gibi, modelin
ezberleme ve asir1 6grenmeye karsi testlerinin de
incelenmesini saglar.

Cizelge 7. Is1 pompasi istatistiksel degerleri

Model R? RMSE MAE MAPE
0,8694 0,0266 0,0148 0,7132
Modell | 0,9057 0,0252 0,0154 0,7491
0,94606 | 0,01621 0,01172 | 0,00557
0,97740 | 0,00870 | 0,00646 | 0,00361
Model2 | 0,91092 | 0,02038 | 0,01493 | 0,81223
0,95699 | 0,01179 | 0,01467 | 0,69633
0,9537 0,0543 0,0355 0,0058
Model3 | 0,93658 | 0,059902 | 0,035131 | 0,58644
0,94603 | 0,060514 | 0,041078 | 0,68743
Egitimler sonucunda Cizelge 5 ile verilen
parametreler  belirlenmistir.  Belirlenen  bu

parametreler ile egitilen modellerin basarisi, YSA
modeli i¢in kullanilan egitim veri setinden
baslangicta rasgele bir sekilde ayrilan ve YSA
modellerinin egitim siirecinde hi¢ kullanilmayan,
disarida tutulan %15’ lik oranla ayrilan Model Test
Veri Seti iizerinde denenmis ve sonuglar istatistik
metrikler iizerinden Kkarsilastirilmistir. Ciinkii bu

veri setine ait degerler, modelin egitimi ve
gelistirilmesi  siire¢lerinden  modelin  higbir
asamasinda  kullanilmamustir.  YSA’nin  asiri

Ogrenme veya ezberleme gibi istenmeyen yapilarda
egitilme sonucunun da testini gostermektedir.
Sonucta karar verilen YSA modeline sunulan bu
veri seti igin iiretilen R? degerleri temel alinarak
model se¢imi yapilmistir. Burada test veri seti,
dogrulama veri seti ve model test veri seti siralamasi
kullanilarak YSA modeli tarafindan iretilen
¢iktilarin istatistiksel deger dlgiileri siralanmig ve en
uygun model secilmistir ve ¢izelgeler ile
sunulmustur.
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N < Model

Egitim Test Dog. Test
MAPE | 0,00470 | 0,00446 | 0,00569 | 0,00557
MAE | 0,00987 | 0,00937 | 0,01197 | 0,01172
RMSE | 0,01414 | 0,01327 | 0,01813 | 0,01621
R? 0,96808 | 0,97230 | 0,95199 | 0,94606

Diger taraftan, 1s1 pompasi COP degerlerinin
deneysel ve YSA yontemiyle tahmin edilen
sonugclarmin karsilastirilmasi Sekil 8’de verilmistir.
Grafige gore deneysel deger ile model tarafindan
olusturulan degerlerinin birbirine ¢ok yakin oldugu
goriilmektedir.

YSA Model Degerler/Olciilen Degerler R
- : - ; - g s

! . -e
= 2051 . ﬁ.f". . ® Nonlinear Regresyon | |
* '/." —-— —Regresyon Cizgisi
.
e
et
ot

z 205 21 215 22 225 z
Y SA Degerler

Sekil 8. Is1 pompasinin regresyon grafigi
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Is1 pompast COP degerlerinin deneysel ve YSA
yontemiyle tahmin edilen sonuglarinin
kargilagtirilmas1 Sekil 9’da verilmistir. Deneysel
degerler ve YSA yontemiyle bulunan sonuglar
kiyaslandiginda iki degerin arasindaki en biiyiik
fark ve en kiigiik farkin yakin oldugu goriilmistiir.
Bulunan sonuglar modelin iyi calistigim
gostermektedir.

Y SA Model Degerler - Gereek Degerler Karsilastirmast

g -
¥ SA Uretilen
B o %&TI Gergek Olgiilen
¥
= *| +
= & . +
2215 £ W el
o] + i
2 o AR it
& 21 i L 4 I|
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=) i
5205 / ﬁm ‘* /i3 ‘%5
= .,IQ_IAH-
wl #*1\ 4
< VW
ol 1.1
0 10 20 c'l] 40 50 &0 70 80 o0

Iterasyon
Sekil 9. Is1 pompasimnin COP'lerinin deneysel ve
Y SA tarafindan tahmin edilen degerlerinin
kargilagtirilmasi

YSA modeli ve gercek degerler arasindaki fark
Sekil 10°da hata deger grafiginde gosterilmistir. Is1
pompasinin YSA modellemesi sonucu R? degerinin
0,94606 oldugu goriilmektedir. Sekilde degerlerin
birbirine yakiligi hesaplamalarin hassasiyetinin
dogrulugunu gostermektedir.

YSA Model Degerler - Gergek Degerler (Hata)

006 - Hata Cizgisi

----- Sifir Cizgisi

LIXCS o

<ol vl
B

iy
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Hata Deg;

LRI of

004 |

006

10 20 3 0 0 & W0 80 a0
Iterasyon

Sekil 10. Deneysel ve YSA tarafindan tahmin
edilen 1s1 pompas1 COP degerlerinin hata
karsilastirmasi

Cizelge 8’de TKIP sisteminin YSA modellemesi ile
egitilen modele baslangicta ayrilan %15” lik test
verileri sunularak elde edilen istatistiksel degerleri
goriilmektedir. Modelin dogrulugunun ispati igin
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odaklanan degerler “Model Test” kisminda
istatistiksel belirleyiciler olarak sunulmustur.

Sekil 11°de deneysel degerler ile YSA tarafindan
iiretilen degerlerin regresyon grafigi sunulmustur.
Sekilde verilen regresyon grafiginde noktalarin
dogruya yakin olarak dagilim gdstermeleri
olusturulan modelin istatistiksel olarak basarili
oldugunu gostermektedir. Model Test Veri Seti
kullanilarak iretilen degerler ile grafikler
cizilmektedir.

Cizelge 8. TKIP sisteminin istatistiksel degerleri

<o < Model

Egitim | Test Dog. Test
MAPE | 0,00272 | 0,00227 | 0,00543 | 0,00361
MAE | 0,00493 | 0,00414 | 0,00977 | 0,00646
RMSE | 0,00760 | 0,00602 | 0,01457 | 0,00870
R? 0,98786 | 0,99257 | 0,95732 | 0,97740
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Sekil 11. TKIP sisteminin regresyon grafigi

Sekil 12°de ise sistemin COP'lerinin deneysel ve
YSA modeli tarafindan tahmin edilen degerlerinin
kargilagtirilmasi verilmistir. TKIP sisteminin YSA
modellemesi sonucu R? degerinin 0,97740 oldugu
goriilmektedir.  Sekilde degerlerin  birbirine
yakinlig1 hesaplamalarin hassasiyetinin
dogrulugunu gostermektedir.

TKIP Sisteminin COP’lerinin YSA modeli ve
gercek degerleri arasindaki fark Sekil 13°de hata
deger grafiginde gosterilmistir.

Deneysel calisma neticesinde elde edilen verilerle
modellenmis  yogusturucuda 1sitma  suyuna
aktarilan 1smin YSA istatistiksel degerleri Cizelge
9’da sunulmustur.
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Sekil 14’de yogusturucuda 1sitma suyuna aktarilan
1sinin deneysel degerleri ile YSA modeli tarafindan
iiretilen degerlerinin regresyon grafigi
goriilmektedir.

Cizelge 9. Yogusturucuda 1sitma suyuna aktarilan
1sinin istatistiksel degerleri

SN - Model

Egitim | Test Dog. Test
MAPE | 0,0029 | 0,0025 | 0,0036 0,0058
MAE | 0,0177 | 0,0149 [ 0,0222 0,0355
RMSE | 0,0287 | 0,0229 | 10,0333 0,0543
R? 0,9874 | 0,9918 | 10,9851 0,9537
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Sekil 12. TKIP Sisteminin COP'lerini deneysel ve
YSA  tarafindan  tahmin  edilen
degerlerinin karsilagtirilmasi

YSA Model Degerler - Gercek Degerler (Hata)
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Sekil 13. TKIP Sisteminin COP'lerinin deneysel
ve YSA tarafindan tahmin edilen

degerlerinin hata kargilagtirmasi

Sekil 15°te deneysel ve YSA modeli tarafindan
tahmin edilen degerlerinin grafiksel gosterimi
verilmistir. Yogusturucuda isitma suyuna aktarilan
isinn YSA modellemesi sonucu R? degerinin
0,9537 oldugu gorillmektedir.
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Yogusturucuda 1sitma suyuna aktarilan 1sinin
deneysel ve YSA tarafindan tahmin edilen
degerlerinin arasindaki fark Sekil 16°da hata deger
grafiginde gosterilmistir.
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Y SA Degerler
Sekil 14. Yogusturucuda 1sitma suyuna aktarilan
1sinin regresyon grafigi

YSA Model Degerler - Gergek Degerler Karsilastirmas:
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Sekil 15. Yogusturucuda 1sitma suyuna aktarilan
isinin - deneysel ve YSA tarafindan
tahmin edilen degerlerinin
karsilagtirilmasi
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Sekil 16. Yogusturucuda 1sitma suyuna aktarilan

isinin - deneysel ve YSA tarafindan

tahmin edilen degerlerinin arasindaki

hatanin karsilastirilmasi
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4. SONUCLAR VE ONERILER

Yiiksek enerji talebi nedeniyle, yenilenebilir enerji
kaynaklar1 fosil yakitlarin yerini alacak yeni bir
kaynak olarak onemli hale gelmektedir. Isitma,
sogutma ve sicak su ihtiyaglarini karsilamak i¢in
stirdiiriilebilir ve yenilik¢i enerji kaynaklari olan 1s1
pompalari, CO, emisyonlarint azaltabilen, fosil
yakitlarin ~ kullanimmi  Onleyebilen ve enerji
tasarruflu sistemlerdir. Yapay sinir aglar farkli
uygulama alanlarinda yaygin olarak incelenen
sistemlerin ~ davranislarint  simiile etmek ve
¢Oziimlerini optimize etmek i¢in bir ara¢ olarak
kullanilmaktadir. Bu ¢aligmada, 1s1 pompasinin ve
TKIP sisteminin COP degerlerini ve yogusturucuda
1sitma suyuna aktarilan 1siy1 tahmin etmek igin
deneysel parametrelere dayanan bir YSA modeli
olusturulmustur. Her bir model i¢in hedeflenen
ciktiy1 tiretecek sekilde modellenen YSA’ lara ait
R? degerleri incelenmis ve dzellikle Sekil 8, Sekil 9
ve Sekil 10 daki grafik dagilimlari {izerinden
durularak elde edilen sonuglarin iiretilen modellerin
problemi temsil ettigi, Oriintiiyli kabul edilebilir
oranlarda ifade ettigi sOylenebilmektedir. Bu
calismanin sonucunda, 1s1 pompasi COP R? degeri
0,94606, TKIP sistemi COP R? degeri 0,9774 ve
yogusturucudan atilan 1sinin YSA modelinin R?
degeri 0,9537 oldugu tespit edilmistir. Bu degerler
modelin R? degerinin 1 degerine yaklagan yiiksek
Ongoriilebilirlige sahip olabilecegini gostermis ve
modelin kullanilabilirli§inin hassasiyetini ortaya
koymustur. Bu model ile Sivas ili ve benzer
ozellikteki yerlesim yerleri icin yiiksek maliyete
sahip sistemin kurulum yapilmadan performans
yaklagimi yapilabilecegi tespitinde bulunulmustur.
Gerek ortam 1sitmasi gerekse tarim sektoriinde sera
1sitilmasinda kullanimi uygun olan TKIP sisteminin
kurulumu  yapilmadan performans analizleri
yapilabilecek ve boylelikle zaman ve maliyet
acisindan kazanim saglanabilecektir.
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Abstract

In this study, tri-band antenna design adapted for wireless communication, Internet of Things (IoT) and
RFID systems is examined. The simulation results indicate that the proposed antenna has three distinct
frequency bands. Band 1 (lower band) covers the frequency range of 1.64-1.78 GHz with a resonance
frequency of 1.7 GHz. Band 2 covers the range of 3.06-3.9 GHz with a resonance frequency of 3.4 GHz
with a high gain of 10 dBi and a radiation efficiency of 92% for long-range communication. Band 3 radiates
from 6.25 to 7.6 GHz with a resonance frequency of 6.62 GHz, which is suitable for higher-frequency
applications. The antenna design is simulated and analyzed regarding S11, VSWR, gain, radiation
efficiency, and bandwidth. Especially, Band 2 (mid-band) provides notable performance, with its 10 dBi
gain and 92% efficiency, which makes the proposed antenna an ideal structure for high-data-rate, long-
distance communication systems, and 5G (midband) applications. This study also employs the Nelder-
Mead Simplex algorithm to observe the optimization of the physical parameters of the proposed antenna
via multiple objective functions. The optimization results outlines that longer the arm length of the proposed
antenna causes to decrease the resonance frequency of Band 3. Addition to this, the gain is higher with the
lower arm length except for the arm length of 90.467 mm and flare angle of 64.77°. That’s, the trade-off
condition occurs between minimum return loss and gain. At this point, it can be concluded from this
optimization algorithm results that each objective function should be evaluated separately due to this trade-
off condition.

Keywords: Antenna, Algorithm, Fractal, High gain, Optimization, Sprienski

Nelder Mead Simpleks Optimizasyon Algoritmasi Uzerine Bir Durum Calismasi:
Sprienski Fraktal Bowtie Anten Parametrelerinin Odiinlesimleri

Oz
Bu calismada, kablosuz iletisim, nesnelerin interneti ve RFID sistemleri i¢in uyarlanmig ii¢ bantli anten

tasarimi incelenmistir. Simiilasyon sonuglari, dnerilen antenin ii¢ farkli frekans bandina sahip oldugunu
gostermektedir. Bant 1 (alt bant), 1.7 GHz rezonans frekansi ile 1.64-1.78 GHz frekans araligini kapsar.

*Sorumlu yazar (Corresponding Author): Duygu Nazan GENCOGLAN, dngencoglan@atu.edu.tr
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Bant 2, 3.06 GHz’ten baslayan 3.9 GHz de sonlanan ¢aligma bant araligina sahiptir. Ayrica, bant-2 i¢in en
yiiksek kazang degeri 10 dBi ve radyasyon verimliligi 92% olarak tespit edilmistir. Bant 3, daha yiiksek
frekansli uygulamalar i¢in uygun olan 6.62 GHz rezonans frekansi ile 6.25 -7.6 GHz arasinda yayilir. Anten
tasarimi, S11, VSWR, kazang, radyasyon verimliligi ve bant genisligi agisindan simiile edilmis ve analiz
edilmistir. Ozellikle, Bant 2 (orta bant), 10 dBi kazanci ve %92 verimliligi ile kayda deger bir performans
saglar, bu da onerilen anteni yiiksek veri hizi, uzun mesafeli iletisim sistemleri ve 5G (orta bant)
uygulamalari i¢in ideal bir yap1 haline getirmektedir. Bu ¢alisma da ayni zamanda, 6nerilen antenin fiziksel
parametrelerinin optimizasyonunu ¢oklu objektif fonksiyonlar araciligiyla gozlemlemek i¢in Nelder-Mead
Simplex algoritmasini kullanilmigtir. Optimizasyon sonuglari, énerilen antenin kol uzunlugunun artmasi
Bant 3'lin rezonans frekansmin azalmasina neden oldugunu 6zetlemektedir. Buna ek olarak, kol uzunlugu
kiigiildiik¢ce kazang artmaktadir. Ancak 90.467 mm'lik kol uzunluguna ve 64.77°'lik agiya sahip olan
antende bu ozelligin tersi durum oldugu tespit edilmistir. Bu noktada, bu optimizasyon algoritmasi
sonuglarindan, bu 6diinlesim kosulu nedeniyle her bir ama¢ fonksiyonunun ayri ayr1 degerlendirilmesi

gerektigi sonucuna varilmistir.

Anahtar Kelimeler: Anten, Algoritma, Fraktal, Yiiksek Kazang, Optimizasyon, Sprienski

1. INTRODUCTION

Multiband antennas in the context of wireless
technology have led researchers to explore
unconventional geometries [1,2]. The fractal
geometry allows for the generation of multiple
resonant frequencies within a compact antenna size,
enabling wideband operation [3]. The use of fractal
structures also facilitates the achievement of stable
radiation patterns [4]. Additionally, fractal antennas
have advantages such as compact size, multiband
frequency characteristics, and high gain [5-7]. The
other structures are also acceptable for various
applications including terahertz detection [8],
bandwidth enhancement [4], wireless applications
[5], X-band and Ku-band applications [6], ultra-
wideband applications [7], UWB imaging
applications [9], broadband applications [10],
multiband applications [11], and directivity
improvement [12]. As of the literature survey,
fractal antennas can be considered as the fractal
butterfly antenna [3], square-shaped fractal antenna
[4] wideband high gain fractal antenna [5], multi-
band high-gain slotted fractal antenna [6],
hexagonal fractal ultra-wideband antenna [7],
compact high gain UWB antenna using fractal
geometry [8], microstrip line-fed fractal antenna
with a high fidelity factor [9], Minkowski Island
and Crossbar fractal microstrip antennas [10],
Sierpinski carpet fractal antenna [11], cross-stitch
geometry-based multiband fractal antenna [12],
ultra-wideband antenna using Minkowski-like
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fractal geometry [13], and ultra-wideband fractal
microstrip antenna [14]. These proposed antenna
structures are extensively studied for their ability to
achieve high gain in the literature as well.
Furthermore, these fractal antennas utilize self-
similarity and recursive geometrical patterns to
increase the effective electrical length of the
antenna, which results in increased gain. To sum up,
fractals with their inherent characteristic provide a
new technique for the antenna designers. First, the
size modification of each triangle makes the
antenna resonate various frequencies. That’s, these
frequencies enable the proposed antenna structure
to radiate over a broader range of bands. Secondly,
the entangled geometry boosts the electromagnetic
energy to increase the signal strength. As a third,
fractal antennas can be designed with smaller size
as compared to the traditional antennas, which
provides the size reduction. But these positive
features occur with their own several trade-offs. The
tangled geometry of the antenna causes to predict
the antenna performance in difficult. This is where
algorithms come into play to solve these challenges.

One of the iterative optimization algorithms called
Nelder-Mead Simplex employs a myriad of simplex
(the points) to identify the design space and the
parameters [15-17]. It is a direct search method used
for optimization problems, particularly in low-
dimensional spaces [18]. The algorithm has been
proven to converge under certain conditions [18].
However, it can suffer from stagnation and
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convergence issues in higher-dimensional complex
problems [19]. Researchers have proposed
modifications and adaptations of the Nelder-Mead
algorithm to improve its performance. For instance,
adaptive parameters are depicted to enhance the
efficiency of the algorithm [20]. Dynamic variables
of the algorithm including Dynamic Hassan Nelder
Mead with Simplex Free Selectivity, are developed
for unconstrained optimization problems [21]. The
Nelder-Mead algorithm is also interconnected with
other optimization techniques to obtain hybrid
algorithms. For example, an amalgamation of the
Nelder-Mead simplex method and the Cuckoo
search algorithm has been suggested for training
Fuzzy neural networks [22]. Addition to this,
Nelder-Mead algorithm is integrated into genetic
algorithms and particle swarm optimization for
various applications including medical image
registration and parameter detection [23,24]. This
mentioned algorithm plays also paramount role in
electromagnetic and microwave applications
including antenna design and optimization. Mistry
et al. has presented a study on simulation,
measurement and optimization in the time and
frequency domain in the logarithmic domain of
periodic antennas [25]. The Nelder-Mead simplex
algorithm is used to optimize the performance of
log-periodic antennas, which are generally
preferred for electromagnetic  compatibility
measurements, spectrum monitoring and television
reception [25]. Mahmoud presents the optimization
of conventional bowtie antenna structure for 2.45
GHz RFID readers via hybrid algorithms of
Bacterial Swarm Optimization (BSO) and Nelder-
Mead (NM) [26]. In [26], the objective function is
determined as S11 according to the physical
parameters including half height (h), feeding neck
width(d), and flare angle (o). Barman et al. has
investigated the probe location optimization of
wideband microstrip patch antenna with particle
swarm optimization (PSO), genetic algorithm (GA),
and NM, respectively [27]. The objective function
has been determined as VSWR and Gain parameters
in [27]. Montaser et al. depicts the S11 optimization
of the slotted bowtie antenna by focusing on the arm
length and flare length [28]. Then, hybrid
algorithms are evaluated the pros and cons of the
proposed algorithm namely PSO, GA, and NM as
well [28]. Liu et al. proposes a hybrid optimization
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method for pattern synthesis of large antenna arrays
[29]. The authors combine the Nelder-Mead
Simplex Algorithm with other optimization
techniques to overcome the challenges in antenna
array design [29]. In summary, the Nelder-Mead
Simplex Algorithm has been widely applied in
antenna design and optimization. It offers
advantages such as adaptability to the local
landscape, effective exploration of the design space,
and the ability to improve antenna characteristics
such as gain, bandwidth, and radiation pattern.
However, as of knowledge obtained from literature
survey, there is no study related with the
optimization of sprienski bowtie antenna
parameters with Nelder Mead Simplex Algorithm.
Hence, in this study, the physical parameters of
sprienski bowtie antenna structure are optimized
with multiple objective functions through Nelder
Mead Simplex Algorithm.

The structure of the paper can be summarized as
follows: Section II describes in detail the
methodology of the proposed design, including
modelling and optimization procedures. The
influence of different antenna parameters on
performance is explained in the third section.
Section I1I highlights the comparison between other
existing antenna structures in the literature as well
as the results of the antenna performance
parameters. Section V concludes the article.

2. MODELLING AND
OPTIMIZATION OF THE ANTENNA

The proposed sprienski bowtie antenna is a
challenging and versatile antenna structure since its
bandwidth characteristic. Hence, the modelling and
numerical analysis of the proposed structure
evaluated via CST Microwave Studio. The
proposed antenna structure consists of radiating
patches and substrate material characterized as low-
cost FR-4 with the thickness of 1.6 mm and the
dielectric constant of 4.3. The overall dimension of
the designed antenna is calculated as
153.98x213.56 mm? as detailed in Figure la. As
seen from Figure 1b, the back of the substrate
material does not cover the ground plane, which is
special feature of the bowtie structures. The
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antenna’s radiating arms are made up of triangular
elements based on fractalization technique. Each
side of the smaller triangular initially is calculated

153.98 mm

102,65 mm

——————

213.56 mm

as 12.83 mm depicted in Figure 1c. The flare angle
of the proposed antenna is taken as 60° represented
in Figure 1c as well.

153.98 mm

|
W96 € 1e

¥

X gy

b) Back view of the antenna

60.00 ° Angle

s

¢) Zoomed view of the antenna
Figure 1. The geometry of the proposed antenna structure with dimensions

In this study, hybrid objective functions are defined
as Return Loss (S11<-10 dB), Voltage Standing
Wave Ratio (VSWR<2), and Impedance (Z=50Q),
which quantify the performance of the antenna. The
physical design variables are considered as arm
length, feed gap, flare angle, and relative
permittivity to optimize the antenna's performance.
The initial set of design variables are given in
Section 2.1. These antenna structure form the first
simplex in the parameter space. Then, objective
function values are calculated for each instance. In
other words, this requires simulating the antenna
performance parameters for each set of design
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variables by using values in Table 1. Up to
maximum number of iterations, this process
convergence threshold, or other criteria. The best
value is found after the termination of the algorithm
represents the optimal set of design variables for the
antenna, as it corresponds to the minimum (or
maximum) of the objective function. After
obtaining the optimized design variables, they are
implemented in the antenna design and simulate the
antenna's performance. Then, the results are
analyzed to verify the improvements achieved
through the optimization process.
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Table 1. The parametrized design variables of the
proposed antenna structure

. Std. | #of
Parameter | Min | Max Mean| ,, = | .o
Arm Length g0 641959| 89 [052] 279
(mm)

Feed Gap 0.2 [0.22]0.21(0.001| 107
(mm)

Flare Angle | (25| (o | 571043 | 231
(mm)

Relative 43 [11.54/ 8.89 | 0.28 | 430
Permittivity

3. RESULTS AND DISCUSSIONS

3.1. Initial Simulated Antenna Performance
Parameter Results of the Proposed
Antenna

The simulated reflection coefficient characteristic
of the proposed antenna is depicted in Figure 2. It is
clear from Figure 2 that the proposed antenna
structure has triple band characteristics in the
frequency range of interest. The desired frequency
range is selected from 1 GHz to 8 GHz referred to
as the microwave frequency range. It is significant
in various fields due to its fundamental
characteristics and applications. This frequency
range is important why there are some reasons
which cover Wireless Communication, Radar
Systems, Satellite Communication, Aerospace and
Defense, ISM Applications, Remote sensing &
Earth observations, short range communication,
Sensing, Radio Astronomy etc.

As seen from Figure 2, three distinct operating
frequencies include as1.635-1.7779 GHz (Band 1),
3.0596-3.8989 GHz (Band 2), and 6.25- 7.6 GHz
(Band 3), respectively. Their corresponding
resonance frequencies are 1.7 GHz, 3.4 GHz, and
6.62 GHz. The proposed antenna with its specified
bands and characteristics can be used in various
applications due to its multiband capabilities.

VSWR characteristic of the proposed antenna
structure is also outlined in Figure 3. It is also
depicted from Figure 3 that the proposed antenna
has triple-band characteristics within the 1 GHz to
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8 GHz frequency range. As seen from Figure 3,
VSWR close to 1 at each resonance frequency of the
proposed antenna structure. VSWR characteristic of
the proposed antenna indicates good impedance
matching at the resonance frequencies and is
desirable for the efficient power transfer.

S-Parameters [Magnitude in dB]

Frequency / GHz
Figure 2. The reflection coefficient characteristic
of the proposed antenna structure in the
desired frequency

Voltage Standing Wave Ratio (VSWR)

FTA T -8~ VSWR1| ]

3 ,,,,,,,,,,,,
2 ,,,,,,,,,,,
1 h
0- :
1 2 3 4 5 6 7 8
Frequency / GHz

Figure 3. The VSWR characteristic of the
proposed antenna structure in the desired
frequency

Another crucial antenna performance parameter is
of gain to understand the antenna’s characteristics
and its potential applications. The detailed gain
characteristic is given in Figure 4. The gain of 5.8
dBi (at 1.7 GHz) suggests that the antenna has
relatively moderate gain in this band, which can be
suitable for many wireless communication
applications. The gain of 10 dBi (at 3.4 GHz)
suggests a higher level of gain, making it suitable
for applications requiring increased directional
performance. The gain of 6.67 dBi (at 6.62 GHz)
suggests moderate gain, making it suitable for
applications that require a balance between
directivity and wide coverage.

Radiation efficiency and radiation pattern

characteristics of the proposed antenna is illustrated
in Figure 5 and Figure 6, respectively.
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Gain
11 —
=91
/g
= 4o
- 71
5 ——
1.5 2 25 3 35 4 45 5 55 6 65 7
Frequency / GHz
Figure 4. The gain characteristic of the proposed
antenna structure in the desired
frequency
1 Radiation Efficiency [Magnitude]
| [-@=Rad. Efficiency [1] |
0.9 4 ,,,,,,, ,,,,,,,,, S N
0.8

1 2 3 4 5 6 7 8
Frequency / GHz

Figure 5. The radiation efficiency characteristic of

the proposed antenna structure in the

desired frequency

Farfield Gain Abs (Phi=0)

th

dBi
(5]

-200 -150 -100 -50 0 50 100 150 200
Theta / Degree
Frequency: 1.7 GHz, Main lobe magnitude=5.8 dBi
Main lobe direction=-180 deg., Angular width(3 dB)= $5.8 deg.

a) The radiation pattern characteristic for the
resonance frequency of 1.7 GHz
Farfield Gain Abs (Phi=0)

dBi
EY

o e
-150 -100 -50 0 50 100 150 200
Theta / Degree

Frequency: 3.4 GHz, Main lobe magnitude=10 dBi
Main lobe direction=-180 deg., Angular width(3 dB)= 49.3 deg.

0
-200

b) The radiation pattern characteristic for the
resonance frequency of 3.4 GHz
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Farfield Gain Abs (Phi=0)

dBi
(8]

_3 : : : H H : H
-200 -150 -100 -50 © 50 100 150 200

Theta / Degree
Fregquency: 6.8 GHz, Main lobe magnitude=6.67 dBi
Main lobe direction=-147 deg., Angular width(3 dB)= 26.8 deg.

¢) The radiation pattern characteristic for the
resonance frequency of 6.8 GHz
Figure 6. The radiation pattern characteristic of the
proposed antenna structure

Table 2 is outlined overall RF performance
parameters of the proposed antenna structure. Band
1 exhibits excellent antenna efficiency (95%),
indicating that a high percentage of the input power
is effectively radiated as electromagnetic waves.
High efficiency is desirable for minimizing power
loss and ensuring effective signal transmission and
reception. Band 2 provides substantial antenna gain
(10 dBi), suggesting that it can direct and
concentrate radiation in specific directions. High
gain is essential for long-range communication and
radar applications where signal strength and
coverage are critical. Band 3 covers a relatively
broad frequency range, making it versatile for
applications that require flexibility in frequency
selection. The proposed antenna in Band 3 provides
a balance between gain and efficiency, making it

suitable for applications that require both
directional performance and power efficiency.
Table 2.RF performance parameters of the
proposed antenna structure
Band Op. Freq. | Res. Freq. | Gain| Efficiency
(GHz) (GHz) |(dBi) (%)
1 |1.64-1.78 1.7 5.8 95
2 3.06-3.9 34 10 92
3 6.25-7.6 6.62 6.67 81
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In summary, the proposed antenna exhibits different
characteristics and performance levels in each band,
allowing it to cater to a wide range of applications:

e Band 1 (1.635-1.7779 GHz): High efficiency,
suitable for efficient power transfer and reliable
communication, such as satellite and wireless
applications.

e Band 2 (3.0596-3.8989 GHz): High gain and
good efficiency, ideal for radar, long-range
communication, and aerospace applications.

e Band 3 (6.25-7.6 GHz): Versatile frequency
range, balanced gain and efficiency, making it
adaptable for various applications, including
satellite communication and wireless LANs.

3.2. Optimized Simulated Antenna
Performance Parameter Results of the
Proposed Antenna

The minimum, maximum, mean, std deviation and
how many different values each design parameter to
be optimized are given in Table 1. This dataset
shows the values obtained because of the Nelder-
Mead Simplex algorithm. By increasing the arm
length of the proposed antenna, the resonance
frequency of Band 3 is decreased as represented in
Figure 7a. However, the gain is higher with the
lower arm length of the proposed antenna except for
the arm length of 90.467 mm and flare angle of
64.77° as depicted in Figure 7b. On the other hand,
the trade-off condition occurs between minimum
return loss and gain as depicted in Figure 7c and 7d,
respectively. At this point, it is deduced from this
optimization algorithm results that each objective
function should be evaluated separately due to this
trade-off condition.

The highlighted study, represented by "this work"
in Table 3 stands out in the table due to several key
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characteristics that contribute to the existing
literature on antenna design and performance [30-
41]. With a gain of 10 dBi, the antenna design in
this study exhibits high signal amplification
capabilities, which is crucial for many applications,
particularly in long-range and high-data-rate
communication systems. The proposed antenna
offers a relatively wide bandwidth of approximately
840 MHz. A broad bandwidth is essential for
accommodating a range of communication
frequencies within a single design, making it
versatile for various applications. A radiation
efficiency of 92% 1is a significant achievement.
High radiation efficiency indicates that most of the
input power is effectively converted into radiated
electromagnetic waves, minimizing losses. This is
especially important in real-world applications
where efficiency is a primary concern.

The antenna's substantial size (213.56x153.98 mm?)
may suggest that it could be suitable for long-range
communication or applications where a more
extensive coverage area is required. While
Reference [31] has a higher gain (5.5 dBi), it has a
narrower bandwidth (approximately 700 MHz)
compared to the highlighted study. This study offers
amuch broader frequency coverage. In [33] and this
study have almost similar bandwidth, but this study
has a significantly higher gain (10 dBi). This
suggests it may be more suitable for long-range or
high-gain applications. In [38], which uses PTFE as
the substrate, has a similar bandwidth to the
highlighted study, but it offers a lower gain of 5.1
dBi. In contrast, the highlighted study achieves a
remarkable 10 dBi gain. In summary, this study
stands out in the table due to its impressive gain,
high radiation efficiency, and broad bandwidth,
making it a valuable contribution to the literature on
antenna design. It appears to excel in terms of gain
and efficiency compared to several other entries in
the table, making it a notable design for various
communication and signal reception applications.
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Figure 7. Some evaluated antenna design parameters by changing the physical dimensions via Nelder-
Mead Simplex
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4. CONCLUSION

In this study, a sprienski antenna design with
exceptional  performance  characteristics s
presented, particularly its ability to operate across a
wide frequency range of 1 GHz to 8 GHz. This
antenna structure exhibits a triple-band response,
making it a versatile solution for various
applications within the microwave frequency range,
which is renowned for its paramount significance in
a multitude of fields. The importance of the
microwave frequency range is highlighted by its
fundamental properties and its various applications.
It plays a critical role in enabling key technologies

Duygu Nazan GENCOGLAN

such as wireless communications, radar systems,
satellite communications, aerospace and defense,
industrial,  scientific and medical (ISM)
applications, = remote  sensing,  short-range
communications, detection and radio astronomy.
The importance of this frequency range cannot be
underestimated as it underpins essential aspects of
modern technology and scientific research. The
proposed antenna design has triple band
characteristics, called as Band 1 (1.635-1.7779
GHz), Band 2 (3.0596-3.8989 GHz) and Band 3
(6.25-7.6 GHz). Each resonance frequency is of
1.7GHz, 3.4GHz and 6.62GHz, respectively.

Table 3.Comparison of the antenna performance parameters with the other antenna structure in the

literature
Ref |Substrate | Dimension | Band | Operating | 50| pogiation Efficiency | Bandwidth
(mmxmm) | Feature Frequency
30 FR-4 | 9.4x14.2 | Triple 3.4-3.6 GHz | ~2dBi ~0.4% 200 MHz
31 FR-4 30x17 Triple 3.4-4.1 GHz 5.5dBi 96% ~700 MHz
32 FR-4 33x17 Triple | 3.3-3.7GHz | 2.23dB ~80% 400 MHz
33 FR-4 60x50 Triple | 3.42-3.6 GHz | 5.18 dB 68% 180 MHz
34 FR-4 40x40 Triple | 3.3-3.7 GHz |[>1.96dBi 83% 400 MHz
35 FR-4 27.5x20 Triple | 3.35-3.90 GHz | 4 dBi <90% 550 MHz
36 FR-4 85x56 Triple | 3.41-3.6 GHz | 3.87 dBi | Not mentioned (NM) | 190MHz
37 FR-4 |32.4x27.9 | Single | 3.4-3.59 GHz | 4.16 dB ~82% 190 MHz
38 PTFE 20x%20 Dual [3.15-3.485GHz| 5.1dB NM 170 MHz
39 FR-4 29.8x36 | Single 3.4-3.6 GHz | 2.55dB 71% 200 MHz
40 FR-4 28x26.8 Dual 3.12-3.58 GHz | 2.72dB NM 460 MHz
41 FR-4 88x88 Single 1.9-3.7 GHz 7dB NM 1.8 GHz
IS prg | 235 | Triple | 3.063.9 GHz | 10 dBi 92% ~840 MHz
The characteristic of VSWR shows good optimization technique, is used to systematically

impedance matching at the desired resonance
frequencies. It is also deduced from VSWR analysis
that the proposed antenna has promising value to
provide the power transmission efficiency. Antenna
gain values vary from 5.8 dBi to 10 dBi, reflecting
a balance between coverage, directivity and
efficiency. This versatility makes the proposed
antenna alternative for a variety of applications
including satellite communications, radar systems,
wireless communications, remote sensing and
more. In addition, the Nelder-Mead simplex
algorithm, which is a kind of mathematical

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

examine and tune the antenna physical design
parameters. It is highlighted from optimization
method that the effect of arm length on resonance
frequency and gain, as well as the balance between
return loss and gain. This trade-off condition
requires careful evaluation of each individual
parameter to achieve the desired antenna
performance. It is also necessary to evaluate each
objective function (e.g., resonance frequency, gain,
return loss) separately. This is due to the observed
trade-off condition where optimization of one
parameter may occur at the expense of another.
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Therefore, a compromise or balance must be found,
and each parameter evaluated individually to ensure
that the antenna achieves its performance goals for
a particular application. Further studies can be
carried out to optimize the design of the proposed
antenna structure considering factors such as size,
sensitivity and  radiation efficiency. The
performance of the antenna can be evaluated in
various environments and scenarios to evaluate its
suitability for various applications. The proposed
antenna can be tested and validated in real-world

scenarios to evaluate its practicality and
effectiveness.
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Abstract

Analysis of past flood events contributes forecasting of effects of future flood events. Flood maps have
been created in order to assess flood hazards in planning projects and to identify flood-inundated regions
with flood damage following flood occurrences. Flood mapping in the context of flood monitoring enables
development of flood management strategies to protect life and property. Although conventional terrestrial
observations and measurements in flood control have been constrained by topographical and meteorological
circumstances, remote sensing provides decision support with quick analysis capability. The flood event
that occurred in the Lower Ceyhan Basin of Turkey in 1980 was examined in this work utilizing satellite-
based remote sensing techniques, and flood inundation areas were calculated using NDWI (Normalized
Difference Water Index). As a result, it was determined that 3493.45 ha in the north of Karatag in the Lower
Ceyhan Plain, 7799.42 ha between Bahge, Akdeniz, and Yumurtalik, 7404.9 ha around Catalpinar and
Yakapinar in the Lower Ceyhan Plain, and approximately 24890 ha in the Upper Ceyhan were affected by
the flood event in 1980.

Keywords: Ceyhan River floods, Historical satellite data, Landsat-3, NDWI

1980 Yilinda Asag1 Ceyhan Havzasinda Gerceklesen Taskin Olayimin Tarihsel
Uydu Verisi Kullanilarak incelenmesi

Oz

Gecmisteki taskin olaylarmin analizi, gelecekteki taskin etkilerinin tahmin edilmesine yardimci olur.
Taskin haritalari, taskin tehlikelerini planlama siirecinde degerlendirmek ve taskin sonrasi hasari olan
bolgeleri belirlemek icin hazirlanmaktadir. Tagkin haritalarinin  yapilmasi, tagkinlarin izlenmesi
kapsaminda, can ve mallar1 korumak icin tagkin yonetim stratejilerinin gelistirilmesini saglamaktadir.
Taskin kontrol calismalarinda, geleneksel karasal Slgiimler ve gdzlemler, topografik ve meteorolojik
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kosullar tarafindan sinirlandirilmis olsa da, uzaktan algilama teknigi, hizli analiz yetenegi ile karar destegi
saglamaktadir. Bu calismada 1980 yilinda Tiirkiye'nin Asagi Ceyhan Havzasinda meydana gelen taskin
olay1 uydu tabanli uzaktan algilama teknikleri kullanilarak incelenmis ve NDWI (Normalize Edilmis Su
Indeksi) kullanilarak taskin alanlari hesaplanmustir. Sonug olarak, Asagi Ceyhan Ovasi'nda, Karatas
kuzeyinde 3493,45 ha, Bahge, Akdeniz ve Yumurtalik arasinda 7799,42 ha, Catalpinar ve Yakapinar
cevresinde 7404,9 ha ve Yukar1 Ceyhan Ovasi'nda yaklasik 24890 ha alanin 1980 yilindaki Asagi Ceyhan
Havzasinda gergeklesen taskin olaymdan etkilendigi tespit edilmistir.

Anahtar Kelimeler: Ceyhan Nehri tagkinlari, Tarihsel uydu verisi, Landsat-3, NDWI

1. INTRODUCTION

Floods are natural catastrophes that occur often in
many areas across the world and have disastrous
impacts on people, nature, society, and the
economy. Over many years, structural and non-
structural solutions have been implemented to avoid
loss of life and property and to mitigate the harmful
consequences of flood disasters. Historical records,
observations, studies, publications, and images of
previous flood occurrences give knowledge on
flood-affected places; hence, flood risk assessments
are supported by the use of these materials in future
flood management activities. In this context,
investigating previous flood incidents will help to
forecast future flood management techniques.
Historical floods have been investigated in many
previous studies [1-14].

One advantage of employing remote sensing
techniques to detect flood spreading regions is that
it provides data from flood extent locations that are
physically difficult or impossible to access. The
GIS strategy, as an effective tool for data storage,
analysis, and administration, supports decision-
making while also saving time and cost. In
comparison to previous years, tremendous progress
has been achieved in flood risk assessments, flood
monitoring operations, flood mapping, and flood
damage assessment utilizing remote sensing (RS)
and geographic information systems (GIS).

Many studies and articles on the use of RS and/or
GIS methods in flood mapping have been published
in the literature [15-28]. Knowing the geographical
extent of submerged regions during flood
occurrences is crucial for organizing relief studies
as well as detecting faults with flood control
facilities [29]. Because of the ability to acquire data
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in uncharted areas, remote sensing data has become
an alternative to in-person observations as
technology advances [29]. It was expressed by Dash
and Sar (2020) that spatial mapping of historical
floods using spaceborne data are getting popularity
based on the advancements in sensors and repetitive
coverage [30].

Flooding occurred in agricultural regions and some
villages in the plain as a result of the flood event
that occurred in the Seyhan and Ceyhan rivers in the
Cukurova Plain in 1980. According to the official
flood report issued by State Hydraulic Works, the
1980 flood event in Lower Ceyhan Plain caused
damage in four neighborhoods and 26 villages in
Ceyhan, nine villages in Kadirli, thirteen villages in
Kozan, one neighborhood in Osmaniye, and one
village in Yumurtalik [31].

In this study, maps of flood-inundated regions from
the 1980 flood event in the Lower Ceyhan plain
were created for the first time using satellite-based
remote sensing data. The purpose of this research is
to assess the value of using past satellite data in the
creation of flood control plans for future projects in
order to assist decision-makers. In this study, it is
also evaluated if flood control infrastructure or
devices require restoration or redesign.

2. MATERIAL AND METHOD

2.1. Material

The study area was chosen to be the Lower Ceyhan
Plain, which was flooded in 1980. The study area is
in Turkey's southern Mediterranean Region, with
the Ceyhan River as its major water supply. Figure
1 depicts flood-inundated regions in the Lower
Ceyhan Basin on April 1, 1980, as well as their
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location in Turkey. The development of projects in
the Lower Ceyhan Basin and the basin development
process were thoroughly reviewed in an IECO study
issued in 1966. The Seyhan basin lies west and
north of the Lower Ceyhan basin, the Middle
Ceyhan basin lies east, and a coastal basin runs
south along the Iskenderun Bay. The key
agricultural plains in the research region, Kirmit,

Serife Pinar GUVEL, Mehmet Ali AKGUL, Recep YURTAL

Kozan, and Kadirli, are on the right coast, Misis,
Ceyhan, Kosreli, and Osmaniye are on the left
coast, and Andirin and Haruniye are on the east.
Furthermore, although being outside the drainage
region, the water resources in the Lower Ceyhan
basin have a significant impact on the Yumurtalik
and Erzin-Dortyol-Payas plains, which are part of
the development process [32].

37°00°N
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i

A

Figure 1. The flood inundated areas in Lower Ceyhan Basin on 1 April 1980 (Landsat 3 image of the study

area)

Apart from the irrigation and energy production
functions of the Ceyhan Aslantags Dam, it was
reported that one of the goal of the project was to
protect 53,270 hectares of land from floods using
this dam [32]. In the report prepared by IECO
(1966), it was stated that the floods in the Lower
Ceyhan basin generally occur in winter and spring,
while the floods occur in agricultural areas along the
Ceyhan river and in the flat areas next to the river
tributary.

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

Landsat 3 satellite images were checked for
cloudiness in the selection of satellite images used
in this study, and it was determined that the satellite
image dated 01.04.1980 was appropriate (Table 1).

After Landsat 1 and Landsat 2, the Landsat 3
satellite was launched into space in 1978 to acquire
images of the Earth from space [33]. The USGS
made Landsat satellite data freely available in 2008
through a decision [34]. Table 2 shows the band
characteristics of the Landsat 3 satellite.
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Table 1.Name and date of the image used in the study

Date Name of the image
01.04.1980 LMO03 L1TP 188034 19800401 20210714 02 T2
01.04.1980 LMO03 L1TP 188035 19800401 20210714 02 T2

Table 2.Band Specifications of Landsat 3 satellite [33]

Band Number Band name Bandwidth (nm) Resolution (m)
4 Green 0.5-0.6 60
5 Red 0.6-0.7 60
6 Near Infrared-NIR 0.7-0.8 60
7 Near Infrared-NIR 0.8-1.1 60
2.2. Method sensing images. Several research throughout the
world have employed the NDWI metric to designate
Radiometric calibration and atmospheric floodplains [25, 29-30, 35-39]. In this study, NDWI

adjustments were performed during the preparation
of Landsat 3 images. The Normalized Difference
Water Index (NDWI) approach uses the NIR and
green bands to delineate and monitor content
changes in surface water. The NDWI index is
frequently utilized to determine water inundation
areas in flood management studies using remote

35°300"E

370ON

was used to identify the flood inundated regions in
the flood event. (1) gives the NDWI formula [40].
This formula was used to generate the NDWI
image. Figure 2 depicts the NDWI picture for April
1, 1980.

Green—NIR

NDWI = ——— (1)
Green+NIR

36°0'0°E

3T0UN

B Legend
"SI Flood Areas (01.04.1980)
Flood Area 1

- Flood Area 2
i M| Flood Area 3

Figure 2. The NDWI image of the flood area on 01.04.1980
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3. RESULTS AND DISCUSSION

The technique used in this work is a reassessment
of past flood occurrences and flood spreading areas
utilizing historical satellite data in places where
flood effects were assessed by ground
measurements based on the circumstances at the
time.

When the first Landsat satellite was launched in
1972 and became freely available in 2008 as a result
of a USGS decision [34], this study might have been
conducted as early as 2008. The region was first
seen by satellite during one of the worst floods in
April 1980.

The image of Ceyhan River flood inundated areas
on 01.04.1980 is given in Figure 3. Flood regions
were divided into three sub-areas: Flood area 1,
Flood area 2, and Flood area 3.

The coastline region was thought to be mainly
inundated in the Flood area 1 (Figure 3.a) around
the point where the Ceyhan River drains into the
Mediterranean Sea. The flood inundated area was
determined in a GIS environment to be 3493.45 ha
in the north of Karatas in the Lower Ceyhan Plain,
7799.42 ha in the area between Bahge, Akdeniz, and

Flood Areas (01.04.1980)
Flood Area 1

| |Flood Area 2

[Flood Area 3

Figure 3. Ceyhan River flood inundated areas on 01.04.1980 (Landsat 3)
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Yumurtalik, 7404.9 ha in the area around Catalpnar
and Yakapinar in the Lower Ceyhan Plain, and
approximately 24890 ha in the Upper Ceyhan.

In the 1980 flood disaster, Kozan Dam and
Mehmetli Dam were existing water storage systems
that contained upstream flood waters in their
reservoirs. Kozan Dam and Mehmetli Dam were
built on the Kilgen and Kesiksuyu streams,
respectively, and were completed in 1972. Because
the Meletmez and Savrun Dams were not built at
this time, the flow in Sumbas Stream and Savrun
Stream, which are tributaries of the Ceyhan River,
caused several communities and agricultural
regions in the Flood area 2 (Figure 3.b) to be
flooded (Figure 4).

The construction of the Aslantas Dam on the
Ceyhan River started in 1975, and the dam was put
into operation in 1984. During the flood on the
Ceyhan River on April 1, 1980, the Aslantas Dam
was in the construction stage.

The flood water were accumulated in the upstream
cofferdam of Aslantas Dam and the reservoir arca
as seen in Figure 3. Kalecik Dam on Horu Stream
was put into operation after the 1980 flood event.
Flood inundated areas were spreaded to flat areas
next to the river in the Flood area 3 (Figure 3.c).

o= "
[1:300.000 o 800,000
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The results on determining flood inundated areas  Figure 5 shows an image of the Ceyhan flooded
found in this study are consistent with the flood risk  region in 1980.
areas defined in the previous official reports.

36°00°E 36°300°E

M =
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37°300"N
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= Kesiksuyu River
fll — Kilgen River
= Savrun River
= Sumbas River 2
Flood Areas (01.04.1980) o o B
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3700N

Figure 4. Ceyhan River flo
April 1980

Figure 5. Ceyhan River flood inundated areas in 1980 (from Metin Ozturk’s photograph archive)
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4. CONCLUSION

The flood-inundated sites in the Lower Ceyhan
Basin on April 1, 1980, were studied using archival
satellite data. Flood areas were analyzed in this
study in three sub-areas: Flood area 1, Flood area 2,
and Flood area 3. The flood-inundated regions were
analyzed in a GIS context and calculated as areal
values.

The satellite-based remote sensing data have been
widely used in flood monitoring, flood mapping and
post-flood damage assessment tasks. It is feasible to
detect flood inundated regions that cannot be
accessed owing to bad physical circumstances, and
that cannot be monitored by ground observations
and surveys by employing satellite-based remote
sensing data. To update and renew flood control
operations, a study of all prior flood reports utilizing
historical satellite data is necessary.
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Oz

Hava tagimaciligi, bilinen en giivenli ve emniyetli ulasim seklidir. Yapilan incelemeler sonucunda hava
tagimaciliginda meydana gelen kazalarin biiyiik bir yiizdesinin yaklasma sathasinda meydana geldigi
goriilmiistiir. Incelenen ¢aligmalarda hava trafik kontroldrlerinin is yiikiiniin ve stresinin arttig1
gozlemlenmistir. Trafik kontroldrlerinin ig yilikiinii azaltmak ve stresi dengelemek konular1 aragtirmacilara
yeni ¢alisma sahalar1 agmustir. Bu sahalardan biri olan uzak kule merkezi ¢aligmalari, kule ¢alisanlarinin
fazla is yiikii dahil hava trafigi kontrolii problemlerine ¢6ziim olarak sunulmustur. Giiniimiizde maliyet ve
emniyet agisindan da biiyiik avantajlar saglayacag: diisiiniilen uzak kule merkezi iizerinde ¢aligmalar halen
devam etmektedir. Bu c¢aligmada uzak kule merkezinden kontrol edilen havalimanlarina inis igin
yaklagmakta olan ucaklara inis Onceligi verilmesi i¢in bulanik mantik tabanli karar destek sistemi
olusturulmustur. Bu sistem i¢in havalimanlarinin ortalama giinliik ugus sayisi, havalimani karar yiiksekligi
ve yaklagsma asamasindaki ugagin hizi ve irtifasi, girdi parametreleri olarak belirlenmistir. Olusturulan
bulanik mantik modellemesinde MATLAB/FIS arayiizii kullanilmistir. Bu arayiiz kullanilarak uzak kule
merkezi tarafindan kontrol edilen havalimanlarina yaklagmakta olan ucgaklar i¢in inis siralamasi
belirlenmistir.

Anahtar Kelimeler: Bulanik mantik, Uzak kule merkezi, Inis siralamasi1, Hava trafik kontrolorii

Fuzzy Logic Based Aircraft Landing Priority at Airports Controlled by Remote
Tower Center

Abstract

Air transportation is the safest and secure way of transportation. It has been seen as a result of the
investigations that a large percentage of the accidents by air transport occur during the approach phase. In

*Sorumlu yazar (Corresponding Author): Fatma YILDIRIM DALKIRAN, fatmay@erciyes.edu.tr
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the studies examined, it was observed that the workload and stress of air traffic controllers increased.
Reducing the workload of traffic controllers and balancing stress has opened new fields of work for
researchers. Remote tower center studies, one of these fields, are presented as a solution to air traffic control
problems, including excessive workload of air traffic workers. Today, continuous studies on the remote
tower center is thought to provide great advantages in terms of cost and safety. In this study, a fuzzy logic-
based decision support system was developed to give landing priority to approach aircraft for landing at
airports controlled by the remote tower center. For this system, the average number of daily flights of the
airports, the airport decision altitude and the velocity and altitude of the aircraft in the approach phase are
determined as input parameters. MATLAB/FIS interface was used in the developed fuzzy logic modeling.
This distribution sequenced landings for aircraft approaching airports controlled by the remote tower center.

Keywords: Fuzzy logic, Remote tower center, Landing arrangement, Air traffic controller

1. GIRIS

Uluslararas1  Sivil ~ Havacilik ~ Tegkilati’na
(International Civil Aviation Organization, ICAO)
gore, havalimanlarinin bir pargasi olan hava trafik
kontrol (Air Traffic Control, ATC) hizmetinin
temel gorevi, ugusun herhangi bir sathasinda
ucaklarin birbirleri ile veya diger engeller ile
carpigmasinin Oniine gegerek, hava trafiginin
emniyetli ve diizenli akigin1 saglamaktir [1]. Bu isi
gerceklestiren hava trafik  kontrol kuleleri
bulunurken o6zellikle ugus sayist diisik olan
havalimanlarimin kapanmasini &nlemek amagl
uzak kule merkezleri olusturulmaya baslanmistir.
Bu merkezler, bir ya da daha fazla havalimaninda
bulunan hava araglarinin diizenli akisii ve
yonlendirmesini uzaktan saglamaktadir [2].

Ugaklar belirli bir baslangic noktasindan varig
noktasina giderken bes asamadan olusan ugus
stirecine sahiptir. Bunlar gelis, ilk yaklasma, ara
yaklagma, son yaklagma, pas gecmedir. 8 Ocak
2003 tarihinde Diyarbakir’da meydana gelen ucak
kazasmnin ardindan Boeing firmasi, 1959-2001
yillar1 arasinda olan ticari ugak kazalarini inceleyen
bir rapor hazirlamigtir. Bu rapora goére ucak
kazalarimin %54’ son yaklagma sathasinda
meydana gelmistir [3]. 2017 yilinda yapilan
calismalarda Tiirk hava sahasinda meydana gelen
en Oliimciil kazalarin daha ¢ok yaklagsma sathasinda
meydana geldigi goriilmiistiir [4,5]. 2020 yilinda
yapilan “havacilik kazasi ve pilot hatasi kavrami
tizerine bir degerlendirme” isimli ¢alismada ugak
kazalaria iligkin elde edilen istatistiki verilere gore
inig ve yaklagma asamalarinda daha ¢ok ugak kazasi
yasandig1 tespit edilmistir [6]. Bu baglamda
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giinlimiizde hava trafiginin yogun oldugu
diistiniildiigiinde, ucaklar inis agamasinda iken hava
trafik kontroldrlerine daha biiyiik bir sorumluluk
distiigii sdylenebilir.

Literatiirde hava trafik hizmetlerinin daha verimli
olabilmesi ve hava trafik kontrolorlerinin is
yikiinin  azaltilmast  i¢in  ucaklarn  inig
siralamasinin ~ yapilmast  hususunda  gesitli
calismalar yapilmistir. Bunlardan biri olan ve Kiyak
tarafindan yapilan bir ¢aligmada, havalimanlarina
yaklagmakta olan ugaklar icin inig siralamasini
saglamak tizere olusturulan, tavsiye niteliginde olan
karar destek uygulamasina yer verilmistir [7].
Bagka bir ¢aligmada siddetli riizgarlara ve sikismis
kontrol yiizeyleri gibi arizalara maruz kalan hava
araglari i¢in inig agamasinda hataya dayanikli akilli
inis sistemi sunulmustur [8]. Oren ve Kogyigit
tarafindan yapilan calismada ise MATLAB/FIS
araylzi kullanilarak, insansiz hava araglarinin inis
siralamasinin belirlenmesi amaglanmistir [9].

Bulanik mantik bir¢ok alanda kullanilmasinin yani
sira havacilik alaninda da kullanilmakta ve
kullanilmaya devam etmektedir [10-13]. Bunlardan
biri olan ve Kiyak ve Kahvecioglu’nun yaptigi
calismada bulanik mantik ydntemi, bir hava
aracinin son yaklasma ve inis agamasindaki uygun
kontrol kuvvetinin bulunmasi i¢in kullanilmigtir
[10]. Sergaki ve arkadaslarinin yaptiklar: ¢aligmada
ise bir ticari hava aracinin ugus kontrol sistemi igin
bulanik mantik uygulamasini kullanmiglardir [11].
Bu uygulama sayesinde ucakta bulunan iki
sensorden herhangi birinin arizalanmasi durumunda
hangisinin arizalandigimi tespit etmek miimkiin
olmustur. 2002 yilinda Federal Aviation
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Administration’in (FAA) yaptig1 c¢alismada ise
tecriibelerine gore pilotlar arasinda gruplar
olusturulmus ve kalkistan inise kadar 3 boyutlu bir
ucus rotasi iizerinde ugus yapmalarii saglamak
iizere simiilasyonlar olusturulmustur [12]. Bu
uygulamada bulanik mantik, performans kriteri
asamasinda kullanilmistir. Bagka bir ¢aligmada da
pilota helikopterin hangi manevraylr yapmasi
gerektigini gdsteren bir kontrol sistemi tanitilmigtir
[13]. Pilotun eylemlerini gergeklestirmek igin,
geleneksel helikopter kontrollerinin her biri igin
birer tane olmak iizere iki ayr1 bulanik kontrolor
gelistirilmistir. Bir diger c¢alismada savas, hava
durumu ve afet izleme, goriintiileme spektrometresi
ve kesif icin Ozel ve/veya gizli operasyonlar
yiiriitebilen, ~tamamen  bagimsiz  IHA’larin
gelistirilmesi ~ amaglanmistir. Hava  aracinin
herhangi bir bileseninde sorun oldugunda ve hava
aracinin  islevselligini  azaltan bir durumla
karsilasildiginda sistemin gelistirilmesi igin bulanik
mantigin kullanilmasi onerilmistir [14]. Saray ve
Kiyak’in yaptiklar1 ¢aligmada ise ugus esnasinda
kabin basincinin sabit tutulmasina yonelik bir 6neri
sunulmustur [15]. Calismada, ugak irtifas1 ve
Olciilen kabin i¢i basing, giris verileri olarak, ¢ikis
olarak ise hedef kabin basinci degeri secilmis ve
Mamdani ¢ikarim yontemi kullanilmistir [15].
Baska bir ¢aligmada ise hava araci pitot-statik
sistemde ¢ikabilecek ariza durumunda alternatif bir
sistemin olusturulmasi amaclanmigtir [16]. Bu
alternatif yontem ile iki giris-bir ¢ikisli bulanik
mantik  yontemi  kullanilarak irtifa tahmini
yapilmistir. Jian ve ekibi tarafindan yapilan
calismada ise, bulanik mantik kullanilarak Boeing
737-800 ucaginin kabin sicaklik kontrol sistemi
tasarlanmigtir [17]. Bagka bir ¢aligmada da hava
tagimaciligimin biiylimesi g0z ontinde
bulundurularak, ugus trafiginde giivenli bir ydonetim
icin bulanik mantiga dayali teknolojik sistemlerin
kullanilmast Onerilmistir [18]. Konar’m yapmis
oldugu calismada da insansiz hava araci kanat
tasariminda ANFIS bulanik g¢ikarim sistemi ile
diferansiyel arama algoritmasina dayali yeni bir
yontem sunulmugtur [19]. Bir diger ¢alismada ise
ucus sirasinda pilot ve ugus kontrol sistemlerinin
kritik durumlarda karar verme kabiliyetini artirmak
amacli, hiz ve yakit parametrelerinin es zamanl
hesaplanmas1 igin bulanik tabanli bir model
tasarlanmigtir [20].
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Literatiirde uzak kule merkezi tarafindan kontrol
edilen havalimanlarinda hava trafiginin daha
kontrollii olmasini saglamaya yonelik herhangi bir
calismaya rastlanmamistir. Bu ¢alismada bulanik
mantik kullanilarak, uzak kule merkezinden kontrol
edilen havalimanlarinda, inis i¢in yaklasmakta olan
ucaklara inis Onceligi verilmesine yonelik karar
destek sisteminin olusturulmasi amaglanmistir. Bu
baglamda bulanik mantik tabanli bir model
olusturulmustur.

2. BULANIK MANTIK

Bulanik mantik, klasik mantik sistemlerinden farkl
olarak, insanin belirsizlik ve kesin olmayan bir
ortamda rasyonel kararlar verme konusundaki
yetenegini modellemeyi amaglar [21]. Mantikgilar,
bulanik mantigin ilk kavramini 1920’lerde ortaya
atarak, her seyin bir derece meselesi oldugunu
savunmuslardir. Bulanik mantik, miihendislerin ne
kadar hizli caligmasi gerektigine veya bir ayardan
digerine gegmeleri gerektigine karar veren klimalar,
camagir makineleri ve diger cihazlar1 yapmalarina
yardimet olmaktadir.

Matematikgiler, bir sistemin girdilere nasil yanit
vermesi gerektigini ifade eden belirli algoritmalara
sahip olmadiginda, bulantk mantik, belirsiz
niceliklere atifta bulunarak, “sagduyu” kurallarini
kullanarak  sistemi  kontrol  edebilir veya
tanimlayabilir.

1980°de Kopenhag’daki F.L. Smidth miiteahhitlik
firmasi, ¢imento firin1 sisteminin igleyisini
denetlemek i¢in bulanik sistemi kullanan ilk
kullanicidir. 1988’de Hitachi, Japonya’nin Sendai
kentindeki bir metronun kontroliinii bulanik bir
sisteme devretmistir. Bu tarihten beri de Japon
sirketleri, yiizlerce ev aletini ve elektronik iriinii
yonetmek i¢in bulanik mantik kullanmislardir.
Uluslararasi Ticaret ve Sanayi Bakanligi, 1992°de
Japonya’nin yaklasitk 2 milyar dolar degerinde
bulanik mantik iiriini irettigini tahmin etmektedir
[22].

Bilimsel ¢alismalarda tercih edilen iki tip bulanik
cikarim sistemi bulunmaktadir. Bunlar, Mamdani
tip ve Takagi—Sugeno tip olarak adlandirilmaktadir.
Mamdani tipi bulanik ¢ikarim  sisteminin
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olusturulmast basit olup, diger bulanik mantik
modellemelerinin temelini olusturmaktadir.
Uzmanlhigr daha sezgisel tanimlamaktadir. Sugeno
tipi bulanik ¢ikarim sistemi ise hesaplama agisindan
daha verimlidir ve optimizasyon ve uyarlanabilir

tekniklerle ¢alismaya uyumludur. Bu da onu
ozellikle dinamik dogrusal olmayan sistemler igin
olan kontrol problemlerinde kullanilmasini1 saglar
[23].

4

Sekil 1. Bulanik VE ve VEYA islemleri i¢in sirasiyla minimizasyon ve maksimizasyon operatorlerini
kullanan Mamdani tipi bulanik ¢ikarim sistemi [24]

Bu ¢aligmada Mamdani tipi bulanik ¢ikarim sistemi
ve agirlk merkezi  durulagtrma = metodu
kullantlmistir. Agirlik merkezi metodunda islenen
kurallar ile elde edilen biitiin ¢ikisa ait bulanik
kiimeler hesaplamaya katilir. Dolayisiyla aktif olan
pek cok kural karsilama dereceleriyle ortalamaya
girer. Daha hassas bir sonu¢ elde edilir ve bu
sebepten bu caligmada agirlik merkezi durulagtirma
metodu kullanilmistir. Bu bulanik modellemede
girdi ve ¢ikti karar degiskenleri kapali formdaki
iiyelik fonksiyonlari ile ifade edilmistir. Sekil 1” de
gorildigi lizere x ve y gibi iki degiskeni i¢eren iki
kuralli bir Mamdani tipi bulanik mantik modelinde
z ¢ikig degerinin C;bulanik kiime fonksiyonlarindan
nasil hesaplandig1 gosterilmektedir.

Kural 1: Egerxe Ajve ye Byise z € Cy
Kural 2: Egerx e Asveye Brise z € C;

Bulantk  mantik  uygulamalarinda  sistem
performans1 artar ve ayni zamanda uygulama
basitleserek, mali giderler de azalir. Bulanik mantik
sayesinde gercek sisteme yonelen kural tablolari
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olusturularak, sistem performansinin daha iyi
olmasi saglanabilmektedir [24].

Bulanik mantigin bilgisayar alaninda, yapay zeka
calismalarindaki olumlu etkileri biiyiik 6nem
tagimaktadir. Ayrica bir¢ok endiistriyel alanda,
jeodezik problemlerin ¢6ziimii gibi pek ¢ok
miihendislik alanlarinda kullanilabilmektedir [25].

3. UZAK KULE MERKEZI

Hava trafigi giin gegtikge tim diinyada
yayginlasmaktadir. Yolcu sayisinin artist ile ucus
trafigi de siirekli artis gostermektedir. Uguslarin
artmasina bagli olarak hava seyriisefer hizmeti
saglayicilarmin (Air Navigation Service Provider,
ANSP) fizerindeki is yiikii de artmaktadir. Hava
trafik yonetimi (Air Traffic Management, ATM),
isleyiginin siirekliligi ve bakimi igin sabit bir
maliyet olusturmaktadir. Havalimanlarinda bu
maliyet ise ugus ve yolcu sayisina bagl olarak
degismektedir. Glinliik ucus sayisi ¢cok olan biiyiik
havalimanlar1  tarafindan maliyet, kolaylikla
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kargilanabilirken, ugus sayisi az olan kiiciik ya da
orta Olgekli havalimanlar1  tarafindan  zor
kargilanmaktadir. Ucgus sayist az olan kiiglik
havalimanlarinin kapanmasinin oniine gegilmesi ve
havalimanindan elde edilen karmn artmasi amaciyla,
en az iki havalimaninin kontroliiniin ve trafiginin
yonlendirmesini uzaktan saglayan merkezlere
“uzak kule merkezi” denir [26]. Uzak kule merkezi
kurulumunda pencere dig1 goriiniimiin (Out of The
Window View, OTW) yerini kameralar almistir ve
bu sayede havalimanmin goriiniimii elektronik
olarak izlenmektedir. Uzak kule merkezi
kavraminda, yerel havalimanindaki ekipmanlardan
aliman havalimanina ait goriintiilerin, meteorolojik
sensorler, seyriisefer yardimcilari, VHF radyo
sistemleri gibi ekipmanlardan alinan verilerin uzak
kule merkezine iletimi i¢in genis alan ag1 (Wide
Area Network, WAN) kullanilmaktadir Uzaktan
kule merkezi ile bir havalimani kontrol
edilebilecegi gibi, ugus sayist az olan, birden fazla
kiigik havalimanlarimin kontrolii de miimkiindiir.
Birden fazla kulenin hizmet ve bakim maliyetleri,
uzak kule merkezi sayesinde azaltilarak, verimlilik
artirilmig olacaktir [2].

Bu ¢aligsmada uzak kule merkezinden kontrol edilen
havalimanlarinda ugus safhalarmin en kritik
asamas1 olan yaklagsma safhasinda olan ugaklarin
uygun bir sekilde indirilmesi amaglanarak, bulanik
mantik tabanli bir model olusturulmustur. Bu model
ile hava trafik kontroldrlerinin is yiikiiniin
azaltilmasi ve emniyetin artiritlmasi amaglanmaistir.
Bu dogrultuda havalimanlarina yaklagsmakta olan
ucaklarm hizi, irtifasi, uzaktan kontrol edilen
havalimanlarinin ortalama giinliik ugus sayisi, karar
yiiksekligi (Decision Height, DH), inig onceligi
siralamasinda  Onemli  parametreler  olarak
belirlenmis olup, giris olarak secilmigtir. Bu
parametrelerden DH ve giinliik ucus sayilar ile
ucagin hizi ve irtifasi, 2 girig-1 ¢ikis olacak sekilde
ayri ayr1 ele alinmustir. Glinliik ugus sayisi ve karar
yiiksekligi (DH), havalimanma ait parametreler;
ucak hiz1 ve irtifas1 ise ugaga ait parametreler
olmasindan dolay1 ve daha hassas sonu¢ alinmasi
amactyla 2 giris-1 ¢ikis seklinde ayr1 ayr kural
tablosu olusturulmasi, durulagtirma asamasinda
daha fazla hassasiyet saglayacaktir. Calismada
¢Oziimiin daha basit ve hizli olmasi agisindan iiggen
iiyelik fonksiyonu kullanilmistir. Daha karmasik
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iiyelik fonksiyonlar1 kullanilabilir fakat karmasiklik
artar ve daha fazla hesaplama giicii gerekir [27].
Verilerin girig-¢ikis sematigi Sekil 2’de yer
almaktadir. Sonugcta da ¢ikistan elde edilen puanlar
degerlendirilmistir.

#Birinci uygulama
puani

T,

- oikinciuygulama

puani

.
Sekil 2: Verilerin giris-¢ikis sematigi

4. MODELLEME VE SONUCLARI
4.1. Havaliman Giinliik Ugus Sayisi

Havalimanlariin ugus yogunlugu, inis
siralamasinda  6nemli  bir faktérdiir. Ucus
yogunlugu fazla olan havalimanlarina inig ve kalkis
asamalarindaki Oncelik durumlari, bazi 6zel
durumlara gore farklilik arz edebilmektedir. Bu
calismada ugus yogunlugu yani ugus sayist az olan
ve birbirlerine yakin olan Kars Harakani, Agri
Ahmed-i Hani ve Igdir Sehit Biilent Aydin
Havalimanlari’nin uzak kule merkezi uygulamasi
ele almmistir. Devlet Hava Meydanlarn
Isletmesi’nin (DHMI) 2023 Ocak ay1 verilerinden
yararlanilarak bu havalimanlarinin ortalama giinliik
ucus sayilari sirasiyla Kars 11, Agrt 5, Igdir 10
olarak hesaplanmigtir [28]. Bu hesaplamalardan
yola ¢ikarak ugus sayisina ait tiyelik fonksiyonlar1
Sekil 3’de verilmistir.

az orta yuksek

i

] 8 10 12 14 16 18
input variable "ugma-adedi*

Sekil 3. Ugus sayisi liyelik fonksiyonu
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4.2. Havalimam Karar Yiiksekligi

Bir havalimaninda yaklagma sathasinda ortaya
cikabilecek durumlardan dolayr pas gegcme
usulliniin baslayacag irtifa veya yiikseklik degeri
hesaplanarak, karar yiiksekligi (Decision Height,
DH) belirlenir. Havalimanlarinin etrafinda bulunan
engebeler veya yapilar, degisiklik gosterdiginden,
havalimanlarinin karar yiiksekligi de
degismektedir. Ugaklarin pas gegme yiiksekliginin
degeri, inis siralamasinda 6ncelik agisindan 6nemli

bir kriterdir. Yiiksekligin fazla olmasi, hata
toleransini da artirmaktadir. Havacilik
Enformasyon Yayini’ndan (Aeronautical

Information Publication, AIP) elde edilen verilere
gore Kars Harakani, Agr1 Ahmed-i Hani ve Igdir
Sehit Biilent Aydin Havalimanlari’nin karar
yiikseklikleri sirasiyla 10000 ft, 9900 ft ve 14000 ft
olup, iiyelik fonksiyonlari, Sekil 4’te verilmistir
[29].

Istanbul sy

alcak orta yuksek

o3
06 07 08 09 1 11 12 13
input variable *karar-yiiksekligi*

Sekil 4. DH iiyelik fonksiyonu (ft)

4.3. Ucagin Hizn

Havalimanlarinda inis siralamasi yapilirken piste
yaklasmakta olan ugaklarin hizi da siralamayi
belirleyen bir diger kriter olarak kabul edilmistir.
Caligmada yakin tarihte gergeklesen seferlerde
Istanbul-Kars, Istanbul-Agri, istanbul-Igdir rotalart
Flight radar uygulamasinin web sitesinden alinarak,
ucuslarin yaklagsma safhasindaki hiz ve irtifa
degerleri hesaba katilmistir. Sekil 5°te de yaklagsma
sathasindaki bahsi gecen ucaklarin hizi ve irtifasi
bulunmaktadir.

I o

0:01 08:02 urc
@ flightradar2a

Istanbul n

>

005 ; 1 203 uTC
@ flightradar24 |V W] @

Istanbul sy

32.625

33.000

36.600

@ flightrador24 | 4]
g

Sekil 5. Yaklasma sathasindaki ugaklara ait hiz ve irtifa bilgisi [30]
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Havalimanlarina yaklasmakta olan ugaklarin
hizlar1, Cizelge 1’de [30], ucaklarin hizina ait iiyelik
fonksiyonu, Sekil 6’da verilmistir.

Cizelge 1.Havalimanlarina  yaklagmakta  olan
ugaklara ait hiz bilgileri [30].
. Yaklagmakta olan
Havalimant <
ucagin hizi
Kars Harakani 455 km/h
Agri Ahmed-i Hani 451 km/h
Igdir Sehit Biilent Aydin 444 km/h
disik orta yiksek
|n put variable “ucak-si rat;‘.’\’ .....
Sekil 6. Hiz iiyelik fonksiyonlar1 (km/sa)
4.4. Ucagm Irtifas:
Havalimanlarinda inis siralamast belirlenirken

dikkat edilecek bir kriter de yaklasma safhasindaki
ucaklarin irtifalaridir. Ugaklara ait irtifa degerleri,
Cizelge 2’de yer alirken [30], irtifalara ait tiyelik
fonksiyonlart Sekil 7°de gosterilmistir.

Cizelge 2. Havalimanlarina  yaklagmakta  olan
ucaklara ait irtifa bilgileri [30]
. Yaklagmakta olan
Havalimani . .
ucagn irtifasi

Kars Harakani 32625 ft

Agr1 Ahmed-i Hani 33000 ft
Igdir Sehit Biilent Aydin 36600 ft

alcak orla yiksek

input variable “ucak-irtifa" 10

Sekil 7. irtifaya ait iiyelik fonksiyonlar1 (ft)
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4.5. Gergeklestirilen Modelleme

Modellemede inig siralamasini olusturmak {izere
puanlandirma yapilabilmesi i¢in giinliik ucus sayisi
ve karar yiiksekligi girisleri ile olusturulan ilk kural
tablosu, Cizelge 3’te verilmistir. Giris olarak ucagin
hiz1 ve irtifasi olarak verilen 2. modellemenin kural
tablosu ise Cizelge 4’te yer almaktadir. Bu
tablolarda CK-Cok Kiiciik, K-Kiiciik, O-Orta,
B-Biiyiik, CB-Cok Biiyiik anlamina gelmektedir.
Bulanik denetleyicide olusturulan puanlandirma

iiyelik fonksiyonu da Sekil 8’de verilmistir.

Cizelge 3. Ucus sayisi-karar yiiksekligi kural

tablosu
Giinliik ucus
sayisi
Az | Orta | Cok
Algak B B CB
Karar
yitksekligi Ota | K | O | B

Yiksek | CK | K B

Cizelge 4. Ucaga ait hiz-irtifa kural tablosu

Ucagin hiza
Az | Orta Cok
g Algak B B CB
ﬂ‘i:‘fi‘: Ota | K | O B
Yiksek | CK K B
® ko s o

an

Sekil 8. Puan_landlrma iiyélik fonksiyonu

Uygulamada ugus sayisi, havalimani Kkarar
yiiksekligi, ucak hizi ve irtifasi1 giris olarak kabul
edilmistir. Toplamda 18 adet kural olusturulmus ve
¢ikis puan tablosuna goére havalimani inig siralamasi
belirlenmistir. Uygulamada parametreler, 2 giris-1
¢ikis seklinde degerlendirildigi igin sonugta iki
farkli puan elde edilmistir. Havalimanina ait karar
yiiksekligi ve ucagin irtifasi birbirini etkileyen
parametreler olmasi sebebiyle de iki farkli sonucun
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ortalamasi almmistir [31]. Degerlendirilen tiim
parametrelerin esit degere sahip oldugu kabul
edilerek, puanlarin ortalamasi alinmig ve bulanik
kiimesine durulama uygulandiginda cikis, tek bir
sayisal deger olarak belirlenmistir.

Olusturulan kural tablosuna gore havalimanina

yaklagmakta olan en yiiksek puan degerine sahip
ucagin inis Onceligi olmaktadir. Havalimanlarina

karar-yiksekligi = 1e+04

ugma-adedi = 11

yaklagmakta olan ugaklarin inig siralamast, puanlari
ile dogru orantilidir.

Ucus sayisi-DH  girislerinin  kural tablosunda
degerlendirilmesi  sonucunda Kars Harakani
Havalimani i¢in elde dilen puan degeri 55.2 olup,
Sekil 9’da verilmistir. Bu havalimani i¢in ugagmn
hiz1 ve irtifast girigleri degerlendirilerek, 68 puan
degeri elde edilmistir ve Sekil 10°da gosterilmistir.

puan = 55.2

-
—
N
N
S

. |:
05 15
x10%

TR

g N g

9

0 100

Sekil 9. Kars Harakani Havalimani i¢in ugus sayisinin ve DH’nin kullanildig birinci ¢ikis puan tablosu

ucak-irtifa = 3.26e+04

1 -~ . \

[
[
[
6 |:
=
2
=

10 2
3

=x10*

ucak-sirat = 455

oo

Puan = 68

4] 100
Sekil 10. Kars Harakani Havalimani i¢in u¢agin hizinin ve irtifasinin kullanildigi ikinci ¢ikis puan tablosu

Sekil 11°de yer alan ucus sayisi- DH girislerinin
kural tablosunda degerlendirilmesi sonucu Agr1
Ahmed-i Hani Havalimani i¢in elde dilen puan
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degeri 47.2°dir. Ugagin hizi ve irtifasmna gore
yapilan 2. degerlendirmede ise 63.2 puan elde
edilmis olup, Sekil 12°de verilmistir.
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Igdir Sehit Biilent Aydin Havalimani i¢in ugug irtifast girdilerinin kural tablosunda
sayisi- DH girislerinden 30.9 puan degeri elde degerlendirilmesinin sonucunda ise 41.8 puan
edilmis olup, Sekil 13’de verilmistir. U¢agin hizi ve  degeri elde edilmis olup, Sekil 14°de gdsterilmistir.

karar-yiiksekligi = 9.05e+03 ucma-adedi= 5

— puan = 47.2
— | N | Py
2 | — | | | | |
s | — | | ] | |
a | | ZaN | A
5| | s | | |
6 | _ | | ] | |
s | | | | | |
o | ‘ | ~ ‘ | |
0.5 1.5 0 18
“10* > pu—
o 100
Sekil 11. Agri Ahmed-i Hani Havalimani i¢in ugus sayisinin ve DH’nin kullanildig: birinci ¢ikis puan
tablosu
ugak-irtifa = 3.3e+04 ucak-sirat = 451 Puan = 63.2
v ] L | N |
2 | ] | | | |
3| ] | | | |
" | —— | | | | |
5 | = | | | | s |
s | | | N | |
7| | | | | <]
e | | | | N
o | | L | | |
10 | | | | | <]
3 4 350 500 I
x10*
0 100
Sekil 12. Agr1i Ahmed-i Hani Havalimani i¢in u¢agin hizinin ve irtifasinin kullanildig: ikinci ¢ikis puan
tablosu

Kars, Agri ve Igdir’da bulunan havalimanlarina  Tiim parametreler, esit degere sahip oldugundan
yapilan ugus sayisi-karar yiiksekligi ve ugagin hizi-  puanlarin ortalamasi alinmis ve toplam ¢ikas, tek bir
irtifas1  parametreleri ayr1 ayr1  FIS® de  sayisal deger olarak elde edilmistir.
degerlendirilmis ve elde edilen sonuglar, toplu

olarak Cizelge 5’de verilmistir.
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karar-yiiksekligi = 1.4e+04

1 | \\\ |
2 | . |
a | . |
4 | P |
."\\_
s [~ 1]
6 | N |
. | — \I
= | i \I
4 | - \\\\I
0.5 1.5
=104

uc;ma-ad?di =10 puan = 30.9
L~ | | |
| | | |
| Z&N | |

e
N | | |
| | | |
| ~ ] | |
. | .
S | AN |
| | AN
18

0 100

Sekil 13. Igdir Sehit Biilent Aydin Havalimani i¢in ugus sayisinin ve DH’nin kullanildig birinci ¢ikis puan

tablosu

ugak-irtifa = 3.66e+04

%,
ra

1.; .."..J _.".’
N, *, ,
FFS N ) B ) S ) S B B )

%,
7
i

=10

ucak-sirat = 444

Puan = 41.8

[~ |

L

|
|
|
|
|
|
|
|
|
350

NUVINKILLY

|

|

| |

| |

| |
N |

| |

| |

| |

| |

| e, |

0 100

Sekil 14. Igdir Sehit Biilent Aydin Havalimani i¢in ugagin hizinin ve irtifasinin kullanildigi ikinci ¢ikis

puan tablosu

Cizelge 5. Havalimani puan tablosu

5. SONUCLAR

Hava tasimaciligindaki yogunlugun artmasina bagl
olarak hava trafik kontrolorlerinin de is yikil

artmaktadir. Hava trafik kontrolorlerinin ana

Kars Agn Igdir

Ucus sayisi-DH 55.2 47.2 30.9
irtifa-Hiz 68 63.2 41.8
Ortalama 61.6 55.2 36.35

gorevi, emniyetli ve diizenli bir ugus trafigi
saglamaktir. Uzak kule merkezi uygulamasi ile
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hava trafik kontroldrleri, es zamanli birden fazla
havalimaninin kontroliinii saglamakla sorumlu hale
gelmiglerdir. Uzak kule merkezinde
havalimanlarina yaklasmakta olan ugaklarin bir
karar destek sistemi yardimiyla inis siralamasi
olusturmasi halinde hava trafik kontrolorlerinin is
yiikiiniin azalmasi ve yanlig kararlarin alinmasimin
Oniine gecilmesi planlanmaktadir.

Bu caligmada bulanik mantik tabanli bir model
olusturulmustur. Girigler, DHMI, AIP ve flight
radar verilerinden yararlanilarak havalimani giinliik
ucus sayist, havalimani karar yiiksekligi (DH), ugak
hiz1 ve ugagin irtifas1 olarak belirlenerek iiyelik
fonksiyonlart olusturulmustur. Havaliman1 giinliik
ucus sayisi-DH parametreleri ile bir puan elde
edilirken; ucak hizi-irtifas1 parametreleri ile de ayr1
bir puan degeri elde edilmistir. Ugus sayisi-DH
parametrelerinden  olugan  birinci  uygulama
sonucunda Kars’taki havalimani 55.2, Agri’daki
47.2 ve Igdir’daki 30.9 puan almiglardir. Ucagin
hizi1 ve irtifas1 parametrelerinden olusan ikinci
uygulama sonucunda ise Kars Harakani Havalimani
68 puan, Agr1 Ahmed-i Hani Havalimani 63.2 puan
ve Igdir Sehit Biilent Aydin Havaliman1 41.8 puan
almiglardir. Ele alinan bu parametreler esit dncelige
sahip olup, ortalamalar1 hesaplanmisgtir ve Cizelge
5’te de goriuldiigii gibi Kars’daki, Agri’daki ve
Igdir’daki havalimanlar1 sirasiyla 61.6, 55.2 ve
36.35 puan elde etmisti. Bu sonuglar
dogrultusunda uzak kule merkezi tarafindan kontrol
edilen havalimanlarinda es zamanli bir yaklagma
olmast halinde inis 6ncelik siralamasi1 Kars, Agr1 ve
Igdir seklinde olacaktir.

Daha 6nce Almanya Hava Uzay Merkezi ve FAA
gibi kuruluslar uzak kule merkezi uygulamasi
hakkinda bir¢ok calisma yapmis olmasina ragmen
literatiirde uzaktan kontrol edilen havalimanlarina
inecek ucgaklarin inig siralamasina yonelik bir
calismaya rastlanmamigtir. Yapilan bu calisma
sayesinde hava trafik kontroldrleri iizerindeki stres
azaltilarak, hava tagimaciligi daha gilivenli ve
emniyetli bir hal alacaktir. Ote yandan modelde yer
alan giinliik ugus sayis1 ve DH parametreleri
literatiirde daha 6nce kullanilmamis olup, ilk kez bu
¢aligmada kullanilmustir.
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Ilerleyen caligmalarda havalimanlarindaki
meteorolojik degisimler, havalimanlaria
inig/kalkis yapan ucak tipleri de giris parametresi
olarak kabul edilerek, daha hassas c¢oOziimler
gerceklestirilebilir.
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Oz

Bu ¢alismada, ultrasonik sistemin 1lgin linyit komiiriiniin yag aglomerasyonu lizerine etkisi incelenmistir.
Ultrasonik cihazinin uygulanma gii¢ degerleri ve siiresinin kdmiir siispansiyonunun kiil i¢erigi ve yanabilir
verim degerleri lizerindeki etkisi belirlenmistir. Bu baglamda ultrasonik sistemin gii¢ degerinin artmasi kiil
degerleri lizerinde olumlu bir etki yaratirken, yanabilir verim degerlerini ise negatif yonde etkilemistir. Kiil
icerigindeki azalma ultrasonik cihazin kavitasyon etkisine baglanirken, yanabilir verimdeki azalma
ultrasonik cihazin komiir yiizeylerinde yarattig1 degisime baglanmistir. Ayrica, ultrasonik cihazin belirli
bir siirelerde uygulanmasi (1-3 dakika) kiil igerigini azaltmis, yanabilir verim degerlerini artirmistir. En iyi
sonuglar ultrasonik islemin 90 Watt gii¢ degerinde ve 3 dakika uygulanma siiresi ile elde edilmistir.
Optimum kosullar altinda, geleneksel deneylerde %55,59 verimlilikle %18,39 kiil igerigine sahip komiir
elde edilirken, ultrason 6n iglemiyle%10,02 kiil igerigine sahip komiir %64,59 verimlilikle elde edilmistir.
Bu sonuglar, ultrasonik 6n islemin ince taneli komiiriin zenginlestirilmesinde etkili bir yontem olabilecegini
gostermistir.

Anahtar Kelimeler: Linyit, Ultrasonik iglem, Yag aglomerasyonu
Improvement of Oil Agglomeration of Ilgin Lignite Coal by Ultrasonic Prosess

Abstract

In this study, the effect of the ultrasonic system on the oil agglomeration of lignite coal in the presence of
waste sunflower oil was investigated. The effect of the power values and application time of the ultrasonic
device on the ash content and combustible yield values of the coal suspension was determined. In this
context, increasing the power value of the ultrasonic system had a positive effect on the ash values while
negatively affecting the combustible yield values. The decrease in ash content was attributed to the
cavitation effect of the ultrasonic device, while the decrease in combustible yield was attributed to changes
in coal surfaces caused by the ultrasonic device, especially in terms of particle size. Additionally, applying
the ultrasonic device for specific durations (1-3 min.) reduced the ash content and increased the combustible
yield values. The best results were obtained with 90-Watt power value of ultrasonic process and 3 min.

*Sorumlu yazar (Corresponding Author): Kiraz ESMELI, kubragkelleci@gmail.com
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application time. Under optimal conditions, coal with an ash content of 18.39% was obtained with an
efficiency of 55.59% in conventional experiments, while coal with an ash content of 10,02% with
ultrasound pretreatment was obtained with an efficiency of 64.59%. These results showed that ultrasound
pretreatment was an effective method for the enrichment of fine particle coal.

Keywords: Lignite, Ultrasound process, Oil agglomeration

1. GIRIS

Artan enerji ihtiyacin1 karsilamak igin ¢ok uzun
stiredir kullanilan ve biiyiik rezervlere sahip olan
komiir diinyada 6nemli bir konuma sahiptir. Son
yillarda giderek artan enerji talebinin neden oldugu
cevre Kkirliligi insanlar igin bilylk bir tehdit
olusturmaktadir. Temiz bir ¢evre i¢in gerekli olan,
ince komiirleri geri kazanarak komiir bulamaglarini
azaltabilecek teknikleri benimseyerek komiir atigi
iiretimini en aza indirmek ve ayrica komiir
zenginlestirmesi yoluyla ugucu kiil {iretimini
azaltmaktir. Kopiik flotasyonu, flokiilasyon ve yag
aglomerasyonu gibi ayrilma teknikleri, ince komiir
zenginlestirilmesinde kullanilan yontemler
arasindadir [1]. Yag aglomerasyonu, uygun
secicilik saglamasi ve yiiksek kiil igerikli ayrilmasi
zor ince  kOmiirlerin  zenginlestirilmesinde
kullanilmast agisindan en etkili yontemlerden
biridir [2].

Minerallerdeki organik ve inorganik safsizliklart
ayirma yoOntemlerinden biri, yag aglomerasyonu
islemidir. Sistem, yag, ince boyutlu mineraller ve su
karigimindan olusur. Yag, hidrofobik o&zelliklere
sahip mineral partikiiller i¢in baglayici bir sivi
ortam olustururken, hidrofilik o6zelliklere sahip
mineraller i¢in de ayirict bir ortam olusturur.
Sistemde yag, mineral parcaciklar arasinda bir
koprii gorevi goriir. Karigtirma islemi bagladiginda
parcaciklar birbiriyle temas eder, minerallerin
organik kismi yaga yapisir ve inorganik mineral
maddeler siispansiyon ortaminda kalir [3-5].
Basarili aglomerasyon islemi, kullanilacak yagin
tiiriine ve miktarina, ayrica nem igerigine, partikiil
boyutuna ve komiiriin dogasina baghdir. Diisiik
kalorili komiirler diisiik hidrofobik 6zellige sahip
oldugundan kullanilacak yag se¢imi 6zel ve diizenli
bir c¢alisma gerektirir. Literatiirde komiir yag
aglomerasyonu i¢in en uygun kosullari belirlemeye
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yonelik bircok ¢alisma bulunmaktadir [6,7].
Bununla  birlikte, islem  verimliligi  ve
uygulanabilirlik agisindan, en uygun parametrelerin
ve kosullarin belirlenmesi gerekmektedir [8-10].
Mazot, gazyagi ve atik yag gibi ¢esitli yaglar komiir
yag aglomerasyonu islemlerinde kullanilmaktadir.
Yaglarin yiiksek maliyeti, yag aglomerasyon
stirecinin endiistride uygulanmasini
zorlastirmaktadir. Bu sorunun iistesinden gelmek
icin atik yaglar kullanilarak aglomerasyon siirecinin
iyilestirilmesine yonelik ¢alismalar yapilmustir.
Ayrica atik motor yagi kullanilarak yapilan sinirli
sayida ¢aligma bulunmaktadir [10-12].

Kavitasyon, ultrasonik ses dalgalarinin bir sivi
ortamda yarattig1 etkidir. Mikro kabarciklar, ses
dalgalarmin  nadir  dongiistinde  biiyiiyerek,
sikistirma dongiisiinde ise hizla ¢okerler. Bu ¢okme
sirasinda biiyiik bir enerji agiga ¢ikar ve kavitasyon
olarak adlandirilan lokalize bir enerji patlamasi
meydana gelir [13-16]. Ultrasonik  islem,
kavitasyon etkisi sayesinde uygulama alanina bagl
olarak malzemelerin temizligi, reaksiyon hizi ve
karisim homojenligi gibi faktorleri iyilestirir. Bu
nedenle, ultrasonik ses dalgalarmm kavitasyon
ozelligi, bu teknolojinin yaygm bir sekilde
kullanilmasini saglamstir. Ultrasonik prosesin, son
yillarda kémiir flotasyonu tizerindeki etkisi lizerine
yapilan ¢aligmalar, daha verimli ve etkili flotasyon
yontemlerinin gelistirilmesine katki saglamaktadir
[16-30]. Bu ¢alismalarin birgogu, ultrasonik islemin
nano kabarciklarin olusumu ve mineral-yiizey
etkilesimlerini  artirmasit  nedeniyle komiiriin
ylizdiirme performansini artirdigini gostermektedir
[27-33]. Ayrica, ultrasonik prosesin reaktiflerin
homojen dagilimmi  sagladigit  ve  partikiil
yiizeylerini temizleyerek reaktif tiikketimini azalttig1
da belirtilmektedir. Ancak, komiir aglomerasyonu
lizerine ultrasonik islemin etkisini arastiran
caligmalari hala sinirlidir ve daha fazla arastirmaya

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024



ihtiya¢ duyulmaktadir. Bu nedenle, bu ¢alismanin
amaci, ultrasonik islemin komiir aglomerasyonu
tizerindeki etkisini daha ayrintili bir sekilde
incelemektir.

2. MATERYAL VE YONTEM

Deneysel ¢aligmalarda Konya'nin Ilgin il¢esinden
tedarik edilen linyit numunesi kullanilmistir. Linyit
Oorneginin kuru bazda ozellikleri Tablo 1°de
verilmistir. Nem analizi, ASTM D 3173-03 2010
Standart Test Metoduna gore yapilmistir [34]. Kiil
analizi, ASTM D 3174-04 2010 Standart Test
Metoduna gore gergeklestirilmistir [35]. Kdmiiriin
kalorifik degeri tayini standartlara uygun olarak
Leco AC-350 marka cihaz  kullanilarak
belirlenmistir [36]. Komiir 6rneklerinin  sabit
karbon igerikleri ise; nem, kiil ve u¢ucu madde
icerikleri  toplamimm 100’den  ¢ikarilmasiyla
hesaplanmistir. Linyit numunesi ¢ubuk degirmen
kullanilarak &giitiilmiis numunenin partikiil boyut
analizi bir lazer kirmim o6lger cihazi (Malvern
Mastersizer 2000, UK) ile yapilmistir. Kpriilleme
stvisi olarak testlerde kullanilan atik Aygicek yagi
okul mutfagindan tedarik edildi ve atik yagin
yogunlugu 0,91 g/cm?® olarak bulundu. Literatiirde
atik Aycigek yaglarinin yogunlugunun 0,9-0,92
g/em?®, viskozitesinin ise 14,9-145,2 mm?/s arasinda
degistigi belirtilmektedir [37,38].

Kiraz ESMELI

Cizelge 1.. Linyit 6rneginin kuru bazda 6zellikleri

Kiil Nem Sabit Ka}oq

(%) (%) Karbon Degeri
(%) (kcal/kg)

26,02 22,5 16,6 3367,7

2.1. Aglomerasyon Deneyleri ve Ultrasonik

Destekli Aglomerasyon islemi

Aglomerasyon testleri, 4 adet bariyere sahip cam
silindirik bir beherde gerceklestirilmistir. Carpisma
olasiliginin artirtlmast igin beherin i¢ yiizeylerine
birbirine esit mesafede olacak sekilde 4 adet cam
bariyer yapigtirtlmistir. Deneysel calismalar 5 gr
kémiir 300 cm?® su kullanilarak gergeklestirilmistir.
Deneysel prosediir Sekil 1’de  sunulmustur.
Aglomereler elde edildikten sonra yanma verimi
Esitlik 1) kullanilarak hesaplanmustir.
Aglomerasyon deneyleri +%5 deneysel hata
degerleri iginde elde edilmistir.

Yanabilir Kémiir verimi (YV, %)
A (100 — Akdl) (1)

=100
*B(100 — Bkal)

Burada, A= Temiz kdmiir yilizdesi (%), Ak = temiz
komiir kiil icerigi, (%) B= besleme mali yilizdesi
(%), ve Bkl = besleme mal1 kiil igerigi (%)

~—  Kimiir
‘

1500 rpm 1 dakika
kanstirma

¢
< m 37 i
UU
\

Auk vag eklenmesi+ Kangtirms

Aglomeralarn siispansivondan
avrilmas: ve kurutulup, tartilmas

Sekil 1. Ultrasonik titresim cihazi Bandelin (Sonopuls HD 3206) ve deneysel akim semasi
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3. ARASTIRMA BULGULARI

Ogiitiilmiis numunenin partikiil boyut dagilimi
Sekil 2°de sunulmustur. Sekil 2°den goriilebilecegi
gibi, orijinal komiiriin %801 yaklagik 148 pum
boyutundan gegmektedir. Partikiil boyut dagilimi
ultrasonik iglemden etkilenmis ve dso degeri
yaklagik 120 pm olarak kaydedilmistir. Toraman
[39] tarafindan yapilan calismada da ultrasonik
islemin kalsit mineralinin partikiil boyutunu
kiiclilttigii ~ belirtilmistir. Bazi flotasyon
caligmalarinda ultrasonik isleminin kavitasyonun
etkisiyle komiir yiizeylerini degistirdigi, yiizey
degisikliginin partikiil-reaktif ve kabarcik-partikiil
etkilesimini arttirarak flotasyon verimliliginde
artisa neden oldugu kaydedilmistir [28,30,40].

100
90
80
70

60

50
—&—US yok

—8—Us

Kiimiilatif Elek Alt1, %

0 50 100 150
Partikiil Boyutu, jum
Sekil 2. Ogiitiilmiis numunenin tane boyut dagilim

200

Ultrasonik islemin linyit siispansiyonunun yag
aglomerasyonuna etkisi, Sekil 3’te farkli giic
degerlerine bagli olarak gdsterilmistir. Ultrasonik
islemin giic degerlerinin 30 watt degerinden 150
Watt giic degerine kadar artmasi kOmiir
sispansiyonunun kiil igerigini olumlu etkilerken
yanabilir verimde azalmaya neden olmustur.
Benzer bulgular Sahinoglu ve Uslu [41] tarafindan
yapilan ultrasonik 6n iglem kullanilan k&miir
siispansiyonunun yag aglomerasyonu ¢aligmasinda
da bulunmustur. Bu ¢alismada ultrasonik iglemin
yikksek gilic degerinde kullanilmasinin  kiil

110

uzaklagtirma oranini artirirken, yanabilir verimi
azaltigmi  belirtmislerdir.  Ayrica, ultrasonik
sistemin gii¢ seviyelerinin yanabilir komiir verimi
iizerindeki olumsuz etkisini kavitasyon sonucu
olusan kiicik boyutlu yag damlaciklarinin
aglomeralarin sinirli biiylimesine yol agmasina
baglamiglardir. Egmeli [12] tarafindan yapilan atik
motor yagi ile komiir aglomerasyon g¢alismasinda
da benzer bulgular kaydedilmis, yiiksek gii¢
degerinde ultrasonik 6n islem uygulanmasimin
komiir siispansiyonunun kiil icerigini azaltirken,
yanabilir verim de de azalmaya yol agtig1
kaydedilmistir. Yiiksek ultrasonik gili¢ degerinde
yanabilir verimdeki azalma, dagilma kuvvetlerinin
iyilestirilmesinin ~ bir sonucu olarak k&miir
parcaciklari ve yag damlaciklar1 arasindaki temasin
artmasina da bagli olabilir.

70

60

95 Kiil
S~
—
=]
% Yanabilir Komiir Verimi

0 30 60 90 120 150
Giig Degeri, Watt

—— %Kil US —&—% Yan. Kdm. Ver..US

Sekil 3. Ultrasonik islemin gii¢ degerlerine bagh
olarak linyit siispansiyonunun kiil icerigi
ve yanabilir verim degerleri (ultrasonik
islem siiresi: 3 dak.; atik yag orani: %20)

Ultrasonik islem uygulama siiresinin  komiir
siispansiyonunun yag aglomerasyonu iizerindeki
etkisi Sekil 4’de gosterilmistir. Ultrasonik sistemin
uygulanma siiresi arttikca kiil icerigi azalmistir. Ote
yandan, 3 dakika boyunca ultrasonik islem
uygulanmasi, yanabilir komiir veriminde artisa
neden olmustur. Ancak, uygulama siirelerinin 3
dakikadan 11 dakikaya uzamasi yanabilir verimi
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olumsuz yonde etkilemistir. Sahinoglu ve Uslu
[41], ultrasonik islem siiresinin diigiik gii¢
degerinde kiil uzaklagtirma orani iizerinde kayda
deger bir etkisinin olmadigini, fakat gii¢ degerinin
yiiksek seviyelere ¢ikmasiyla kiil uzaklagtirma
oranmi azalttigini  belirtmislerdir. Diger bir
calismasinda Sahinoglu ve Uslu [42], ultrasonik
sistemin olumsuz etkisini ultrasonik kavitasyon
sonucuyla olusan nano boyutlu yag damlaciklarmin
aglomeralarin simurli bilylimesine izin vermesine
baglamislar ve bunun da yanabilir verimde
azalmaya neden oldugunu ifade etmislerdir.
Literatiirde ultrasonik iglemin mineral flotasyonu
iizerindeki etkisini arastiran caligmalarda da
ultrasonik sistemin uygulanma gili¢ degeri ve
stiresinin flotasyon basarisin1 etkileyen onemli
parametreler oldugu not edilmistir [27,43,44].

70
60

50

% Kiil

1 3 5 7 9 11
Ultrasonik Uygulama Siiresi, dakika

—a— % Kiil. US —&—% Yan. Kém. Ver..US

Sekil 4. Ultrasonik sistemin farkli  muamele
stirelerine bagh olarak linyit
siispansiyonunun kiil igerigi ve yanabilir
verim degerleri (Ultrasonik gii¢ degeri: 90
Watt; atik yag orani: %20)

Atik yag oranina bagli olarak ultrasonik sistemin
farkli giic degerleri i¢in komiir slispansiyonunun
kil igerigi ve yanabilir verim degerleri iizerindeki
etkisi Sekil 5’te sunulmustur. Ultrasonik sistemin
kullanilmadig1 deneylerde %20 atik yag oranina
kadar kiil icerigi degerleri azalmus, atik yag oraninin
yiikselmesiyle kiil igerigi degerleri artmaya
baslamistir.  Ote yandan, ultrasonik islemin
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kullanildig1 deneylerde de kiil igerigi degerlerinin
benzer sekilde degistigi goriilmektedir. Ancak,
ultrasonik islemin kiil icerigi degerlerini olumlu
yonde etkiledigi gii¢ degerleri arttik¢a daha diisiik
kiil icerigi degerleri elde edildigi goriilmistiir.
Ultrasonik gii¢ degerlerinin artmasi, kdmiirden kiil
uzaklagtirma oranlarini arttirmaktadir. Sahinoglu ve
Uslu'nun [41] calismasinda, 9.5-72.8 Watt/cm?
arasindaki ultrasonik gii¢ degerlerinin kullanildig:
durumlarda, kiil uzaklastirma oranlarmin arttig1
belirtilmistir. Bu ¢aligmada ultrasonik iglem
uygulanan numunenin morfolojik analizi yapilmis
ve komiir ylizeyinde bulunan c¢atlak ve kiriklarin
ultrasonik muameleden sonra azaldigr komiir
yiizeyinden kil ve diger mineral maddelerin
uzaklastigi tespit edilmistir. Bu sebeple, ultrasonik
islemin  kavitasyon etkisiyle komiir yiizey
tizerindeki oksitlenmis tabakay:1 azalttigi ve daha
temiz komiir yiizeyleri ve bosluklar1 olusturdugu
disiniilmistir. Bu sonuglar, daha yiiksek
ultrasonik gii¢ degerlerinin daha etkili kiil
uzaklagtirma sagladigini gostermektedir. Flotasyon
caligmalarinda verimlilikteki artisin da komiir
ylizeyindeki oksitlenmis tabakanin azalmasi ve
daha temiz komir ylizeyleri ve bosluklarinin
olugmasiyla iliskilendirilmistir  [14,20,21,45].
Ayrica, ultrasonik kavitasyonun su ve yag
arasindaki arayiizey gerilimini azaltarak yag
damlaciklarint kiigiik ve kararli hale getirdigi ve
aglomerasyon siirecini iyilestirdigi diistiniilmiigtiir
[37,43,44]. Ote yandan, ultrasonik sistemin
kullanilmadig1 deneylerde, atik yag oranma bagl
olarak yanabilir komiir verim degerleri artarken,
ultrasonik  sistemin  kullanildigr  deneylerde,
ozellikle yiiksek giic degerlerinde yanabilir verim
degerleri azalmaktadir. Ambedkar ve arkadaslari
[48], Ozkan [45] ve Esmeli [47] calismalarinda,

komiirtiin ultrasonik islem sonucunda
parcalanmasiyla tane boyutunun azaldigi ve bu
durumun aglomerasyonun azalmasmna neden

oldugu belirtilmistir. Benzer sekilde, Kang ve
arkadaglar1 [49] tarafindan yapilan galismada da
ultrasonik  islemin kOmiiriin  i¢  yapisinda
degisikliklere neden oldugunu ve bu degisikliklerin
aglomerasyonu azalttigini kaydetmislerdir. Komiir
tane boyutunun aglomerasyonu etkileyen onemli
parametrelerden  oldugu  bir¢ok  ¢alismada
vurgulanmustir [45,50-53].
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Sekil 5. Atik yag oranina bagli olarak ultrasonik sistemin gii¢ degerlerinin a) % kiil iizerine etkisi ve b) %
yanabilir komiir verimine etkisi (Ultrasonik islem siiresi: 3 dak.)

Sekil 6’da atik yag oranina bagli olarak ultrasonik
islem siirelerinin kdmiir siispansiyonunun yag
aglomerasyonu iizerindeki etkisi incelenmektedir.
Sekil 6’da goriildiigii gibi, linyit siispansiyonunun
kiil icerigi 1 dakika ultrasonik iglem uygulandiginda
%20 atik yag oranina kadar kismen azalmis, yag
oraninin daha yiiksek seviyelere ¢ikmasiyla keskin
bir sekilde azalmistir. Ancak, diger siirelerde
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ultrasonik islem uygulandiginda kil icerigi % 20
yag oranina kadar azalmis ve daha sonra artmustir.
Bu durum, ultrasonik islemin komiir yiizeyindeki
giiclii kavitasyon etkisi nedeniyle olabilir. Yanabilir
komiir verimi ise 1 ve 3 dakika ultrasonik iglem
stireleri uygulandiginda, %20 yag oranina kadar
artmis ve daha sonra yag oraninin yiiksek seviyelere
cikmasiyla azalmaya baglamistir. Ancak, komiir
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siispansiyonunun ultrasonik isleme daha uzun
maruz kalmasi yanabilir komiir verimini olumsuz
yonde etkilemistir. Xu ve arkadaslar1 [29]
tarafindan yapilan bir ¢aligmada, ultrasona maruz

Kiraz ESMELI

kalma siiresine bagli olarak oksitlenmis komiir
yiizeyinin daha piiriizsiiz hale geldigi, ancak maruz
kalma siiresinin daha fazla artmasiyla ylizey
pliriizliligiiniin arttig1 belirtilmistir. [45,50-53].
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Sekil 6. Yag oranina bagli olarak komiir slispansiyonunun ultrasonik isleme maruz kalma siiresinin a) %
kiil lizerine etkisi ve b) % yanabilir komiir verimine etkisi (Ultrasonik sistem gii¢ degeri: 90 watt)

Aglomerasyon siiresinin komiiriin kiil igerigi ve
yanabilir komiir verimine etkisi Sekil 7’de
incelenmis ve daha uzun aglomerasyon siirelerinde
yanabilir komiir veriminin azaldigi goriilmiistiir.
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Ultrasonik islemin kullanildigr deneylerde de
benzer sonuglar elde edilmistir, ancak ultrasonik
islemin kiil icerigi degerlerini klasik deneylere gore
daha fazla azaltirken, yanabilir komiir verim
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degerlerini de azalttigi kaydedilmistir. Sonug
olarak, kiil igerigi ve yanabilir kdmiir verimi i¢in
optimal degerler 3 dakika aglomerasyon siiresi ile
elde edilmistir.
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Sekil 7. Farkli aglomerasyon siirelerinin linyit
stispansiyonunun kiil igerigi ve yanabilir
komiir verim degerleri iizerindeki etkisi
(Atik yag orani: %20; Ultrasonik giig
degeri: 90 Watt; Ultrasonik islem siiresi : 3
dak.)

Sekil 8, karigtirma hizina bagl olarak ultrasonik
islem kullaniminin kémiiriin yag aglomerasyonu
iizerindeki etkisinin sonuglarim1 agiklamaktadir.
Ultrasonik islem kullanilmadan yapilan deneylerde,
750 Dev/dk karistirma hizina kadar kiil igerigi
degerleri azalirken ayni zamanda yanabilir verim
degerleri de artmistir. Ancak 750-1500 Dev/dk
arasindaki daha yiiksek karistirma hizlari, kdmiir-
yag aglomerelerinin par¢alanmasi ve yanabilir
komiir veriminin azalmasiyla sonuglanmistir.
Literatiirde karistrma hizinin  kémiir  -yag
aglomerasyonuna etkisini ortaya koyan bir¢ok
¢alismada da benzer bulgular bulunmustur [54,55].
Ultrasonik iglem uygulanan deneylerde ise, kiil
icerigi ve yanabilir komiir verim degerleri benzer
sekilde degismekle birlikte klasik deneylere kiyasla
daha disiik kil igerigi ve daha diisik verim
degerleri elde edilmistir.

114

[
E-
1

\

(R
[N}
]
-
.l‘
L]

]

L]

]

]

]

]

! n
HH
i

'

1 7
1]

i

]
I
]
L

@
o

0 500 1000 1500
Kangtirma Hizi, Dev/dk

—8— %Kill. US yok —dr— %5 Kill, US

==0==9% Yan. Kém. Ver..USyok =-4A=-% Yan.Kém. Ver..US

Sekil 8. Farkli karigtirma hizlarma bagli olarak
linyit siispansiyonunun kiil igerigi ve
yanabilir verim degerleri (Atik yag orani:
% 20; Ultrasonik gii¢ degeri: 90 Watt;
Ultrasonik  islem  siiresi: 3  dak;
Aglomerasyon Siiresi: 3 dak.)

4. SONUCLAR

Ultrasonik islemin gii¢ degerleri ve uygulama
stireleri 1lgin linyit komiiriiniin yag aglomerasyonu
lizerinde farkli etkiler yaratmistir. Ultrasonik iglem
uygulanan deneylerde, yiiksek gii¢ degerleri ile
diisiik kil igerigi elde edilirken diisiik yanabilir
verim degerleri de elde edilmistir. Ayrica, komiir
siispansiyonunun ultrasonik isleme maruz kalma
stiresi de kiil icerigi ve yanabilir verimde farkli
sonuclar ortaya c¢ikarmistir. En iyi sonuglar 3
dakikalik islem siiresinde elde edilmistir, ancak
stirenin uzamastyla kil icerigi artmaya yanabilir
verim de azalmaya baslamistir. Diisiik yag oranlar1
komiir ince pargaciklarinin aglomerayonu igin
yetersiz kalirken, yiiksek yag oranlar1 aglomeralarin
kiiresel seklinin bozulmasina neden olmus ve
yanabilir kdmiir verimini azaltmistir. Bu nedenle,
calisilan deneysel kosullarda % 20 atik yag oraninin
uygun oldugu belirlenmistir. Ayrica, karistirma hizi
olarak 750 devir/dakika, aglomerasyon i¢in yeterli
olmustur, ancak daha yiiksek karigtirma hizlar
siireci olumsuz etkilemistir. Sonu¢ olarak, atik
Aygicek yagr varliginda ultrasonik muamele ile
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26.02% kil igerigine sahip komiiriin kiil igerigi
ultrasonik islem uygulanmasi ile 10.01 % degerine
disirilmistir. Elde edilen nihai iiriintin kalorifik
degeri ise 4921 kcal/kg olarak bulunmustur.
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Abstract

In this numerical study, riblets on the airfoil were utilized to enhance the aerodynamic performance of
NACAO0018 airfoil. Riblets of identical height and base length are strategically placed on the suction surface
of the airfoil with varying spacing ratios along the flow direction (x) and chord length (c), specifically
x/c = 0.3 and 0.7. Four distinct riblet airfoil models are subjected to computational fluid dynamics (CFD)
analysis within an angle of attack range from 0° to 21° at a Reynolds number of Re=1x10°. The obtained
results are systematically compared with the performance of the plain airfoil. Numerical analyses reveal
the significant influence of the spacing ratio on flow control and the overall aerodynamic performance of
the airfoil, establishing a direct relationship with riblet spacing. The presence of riblet structures is observed
to increase the lift coefficient, concurrently delaying the stall angle up to 19°. Notably, the ribbed structures
effectively mitigate the interaction between the laminar separation bubble and trailing edge separation,
leading to a reduction in turbulent kinetic energy values.

Keywords: Riblet, Computational fluid dynamics, Flow control, Aerodynamic performance of airfoil
Yivlerin NACA 0018 Kanat Profilinin Aerodinamik Performansi Uzerine Etkisi
Oz

Bu sayisal caligmada NACA 0018 kanat profilinin aerodinamik performansin arttirmak igin yivli yapilar
kullanilmustir. Ayni yiikseklige ve taban uzunluguna sahip olan yivler, akis yonii dogrultusunun (x) veter
uzunluguna (c) orani, x/c = 0,3 ve 0,7 arasi boyunca kanat emme yiizeyine farkli bosluk oranlari ile
yerlestirilmislerdir. Dort farkli yivli kanat modeli hiicum agisinin 0° ile 21° arasinda ve Reynolds sayisinin
Re=1x10° degerinde hesaplamali akiskanlar dinamigi (HAD) ile analiz edilmistir. Yivli yapilarm etkisini
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gostermek icin elde edilen sonuglar yalin kanat modeli ile kiyaslamali olarak sunulmustur. Sayisal
coziimlemelerden elde edilen veriler yiv bosluk oraninin akis kontrolii {izerinde etkili oldugunu ve kanat
aerodinamik performansinin yiv bosluk orani iliskili oldugunu ortaya koymustur. Yivli kanat modelinin
tagima katsayisini artirdigini ve tutunma kaybi acisint 19°’e kadar 6teledigi gozlemlenmistir. Ayrica yivli
yapilarin laminer ayrilma kabarciginin ve firar kenari yarilmasi etkilesimini bastirdigini boylelikle
tirbiilans kinetik enerji degerlerini azalttig1 gdzlemlenmistir.

Anahtar Kelimeler: Yivli yiizey, Hesaplamali akiskanlar dinamigi, Akis kontrolii, Kanat aerodinamik

performans

1. INTRODUCTION

The interest in studies on the aerodynamic
performance of airfoils has increased due to the
increasing use of unmanned aerial vehicles (UAVs)
and micro aerial vehicles (MAVs) in both military
and civilian areas.

Since flow around the airfoils directly affects
aerodynamic performance, it is significant to
examine flow structures. Flow types around airfoils
can be classified depending on the Reynolds (Re)
number. If the flow has a Reynolds number less than
5x10%, it is referred to as low Reynolds number
flow. Low Reynolds number flow conditions are
common in engineering applications (such as
micro-drones and small-scale wind turbines) and in
nature (such as birds and insects). The most basic
characteristic of low Reynolds number flows is that
the laminar boundary layer, which separates from
the airfoil due to strong pressure gradients caused
by viscous effects, transition laminar to turbulence
and reattach to the surface again, forming a laminar
separation bubble. The laminar separation bubble
causes structural damage through negative effects,
such as decrease in lift and increase in drag, as well
as mechanical vibration. To control these effects,
control of the flow structure around the airfoil has
become one of the priority topics for researchers.

One of the mechanisms used to reduce the drag
force is to add a roughness element to the airfoil.
These surfaces create small vortices, causing the
momentum of the flow to increase. Flow separation
may be delayed due to an increase in momentum.
By making geometrical changes on the surfaces of
different airfoils, a general increase in aerodynamic
performance has been achieved by delaying the
stall. Huber et. al. [1] experimentally investigated
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the effect of roughness on the Wortmann
FX-63-137 airfoil using wires of different diameter
sizes, at angle of attack (o) -16° to 24° and Reynolds
number, Re=1x10°. According to their findings,
they revealed that knowing the boundary layer
thickness should be the first step for a critical
roughness height, and that the change in wire
diameter does not increase the aerodynamic
performance of the wing in direct proportion. After
a certain diameter, this positive effect may reverse
due to increase in diameter. They also showed that
the stall was prevented depending on the placement
of the wire on the wing. Gopalarathnam et. al. [2]
conducted both experimental and numerical studies
for three different airfoils, SA7024, SA7025, and
SA7026. The use of the ramp configuration with the
help of trips in different positions on the airfoil’s
boundary layer was examined in the Reynolds
number range of 1x103 < Re <3x10°. Even though
their findings effectively reduce the drag and
increase the lift force, they stated that the need for
further studies is required for low Reynolds number
airfoils. In the study conducted by Sareen et. al. [3],
they aimed to reduce the drag force for different
flow regimes and thus, control the flow structure
with four different V-shaped riblet structures on the
DU 96-W-180 airfoil used for wind turbines.
Among the riblet height configurations of 44, 62,
100 and 150 pm used, it was observed that the drag
coefficient decreased for the riblet with a height of
62 pum. In addition to wing profiles, the effect of
riblets were investigated on different basic
geometries, including cavities, cylinders, and
others. Lee et. al. [4] performed an experimental
study by coating a circular cylinder with a
completely riblet film. The height of the V-shaped
micro-sized riblets was chosen as 180 um and the
gap between them was 300 pm, and they were
placed along the entire surface of the cylinder and
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analyzed for different Re numbers. The findings
showed that although the drag coefficient decreased
by 7.6% at Re=3.6x10°, it was increased by
approximately 4.2% at Re=3.6x10*. Vilkinis et. al.
[5] experimentally examined the effect of triangular
riblets added into cavity. They found that as a result
of decreasing the distance between the riblets
placed inside the cavities, the pressure loss
increased, and as the size inside the cavity
decreased, the interaction between the main flow
and the flow in the subcavities decreased, resulting
in a decrease in pressure losses. Moreover, we have
observed that the use of riblet surface is an effective
flow control method for different wing profiles, as
it is also effective on wing aerodynamics. Zhang et.
al. [6] applied the large eddy simulation to reveal
the effect of V-type isosceles-shaped riblets placed
on the Eppler E374 airfoil for a constant angle of
attack (o). The riblets on the airfoil were placed
along the chord length (¢) ratio between x/c=0.3 and
x/c=0.99, and also the effects of adding a trip on the
wing at x/c=0.13 were investigated on the
aerodynamic performance of the airfoil. The
findings showed that the used methods were
effective in increasing the lift coefficient,
decreasing the drag coefficient, and reducing the
effectiveness of Reynolds stress values and vortex
structures. However, one of the important
parameters affecting vortex shedding in different
geometric structures is the angle of attack [7].

NACA airfoils have been the research subject of
many studies due to their widespread use in practice
[8-13]. Lee et. al. [14] experimentally examined the
effect of the micro-riblet film placed on the suction
side of the NACAO0012 airfoil. In comparison to the
base airfoil, the use of V-shaped riblet grooves
resulted in a 6.6% reduction in drag force for the
value of Re=1.54x10%, whereas it increased by
9.8% at Re=4.62x10* Wu et. al. [15] numerically
examined the riblet effect on the NACAO0012 airfoil
in low Re number flow regimes. The riblets are
placed on the airfoil in two different configurations:
the middle part, where the chord (c) length ratio
ranges from x/c=0.3 to x/c=0.7, and the trailing
edge section, designated with ratios ranging from
x/c=0.5 to 0.9. It was observed that the drag
coefficient was reduced by 9.65% for the most
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effective riblet height of 0.1 mm. Tiainen et. al. [16]
experimentally studied the NACA0024 airfoil by
creating 30° angle trapezoidal riblet structures with
height (h) and spacing (s) of h=0.149 mm and
s=0.298 mm, in the Reynolds number range of
8.3x10%*<Re <2.48x10°. The riblets used in the
experiments were placed on the airfoil at the
position of the chord length ratio between x/c=0.65
and x/c=0.9, and their quantitative effects on the
flow were demonstrated using the Particle Image
Velocimetry (PIV) method. According to the
findings of the study, a decrease of up to 6.8% in
drag force and a decrease of up to 80% in Reynolds
stress values were determined. They also revealed
that the airfoil with riblets could increase the power
coefficient of a horizontal axis wind turbine by
10.9%. Yang et. al. [17] numerically investigated
V-type riblet structures on the NACA4412 airfoil
for different angles of attack and different riblet
lengths in the low Re number flow regime. They
determined that the most effective riblet length was
0.8c, and in this case, there was a 17.46% increase
in lift force and a 15.04% decrease in drag force. In
addition to employing riblets, various studies in the
literature explore the application flaps added to the
trailing edge of the airfoil for flow control. For
instance, Meena et. al. [18] examined the effects on
wing aerodynamics by adding Gurney flap on four
different airfoils, namely NACAO0000 (flat plate),
0006, 0012, and 0018, for low Reynolds number
flow regime. In the numerical study conducted for
varying angles of attack of the airfoil and different
heights of the Gurney flap added to the trailing
edge, an almost twofold increase in the lift-to-drag
ratio was observed. They determined that the
maximum lift-drag ratio was obtained at the Gurney
flap height (h) value of h/x = 0.1 for all airfoil
profiles. Gov et. al. [19] proposed a flexible airfoil
that can be changed during flight instead of making
additions to the airfoil. Numerical analyzes
conducted within the range of Re=5x10* and for
angles of attack 0°<0<23° indicated that the
utilization of modified airfoil shapes in the
NACA4412, yielded effective aerodynamic results
especially during takeoff and climb phases,
delaying stall occurrence at increased angles of
attack. The studies mentioned so far have been
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carried out by using fixed additions on the airfoil to
control the flow structure on the airfoil.
Additionally, studies have been conducted on
delaying the stall angle in NACA airfoils using
different methods such as using flexible[10,20] or
flapping [21].

Despite the application of various active or passive
control methods, there is a need to investigate and
diversify alternative control methods that can be
applied across different angles of attack and flow
velocities on airfoils. In this study, our aim is to
increase the lift coefficient by introducing a rough
structure created by placing different riblet
structures on the NACAO0018 airfoil, and to delay
stall for high angles of attack by shifting the
boundary layer separation point. Within the scope
of this numerical study, the flow structures and
aerodynamic coefficients around 4 different
controlled airfoils (M1, M2, M3 and M4) are
investigated and the results obtained are presented
in comparison with the plain airfoil (MO0). The
position of the riblets on the airfoil is tested at
different angles of attack (0° <a< 21°) by varying
the ratio of the flow axis (x) and chord length (c)
between x/c=0.3 and 0.7. The obtained results
showed that the use of riblet structures on the airfoil
is an effective method on flow control and it
positively affects the aerodynamic performance of
the airfoil by increasing the lift-drag ratio and stall
angle.

2. MATERIALS AND METHODS

In this section, the numerical simulation domain,
the geometry of the airfoil, mesh information, riblet
shapes, locations and dimensions are explained in
detail with the help of the presented figures. In this
study, two-dimensional numerical analyzes were
carried out at a value of 1x10° of Reynolds number
(Re = p Uy ¢ / p) using the ANSYS Fluent,
computational fluid dynamics (CFD) program. In
the dimensionless Reynolds number formula, p is
the density of the fluid, U, is the free flow velocity,
c is the airfoil chord length and p is the dynamic
viscosity of the fluid.
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The aerodynamic performances of the airfoils were
examined with the lift coefficient (CL) (Equation 1),
drag coefficient (Cp) (Equation 2) and pressure
coefficients (Cp) (Equation 3) obtained for different
angles of attack.

C fi

L=T (1
— 2
2onoA

Fp

CD =
1 2
EpUOOA

c P—P,

P= 3
%pumz (3)

In the formulas given above, Fy is the lift force, Fp
is the drag force, P is the static pressure at the point
measured on the airfoil, P, is the static pressure of
the free stream, p is the fluid density, V. is the free
flow speed and A is the airfoil reference area.

2.1. Model and Mesh Structure

Within the scope of the study, in order to reveal the
effect of riblet, numerical analyzes were first carried
out for the NACA 0018 airfoil that does not have a
control element. The chord length (c) of the airfoil
was chosen as 200 mm. The flow field is shown in
Figure 1 and the coordinate system is placed on the
trailing edge of the airfoil. To prevent possible
deterioration of the structure around the airfoil due
to wall effects, the flow field was extended by 12.5¢
on the y-axis and 25c¢ on the x-axis. In particular, a
C-type mesh structure was employed to enhance the
resolution of the boundary layer on the airfoil. The
mesh structure was created in the ICEM CFD
program. The mesh structure around the NACA
0018 airfoil is shown in Figure 2. A total of 500,000
mesh cells were created, and the upper and lower
surfaces of the airfoil were divided into sections
with 350 and 310 nodal points, respectively. Mesh
quality is given in Table 1.
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Figure 1. Schematic view of flow domain
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Figure 2. Mesh Structure around airfoil

As seen in Figure 1, the mesh structure has been  was designed with a y+ value less than 1, as
developed to achieve a more precise solution at the  depicted in Figure 3, and the first layer thickness on
boundary layer, with increased density as it the airfoil was determined to be 2.6x107 m.
approaches the airfoil surface. The mesh structure
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Table 1. Mesh quality values

Minimum Maximum Average g;i?;?(r)i Fluent user manuel
Skewgess 1.3%10-10 013 0.024 0.0390 Max. Skewness<0.25,
quality Excellent
0.7<Min. Orthogonal
Orthogonal 0.83 1 0.997 0.00555 Quality<0.95, Very
quality Good

We aimed to increase the aerodynamic performance
of the NACA 0018 airfoil by using the riblet control
element. The riblet parameters are shown in Figure
2 in detail. Figure 4 shows the riblet height (h),
riblet base length (w), and the gap (s) between two
riblet base corners. A study was conducted by Wu
et. al. [15] on the NACA 0012 airfoil to reduce drag
by means of triangular riblets placed on the suction
surface. In their study, cavity surfaces were created
on the airfoil, cavity dimensions were determined as
h = s = w, and four different values of the gap
parameter were examined numerically. Unlike the
previous study, in this investigation, the riblets were
strategically positioned to induce surface roughness
on the suction side of the airfoil. The riblet
parameters were chosen as height, position, number
of riblets and distance between two riblets. Four
different airfoil models were created depending on
these parameters, and the dimensionless values of

Free Stream a | o
-

Figure 2. Representation of riblets on the airfoil
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the parameters according to the chord length of the
airfoil are given in Table 2.
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The airfoil models employed in the study are
denoted as MO0, M1, M2, M3, and M4. The MO
model represents the plain NACA 0018 airfoil and
serves as a reference to elucidate the impact of the
riblet. In all models, the riblets are placed on the
suction surface of the airfoil and at the 0.3<x/c< 0.7
position of the airfoil as illustrated in Figure 4 and
have the same height (h) and width (w). From the
M1 model to the M4 model, the size of riblet region
on the airfoil was increased by gradually reducing
the gap between the riblet. The riblet gap ratios for
M1, M2, M3 and M4 models are s/c=0.1, 0.01,
0.005 and 0, respectively. For the M4 model, the
riblet gap ratio s/c=0 means that the airfoil is
completely covered with riblets with a range of
0.3<x/<0.7 and there is no gap between the riblets.

Emre GULER, Engin PINAR, Tahir DURHASAN

Table 1.Information of riblet models: location
(x/c), height (h/c), width (w/c), and gap
ratio (s/c)

x/c h/c w/c s/c
MO - - - -
Ml 0.3<x/c<0.7 0.005 0.005 0.1
M2 0.3<x/¢<0.7 0.005 0.005 0.01
M3 0.3<x/c<0.7 0.005 0.005 0.005
M4 0.3<x/c<0.7 0.005 0.005 0

Numerical analyzes for all models were carried out
at Reynolds number Re=1x10° and angle of attack
range from a=0° to o=21°. The detailed mesh
structures of both the controlled NACA 0018 airfoil
with riblets are provided in Figure 5. The total
number of cells is approximately 500,000. Similar
to the y* value specified in the plain model; the
design criterion for all controlled airfoils is y*<I.

Figure 3. Mesh structure around riblet airfoil

The continuity (Equation 4), momentum (Equation
5) and energy (Equation 6) equations were analyzed
with the ANSYS Fluent. In the equations, p
represents static pressure, 7 is the stress tensor, and
pg~ is the gravitational force. In the energy
equation, kess denotes the effective conductivity

dp ,
E-I_V (pp) =0

d _ S
a(pﬁ)+v-(pﬁﬁ)=—Vp+V-(‘f)+p§+F
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and f] denotes the diffusion resultant. The right-
hand side of Equation 6 represents energy transfer
due to conduction, diffusion, and viscous
dissipation, respectively. Additionally, S, consists
of chemical reaction heat and other volumetric heat
sources.
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d S > S
a(pE) + V- (B(E +p) = V| kepfVT —Z hiJi+ (Tepr¥) | +Sh 6)
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Numerical analyzes were carried out with a two-
dimensional, density-based, implicit formulation
and k-ki-o turbulence transition model. The
transition model introduced by Walters et. al. [22]
is used to predict boundary layer development and
calculate the onset of transition. This model is
useful for modeling the transition of the boundary
layer from the laminar regime to the turbulent
regime, and studies in the literature clearly

Diey 9
7=PkT+RBP+RNAT_COkT_DT+a_xj (U‘l‘
Dk, 9 [ ok,
EszL+RBP+RNAT_DL+a_xJ- Ua_xj

Dw w

C R w
= Py + (L - 1)k_T (Rgp + Ryar) = Coo0* + Co3fuarfiy

Dt “ky fw
All analyzes were performed based on steady-state
solutions, using the coupled-implicit algorithm
scheme with a density-based solver. The least
square cell-based method was used for the gradient
and the second order discretization method was
applied for all other parameters in the spatial
discretization. The airfoil surface was accepted as
the non-slip wall condition and the flow field was
solved with the pressure far field condition for a
hydraulic diameter of 0.196 m with 5% turbulence
intensity. The outputs of the parameters were
adjusted according to 10" absolute convergence
criterion.

To validate the accuracy of the numerical solution
model employed in this study, we carried out the
study conducted by Yang et. al. [17] on the NACA
4412 with riblets for Re=1x10° and angles of attack
(a) of 6° and 8°. The Cp values obtained from
numerical solutions are presented comparatively in
Table 2. The findings obtained revealed the
accuracy of the solution models with small margins
of error.
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demonstrate the effectiveness of the model [23-27].

The k-kL-o transition model consists of a three-
equation of eddy-viscosity type (Equations 7, 8, 9).
In this model, kT refers to turbulent kinetic energy,
kL refers to laminar kinetic energy, and o refers to
the specific dissipation rate. All details about
transport equations and constants can be found in
the study of [22].
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Table 2.Comparison of lift coefficient for
validation of numerical studies

Angle of | Yanget. Our Error
attack al. (2021) results
6° 0.91 0.90 -%1.1
8e 1.09 1.095 +%0.45

3. RESULTS AND DISCUSSIONS

In Figure 4, the lift (Cr) and the lift-drag ratios
(C/Cp) are given for angles of attack of 0=0°, 4°,
8°,10°, 13°, 15°, 17°, 19° and 21°, respectively. It
is evident from this figure that the impact of the
control element is negligible up to the angle of
attack of 0=13°. For cases M1 and M4, the results
are approximately similar as those obtained from
the MO model (airfoil with no control element)
while the M2 and M3 models have a negative lift
coefficient at a=0° due to the higher pressure on the
upper (suction) surface of the airfoil. Upon
examination of the results obtained from the M1,
M2, M3 and M4 models at angle of attack of a=4°,
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it was observed that they showed lower lifting
performance in comparison with the MO model. In
addition, the M2 model has the lowest lift
coefficient value compared to the MO model for the
same angle of attack and about 90% decrease in
aerodynamic performance is observed. The results
obtained from all models exhibit a similar trend at
the angles of attack of 0=8° and a=10°, the lift
coefficient value of the MO model at o=13° is
slightly lower than other models where the control
element is used. The lift coefficient value of the M3
and M4 models increased by 9% compared to the
MO model at 0=13°. It is clearly seen in Figure 4(a)
that 0=13° is the stall angle of MO model. On the
other hand, it can be inferred that on airfoils where
the control element is used, the stall angle is
delayed. The stall angle is determined as a=15° for
the M1 model, while for the M2 and M3 models, it
is determined as 0=17°. The fact remains that the

1,6

1,2

0,0
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-04

0° 4° 8% 12° 16° 20°
o
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stall angle for the M4 model has shifted to an angle
of attack of a=19°. For the M4 model, the stall angle
is delayed by 6°, and an improvement of nearly 34%
in the lift coefficient is determined at the angle of
attack of a = 13° compared to the plain airfoil
profile.

The ratio of lift-drag coefficients of the models
using the control element shown in Figure 4 (b) are
lower than the MO model for a<10°. It is determined
that the lift-drag ratio of the M2 model is reduced
by 95%. While the lift-drag ratio has approximately
the same value for angles of attack of 0=8° and 10°
in all models using a control element, an increase in
performance after 0=13° is observed by delaying
the stall in the models other than MO. For the M4
model, the maximum lift-to-drag ratio is achieved
at 0=15°, exhibiting a remarkable increase of 272%
compared to the MO model.
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Figure 4. a) Variation of lift coefficient with the angles of attack, b) Variation of lift to drag ratios with the

angles of attack

The streamline topologies are presented in Figure 7
for o= 0°, 4°, 8°, and in Figure 6 for a= 13°, 17°,
21° to examine the flow structure around the
models. For the MO model, it is observed that the
trailing edge separation, indicated by the symbol F2

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

in Figure 7, occurs when the angle of attack is o=
0°. It is observed that at a= 4°, in addition to the
separation of the trailing edge, a laminar separation
bubble (denoted by the symbol F1 in the figure) is
formed and with increasing angles of attack, the
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laminar separation bubble moved forward to the
leading edge. It is discerned that at o = 13°, the
separation of the trailing edge moves towards the
leading edge, creating a much wider circulating
flow region on the airfoil suction surface. At post-
stall angles of attack (0=17° and a=21°), the trailing
edge separation shifts towards the leading edge,
coupled with the presence of a laminar separation
bubble, leading to the formation of a continuous
circulating flow region (indicated by the symbol F3
in the figure) that spans the airfoil suction surface.
It is observed that airfoil models using riblet
structures as control elements negatively affect the
flow structure at low angles of attack. The
fluctuations in the flow structure at the trailing edge
are notable at angles of attack 0=0° and a=4°,
particularly for the M1 and M2 models with a
higher gap ratio between riblet structures.
Conversely, a more distinct circulating flow region
is observed for the M3 and M4 models, where the
gap ratio between riblet structures is lower,
compared to the clean model. These alterations in
the flow structures around the riblet models
elucidate the reasons behind the lower lift
coefficients compared to the clean model. At an
increased angle of attack (0=8°), a laminar
separation bubble (F1) forms near the leading edge
in all models, terminating at x/c=0.3. Moreover, it
is noted that the bubble length in the M2 and M4
models is smaller than in the other models. At angle
of attack of a=13°, the advancement of trailing edge
separation towards the leading edge is stopped by
the help of riblets, occurring approximately at the
chord length ratio x/c=0.7. Consequently, in
contrast to the MO model, an increase in lift
coefficient is observed, preventing stall. At o=17°,
laminar separation and trailing edge separation
coalesce to form a broad circulation region post-
stall for the M1 model. In the M2, M3, and M4
models, while the circulating flow region resulting
from trailing edge separation expands, its merging
with the laminar separation bubble is prevented.
This unequivocally demonstrates the efficacy of the
riblet gap ratio as a parameter influencing both
aecrodynamic forces and flow structure. The
streamlines obtained for all models at an angle of
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attack a=21° delineate the flow structure after stall.
While a unified region is formed for MO and M1
models by the circulation region, transitioning from
the M2 model to the M4 model reveals an attempt
by the laminar separation bubble and trailing edge
separations to maintain distinct structures within the
formed circulating flow region on the airfoil suction
surface. Consequently, a more flattened circulating
flow region is observed, particularly in the riblet
structures region of the M4 model. This observation
aligns with force coefficient analysis, as depicted in
Figure 6, where the M4 model exhibits the highest
Cy. values.
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Figure 5. Streamline topologies for different

airfoil at angles of attack of a=0°, 4° and
80

In Figure 9 and 10, velocity contours in the flow
direction around different models are presented for
various angles of attack (o = 0°, 4°, 8° in Figure 9,
and o = 13°, 17°, 21° in Figure 10). The legend
below the velocity contours indicates that red
regions signify acceleration resulting from an
increase in the angle of attack, while blue regions
represent flow separations and bubble formation.
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Figure 6. Streamline tdpologies for different
airfoil at angles of attack of a= 13°, 17°
and 21°

The contours are drawn with a constant increase in
u/Us, from low (blue color) to high velocity (red
color), maintained at 0.2. As evident from the
figure, the velocity increases at the leading edge of
the suction surface from 0=0° to a=13° before stall
angles. Beyond the stall angles, the velocities on the
airfoil suction surface decrease with increasing
angle of attack. For the MO airfoil model without a
control element, the density of the negative velocity
region on the airfoil suction surface significantly
increases at o = 17° and 21° due to stall, leading to
the circulating flow region mentioned in Figure 6.
Additionally, owing to the greater negative velocity
values on the airfoil suction surface at high angles,
a decrease in pressure difference between the upper
and lower regions of the airfoil is observed. In other
words, a substantial stall is noted after o=13°. It is
observed that the stall angle is effectively increased
for all controlled models except the MO model.
Despite an increase in the angle of attack, especially
as the distance between the riblets on the airfoil
decreases, the negative velocity region on the airfoil
is suppressed. The lifting force of the airfoil
partially increases up to a=17° for the M1 model
and up to 0=21° for the M2 and M3 models.
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In Figure 11, the variation of the pressure
coefficient (Cp) along the chord length is depicted
for all models at different angles of attack. The
negative values of the pressure coefficient are
employed by multiplying the results by -1 to create
these graphs. Consequently, positive values above
the horizontal axis signify pressure coefficients on
the suction (top) surface, while negative values
below the horizontal axis indicate pressure
coefficients on the pressure (bottom) surface of the
airfoil. At low angles of attack, observable
fluctuations in both positive and negative pressure
coefficients in regions where the control element is
utilized suggest the formation of small circulating
flow regions. These structures introduce
instabilities in the flow, consequently impacting the
lift coefficient adversely. Despite a decrease in
pressure coefficient fluctuations with an increase in
angle of attack, wider gap ratios between riblets
persist for the M1 and M2 models at all angles of
attack. The peak observed in the positive pressure
coefficient distribution for the MO model at o=4°
and chord length ratio x/c=0.5 represents the
laminar separation bubble. This peak shifts to lower
chord ratio values with increasing angle of attack.
In controlled airfoil models, this peak formation is
observed at o=8°, aligning with the streamlines.
Additionally, at angle of attack o=8°, the re-
attachment of the separated boundary layer in the
MO model occurs at x/c=0.38, while for all other
models, the re-attachment occurs at x/c = 0.3. This
indicates that the groove at x/c=0.3 induces early
turbulence transition in the boundary layer,
promoting its adherence to the surface. The applied
control method's effect is prominently visible at
angles of attack (0>13°) after stall case for M0O. At
these angles, a more gradual separation occurs
instead of a sharp one, and the riblets produce the
highest -C, values. This effect is evident in both the
force coefficients graph and the streamline
topology. For all controlled models (M0, M1, M2,
and M3), at angles of attack a=15°, a=17°, a=19°,
and a=21°, respectively, there is a decrease in the
highest Cp values due to the combination of laminar
separation bubble and trailing edge separation.

When comparing the M0 and M3 airfoil models at

0=13°, the maximum reduction in laminar
separation bubble length is approximately 30%.
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Notably, the formation of the circulating flow
region is prevented for the airfoil model M4 due to
the zero-gap ratio of the riblets (s/c = 0)
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Figure 7. Streamwise veiocity contours at angles
of attack of a= 0°, 4° and 8°
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Figure 8. Streamwise \}elocity contours at angles
of attack of a=13°, 17° and 21°
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To elucidate the impact of riblets on the airfoil's
turbulent flow structure, Figure 12 displays the
distributions of turbulent kinetic energy (TKE)
obtained at angle of attack values of 0=13°, a=17°,
and o=21°. To facilitate the comparison for all
models, the increment value in the TKE contours is
kept constant as 0.05. At o=13°, the MO model,
lacking a control element, exhibits the highest TKE
value. Notably, in all models employing the control
element, TKE values are lower, attributable to the
constraint imposed by riblets on laminar separation
bubble and trailing edge separation. At 0=17°, the
TKE contours extend over a wide flow area due to
the extensive circulation region on the MO and M1
models. At 0=21°, the turbulence kinetic energy
region expands for both models with and without a
control element. The diminishing extent of high-
energy TKE contour regions in models with the
control element underscores the efficacy of the
applied control method in delaying stall at high
angles of attack (0=13° and 17°). Furthermore,
these findings suggest that beyond improving
aerodynamic performance, the control method has
the potential to mitigate adverse effects such as
vibrations by reducing the turbulent zone around the
airfoil.
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Figure 10. Turbulence Kinetic Energy (TKE)
contours at angles of attack of a=13°,
0=17° and 0=21°

4. CONCLUSION

This study investigates the impact of riblet
structures on the suction surface of a NACA 0018
airfoil on its aerodynamic performance through
two-dimensional computational fluid dynamics
(CFD) analysis at a Reynolds number of Re=1x10°.
The research parameters include riblet gap ratio and
angle of attack, with comparative analysis against a
plain model (airfoil without riblets).

Specifically, at a=13°, stall in the plain airfoil
model, resulting from the merging of leading-edge
separation and trailing edge separation, is prevented
by riblet structures. The stall angle increases with
decreasing gap ratio between the riblets, delaying
stall by up to 6° compared to the clean airfoil model.
Additionally, a substantial increase in the lift
coefficient has been noted.

For s/c=0 riblet gap ratio, a notable up to 34%
increase in the lift coefficient is observed compared
to the plain airfoil model. When comparing lift-drag
ratios (CL/Cp) for the same models, this ratio
experiences a remarkable 272% increase.
Turbulence kinetic energy (TKE) values indicate
lower turbulence intensity in controlled models,
particularly starting from the leading edge.
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Analysis of pressure coefficient distributions
reveals that decreasing the distance between riblets
until stall increases the pressure difference between
the suction and pressure surfaces, thereby
enhancing the lifting. Consequently, riblets, when
employed as control elements, prove to be an
effective flow control method for augmenting
airfoil aerodynamic performance. The obtained data
suggests an alternative approach applicable to
studies on the maneuverability of small-scale
unmanned  aerial  vehicles or efficiency
improvements in wind turbines.
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Oz

Bu ¢alismanin amaci, aktif bir elektrik dagitim sistemine bir enerji depolama sisteminin dahil edilmesiyle
giin Oncesi ve giin i¢i elektrik piyasalarinda gerceklestirilecek enerji aligverisinde ekonomik optimizasyonu
saglamaktir. Bu amacla gelistirilen iki asamali stokastik programlama problem, Genel Cebirsel Modelleme
Sistemi (GAMS) araciligiyla Karma Tamsayili Dogrusal Programlama (MILP) ile formiile edilmis ve
CPLEX ¢oziiciisii ile ¢oziilmiistiir. Modellemedeki belirsiz parametreler, Monte Carlo Simiilasyonu ile ele
alinarak bu yonde senaryo segimi gergeklestirilmistir. Onerilen modelin dogrulugunu ve etkinligini teyit
etmek i¢in, ele alman dagitim sisteminin secili bir pilot fideri lizerinde ve gergek verilerle simiilasyon
caligmalar gergeklestirilmistir. Simiilasyon ¢alismalarinda ele alinan isletme maliyetleri, sebekede enerji
depolama kullanilip kullanilmadigt durumlarda ayri olarak hesaplanarak karsilastirilmigtir. Edinilen
sonuglara gore, sebekeye enerji depolama sistemi entegre edildigi durumlarda, depolama sisteminin hig
bulunmadigi durumlara gore giinliik ortalama isletme 600 dolar1 agkin bir diigiis gézlenmistir. Boylelikle,
Onerilen modelin elektrik dagitim sisteminin ekonomik isletimini desteklemeyi etkin bir sekilde
gerceklestirilebilecegi de dogrulanmustir.

Anahtar Kelimeler:Enerji depolama, Elektrik piyasasi, Dagitim sistemi, Ekonomik optimizasyon,
Isletme maliyeti

Economic Optimization of Storage Integrated Distribution Systems

Abstract

The aim of this study is to provide economic optimization in the energy exchange to be realized in the day-
ahead and intra-day electricity markets by incorporating an energy storage system into an active electric
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distribution system. The two-stage stochastic programming problem developed for this purpose was
formulated with Mixed Integer Linear Programming (MILP) through the General Algebraic Modeling
System (GAMS) and solved with the CPLEX solver. Uncertain parameters in modeling were handled with
Monte Carlo Simulation and scenario selection was made in this direction. In order to confirm the accuracy
and effectiveness of the proposed model, simulation studies were carried out on a selected pilot feeder of
the considered distribution system and with real data. The operating costs, which are considered in the
simulation studies, are calculated separately and compared in cases where energy storage is used in the
grid. According to the results obtained, when energy storage is integrated into the grid, the average daily
operation is reduced by more than 600 dollars compared to the case where no storage is available. Thus, it
is confirmed that the proposed model can effectively support the economic operation of the electric
distribution system.

Keywords: Energy storage, Electricity market, Distribution system, Economic optimization, Operating

cost
1. GIRIS

Giliniimiiz ~ ekonomik ve dogal kosullari,
yenilenebilir enerji kaynaklarinin elektrik gii¢
sistemlerine  giderek artan  entegrasyonunu
kacinilmaz hale getirmektedir.

Ozellikle elektrik enerjisinin son kullanictya kadar
ulagtirilmasiin kritik 6nem arz ettigi kisim olan
elektrik dagitim sistemlerinde enerji tedariki
strekliliginin ve dagitim esnekliginin daha iyi
saglanmas! i¢in tim kaynaklarin bir arada ve en
uygun bir sekilde kullanilmasi gereklidir [1-4].
Ancak bu entegrasyonlar, yenilenebilir enerji
kaynaklarinin siireksizligi sorunlari, adalagma,
plansiz-zorunlu kesintiler gibi planlama ve
isletimden kaynakli bir takim zorluklar1 da
beraberinde getirmektedir [5,6]. Teknik kalite
standartlarinin  saglanabilmesinin yani sira bir
elektrik dagitim sisteminin en kritik konularindan
biri, isletme maliyetidir. bulunmaktadir [5,6].
Gelinen bu noktada, enerji depolama sistemlerinin
stratejik ~ bir  sekilde  kullanilmasi,  sebeke
operatorlerine yanit verebilen ve adapte olabilen bir
kaynak saglayarak yenilenebilir enerji iiretimi ve
yikk talebindeki degiskenligi etkili bir sekilde
yonetme kapasitesi sunmaktadir. Boylelikle, enerji
depolama sistemleri, fazla enerjiyi depolama ve
gerektiginde sorunsuz bir gekilde serbest birakma
esnekligi nedeniyle yenilenebilir enerji
kaynaklarini yonetme alaninda onemli bir ilgi
gormiistiir [7].Bu baglamda, dagitim sistemlerine
entegre edilecek enerji depolama sistemlerinin
dogru planlamalarla efektif kullanimlari, teknik
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kisitlarin gerekliliklerini yerine getirebilecegi gibi
ekonomik a¢idan da olduk¢a olumlu sonuclar
ortaya  ¢ikarabilmektedir.  Bu  dogrultuda,
yenilenebilir enerji kaynaklari ile enerji depolama
sistemlerinin birlikte tahsis edilmesine ydnelik
cesitli arastirmalar yapilmis, ¢esitli metodolojiler ve
optimizasyon algoritmalar1 onerilmistir.

Gergeklestirilen literatiir arastirmalarinda; optimal
sistem igletimi ve enerji depolama planlamasi ile
sebeke esnekliginin artirillmast  ve maliyet
minimizasyonunun saglanmasi konularinda bazi
caligsmalarin 6ne c¢iktig1 goriilmistir. Yang ve
arkadaslar1 ana sebekeden izole halde bir mikro
sebeke igin yedek rezerv hizmeti saglayan enerji
depolama sistemi kullanarak izole mikro sebekenin
isletme maliyetinin minimize edilmesi amagli Sans
Kisith Programlama (CCP) tabanli programlama
kullanmig ve yeni bir optimal planlama modeli
sunmustur. Sunulan model, GAMS programinda
MILP formiilasyonuna doniistiiriilmiis ve CPLEX
¢oziicii ile ¢ozilmustiir [8]. Farzin ve arkadaslari
mikro sebekelerde bulunan enerji depolama
sistemlerinin giin dncesi planlamasi i¢in skolastik
bir ¢ergeve sunmuslardir. Mikro sebekenin isletim
maliyeti, normal kosullarda ve planlanmamis
adalagsma durumunda yiik kesintisi indeksi onerilen
semanin ana kriteri olarak seg¢ilmistir. Mikro
sebekenin yiikii ve yenilenebilir enerji {iretiminin
zamani ve siiresiyle alakali belirsizlikler MILP
problemi ile formiile edilmis ve Baskin Olmayan
Siralama  Genetik  Algoritma (NSGA-II) ile
¢oziimlenmistir  [9]. MILP modeliyle yiiriitiilen
caligmalara ek olarak; Raghavan ve arkadaslar
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Genetik Algoritma (GA) ve Pargacik Siiriisii
Optimizasyonu (PSO) kullanarak mikro sebekede
enerji depolama sistemi igin giin dncesi planlama
stratejisi sunmusglardir. Planlama stratejisi, dinamik
fiyatlandirmaya tabi bir mikro sebekede tiiketiciler
tarafindan Odenen maliyeti en aza indirmeyi
amaglamaktadir. Caligma ile farkli boyutlarda ii¢
mikro sebeke icin sebeke fiyat tahminleri, enerji
tiretimi ve yilk iceren simiilasyonda Net Giig
Tabanli Algoritma kullanilarak ortalama maliyet
diislisii saglayan enerji depolama sistemi planlamasi
elde edilmistir [10].

Optimal planlama igletimin mikro sebeke dl¢eginde
yiriitildiigli ¢alismalara ilaveten, aktif elektrik
dagitim sistemlerinin isletilmesi kapsaminda ana
sebekeyle baglantili olarak ele alman arastirmalar
incelendiginde ilgili aragtirmalarin agirlikli olarak
ekonomik isletmeye odaklandigi goriilmektedir.
Optimal planlama modelinin ama¢ fonksiyonu
genellikle sebekeden satin alinan veya sebekeye
satilan elektrik miktari ile belirlenmektedir. Wang
ve arkadaglar1 aktif dagitim sebekesinde depolama
teknolojileri ile glines ve riizgar enerjisi liretimini
kullanan entegre bir enerji sistemi planlama modeli
Onermis, iki asamali hiyerarsik enerji yoOnetimi
cercevesi ile en uygun planlama stratejisini
onermistir [11]. Ho ve arkadaslar1 biyokiitle ve
giines enerjisi kaynaklarini igeren hibrit bir enerji
lretim  sistemine  entegre  edilmis  enerji
depolamanin planlamasini giinliik ve haftalik
isletim modlarinda incelemislerdir. Ayrica her iki
modun avantaj ve dezavantajlarin1 karsilastirarak
maliyet analizlerini gerceklestirmislerdir [12].
Zhang ve arkadaslari, dagitim sistemi isletiminin
toplam giderlerini en aza indirmek igin, talep
kargilama ve pil enerji depolama sistemlerini
dikkate alan bir optimizasyon modeli 6nermistir. Bu
amagcla yenilenebilir enerji kaynaklarinin yiiksek
niifuzuna sahip dagitim sisteminin giin &ncesi
planlama analizi i¢cin Matlab simulink yoluyla
modifiye edilmis bara sistemine dayali bir
simiilasyon platformu gelistirmislerdir [13].

Bu referanslarin incelenmesi sonucunda, enerji
depolama ile yenilenebilir enerji kaynaklari iceren
sistemlerin ekonomik optimizasyonunun
saglanmast dogrultusunda optimal enerji yonetimi
iizerine genis kapsamli bir aragtirmanin yapildigi
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acikca goriilmektedir. Ancak, bu ilerlemelere
ragmen, yenilenebilir kaynaklarin c¢ikis giici,
sebeke yiikii ve dalgali elektrik fiyatlar1 gibi
belirsizliklerin gergekei bir sekilde ele alinarak
optimal planlamanin gergeklestirilmesine yonelik
bir arastirma boslugu devam etmektedir. Ciinkii,
ozellikle aktif elektrik dagitim sebekelerinde
beklenmedik ve onemli degisikler olabilmektedir.
Ornegin halihazirda dagitim sistemine bagh yiiksek
diizeyde yiik tiikketen sanayi tesislerinin resmi veya
dini bayram giinlerinde durusa gecerek devreden
¢ikmasi, sebeke yikiinii ¢ok diisiik seviyelere
getirebilmektedir. Ayn1 mantikla enerji arz-talep
degiskenligi sonucunda piyasa fiyat dalgalanmasi
yasanabilmektedir. Bir diger durumda ise ani hava
olaylar1 (bulutlanma, riizgarin yavaglamasi ya da
birden durmasi gibi) veya beklenmedik ariza
akimlar1 nedeniyle, yiliksek gii¢lii bir yenilenebilir
enerji santrali durma noktasina gelebilmekte ve
planlanan  arz-talep  dengesinde  bozulmalar
meydana gelebilmektedir.

Yiiriitilen bu caligma ile, aktif elektrik dagitim
sistemlerinde olas1 sebeke kosullar1 g6z Oniinde
bulundurularak ve gercek diinya verileri ele
almarak arastirma boslugunun  doldurulmasi
hedeflenmistir. Bu dogrultuda yenilenebilir enerji
kaynaklarinin entegre halde bulundugu aktif ve
gercek bir elektrik dagitim sistemine enerji
depolama sisteminin eklenmesiyle sistemin teknik
kisitlar1 karsilanirken ekonomik optimizasyonun
saglanmast amaglanmistir. Bu kapsamda dagitim
sistemi igletmecisinin giin 6ncesi ve giin i¢i elektrik
piyasalarinda gergeklestirilen islemleri temsil eden
iki asamali stokastik bir programlama cergevesi
gelistirilmistir.  Modellemenin  etkinligini  ve
dogrulugunu teyit etmek i¢in yiiriitiilen simiilasyon
calismalarinda ger¢ek Dbir elektrik  dagitim
sebekesinin segili bir fideri ve gercek verileri
kullanilmustir.  Gergeklestirilen bu analizler ve
sonuclarin ele alinma sekilleri, makalenin 6zgiin
yoniinii ortaya koymaktadir.

Bu makalenin baglica
Ozetlenebilmektedir:

katkilar1 su sekilde

+ Onerilen model, mevcut durumda dagitim
sisteminde  bulunan  yenilenebilir  enerji
kaynaklarina ilaveten enerji depolama sistemi
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entegrasyonuyla ekonomik optimizasyonun
saglanmasi konusunu ele almaktadir.

* Sunulan cergeve ile, dagitim sistemine bagh
yiiklerin enerji ihtiyaci, elektrik piyasalarindan
puant zamanlarda yiiksek fiyatlardan satin
alinmasi yerine, yenilenebilir kaynaklardan elde
edilip uygun zamanda saklanan enerjinin
kullanilmastyla yiiksek enerji maliyetinden
kaginilmasi saglanmaktadir.

* Problem, iki asamali stokastik bir problem
olarak modellenmis ve problem belirsizlikleri
Monte Carlo simiilasyonu ile ele alinmustir.

* Hesaplanan isletme maliyetleri sebekede enerji
depolamanin kullanilip kullanilmadig1 durumlar
altinda analiz edilmistir.

Bu ilk boliimde bir girig, literatiir taramasi ve
calismanin  katkisi1 sunulurken, 2. Boliim’de
Onerilen metodoloji, matematiksel model, amag
fonksiyonu ve problemin kisitlamalart hakkinda
bilgiler verilmektedir. 3. Boliim’de, simiilasyon
caligmalar1 verilirken, 4. Bolim’de ¢aligmadan
edinilen sonuglar sunulmaktadir.

2. YONTEM

Caligmada Onerilen iki asamali matematiksel
model, dagitim sebekesindeki nodal gii¢ dengesi,
yukar1 akis ag1 ve gii¢ islemleri ile ilgili teknik
kisitlamalar1 yerine getirirken igletme maliyetini
minimize etmektedir. Modellemenin ilk agamasinda
kullanilan ve A1 ile ifade edilen karar degiskenleri,
iiretim kaynaklarinin aktif giic ¢ikislarini, yiiklerin
aktif gii¢ tiiketimlerini ve yukari yonlii sebeke gii¢
akiglarmi icermekte ve talep tarafi rezervlerinin
konuslandirilmasi  gibi  6nceden  planlanmis
degiskenlerin gergeklestirilmesini kapsamaktadir.
Bu karar degiskenleri giin Oncesi piyasalarinda
verilen kararlarla yorumlanmakta ve herhangi bir
ozel senaryoya bagl olmamaktadir. fkinci asamada
kullanilan ve A2 ile gosterilen karar degiskenleri ise
sebekenin gergek zamanli isletiminde ikili giic
akisina iligkin siirecleri kapsamakta ve senaryolara
bagli durumlarin olugmasindan etkilenmektedir.
Modellemede toplam isletme maliyetinin gdsterimi,
iki asamali karar degiskenlerinin toplamindan
olusan amac¢ fonksiyonu ile ifade edilmekte ve
matematiksel gosterimi agsagida verilmektedir.
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Min AF=%72,(Ca1t + ECaz ) (1)
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gergeklesen indeksi, m senaryonun olasiligi, A
megavat bagina fiyati, P aktif giicii ve R talep tarafi
rezervini ifade eder. Buna ek olarak, Al ve Sat
sirasiyla piyasadan satin alim ve piyasada satis
anlamina gelirken, GO ve GI giin 6ncesi ve giin i¢i
piyasasini, TT talep tepkisini, Y ve A yukari ve
asag1 degisimleri, + ve — pozitif ve negatif sapmalari
ifade eder. Son olarak, TD dagitilan enerji olup
YAT yiik atma anlamina gelir. C4; . ana sebekeden
enerji alimi, ana sebekeye enerji satigi ve bir giin
Once talep tarafi rezervleriyle kararlastirilan bir
fiyat iizerinden belirlenen enerji maliyetleri eksi
miisteriye satilan enerji dahil olmak {izere ilk asama
maliyetlerini temsil eder. Benzer sekilde, ECyj; ¢,
ana sebeke ile gii¢ aligverisini ayarlamanin
beklenen maliyetleri, talep tarafi rezerv tahsis
maliyeti ve yik kesinti maliyetleri dahil olmak
lizere ikinci asama maliyetlerini temsil eder.
Beklenen maliyet kapsaminda, gergek zamanli
olarak bir giin Oncesinde planlanan enerji
miktarindan sapma ne kadar biiyiikse, bu maliyet de
o kadar yiiksek olacaktir. Bir giin 6nce belirlenen
kullanilabilir kapasiteden sapma ne kadar yiiksek
olursa, talep yonlil rezerv tahsis maliyeti de o kadar
yiiksek olacaktir. Ote yandan sebekede enerji
iiretim ve enerji tiiketim esitliginin saglanamamasi
durumunda yiik kesintisi zorunlu olacaktir. Ancak
bu durum tercih edilmek istenmeyen bir durumdur
ve kesinti maliyeti oldukga yiiksek olacaktir.

2.1. Giin Oncesi Kisitlar

Asagidaki esitlikler, birinci agama kararlari igin
kisitlamalari temsil etmektedir.
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Esitlik (4), her zaman dilimindeki gii¢ dengesini
ifade eder. Esitlik (5)'te, PtGO’D s yukart ve asagi
dogru enerji akigmi belirtir. Bu enerji akisinda,
iiretilen giines enerjisi ¢ikis gilicli ve depolama
desarj giicliniin toplami ile sebeke yiikii ve
depolama sarj giiciiniin toplami esit olmalidir.
Glines enerjisi ¢ikig giiciiniin alt ve st smirlari
Esitlik (6) ile ifade edilirken, sebeke yiikiiniin talep
tahmininin alt ve st limitleri Esitlik (7) ile ifade
edilir. Uretimler ve tiiketimler, bu kisitlamalarla
Oonceden tanimlanmus araliklar i¢inde olmalidir.

Batarya depolama cihazinin her zaman dilimindeki
sarj durumu (SOC), Esitlik (8)'e gore
hesaplanmaktadir. Esitlik (9) batarya SOC'sinin alt
ve ist siirlarini verirken, Esitlik (10) ve (11)
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batarya depolama cihazinin sarj ve desarj giicliniin
alt ve st sinirlarmi verir. Yine burada yer alan o
bataryanin sarj ve desarj islemlerinin ayni anda aktif
olmadigini gostermektedir. Burada n doniistiirme
verimliligi katsayisi, P aktif gii¢, E depolama
biriminin enerji kapasitesidir.
0< PtGO,Al <o * PtGO,Al,max

(12)

0 SPtGO,SatS (1- o) *PtGO,Sat,max (13)
Esitlik (12) ve (13), ana sebekeden alinan veya ana
sebekeye satilan enerjinin belirli bir iist ve alt limit
icinde oldugunu belirtmektedir. Burada « ikili bir
degiskendir (0 veya 1'e esittir) ve es zamanli alim
satim isleminin aktif olmadigimi gostermektedir.

0 <RTT,Y < RTT,Y,max

— 't — t

(14)
(15)

0 <RTT,A < RTT,A,max
— 't — t

Son olarak Esitlik (14) ve (15), yukar1 ve asagi

yonlii kullanilabilir rezerv talebinin 6zellikle belirli

bir iist sinirda oldugunu gostermektedir.

2.2. Giin i¢i Kisitlar

Asagidaki esitlikler, ikinci asama kararlar icin
kisitlamalar1  olan; sebekenin ger¢ek zamanl
caligmasina iligkin kisitlamalar1 temsil etmektedir.

GIDS GlAl GlSat _
th +th _th =0 (16)
GL,DS_ pGI,GES GLYik Gl,Bat,— Gl,Bat,+
Pta) 7Pta) _Pta) +Pta) _Pt(u (1 )
7
+PIAT
GI,GES,min GI,GES GI,GES,max
th —<th —<th (18)
GlLYiik,min GlLYik GLYiik,max
th —<th —<th (19)
. . Gi,Bat
GlBat _ Gl,Bat New  *AT
SOth - SOC(C—l)w + (EGi,Bat,max)
tw
. Gl,Bat,~ (20)
pGlBat+ _ P21 *AT
( (t-1Dw (nﬂiBat*EtGai;Bat,max)
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SOCtGaI),Bat,minSSOCtG(‘I),BatSS‘O CtGaI),Bat,max (21)
05Pf((i)i,Bat,+ < Pti)i,Bat,hmax (22)
OSPtCZ)I,Bat,—Sn?g;Bat «(1—=0) = PtzJi,Bat,—,max (23)

Esitlik (16), gli¢ dengesini gercek zamanl olarak

agiklamaktadir. Burada PSS sebeke tarafindan
tiiketilen veya iiretilen aktif giiclin yukari ve asagi
dogru enerji akisint ve gercek zamanli degerini
ifade etmektedir. Esitlik (17)-(19), Esitlik (5)-(7)'ye
benzer sekilde olup yenilenebilir iiretimlerin ve
yiikiin ger¢cek zamanli ¢alismasini ifade etmektedir.

Benzer sekilde Esitlik (20)-(23), Esitlik (8)-(11)'e
benzer sekilde batarya depolamanin gergek zamanli
calismasini ifade etmektedir. Iki farkli esitlik seti
arasindaki temel fark, buradaki degiskenlerin
senaryolara bagli olmasidir.

Bu asamada yer alan, gergek zamanli gii¢c akisina
iligkin esitlikler daha detayli analiz edilecek olursa;
Esitlik (16)’da yer alan son iki terimin ana
sebekenin yukar1 akig sebekesi ile gli¢ ticaretini
yansittig1 ve asagidaki sekilde hesaplandig: ifade
edilebilir:

Lal_ LAl 0,41
PoA'=apPS " + PO (24)

Pt(i)i,Sat: APt(i)i,Sat _ PtGC'),Sat (25)

Esitlik (26) ve (27)’deki amag, Esitlik (12) ve
(13)’tekine benzemektedir ve ana sebekeden alinan
veya ana sebekeye satilan enerjinin gercek zamanda
belirli bir st ve alt limit i¢inde oldugunu
belirtmektedir. Burada da v, ikili bir degiskendir (0
veya l'e esittir) ve es zamanli alim satim igleminin
aktif olmadigini gostermektedir.

0< Pt((i)i,Al S(I- \V) % Pt((;‘)O,Al,max (26)
0< Pt(i’i,SatSW *PtiJO,Sat,max (27)

138

Esitlik (28) ve (29), sebeke ile ana sebeke arasinda
gerceklesen gii¢ isleminin, pozitif ve negatif sapma
degiskenleri ile ayarlanabilen programlanan
degerden  sapabilecegini  belirtmektedir. Bu
hesaplama siirecinde yer alan kisitlamalar asagidaki
gibidir:

APGMl=ppSlAL+ _ ppGlaL- (28)
APi)i,Sat :Apti)i,Sat,+ _ APtC(;L)i,Sat,— (29)

Esitlik (30)-(33), (28) ve (29)'daki degiskenler igin
sapmalarin sinirlarin1  belirler. 9 ve p ikili
degiskenleri, sirasiyla piyasadan elektrik satin alma
ve piyasaya satma senaryolarina iliskin sapmalarin
yOniini tanimlar.

0< ARG <(1-9) * PG (30)
0 <APSML~< g * pilal €2))
o ar < py e
0 SAPti,i'Sat'_S p* Pti)i,Sat (33)

Son olarak Egsitlik (34) ve (35), yine ilk asamadaki
Esitlik (14) ve (15)’teki mantikla, bu kez gergek

zamanda talep tarafi rezervlerinin
konuslandirilmast  i¢in {ist ve alt sinirlar
belirlemektedir.

0<Rp, < R"™ (34)
0<RDEA< R 35)

2.2.1. Belirsizliklere iliskin Senaryo Secimi

Stokastik programlama tabanli problemlerde
belirsizliklerin daha izlenebilir olmasi ve olasi tiim
olaylar1 kapsamast i¢in ¢ok sayida senaryo
dretilmeli ve daha sonra senaryo sayilari
azaltilmalidir [14,15]. Baska bir deyisle, Monte
Carlo tabanli senaryo olusturma yaklasiminin
ciktilart gibi cok sayida senaryonun ele alindigi
durumlarda senaryo indirgeme yaklasimi esastir
[16].
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Monte Carlo simiilasyon yontemi, belirsizlik
faktoriiniin  oldugu durumlarda ve simiilasyon
calismalarinda bir veya daha fazla olasilik
dagilimindan rasgele sayilarin secilmesi teknigidir.
Monte Carlo simiilasyonu, model igin belirlenen
aralik sayisina bagli olarak binlerce hatta on
binlerce veriyi kapsayabilir. Yiizlerce deney
yapmadan veya binlerce Ornek olusturmadan
performansi tahmin etmeye izin verir. Y6ntemin bir
probleme uygulanmasi, problemin rastgele sayilar
kullanilarak simiile edilmesi ve bu simiilasyonlarin
sonuglarina bakilarak hesaplanacak parametrenin
yaklagik olarak hesaplanmast fikrine
dayanmaktadir. Boylece, farkli olasilik
fonksiyonlart, bir dizi rasgele say1 kullanarak model
iginde farkli sonuglari hesaplar.

Bu asamada ele alinacak olan, belirsizlikler
dahilinde, senaryolarin olusturulmasinda, piyasa
fiyati, yiik, riizgar hiz1 ve giines enerjisi liretimi gibi
belirsizlik faktorleri g6z oniinde bulundurulmustur.
Bu faktorlerin tarihsel verilerine dayanarak, Monte
Carlo simiilasyon yontemi ile ¢ok sayida senaryolar
olusturulmustur. Bu kapsamda ilk olarak olasilik
uzaklik fonksiyonunun hesaplamalar1 kullanilmig
ve her bir belirsiz parametreye olasilik uzakligi
atanmustir. Burada yiik ve fiyat parametreleri i¢in
normal dagilim, liretim parametreleri i¢in weibull
dagilimi kullanilmaktadir.

Hesaplanan olasilik mesafeleri Monte Carlo
simiilasyonu [17,18] motoruna verilmis ve c¢oklu
senaryolar iretilmistir. Monte Carlo simiilasyon
motorundan iretilen senaryolar daha sonra ayni
grup icinde en yakin olasiliklara sahip olasilik
uzaklik algoritmasma gore indirgenmistir. Monte
Carlo simiilasyonu tarafindan iretilen ¢ok sayida
senaryo daha sonra ayni grup icinde en yakin
olasiliklari1  sunmak ic¢in  olasiik  uzaklig1
algoritmasina gore indirgenmistir [16,19]. Sonucta
en yakin olasiliklarin ayn1 grupta toplandigi olasilik
paketi olusturulmustur. Sekil 1°de, giines enerji
tiretiminin, sebeke yiikiiniin ve piyasa fiyatinin
olasilik yogunluklar1 yer almaktadir.

Ortaya c¢ikan senaryolar, uygun kisitlamalar

dikkate alan stokastik dogrusal programlama
modelinde kullanilmigtir. Bdylece stokastik bilgi

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

Fatma AVLI FIRIS, Israfil KARADOL, Okkes Fatih KECECIOGLU

miimkiin oldugunca saglam kalirken optimizasyon
problemi de izlenebilir hale getirilmistir. Olasilik
dagilim fonsiyonu ve Monte Carlo simiilasyonu
yontemleriyle belirsizlik parametreleri ele alinan
model, daha sonra Genel Cebirsel Modelleme
Sisteminde (GAMS) karma tamsayili dogrusal
programlama modeli (MILP) olarak kodlanmis ve
CPLEX ¢o6ziicii kullanilarak ¢oziilmiistiir.
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Sekil 1. Parametrelerin olasilik yogunluklari

3. ARASTIRMA BULGULARI

Problemin  ¢6ziimiine  yonelik  simiilasyon
caligsmalari, Tiirkiye’de yer alan bir elektrik dagitim
sebekesinin segili bir pilot fideri {izerinde ve gergek
verilere dayanarak gergeklestirilmistir. Segilen fider
61 baraya sahiptir ve sistemin gerilim seviyesi 31,5
kV'tur. Kurulu gii¢ giines enerjisi santralleri i¢in
5,94 MWp, diger yiikler i¢in 10,6 MW iken, batarya
enerji depolama sistemi i¢in sarj ve desarj giigleri 2
MW kabul edilmistir. Secili fiderin tek hat semasi
Sekil 2°de sunulmaktadir.
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——PV Uretimi
—— $ebeke Yiikii

Uretim ve Tiketim Gikis Gigleri (MW)

I
6 12 18 2
Zaman (saat)

Sekil 3.Giines enerjisi liretimleri ve sebeke yiikleri

Analizlerde ele alinan, elektrik piyasalarinda enerji
depolama kullanarak isletim saglayacak elektrik
dagitim sistemi operatorii, sebekesine entegre halde
bulunan giines enerjisi santralleri ve sebeke
yiikleriyle birlikte igletimi, minimum igletme
maliyetiyle optimize etmektedir.

Gergekei bir yiik profili, glines enerjisi {iretim
profili ve enerji fiyatin1 dikkate almak i¢in 2022
yilinin temmuz aymin verilerinin ortalamasi
almarak istatistiksel analizi yapilmigtir. Piyasa
fiyatlarma dair gergek veriler ise EPIAS (Enerji
Piyasast Diizenleme Kurumu) Seffaflik
Platformu'ndan alinmistir. Sekil 3’te edinilen giines
enerjisi liretimi ile sebeke yiikii, Sekil 4’te ise giin
oncesinde belirlenen enerji piyasa fiyatt verileri,
giindiiz, puant ve gece tarife donemleri halinde
sunulmaktadir. Sistemin tablo halindeki puant yiik
degerleri ise Cizelge 1°de sunulmaktadir.

Cizelge 1. Sistem puant-yiik verileri

Zaman Puant Yiik Zaman Puant Yiik
MW) MW)
tl 4.477 t13 2.020
t2 4.531 t14 2.024
t3 4.409 t15 2.650
t4 4.336 t16 2.601
t5 4.442 t17 2.884
t6 4.079 t18 3.192
t7 3.664 t19 3.728
t8 2.996 20 4.450
t9 2.926 21 4.604
t10 2.688 22 4.493
tl1 2.554 23 4.400
t12 2.313 24 4.387

i - Gece Gundur Puant Gece,

Piyasa Fiyan ($/MWh)

L1 12 ” n u

Zaman {saat)

Sekil 4.Enerji piyasa fiyatlart
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Enerji depolamaya iliskin veriler ise Cizelge 2'de
sunulmustur. ~ Veriler ~ varsayimsal  olarak
olusturulmus ve depolama olarak pilin kullanildig1
varsayillmigtir. Depolama tesisinin  sarj/desarj
verimliligi %90 olarak kabul edilmistir. Burada yer

alan E,, bataryanin MWh cinsinden enerji
kapasitesini, Pp.x, MW cinsinden bataryanin
sirastyla sarj ve desarj giiclindi,
SoChax ise bataryanin sarj durumunu ifade
etmektedir.
Cizelge 2. Depolama teknik verileri
2ot Emax Pmax Socmax
Birim MWh) | (MW) (%)
Batarya 4 2 90

Gergeklestirilen simiilasyon ¢alismalari, sisteme
enerji depolama entegre edildigi ve edilmedigi
kosullar arasindaki isletme maliyeti farkini
gorebilmek adina bu iki farkli durumlar dahilinde
gergeklestirilmigtir. Sekil 5’te sistemde depolama
bulundugu ve bulunmadigi durumlarda elde edilen
isletme maliyetleri gdsterilmektedir.

Maliyet ($)

L L L
0 5 10 15
Zaman (saat)

Sekil 5. Depolamali ve depolamasiz durumlarda
hesaplanan isletme maliyetleri
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Cizelge 3. Isletme maliyetleri ve farklart

Depolama Depolama .
yoklugunda varhginda Mall)gt) farla
maliyet ($) maliyet ($)

9707.5038 9028.6983 678.8054

Edinilen sonuglara gore enerji depolama sisteminin
egilimi, uygun fiyatl enerji kaynagi olarak dncelikli
yerel enerji kaynagini kullanip karini maksimize
etmesi seklinde tanimlanmaktadir. Bu baglamda,
giines enerjisi iiretimi ¢ikisi sebeke yiikiinden daha
fazla oldugunda agiga ¢ikmus fazla enerji, depolama
sistemi tarafindan sarj olmakta; sebeke yiikii giines
enerjisi iiretim ¢ikisindan daha fazla oldugunda ise
depolama sistemi tarafindan enerji desarj1 yapilarak
enerji ihtiyaci karsilanmaya calisilmaktadir.
Boylece yukari yonlii elektrik piyasalarindan,
piyasa fiyatlarinin yiiksek oldugu seviyeden alim
yapilmayip ekonomik yonden avantajli bir durum
saglanabilmektedir.

Cizelge 3, dagitim sisteminin depolama entegre

edilip edilmedigi durumlardaki igletme
maliyetlerini ve aralarindaki farklar1
gostermektedir. Pik tiiketim saatleri de dahil olmak
lizere yazin gilines enerjisi kaynakli iiretim

iistlinliigii toplam igletme maliyetini diisiirmektedir.
Boyle bir ekosistemde sisteme enerji depolama
sisteminin de dahil edilmesiyle isletme maliyeti
daha da diismiistiir. Batarya enerji depolama
sisteminin optimizasyon ufku boyunca devreye
girdigi ve sarj-desarj oldugu zaman dilimlerini ve
¢ikis giiclerini iceren grafik, Sekil 6’ta sunulmustur.

2 T T T M

Depolama Sarj ve Desarj Giigleri (MW)
5 o &
—
=]
=1

Zaman (saat)

Sekil 6.Batarya depolama sisteminin gii¢ degisimi
Burada batarya enerji depolama sisteminin yatirim

ya da isletim maliyeti ile ilgili olarak, bataryanin
dagitim sistemi operatoriiniin miilkiyetinde oldugu
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ve dagitim sistemi operatdriiniin bunun isletimini
kendi faydasi i¢in optimize ettigi varsayilmaktadir.
Bu nedenle, depolama sistemi i¢in herhangi bir
fazladan maliyet diigiiniilmemistir. Calismanin ana
odag1 kisa vadeli isletme maliyeti oldugu igin,
batarya enerji depolama sistemi yaslanmasi gibi
uzun vadeli maliyetler ama¢ fonksiyonuna dahil
edilmemistir.

4. SONUCLAR
Bu calismada, elektrik piyasalarinda enerji
aligverisi islemi yapan bir dagitim sistemi

operatdriiniin, gerceklestirecegi islemlerle isletme
maliyetini minimize eden, stokastik programlamaya
dayali optimal isletim yaklasimi gelistirilmistir.
Yaklasim, iretimlerin ve yiiklerin giin dncesinde
konusglandirilmasimi ve gercek zamanli isletimde
sebekenin ¢ift yonli giic akisina iliskin siireclerde
planlanmasim1 ~ kapsamaktadir.  Gergeklestirilen
simiilasyon ¢aligmalar1, dagitim sisteminin segili bir
pilot fideri tizerinde depolamanin olup olmadig:
durumlar altinda yiiriitiilmiigtiir. Tamamen gergek
verilere dayali yenilenebilir enerji ¢ikis giici,
sebeke yiikii ve elektrik fiyat1 belirsizliklerinin
sistematik bir ¢er¢evede ele alinarak hesaplanan
isletme maliyetleri, bu c¢alismanin en Onemli
motivasyonlarindan biridir.

Edinilen bulgular, yenilenebilir iiretim
kaynaklarinin entegre halde bulundugu ¢ift yonli
enerji akisina sahip elektrik dagitim sistemlerinde
enerji depolama kullaniminin optimal
planlamasinin, isletme maliyetlerini en aza
indirmek i¢in etkili bir ara¢ oldugunu gdstermistir.
Entegrasyonu hizla artan yenilenebilir enerji
kullaniminin daha ekonomik ve giivenilir bir moda
haline gelmesini saglayacak olan gelecegin enerji
sistemlerinde enerji depolama sistemleri ¢ok
onemlidir. Bu minvalde gergeklestirilen ¢aligmanin
sonuglari, dagitim sistemi operatorlerine, minimum
isletme maliyeti elde etmek i¢in enerji depolama
sisteminin  nasil  programlanmasi  gerektigi
konusunda bir kilavuz olarak kullanilabilir. Ayrica
sunulan ¢ercevenin, ileride yiiriitiillecek reel
sistemlerin ekonomik optimizasyonlarmin
saglanmasi caligmalarina 151k tutacagi
ongoriilmektedir.
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KISALTMALAR

26041 Giin 6ncesi elektrik alis fiyati

A60sat Giin 6ncesi elektrik satis fiyati

ATTY Talep tarafi yukar yonlii yedek
rezerv fiyati

ATTA Talep tarafi asag1 yonli yedek
rezerv fiyati

ActaL+ Giin i¢i elektrik ahig fiyati pozitif
sapmasi

A6LAL= Giin i¢i elektrik alis fiyati negatif
sapmasi

AGLsat+ Giin igi elektrik satig fiyati pozitif
sapmast

AGlsat— Giin i¢i elektrik satig fiyat1 negatif
sapmast

ATDY Talep tarafi yukar yonlii yedek
rezerv dagitim fiyati

AThA Talep tarafi asag1 yonli yedek
rezerv dagitim fiyati

RTTY Talep tarafi yukarm yonli yedek
rezerv miktari

RTTA Talep tarafi asagi yonlii yedek
rezerv miktari

RTDY Talep tarafi yukar yonlii yedek
rezerv dagitim miktari

RTDA Talep tarafi asagi yonlii yedek
rezerv dagitim miktari

AYAT Yiik atma fiyati

peoal Giin 6ncesi satin alinan gii¢c miktari

peosat Giin 6ncesi satilan gii¢ miktart

pGoDs Giin 6ncesi aktif gii¢ islemi miktar1

pétal Giin i¢i satin alinan gii¢ miktari

péisat Giin i¢i satilan gii¢ miktar1

peips Giin dncesi aktif gii¢ islemi miktar1

ApSlAl PGLALpin toplam sapmast
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PGSat> >pin toplam sapmast

PSYALpin pozitif sapmasi
PS4l nin negatif sapmast
PELSat nin pozitif sapmast
PGLSat>nin negatif sapmasi

Giines enerji santrali {iretim ¢ikis
glicli

Sebeke yiik ¢ikis giicli
Batarya enerji depolama sarj giicii

Batarya enerji depolama desarj
glici

Kesinti yapilan aktif gli¢
Batarya verimliligi
Batarya kapasitesi
Batarya sarj durumu
Senaryo olasilig1
Senaryo indeksi

Ikili degiskenler (0/1)
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Abstract

In our study, gluten-free biscuits were produced to treat celiac disease using F. pseudalliacae Rech. f. plant
at 5%, 10%, and 15% ratios. The physical, chemical, and sensory properties of the created biscuits were
examined. In the research analyses, as the addition ratio of F. pseudalliacea increased, the diameter values
varied between 30.90 to 61.59 mm, and thickness ranged from 13.42 to 13.83 mm. A decrease in cooking
loss, textural properties, L* and b* values was observed, while an increase was determined in moisture,
spread ratio, specific volume, and a* values. In the sensory analysis, data results of the biscuits presented
to the panellists indicated that, in terms of overall liking, the product with 5% F. pseudalliacae addition
received the closest preference to the control group, suggesting that the 5% F. pseudalliacae-supplemented
biscuit did not have a negative impact as stated by the panelists. Based on the evaluations and analyses, the
substitution of F. pseudalliacae in gluten-free biscuit production was seen as an important result in terms
of offering an alternative and acceptability.

Keywords: Functional food, Celiac disease, Cookie, Ferula pseuadalliacae, Gluten
Glutensiz Biskiivi Uretiminde Hingedan (Ferula pseudalliacea) Kullanimi
0Oz

Caligmamizda halk arasinda ¢dlyak hastaliginda tedavi amach tiiketilen F. pseudalliacae Rech. f. bitkisi
%5, %10, %15 oranlarinda kullanilarak glutensiz biskiivi {iretimi gergeklestirilmistir. Olusturulan
biskiivilerin fiziksel, kimyasal ve duyusal oOzellikleri incelenmistir. Arastirma analizlerinde F.
pseudalliacea ilave orani arttikca ¢ap degerleri 30.90-61.59 mm, kalinlik 13.42-13.83 mm arasinda
degismistir. Pisme kaybi, tekstiirel 6zellikleri, L* ve b* degerlerinde azalmalar gozlenmis olup, nem,
yayilma orani, spesifik hacim ve a* degerlerinde artis oldugu belirlenmistir. Duyusal analizde panelistlere
sunulan biskiivilerin veri sonuglarinda genel begeni olarak kontrol grubuna en yakin begeniyi %5 oraninda
F. pseudalliacae ilaveli Uiriin alarak F. pseudalliacae %5 katkili biskiivide olumsuz bir etki yaratmadigi
panelistler tarafindan belirtilmistir. Degerlendirme ve analizler sonucunda F. pseudalliacae ikamesinin

*Sorumlu yazar (Corresponding Author): Sezen OZCELIK, sezenozcelik@hakkari.edu.tr
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glutensiz biskiivi tiretiminde alternatif olarak kullanilmasi ve kabul edilebilirligi 6nemli bir sonug olarak

gorilmiistiir.

Anahtar Kelimeler: Fonksiyonel gida, Colyak hastaligi, Biskiivi, Ferula pseudalliacae, Gluten

1. INTRODUCTION

Cereals and products in people's daily nutrition
routines can cause certain ailments in individuals
with sensitivity. Prolamins such as gliadin, secalin
and hordein, which are sub-fractions of gluten
proteins, can trigger certain ailments in people with
gluten sensitivity after consumption. It has been
stated that gluten proteins, which does not show
absorption in the digestive system, has a toxic effect
on the basis of these diseases [1]. Figure 1 shows
the classification of gluten-related diseases.

Gluten-Related
Disease

Immune System Allergens-Allergic Other
Disease Conditions Sourced
Gluten Enteropathy Gluten
AT Sensitivity

Celiac Disease
1

Gluten Ataxia

|
Duhring

(Darmatitis herpetiformis

Figure 1. Classification of gluten-related diseases

(2]

Celiac disease is diagnosed with many findings
which consists of reasons such as allergic
conditions in breast milk intake, intake of gluten-
containing foods at meals, excess daily amount of
these products and malnutrition in eating habits; it
is a disease characterized by hereditary and
environmental interaction in the umma system [3].
The only treatment method to be applied to sick
people with Celiac disease, which has no treatment
yet, is the application of a gluten-free diet with
gluten deficiency in the foods taken. Sick
individuals who follow a gluten-free diet are in
search of gluten-free products that will not cause
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autoimmune damage [4]. In products created with
gluten-containing raw materials, visco-elastic
structure and desired texture and volume can be
obtained in dough making. However, in products
containing gluten-free raw materials in their
formulation, the product’s expected appearance and
desired textural properties cannot be obtained due
to the absence of gluten. To compensate for the
gluten deficiency, starch, hydrocolloids and
functional components are added as auxiliary
components in the products [5,6]. Brands in the
market are trying to develop products for celiac
patients, gluten sensitivity or individuals who make
gluten-free nutrition a life [7]. Generally, in
developed functional products, gluten cannot be
reduced to zero. For this reason, the maximum
gluten content in the product is 20 ppm which is the
determined and acceptable ratio [8]. Upon the
functional food development of manufacturers, the
content of products such as cakes, biscuits, wafers
and cookies are created from gluten-free mixtures.
By definition; sugar, edible salt, vegetable oils,
raising agents, eggs, whey and milk powder,
additives in the weight and content permitted by the
legislation, starches obtained from different grains
are mixed and a certain amount of water is added to
it, shapes are formed from the dough rested for a
while, cooked at a certain temperature and cooled,
and then the bakery product consumed after 'double
cooking' and 'becoit'. The functional product
developed from the words is defined as biscuits [9].
All foodstuffs whose contents have been fortified,
enriched, processed or improved have been used as
functional foods beyond benefiting from basic
nutrients.

Functional foods are known as functional because
they provide nutritional availability and have
multiple physiological effects [10]. Many scientists
argue that foods on the market are fortified with
some special nutrients before processing and,

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024



therefore should be considered functional foods
[11]. About 2500 years ago, Hippocrates described
the relationship between nutrition and human health
with the phrase "Let your medicine be your food
and your food be your medicine". If we look at
today, it has been observed that consumers tend to
functional foods and food supplements due to the
increase in diseases related to the heart, circulatory
system obesity.

It is observed that functional foods provide
additional health benefits to the consumer rather
than providing nutrients [12]. The plant called
Hingedan-Hegedan (Ferula pseudalliacea), edible
in the region where it grows, has medicinal
properties and aromatic composition, is a wild
endemic species with a physical height of 50 cm and
curly leaves. In the study conducted by Artus, it was
determined as a result of the analyzes that the
hingedan plant has high bioactivity [13]. In the
study conducted by Dastan et. al., in addition to the
antiplasmodial and antibacterial properties of
Ferula pseudalliacea, coumarin obtained from the
isolated content of root extracts is a living natural
antibacterial agent for the food and pharmaceutical
industry [14], and Dastan et. al. found that the plant
may be useful in the food and pharmaceutical
industry as an antibacterial and antioxidant
substance in the analysis of oils obtained from
certain parts of this plant [15]. The study aims to use
the Ferula pseudalliacea plant as a treatment for
Celiac disease among people and to use it in the
content of gluten-free flour mixtures in different
proportions in the functional product to be created,
and to benefit both with different tastes and
nutritional properties, since it does not contain
gluten, this mixture provides a new product
advantage for celiac patients. It is thought that the
content of the mixture will be highly preferred due
to its nutritional and some medicinal properties.
Hingedan grass is a plant that is in demand by the
public because of its high nutritional value. The fact
that hingedan has not yet been mixed with any
product in the literature and used increases its
original value. The study aims to provide a new
functional food to the product range by developing
a gluten-free biscuit with gluten-free Hingedan
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(Ferula pseudalliacea) that celiac patients can
easily consume.

2. MATERIALS AND METHOD
2.1. Materials

The materials used in the study, rice flour (Basak
Gida- Konya), corn starch (Basak Gida, Konya),
granulated sugar (Bor Seker, Nigde), shortening
(Sana Dough- Istanbul), wvanillin (Baghdad-
Ankara), baking powder (Metro Chef- Adana), salt
(Billur Iodized Salt, Istanbul) were obtained from
local companies in Adana, and hingedan was
generally found in all rural areas of the Hakkari
region, but the most dense was supplied from the
countryside of Marinilis (Kavakli) Village. The
water used as a component during production was
provided from the mains water of Cukurova
University Balcali Campus. Guar gam (Ricol, Asr
Kimya-Istanbul) and SSL (Arti Gida Kimya-
Istanbul) are used.

2.2. Method

Gluten-free biscuits with hingedans for celiac
patients were produced in Cukurova University,
Faculty of Engineering, Department of Food
Engineering, Grain Processing Technology
Laboratory. The control group was formed by
adding the ingredients (rice flour, corn starch,
granulated sugar, shortening, vanillin, baking
powder, salt, emulsifier, gum) to the mixing
chamber in the amounts shown in Table 1. Due to
the distinctive strong smell and taste of the hingedan
plant, in preliminary trials, it was determined that
adding the plant to biscuits at 5%, 10%, and 15%
ratios would be the most suitable amounts in terms
of palatability. The hingedan plant was collected
from mountainous lands in Van-Hakkari provinces
in May 2022, dried under sunlight for a period of 1
week, and stored in a dry place (+4 °C) without
light. The preserved hingedan plant was milled for
30 seconds using a Spice-Herb Grinder brand
laboratory grinder with a capacity of 3500 W and
1250 gr.
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Table 1. Biscuit dough ingredient quantities (g)

Blsccl:r:l;z?;t;ttl;ent Control (gr) 5% Hingedan(gr) 10% Hingedan(gr) 15% Hingedan(gr)
Rice flour 21.09 21.09 21.09 21.09
Cornstarch 21.09 21.09 21.09 21.09
Granulated sugar 25.31 25.31 25.31 25.31
Margarine 16.87 16.87 16.87 16.87
Vanillin 0.84 0.84 0.84 0.84
Baking powder 0.63 0.63 0.63 0.63
Salt 0.42 0.42 0.42 0.42
SSL 0.21 0.21 0.21 0.21
Guar gum 0.84 0.84 0.84 0.84
Hingedan 0 2.10 4.2 6.32
Water 12.65 12.65 12.65 12.65

The components were added to the mixing chamber
of the 'Kitchen Aid' Artisan brand 4.8 L capacity
mixing machine and the dough-making process was
carried out by mixing for 1 minute in the 1st cycle,
4 minutes in the 2nd cycle and a total of 5 minutes.
As the addition rate of the ingingenuous grass
increases, the dough cannot be shaped and clumps
are observed. After resting the dough at +4 °C for
10 minutes, 200 gr balls were made and a smooth
and inclined surface was formed with the help of
rollers based on AACC method 10-54.01, and then
3 different formulations with 1 control group and 2
iterations were developed by forming a shape with
6 cm wide cookie molds. It was baked in 'FIMAK'
brand 'EKF’ a 60.80' model oven for 22 minutes
with a lower temperature of 150 °C and an upper
temperature of 200 °C. The biscuits obtained were
left to cool for 1 hour and then analyzed.

2.2.1. Analysis of Biscuits
2.2.1.1. Weight and Cooking Loss

Measurements were recorded by weighing the
biscuits on a precision scale before and after baking.
The dough weight (A) and post-baking biscuit
weight (B) of the six recorded biscuits were
measured and formulated as A-B\A. These ratios
were averaged.

2.2.1.2. Volume and Specific Volume

The volume analysis using rapeseed, which is based
on the displacement method, was measured using
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six biscuits. The data obtained were divided by the
number of samples and the volume of the biscuit
was determined. The measurement of the specific
volume was calculated by dividing the volume data
by the weight data of the same samples [16].

2.2.1.3. Diameter, Thickness and Spread Ratio

AACC Standard Method No. in Biscuits: Based on
10-54, measurements were made with a 0.001 mm
Mitutoyo,  Minoto  K-4  digital  caliper.
Measurements are made by measuring the diameter
and thickness in mm; The spread rate was calculated
by rationing the diameter (mm) value of the biscuits
to the thickness (mm) value [17].

2.2.1.4. Color Analysis

Color analysis was recorded in the biscuit by
determining the L*, a* and b* values with a Konica
Minolta CM CR-400 model, 1.5 V (Japan) handheld
color device. After baking, 3 points were
determined from the outer surface of the biscuits,
which were left to cool for 1 hour, and color
measurement was made. Biscuit CIE color values
are L*, a* and b* with 3 misses;

L*=100 (white), L*=0(Black) lightness-darkness of
the biscuit,

a*=red (High positive), a*=green (High negative),
b*=yellow (high positive), b*=blue (high negative).
a* and b* values provide information about color
size or position [18].
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2.2.1.5. Moisture Analysis

In the biscuit samples, after resting for 1 hour after
baking, the numbered containers were weighed by
taking the tare of the numbered containers. The
weighed samples were kept in an oven at 105 °C for
24 hours to come to constant weighing. At the end
of 24 hours, the samples were re-weighed and the
weight loss of the biscuits was recorded and the
moisture content (%) was calculated [17].

2.2.1.6. Texture Analysis

These analyzes are important in terms of the
mechanical properties of the food, as information
about consumer taste, sales, processing,
transportation and storage of the product is given by
determining the textural properties of the foods.
After the biscuits were left to cool for 4 hours, the
hardness (breaking force) was determined based on
the AACC 74-09 method. The texture properties of
the biscuit were determined by using the 3-point
fracture method to determine the hardness (N) and
brittleness (mm) values with the help of the TA-XT
Plus Stable Micro Systems device [19].

2.2.1.7. Sensory Analysis

To determine the sensory properties and
consumability of the gluten-free hingedan biscuits
produced, 45 panellists, 25 of whom are women and
20 are men, between the ages of 25-60 with the title
of doctorate. The panellists were given a brief

Table 2. Analyses conducted on the biscuit
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briefing on the hingedan plant. Biscuits were
randomly numbered with codes 136, 493, 572 and
613 and presented for evaluation under bright room
conditions at the Sensory Analysis Laboratory of
the Department of Food Engineering at Cukurova
University. It was carried out by using to the
hedonic test form by applying to the hedonic test
form by evaluating a score from 1 to 5, 1 being very
bad and 5 being very good, over 7 different
parameters as hardness, crispness, color, surface
appearance, taste, general taste and smell in biscuits
(tA.

2.2.1.8. Statistical Analysis

The data obtained from the control groups and the
biscuits with F. pseudalliacae additives were
evaluated with the help of the SPPS 25.0 statistical
program (P<0.05). Whether there was a significant
difference between the groups was determined by
ANOVA and TUKEY-DUNCAN comparison tests.

3. RESULTS AND DISCUSSION

In this study, it was aimed to produce biscuits
suitable for the consumption of Celiac patients and
individuals with gluten sensitivity by creating a
gluten-free biscuit formulation and adding 5%, 10%
and 15% F. pseudalliacaea plant to it. For this
purpose, the moisture, physical, texture and sensory
qualities of gluten-free biscuits with different
proportions of F. pseudalliacaea were confirmed.

Analysis Control 5% Hingedan 10% Hingedan 15% Hingedan
Moisture (%) 9,58 11,26 11,60 10,95
Diameter (mm) 61,55 60,90 61,48 61,59
Thickness (mm) 13,83 13,42 13,55 13,50
Spread rate 4.47 4.53 4.53 4.57
Baking Loss(%) 14,52 11,04 12,06 12,60
Spesific Volume Cm?/gr) 1,84 2,35 2,46 2,21
Texture Hardness (N) 138,31 91,49 78,67 88,90
Texture Fragile (mm) 12,14 11,35 11,41 11,63
L* 73,354+20.04 61,00+0.58 56,00+0.60 52,66+0.75
a* -0.90+0.35 -0.35+0.18 0.26+0.22 0.57+0.15
b* 20.16+1.09 18.75+0.43 17.00+0.37 15.52+0.24
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3.1. Moisture

Chinma et. al., found that the moisture rates of the
biscuits they produced by adding peanuts to
germinated millet and bambara were found to be
between 8.12-8.63 g; The high humidity levels have
been attributed to the high-water absorption
capacity of the proteins in the content of bambara
peanuts [20]. Oliveira et. al., the moisture values of
gluten-free biscuits obtained by adding a mixture of
—QGuaranal and —Catuabal plants, which are
medicinal plants added to rice flour at a rate of 4%,
were found to be 2.68% and 2.65% [21]. In our
study, it was observed that the moisture content of
the biscuit samples increased (Table 2). It was
determined that the control group product had lower
moisture content compared to the biscuits with F.
pseudalliacaea added. This may be associated with
the low water absorption capacity of biscuits with
F. pseudalliacaea. According to the findings of the
POST-HOC TUKEY HSD test, which was
performed to determine which groups the difference
was between the two groups, a statistically
significant difference was found between the
humidity values of K1 and Bl P=0.001, Ol
P=0.000, and OB1 P=0.009.

3.2. Diameter

In his study on gluten-free biscuits, Kunt added
buckwheat flour, chickpea flour, carob flour and
transglutaminase and sodium alginate to the
formulation to increase the nutritional value of the
biscuit and to improve the structure of the biscuit
[22]. The diameter values obtained from the
samples varied between 60.20-64.30 (Table 2). It
was observed that the biscuits obtained with the
addition of transglutaminase to the formulation with
chickpea flour gave the highest diameter value. In
gluten-free biscuits, the addition of chickpea flour
increased the biscuit diameter, while carob flour
decreased it. Dogan produced gluten and gluten-
free biscuits in which rhubarb was added at different
ratios (0, 0.5, 1, 2). The diameter values of gluten
biscuits varied between 56.49-58.15 mm, while the
diameter values of gluten-free biscuits varied
between 49.50-56.23 mm. It was determined that
the diameter value decreased as the rhubarb content
increased in gluten biscuits. It was thought that the
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diameter value decreased as the ratio increased due
to the fiber content of the rhubarb plant. There was
a difference in the diameter values of gluten-free
biscuits, and this difference was explained to be due
to the linear quadratic effect between rhubarb and
gum [23]. In this study, it was observed that the
diameter ratio decreased in biscuits to which F.
pseudalliacaea was added at 5% and increased in
biscuits to which F. pseudalliacaea was added at
10% and 15%. Analysis of variance was used to test
whether there was a significant difference between
the diameter averages of more than two samples.

3.3. Thickness

In the gluten-free biscuit study created for the
consumption of celiac patients, biscuits were
produced by adding 10, 20, 30 % almond flour and
25, 50 % stevia to the mixtures in which rice flour
was used as 100%, 90, 80.7 0. The thickness values
obtained as a result of the study analysis were
recorded as 0.81-0.83-0.86 cm for biscuits with rice
flour and stevia, 0.82-0.85-0.86 cm for biscuits with
10% almond flour and stevia, 0.83-0.85-0.97 cm for
biscuits with 20% almond flour and stevia, and
0.84-0.86-0.98 cm for biscuits with 30% almond
flour and stevia. t was observed that the biscuits
with almond flour and stevia addition had the
highest thickness ratio. It is thought that the increase
in thickness values is related to the increase in bulk
density of almond flour and stevia [24]. Singh et.
al., observed a decrease in the thickness values of
the biscuits with the substitution of water chestnut
flour obtained at the end of many pretreatments at
the rates of 50%, 60, 70, 80, 90% into the biscuit
mixture [25], while in our study; the ratios of the
thickness values of the biscuits ranged between
13.83-13.42 mm., shown that in Table 2.
Accordingly, the highest average was 13.83 mm in
the K1 group and the smallest average was 13.42
mm in the B1 group.

3.4. Spread Ratio

Olawoye et. al., studied the effects of biscuit starch
resistance, glycemic load and glycemic index
depending on baking temperature and time by
adding Cardaba banana flour to gluten-free cookie
combination. The spread rates, calculated by
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dividing the width ratio of the cookies by the
thickness ratio, varied between 5.46-6.23. It has
been observed that the product with the highest
spread rate in gluten-free biscuits that have
undergone a certain temperature and duration of
baking is formulated biscuits. Here, it is stated that
the rate of spread varies depending on the starch in
the Cardaba banana [26]. Olojede et. al.,
investigated the effect of sourdough in gluten-free
bakery products by adding different starter cultures
to acha flour-substituted gluten-free cookie dough.
Used F. fructivorans, C. glabrata, C. tropicalis
starter cultures are added to the cookie dough by
making single, double, or triple mixtures. It was
observed that the highest spread rate in the cookie
dough was in the biscuit in which F. fructivorans
culture was used alone, and the lowest spread rate
was in the cookie obtained from the triple
combination of F. fructivorans, C. glabrata, C.
tropicalis. It has been stated that the variability of
these values in the spread rate is due to the
fermentation  feature of sourdough [27].
Considering the spread rates of F. pseudalliaca-
added gluten-free biscuits produced in our study,
the group with the highest value was OB1 4.57 and
the group with the smallest spread rate was K1 4.47.
The results of the analysis of the spread rate
obtained by adding F. pseudalliacaea grass, which
was used at different rates in the study, to biscuit
samples are as follows; The control group (K1) was
447, Bl was 4.53 with 5% F. pseudalliacaea
content, O1 with 10% F. pseudalliacaea was 4.53,
and 15% F. pseudalliacaea was 4.57 (Table 2).

3.5. Baking Loss

In a study, it was observed that as the addition rate
of the hydrocolloid concentration added to gluten-
free biscuits increased, the baking losses decreased.
This situation in biscuits has been associated with
an inverse correlation between moisture and
cooking loss, and as the rate of hydrocolloid
addition increases, the removal of free water is
prevented and a decrease in baking losses occurs
[2]. According to the data obtained from the gluten-
free biscuits created in our study, the highest baking
loss rate was 14.52% in the K1 group, while the
lowest average was 11.04% in the B1 group.
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3.6. Specific Volume

Maria et. al., aimed to investigate the function of
proteins added to famous products on the
rheological and quality properties. For this purpose,
they created gluten-free cakes and biscuits. Biscuits
were produced using different protein sources such
as soy, casein, pea, and egg white protein. In the
specific volume values of the biscuits obtained, it
was observed that the specific volume ratios of
biscuits created separately from soy, casein, and pea
significantly increased, while this value did not
change in the biscuit with added egg white. In the
specific volume values of biscuits obtained by using
soy, casein, pea and egg white protein as different
protein sources; it was observed that the specific
volume ratios of biscuits created separately from
soy, casein and peas increased significantly, and
this value did not change in biscuits with egg whites
[28]. In our study, the specific volume values in
gluten-free biscuits vary between 1.84 and 2.46
cm?/gr. Accordingly, the O1 group with the highest
specific volume average was recorded as 2.46
cm’/gr, while the smallest mean was found to be
1.84 cm®/gr in the K1 group. In a study, chocolate
gluten-free biscuits were produced by using cassava
starch, rice flour and soy flour instead of wheat
flour. The specific volume analysis results of these
samples were found to be in the range of 2.3-3.2
cm3/gr. The specific volume values of biscuits
obtained from cassava and rice flour were lower
than those obtained from soybean flour. This has
been associated with a higher proportion of protein
in the structure of soy flour than in the structure of
other flours. It has been stated that flours containing
high protein have larger volume products [29].

3.7. Hardness

The hardness values of gluten-free biscuits are
shown in Table 2. Accordingly, the highest mean
was recorded as 138.31 in the K1 groups, while the
smallest mean was 78.67 in the O1 group. It was
observed that the hardness rate decreased in the
biscuits to which F. pseudalliacaea was added at
the rate of 5% (B1) and 10% (O1), and the hardness
values of the biscuits added at the rate of 15%

151



The Use of the Hingedan (Ferula pseudalliacea) in the Production of Functional Gluten-Free Biscuits

increased compared to the other two products
added. Whether there was a significant difference
between the hardness values of more than two
samples was tested by analysis of variance.
According to the findings of the analysis, a
statistically significant difference was found
between the hardness values of the samples. The
decrease in the hardness value of the biscuits with
the addition of gluten-free F. pseudalliacaea
compared to the control group is thought to be the
interactions that develop by creating a linear and
quadratic effect with the other ingredients in the
biscuit. Similar results were seen in the study
conducted by Dogan [23].

3.8. Fragility

Oliveira et. al., almond flour created by partially
removing the fat of the by-product obtained from
the extraction of Brazilian almond oil was evaluated
by adding it to the formulation of gluten-free
biscuits. The hardness and fragility values of the
composition were observed in the cookie prepared
by substituting 75 gr of almond flour used in 100 gr
of wheat flour. It has been reported that this is
related to increased fat content, fiber and phenolics,
and decreased in carbohydrate content in 64 biscuit
mechanics by replacing almond flour with wheat
flour [30]. In our study, the fragility analysis results
obtained by adding F. pseudalliacaea grass, which
was used in different proportions, to biscuit samples
are as follows; The control group (K1) was 12.14,
B1 with 5% F. pseudalliacaea was 11.35, O1 with
10% F. pseudalliacaea was 11.41, and OB1 with
15% F. pseudalliacaea was 11.63. It is thought that
the decrease in fragility or bite force value in
biscuits with the addition of gluten-free F.
pseudalliacaea compared to the control group, and
the inability of the margarine in the biscuit to bond
with any gluten structure, reduce the fragility by
creating a softer structure in the biscuit. Similar
results were seen in the study by Laguna [31].

3.9. Sensory Properties

In food science, it is known that the concepts of
smell, taste, and many other senses in food form the
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concept of flavor in the brain, and these mixed
concepts formed in the brain provide impressions
about food aroma, taste, and flavor [32]. In sensory
analyses, consumers can form positive or negative
opinions about the product based on the interaction
of the final product with the sensory organs. In
many academic studies, it has been determined that
sensory interactions in consumers affect the
perception of the product's sales and service. The
appearance and aroma of the product before
chewing, the hardness, softness, and mouthfeel
during chewing are provided by sensory perception
[33]. Although the gluten-free biscuits produced
have superior health and nutritional features, they
can sometimes be insufficient in sensory panels.
Gluten-free substances can be harder, rougher and
more difficult to chew in the mouth than gluten-
containing equivalents [24]. In our study, although
K136 received the highest score in the sensory
evaluation of biscuits, the product adding of F.
pseudalliacaea at a rate of 5% received scores close
to the control (Table 3). Farzana et. al., observed
similar tending results in biscuits enriched with
buckwheat flour [34]. Giilhan, produced gluten-free
cakes by adding 10%, 20% and 30% lentil flour to
gluten-free cake recipes. A study was conducted to
investigate these cakes’ dough properties, quality
and sensory properties. In general, when the cake
samples were evaluated, all samples received
acceptable scores. The results obtained from the
gluten-free cake samples prepared with the addition
of 30% lentil flour were close to the control sample.
Her research has suggested that cakes made with
30% lentil flour may be an alternative source for
people with gluten sensitivity [35]. Han et. al.,
conducted a study on the production of gluten-free
cookies for celiac patients. The study experimented
with biscuits using 6 different legume flours (green
and red lentils, chickpeas, yellow peas, kidney
beans and kidney beans). After physical and
nutritional examination, they reported that the
cookies they produced were similar to those
commercially available on the market [36]. The
findings show that legumes can be used in product
formulations.
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Table 3. Sensory properties
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Sample no Number Hardness | Brittleness Colour Surface Taste Ge.neral Odour
of samples appearance likes
K136 12 3.92+1.3 3.67x1.37 | 4.00+1.65 4.42+0.99 4.17+1.11 4.33+£0.88 | 4.17+£1.52
B493 12 4.08+1.08 | 3.83+x1.26 | 3.83+1.26 4.25+1.21 3.67+1.07 | 3.92+0.99 | 3.33+£0.98
0572 12 3.83£1.26 | 3.50+1.44 | 4.00+0.85 4.08+1.37 3.25+0.96 | 3.50+1.31 3.00+0.95
OB613 12 3.67+1.67 | 3.4241.62 3.50+1.24 3.75+1.13 2.83+1.52 | 3.00£1.27 | 2.42+0.90
Total 48 3.88+1.31 3.60+1.39 | 3.83+1.26 4.13+1.17 3.48+1.25 | 3.69+1.20 | 3.23+1.25
4. CONCLUSION 5% F. pseudalliacaea addition showed values close

In our study, the distinctive smell and taste of F.
pseudalliacaea, differing from the panellists' palate
preferences, and the formation of a dark color in the
product's appearance as the addition rate increased,
have influenced the scores. The additional purpose
of F. pseudalliacaea being commonly used in folk
medicine for celiac disease and the product being
prepared specifically for celiac patients should be
considered. Notably, none of the panellists were
celiac patients it was their first time tasting this
plant. At the end of the study, the biscuit with a 5%
addition rate received scores close to the control
group, suggesting that a product with varying
proportions of F. pseudalliacaea, achieved by
reducing its levels and adding different ratios to the
biscuit, could be developed for consumers based on
taste and aroma preferences. In gluten-free biscuits
made with the addition of F. pseudalliacaea, an
increase in the F. pseudalliacaea addition rate was
expected to increase in hardness values; however, a
reverse correlation was observed, with this value
decreasing with the addition rate. The highest
hardness value was determined in the control group.
The lowest brittleness value was observed in the
biscuit with a 5% addition. One of the significant
goals of our study is to produce gluten-free biscuits
with the addition of F. pseudalliacaea, commonly
used in folk medicine for the treatment of celiac
disease, for celiac patients and individuals with
gluten sensitivity. The aim is to enrich and offer
these biscuits to the consumers at an acceptable
level. In the production of the gluten-free biscuits
developed in this study, raw materials without
gluten were used, and the F. pseudalliacaea plant,
which is used by many celiac patients for treatment
purposes although not yet used as a medical
treatment, was added. Biscuits that could be
consumed by individuals with celiac disease and
gluten sensitivity were produced. The products with
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to the control group regarding overall acceptability,
indicating that the product gained functional
properties and could be produced with positive
health attributes. Many species of the Ferula genus
have been used by humans for years as food and for
medicinal purposes. Ferula orientalis is used as a
flavoring agent in pickles, F. hermonisbois as a food
supplement with aphrodisiac properties, and F.
assa-foetidal, derived from oleo-gum resin in
Afghanistan, Iran, Nepal, India, and other Asian
countries, is used as a spice. In Iran, where
traditional medicine is prevalent, F. assa-foetida is
used for the treatment of constipation, diarrhea, and
abdominal pain. Similarly, it is indicated that
underground and above-ground extracts of F.
gummosa, F. heuffelii, and F. communis are used for
preventing diarrhea, wound healing, coughs,
asthma, muscle spasms, toothaches, gastric
problems, and in the treatment of scorpion and
snake bites [37]. Although the species F.
pseudalliacae is used by the local people in the
Hakkari region as a food supplement and to enhance
the flavor of pickles, it is also used for the treatment
of many diseases, especially celiac disease [38].
Taking all these into consideration, it is thought that
investigating the medicinal properties of the Ferula
plant in future studies and its use as an additional
additive in functional foods will provide a
significant contribution to the literature.
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Abstract

In this study, we investigated the impact of the environmentally friendly R290 refrigerant, which has a
higher Coefficient of Performance (COP), on the operating performance of the cooling system, as an
alternative to the commonly used R404A refrigerant, which has a negative effect on global warming. The
boundary conditions in the refrigeration cycle were designed to be -10°C evaporation and +45°C
condensation, and the performance of the system referenced in the TS EN ISO 23953-2 standard was
experimentally compared for both refrigerants. The temperature and energy consumption values of the M-
packs, whose location and quantity are specified in the relevant standard, have been evaluated in terms of
the cooling performance of the cabinet. As a result of the study, the heat removal performance of the system
using R290 fluid in the condenser showed better results compared to R404A. According to the relevant
standard, the system using R290 is in the C and D classes in the energy consumption evaluation.

Keywords: Global warming, R290, R404A, Cooler liquid, Cooling performance
Ticari Buzdolabinda R290 Sogutucu Akiskan Performansi
0Oz

Bu ¢alismada, kiiresel 1sinma iizerinde olumsuz etkisi olan ve yaygin olarak kullanilan R404A sogutucu
akiskanina alternatif olarak, daha yiiksek Performans Katsayisina (COP) sahip ¢evre dostu R290 sogutucu
akiskaninin sogutma sisteminin c¢alisma performans: tizerindeki etkisi aragtirilmistir. Sogutma
cevrimindeki sinir sartlar1 -10°C buharlagtirma ve +45°C yogunlastirma olacak sekilde tasarlanarak TS EN
ISO 23953-2 standardi referans alinan sistemin performansi her iki sogutucu akiskan icin deneysel olarak
karsilastirmustir. {lgili standartta konumu ve miktar1 belirtilen M-paketlerinin sicaklik ve enerji tiiketim
degerleri dolabin sogutma performansi yoniinden degerlendirilmistir. Yapilan ¢aligma sonucunda R290
akigkan kullanilan sistemin R404A’ya gore kondenserde 1s1 atma performansi daha iyi sonuglar
sergilemistir. Ilgili standarda gore R290 kullanilan sistem enerji tiiketimi degerlendirmesinde C ve D
smifinda yer almistir.

Anahtar Kelimeler: Kiiresel 1sinma, R290, R404A, Sogutucu akiskan, Sogutma performansi
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1. INTRODUCTION

The studies that started with the Montreal Protocol
in 1987 to protect the ozone layer from the negative
effects of refrigerants, reduce the greenhouse effect,
and regulate the production and usage conditions
continued with the 1990 London and 1992
Copenhagen meetings. These issues have been the
subject of international agreements with the 1997
Kyoto Protocol and the United Nations Framework
Convention on Climate Change in 2015. As a result
of these protocols and agreements, it has been
adopted to use refrigerants with 0 or lower Ozone
Depletion Potential (ODP) and Global Warming
Potential (GWP) values.

Cooling, which we often use in our daily life and in
industrial areas, can be performed physically,
chemically or mechanically in three different
methods. Mechanical refrigeration  systems
operating according to the principle of reverse
Carnot cycle are used for food, cold storage,
supermarket refrigeration, ice rinks, etc. it is used in
many areas such as. Perishable food products are
stored and displayed for a certain period of time in
display cabinets. In these cooling systems, 60-70%
of the energy is spent in the compressor and
condenser. For this reason, it is necessary to reduce
the energy consumption costs of cooling systems,
improve the parts that consume too much energy
and reduce their negative effects on the
environment [1].

The studies for cooling and heating systems, which
started with the Montreal Protocol in 1987, have
been the subject of international agreements with
the Kyoto Protocol of 1997 and the United Nations
Framework Convention on Climate Change of
2015. These regulations are aimed at reducing the
use and production of refrigerants with high GWP
and ODP. The refrigerant most often used in
supermarket cabinets is R404A. The ODP value of
R404A refrigerant is zero, but the GWP ratio is high

[2].

Scientists are giving priority to refrigerants with
low GWP values and systems that will reduce the
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amount of charging in order to reduce the impact of
refrigerants on global warming [3].

Trying to protect nature with laws and laws can only
be within the scope of priorities and possibilities.
Although there are quite a large number of
refrigerants that can be used in market-type
refrigerants, their effects on nature in terms of ODP
and GWP ratio, usage quantities, suitability to the
existing system and costs constitute their limitations
in terms of usage. Today, the low cost of industrial
cooling cabinets, the easy availability of cooling
equipment and the fact that it is an environmentally
friendly refrigerant make R290 gas an
advantageous position for manufacturers to choose.

According to Devotta et. al., in their study, they
compared the refrigerants R410A, R134a, R407C,
R290, R32, R135 and R134a, which can be an
alternative to R22 refrigerant for air conditioners,
with experimental data. In the comparison made
according to the COP value, it was concluded that
the refrigerant R134a is close to the R22 gas, but
large compressor selections should be made to
ensure the capacity. R290 refrigerant has similar
properties to R22, but in the study, where it was
stated that the compressor variety is low, it was
stated that R407C is the most suitable and useful
refrigerant instead of R22 gas [4].

In their study, Spatz and Motta examined the
efficiencies of R290 and R410A refrigerants by
comparing them with R22 refrigerant. It has been
experimentally shown that R290 refrigerant gives
5% better results than R22 [5].

In a study conducted by Kaya [6], the efficiency of
the system in the steam compression refrigeration
cycle was examined by using R404A refrigerant
with zero ODP value instead of R22 refrigerant. As
a result of this research, an increase in cooling
capacity by 2.32% was achieved by using R404A
refrigerant instead of R22 gas. In addition, the COP
values of R22 and R404A refrigerants were found
to be 2.12 and 1.91, respectively.

Bortolini et. al., in their study, they examined the

availability and performance of R410A and R407F
refrigerants that can be used instead of R404A

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024



refrigerant used in industrial refrigeration systems.
In the cooling system at medium temperature values
(10°C, -5°C), it has been calculated that the cooling
capacity and COP values of R410A and R407F
refrigerants are high compared to R404A gas. The
cooling capacity and COP values calculated in the
study were calculated as 1297 W and 1.47 for
refrigerant R404A, 1417 W and 1.51 for R407F,
1342 W and 1.75 for R410A, respectively [7].

Llopis et. al. analysed five different refrigerants
(R717, R744, R290, R1234ze and R152a) that can
be used as a substitute for R404A and R134a
refrigerants, and compared the energy analysis and
environmental effects of refrigerants that can
replace R404A and R134a gases with high GWP
values. R717, R744, R290, R1234ze and R152a
refrigerants were tested in the same system instead
of R404A and R134a, which are often used in
refrigeration systems. The best performance in the
test results was given by a two-stage system using
R404A refrigerant. However, due to the high GWP
value, it has been stated that the choice of cascade
cycle using R744 refrigerant, which has a low GWP
value and is environmentally friendly, will be more
appropriate [8].

In the study conducted by Kizilkan [9], the
performances of seven refrigerants were compared
for cold storage application. As a result of the study,
the COP values of refrigerants R170, R744, R1270,
R290, R600a, R717 and R600, respectively 1.463,
1.482, 2.366, 2.369, 2.448, 2.462 and it was found
to be 2.5.

According to Makhnatch et. al. examined the use of
R449A refrigerant instead of R404A in their study
related to cooling systems. Due to its favourable
thermodynamic properties and the maximum
acceptable discharge temperature, it has been stated
that R449A can be used in the cooling system
designed for R404A with a slight expansion
adjustment and a 4% coolant charge increase.
Although the COP value of the R449A has a cooling
capacity that is about 13% lower, it is almost the
same as the COP value of the R404A. When it is
desired to use R449A instead of R404A, it has been
stated that it will be sufficient to adjust only the
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amount of refrigerant and the thermostatic
expansion valve in the cooling system designed for
R404A [10].

Sapali and Choudhari, analysed the use of R290
instead of refrigerant R22 in their study. As a result
of the analyses carried out using the vapor
compression cooling cycle, the performance of the
R290 was lower than that of the R22. Due to the low
GWP and ODP values, it was stated that it would be
appropriate to use it as an alternative to R22 [11].

Yildirim et. al. in their study, they analysed the
energy analysis and environmental effects of
R404A and its alternative R454C refrigerants in the
refrigeration system. The analyses were performed
for five different evaporator and condenser
temperatures. As a result of the study, it was found
that the COP value of R454 is about 4% higher than
R404A [12].

Bigen, examined the use of R290 refrigerant instead
of R404A in commercial type freezers. As a result
of the examination, it has been concluded that R290
refrigerant does a better job for the condenser of the
same size compared to R404A [13].

When the studies were examined, it was observed
that the environmental effects of the refrigerants
used in cooling systems, energy analyses and
cooling performances were measured. Although the
refrigerant used in supermarket cabinets in general
is R404A, its use in refrigeration systems is
prohibited according to the F gas regulation because
its effect on global warming is too great.

In this study, which will support these studies and
enrich the literature with a different perspective, the
effects of R404A and R290 refrigerants on the
availability and cooling performance in
supermarket product display cabinets were
experimentally investigated. In the experimental
study, in order to compare the performance of
refrigerants, no design changes were made to the
cooling system, only compressor changes suitable
for the fluids were made and cooling performance,
energy consumption values and energy efficiency
were compared.
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2. MATERIALS AND METHODS

Refrigeration systems used in the field of industrial
air conditioning are a closed circuit consisting of
compressor, condenser, expansion valve, capillary
tube and evaporator elements connected to each
other in series [14]. The properties that refrigerants,
which are the intermediate that provide heat transfer
in the vapor compression refrigeration cycle, are
required to have and expected from repair are too
many. Decontamination. On this issue, Koyun et al.
(2005); Calm, (2008); Abas et al., (2018); Demirci
et al. (2020) and Araz et al. (2013) have provided
detailed information in their studies [14-18].

The imitation elements used to simulate the
operating conditions of the cabinet and to measure
the cooling performance are called M-packages. In
order to measure the temperatures of the M-
packages placed in the cabinet, temperature sensors
are installed in such a way that they directly contact
the packages in accordance with the standard. A M-
pack is an odorless solid rubber container with a
density of 1 g/ml and is composed of 23%
oxyethylmethylcellulose, 72-76% (vol.) water and
the rest sodium chloride and 6-chloro-m-cresol. In
the experiments conducted in accordance with TS
EN ISO 23953-2 “Refrigerated Display Cabinets”
standard, the way the M-packages are loaded into
the cabinet and the temperature measurement points
of the packages, the thermocouple placements, the
interpretation of the performance criteria were
made according to the conditions and rules
specified in this standard [19].

The list of M-packs used in filling the cabinet are;

* 18 pieces 50x100x100 cm Thermocouple
installed package

* 21 pieces 50x100x100 cm Standard package
(500 g)

* 60 pieces 50x100x200 cm Standard package
(1000 g)

* 12 pieces 50x50x200 Standard package (500 g)

The temperatures of the M-packages used for the
cooling performance test in the cabinet, evaporator
inlet-outlet temperatures and condenser suction-
blowing temperature measurements were made
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with a T-type thermocouple. T-type thermocouple
has ranges 150 to 400 °C, sensitivity 0.02 °C and
limits of error £0.5°C. 18 Thermocouples for test
packages, 2 thermocouples for evaporator and 2
thermocouples for condenser are placed in the
cabinet. The placement of the M test packages, and
the temperature sensor numbers are shown in Fig-1.
The test chamber is heat-insulated, the internal
environment is set to be at a temperature of 25 £1°C
and relative humidity of 60 £3%, and the air flow in
the test chamber is December 0.1-0.2 m/s from the
front face of the cabinet. The test chamber where
the experiment was conducted covers Class-3

according to the standard.

S

==

TE

& .
Side View

Top View
Figure 1. Placements of M test packages in the
cabinet and thermocouple placements
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The cabinet in the test assembly was tested under -
10°C evaporation and +45°C condensation hot
conditions. In the commercial display product
cabinet, R404A refrigerant is usually used in low
and medium temperature refrigeration applications,
while R290 refrigerant is suitable for use in low
temperature refrigeration applications, so it has
been mandatory to use hermetic type compressors
with different properties in the refrigeration system.
In addition, in accordance with the relevant
standard, R404A gas 630 g was used in the system,
while R290 gas was charged to the tank in an
amount of 90 g due to its A3 safety rating,
flammable and explosive properties. The
compressor characteristics according to the
refrigerant used in the system are given in Table 1.

When the energy classification of the display
cabinet is made, the type of cabinet, the volume and
the temperatures of the M-packages are evaluated
as criteria in addition to the energy consumed by the
cabinet on a daily or annual basis. Within the scope
of the study, these criteria and the display area of
the cabinet are in accordance with TS EN ISO
23953-2 standard and were calculated in detail in
the study by Sara¢c [20]. As a result of the
calculations, the energy classes of R290 and R404A
refrigerant systems were found to be C and D,
respectively.

Table 1. Compressor specifications

R290 | R404A
Cooling Capacity (W) 396 465
Input Power (W) 162 276
COP Value 2.44 1.69
Evaporation Temperature (°C) -10
Condensation Temperature (°C) 45

The performance tests of the refrigerants in the
cabinet were carried out according to TS EN ISO
23953-2 standard. The types of M packages, their
number and the positions of the packages and T-
type thermocouple sensors have been adjusted as
specified in the standard. The temperature values of
the compressor's pressure-suction line, evaporator
inlet-outlet pipes and the suction-blowing zone of
the condenser fan were measured with the T-type
thermocouple sensor. The evaluation was made
according to the lowest — highest temperature M-
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packages. Since no design changes were made in
the cabinet except for the mandatory compressor
change, the lowest and highest temperature values
of both fluids were obtained from the same
numbered sensors.

Experimental data were obtained after the cabinet
was operated for 24 hours before the experiments to
ensure that the core temperatures of the M-packages
placed in the cabinet reached equilibrium and to
capture the necessary temperature values before
starting the test. Data were taken from 22
temperature sensors placed in M packages every 60
seconds and their graphs were plotted. With the help
of the analyser, the electrical forces attracted by the
cabinet for both fluids were measured, and the
energy class of the cabinet was determined.

Datascan 7020 was used to record the experimental
data on the computer. Main features are direct
sensor connection for DC voltages, Thermocouples,
strain gauges, RTD’s, resistance, and 16 bit
measurement  performance  with  0.625pV
sensitivity, and  Accuracy +/-0.02% rdg
+0.01%range+1bit. Entes brand MRP-26S-21
model analyser was used to evaluate the
commercial cabinet used in the study according to
its energy consumption value (Table 2).

Table 2. Entes analyser specifications

10-300 VAC,
Measurement Range 10-480 VAC
Communication Interface / |RS 485 / Modbus
Protocol RTU
Operating Voltage 95-270 VAC/DC
Operating Frequency 50/60 Hz
Power Consumption <6 VA
Transfer Speed 2400 - 115200 bps
Nominal Current In: SA/ 1A
Lowest Current 5 mA
Measurement Range 50mA-55A
Accuracy +0.5%
Protection Class Terminal |IP20, IP40

Uncertainty analysis is needed to easily identify the
variable that causes the most errors, to prove
random errors or the accuracy of experiments. Even
if the instruments used in the experiments are
metrologically approved, the measurements contain
different levels of errors. Uncertainty analysis gives
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us a methodological approach to the sensitivity of
the results. The measurement errors caused by the
test device is defined as the difference between the
measured value and the real value and they are
divided into two groups: random and systematic
error. Random error is the difference between a
single measured value and the average value of
many individual measurements. The difference
between the mean value of individual
measurements and the true value is defined as
systematic error. Errors that may occur in
temperature measurement vary depending on the
measuring instruments used in the experiments [21,
22].

The uncertainty (Wr) of the measured magnitude
(R) in the system with respect to each independent
variable (w1, wa, ..., Wy) can be calculated from the
following Equation-1 [23, 24].

R, R . R
WR=J(£WI> +<§sz> +...+(6—an) (1)

1 2 Xn

Table 3. Average uncertainties of some measured
and calculated parameters

Parameter Uncertainty (%)
Connection elements 0.1
Time measurement 0.1
Length and diameter 0.1
Temperature measurement 5.1
Energy consumption 7.1
Energy class determination 73

3. RESULTS

The temperature changes of the M-packages,
temperature changes of the M-packages at the
lowest and highest temperature, evaporator inlet-
outlet temperatures, condenser suction-blowing
temperatures and energy consumption data were
examined in accordance with the TS EN ISO
23953-2 standard without any other changes in the
cooling system except the compressor, which was
changed compulsorily due to the properties of the
fluid used, the humidity and temperature of the test
chamber were kept under constant control in this
study. The experiments were carried out over a 24-
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hour period, during which the average temperature
value of the test chamber was measured as 57.2 °C
and the humidity value was measured as 23.5%, and
these values comply with the Climate Class-3
requirements of the TS EN ISO 23953-2 standard.

As a result of the 24-hour operation of the test
cabinet, the average temperatures of the M-
packages installed with the sensor are shown in the
graph in Figure 2. The average temperature values
for both refrigerants in the cabinet were calculated
as 2.16 °C for R290 and 3.73 °C for R404A. As a
result of the visualized and calculated data, it has
been obtained that the cooling environment is 73%
cooler in the system operated with R290 refrigerant.
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Figure 2. Average
packages

graph of M

Time (h)
Figure 3. Temperature change graph of No.8 M-
packages for R404A and R290

In Figure 3, the temperature change of the M-
package to which the sensor No. 8, which has the
highest temperature value during the cooling
process with refrigerants R404A and R290, is
connected, is graphically given. In the performance
evaluation performed according to the cooling of
M-packages, the highest temperature values for
R404A and R290 gases were taken from the M-
package in which the sensor No. 8 was installed,
and these values were measured as 5.69 °C and 5.85
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°C respectively. The reason why M-package No. 8
is the highest temperature product in both fluids is
that the design of the cabinet has not been changed.
When the two refrigerants are compared for the
hottest products, there does not seem to be a
significant temperature difference. But 8 hours after
the start of the experiment, M-package No. 8
reached a temperature of 5 °C with R404A gas and
then remained stable at a temperature of 5.5°C for 7
hours. Reaching a temperature of 5°C with R290
gas took about 10 hours, and then reached a
temperature of 5.5°C only in 8 hours. the highest
temperature value reached in R404A gas for M-
package No. 8 was measured as 5.85°C, while R290
was measured as 5.69°C.

When the cooling performance of M-packages on
the side of different refrigerants is examined, the M-
packages to which sensor number 13 is connected
are the ones with the lowest temperature. according
to the data obtained from sensor No. 13, the
temperature values for refrigerants R404A and
R290 were obtained as 0.97°C and -1.36°C. Due to
the fact that the difference between the lowest
temperature values of the two refrigerants is 2.33°C
and the cooling curve graphs are smoother, as
shown in Figure 4, the cooling performance of the
R290 has been interpreted as better. In the first stage
of the cooling experiment in both fluids, thanks to
the compressor, it provided a temperature drop of
about 2°C, while in other studies it provided a
temperature drop of 1°C each.

—R20  ——RAD4A

KJ\ o

-2
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 M
Time (h)

Figure 4. Temperature change graph of No.13 M-
packages for R404A and R290

Temperature Value (*C)

The graph in Figure 4 shows that the temperature of
the M-package increases after the compressors stop
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automatically. With the R290, the temperature
increase is linearly fast, and then the compressor is
activated, significantly reducing the temperature of
the product. When the compressor stops in the
R404A fluid, the temperature increase draws a
parabolic curve, while the temperature decrease was
not much when the compressor was activated.

The graphs drawn according to the data obtained
from the thermocouple sensors in the evaporator
inlet and outlet pipes of the refrigeration system
using R404A and R290 refrigerant are shown in
Figure 5. It is ideal that the difference between the
evaporator inlet and outlet temperature is 10°C, and
it is desirable that the refrigerant should be at a
temperature close to -10°C at the evaporator inlet
and 0°C at the outlet. Dec. While these desired
conditions could be achieved with R290 gas, they
could not be achieved with R404A gas.
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The evaporator inlet temperature values were
measured as -8.73 and -10.38°C for R404A and
R290, respectively. According to these values,
R290 refrigerant is 18% more efficient than R404A.
In order to obtain the desired operating values with
R404A gas, it is necessary to make changes in the
design and cooling elements of the cooling system.

163



R290 Refrigerant Performance in a Commercial Refrigerator

During the experiments, the ambient temperature at
which the cooling system was operating was
approximately 25°C, while the fan blowing
temperature value was measured as 29.8°C.

30

00123 456 78 9 1011 1213 1415 16 17 18 19 20 21 21 B M

Time (h)
g : R290 Condenser Input Condenser Qutput
g;: Il'h'.f!;- ri,- LY r LM ot 1S ,\-'*-J‘..'la‘,Fw_'\.‘,
S
225
5 \rwmmmmwﬂ A M it
En
|221

012 3 456789 1Dllﬁ:e:;,1415 16 17 18 19 20 21 22 23 M4
Figure 6. Condenser suction and blowing

temperature graphs for R404A and R290

The result of the measurements made by placing
thermocouple sensors in the suction and blowing
areas of the condenser is shown in Figure 6. With
this graph, it is possible to decide whether the
condenser is sufficient for the system. In the system
using R290 refrigerant, the air absorbed from the
environment at a temperature of 25°C is expelled
from the condenser as a maximum of 28°C
(AT= 3°C), similarly, in the system using R404A
refrigerant, AT= 4.8°C was measured. No heat was
observed in the condenser in both refrigerants.

According to these graphs, it can be concluded that
the condenser is suitable for use in two refrigerants,
and the cost can be reduced by reducing the
condenser capacity by 21% and 57% for R404A and
R290, respectively, with the area covered by the
cooling system.

It was measured that the system operates at a
maximum power of 150 W with R290 gas and 250
W with R404A, since it is mandatory to use
different compressors in the system due to the
different properties of refrigerants. The EMC
3121U model compressor used in the R290 fluid
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system for 24-hour power consumption
measurements of R290 and R404A refrigerant
systems under 220 V - 50 Hz operating conditions
works in 4-minutes periods. Together with the
defrosting times, the compressor worked for 12
hours and 13 minutes in a 24-hour period. In the
R404A fluid system, the working period of the
EMT 6165GK compressor was 3.5 minutes and the
total working time was 11 hours and 32 minutes.
The 24-hour power consumption values of the
systems using R290 and R404A refrigerants were
measured as 95 and 155 Watts, respectively. The
system using R290 refrigerant has realized 63% less
energy consumption in energy consumption.

4. CONCLUSION

In order to compare the cooling performances of the
systems using R404A and R290 as refrigerants, the
temperatures of the M-packages, the compressor
pressure-suction line, the evaporator inlet-outlet
pipes and the suction-blowing region of the
condenser fan were measured in accordance with
the TS EN ISO 23953-2 standard in this study and
the energy consumption was compared. With the
study conducted, the following results were found:
The R290 refrigerant system performs close to the
M1 class specified in the standard, while the R404A
refrigerant system is in the M2 Class.

There is a temperature difference of 1.57°C
between the average product temperatures between
the system used R290, and R404A. For this reason,
the cooling efficiency of the R290 system in the
cabinet is higher.

It has been determined that the region where sensor
number 8 is located is less cooled than other
regions. The reason for this is interpreted as the air
circulation of the cabinet does not show a
homogeneous distribution, and better cooling can
be achieved in this region with a design change.

The condenser capacity of R404A refrigerant
system is 33% larger than R290. For this reason, the
same cooling efficiency can be achieved with a
condenser with a capacity as small as 30% in the
systems used R290.
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When the heat dissipation performances of the same
condenser are examined, the R290 refrigerant cycle
performs 57% better.

The reason why the energy consumption of the
R404A refrigerant system is higher is that the
cooling capacity of the compressor of this system is
17% larger than that of the R290.

Since the condenser efficiency of the R290
refrigerant system is better, a decrease in the
electrical energy used by reducing the rotation
speed of the fan motor can be achieved by using a
fan speed controller in the system. It will reduce the
efficiency of the condenser by reducing the
condenser fan speed. But this situation can provide
customer satisfaction by making the cabinet work
more noiselessly.

When the evaporation temperatures for both
refrigerants are examined, they are -10.38°C and -
8.73°C for R290 and R404, respectively. In other
words, the cooling capacity provided by the R404A
with less gas charge can be provided with the R290
refrigerant.

Since there will be less gas charge in systems with
R290 refrigerant, smaller diameter pipes and
smaller condensers can be used. With the reduction
of the condenser, an increase in the internal area of
the cabinet can be achieved.

Due to the different properties of the fluids used, the
system with R290 is 63% more efficient in terms of
energy consumption since different compressors are
used in addition to the amount of fluid usage.
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Abstract

Load forecasting is the foundation of utility design, and it is a fundamental business problem in the utility
industry. Load forecasting, mainly referring to forecasting electricity demand and energy, is being used
throughout all segments of the electric power industry, including generation, transmission, distribution, and
retail. In this paper, a long short-term memory network with a hybrid approach is improved with a dense
algorithm and proposed for electricity load forecasting. A long short-term memory network is designed to
effectively exhibit the dynamic behavior of load time series. The proposed model is tested for Panama study
including historical data and weather variables. The prediction accuracy is validated by performance
metrics, and the best of the metrics are attained when mean absolute error is 5.262, mean absolute
percentage error 0.0000376, and root mean square error 18.243. The experimental results show a high
prediction rate for load balance forecasting of electric power consumption.

Keywords: Dense layer, Load forecasting, Long short-term memory, Machine learning
Hibrit Derin Sinir Agina Dayah Yiik Dengesi Tahmini
Oz

Yiik tahmini, hizmet tasarimimin temelidir ve hizmet sektoriinde temel bir is sorunudur. Agirlikli olarak
elektrik talebini ve enerjiyi tahmin etmeye atifta bulunan yiik tahmini, iiretim, iletim, dagitim ve perakende
dahil olmak tizere elektrik enerjisi endiistrisinin tiim segmentlerinde kullanilmaktadir. Bu bildiride, hibrit
bir yaklagima sahip uzun bir kisa siireli bellek agi, yogun bir algoritma ile gelistirilmis ve elektrik yiki
tahmini i¢in Onerilmistir. Uzun bir kisa siireli bellek agi, yiikleme siiresi serilerinin dinamik davranisini
etkili bir sekilde sergilemek igin tasarlanmistir. Onerilen model, tarihsel verileri ve hava durumu
degiskenlerini igeren Panama caligmasi i¢in test edilmistir. Tahmin dogrulugu, performans dl¢timleriyle
dogrulanir ve 6l¢iimlerin en iyisi, ortalama mutlak hata 5,262, ortalama mutlak yiizde hatas1 0,0000376 ve
kok ortalama kare hatasi 18,243 oldugunda elde edilir. Deneysel sonuglar, elektrik giicli tilketiminin yiik
dengesi tahmini igin yiiksek bir tahmin oran1 géstermektedir.

Anahtar Kelimeler: Makine 6grenimi, Uzun kisa siireli bellek, Yiik tahmini, Yogun katman
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1. INTRODUCTION

Recently, forecasting systems behavior have been
considered as an important operation in succeeding
and getting the desired results in multiple fields, as
in predicting the financial affairs of exchanging
goods or indication of markets, in business to
schedule employees, manage the stockpiled, and
forecast the request, in medicine to observe the
prevalence of illness, and in meteorology for
forecasting weather. Equally, forecasting plays a
crucial function in con- trolling the usage of
electric, and electric power purchase in
interconnected power system [1]. The term of load
forecasting is a technique used by electric utilities
or by energy management system (grid operator) to
predict the electricity needed to balance the
generation and load demand [2]. Lately, deep
learning, machine learning, and artificial
intelligence techniques own numerous contests, and
have been successfully employed in -electric
consumption load predictions, financial market
predictions, and reliability predictions, be- cause of
its ability in handling with a huge data and gives the
right prediction results [3].

The desired forecasts attain the veritable patterns,
and intended relation- ships, that owns by the
historical data, but do not duplicate the previous
situations, that will not appear again. In time-series
forecasting, there are resemblance between the
variant types of application in the field of
preprocessing, and the adapted techniques.
Forecasting algorithms can be implemented and
used only for a specific type of forecasting. In
general, there are three main types of forecasting
that depends on the type of application and field:
short-term,  medium-term, and  long-term
forecasting [4].

Multiple number of researchers develop criteria to
perform the operation of load balanced forecasting
in a vast number of fields, depending on the
utilization of the machine learning algorithms and
deep learning. The load forecast models are
produced within the use of four supervised machine
learning techniques and algorithms including
support vector machine (SVM), regression tree
(RT), feed forward neural network (FFNN), and
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multiple linear regression (MLR) [5]. Recurrent
extreme learning machine (RELM) is presented as
a proposed method for electricity load forecasting
in an accurate manner [6]. Deep learning (DL)
along with data mining techniques are obtained for
forecasting electricity load and price [7].

Long short term memory (LSTM) with multiple
configurations to build the models of forecasting for
short to medium-term overall load forecasting is
applied to give a solution of the accuracy in load
forecasting, in which multiple linear and non-linear
machine learning algorithms are used and trained,
and the superior baseline is picked, selecting
superior features within the use of casing, and
embedded feature selection approaches, and at the
end the genetic algorithm (GA) is utilized to
allocate the best time tardiness, and the count of the
LSTM model layers’ predictive performance
enhancement [8]. A novel model is introduced for
measuring load-forecasting based on improved
version of LSTM that clearly denoted the recurrent
characteristic in the electric load by utilizing many
concatenations of entries of time tardiness. An
autoregressive model is designed within an Auto-
Correlation Function (ACF) to retract consumption
and clarify the most pertinent time tardiness to feed
the multi-sequence LSTM [9]. A deep recurrent
neural network with LSTM units (DRNN-LSTM)
model is proposed to forecast gathered residential
power load, electric vehicles, energy storage
system, and photovoltaic power produce in
community micro-grid. To boost the balance of the
supply-request, the failures of both PV power
outcome, and residential power load are consumed
in the model by combining the results of forecasting
[10].

In this paper, hybrid deep neural network model is
designed and validated. The proposed model is
based on LSTM model, and it is improved by using
dense layers to attain better performance in feature
representation  of prediction in electricity
forecasting, and considering the time dependencies
and consuming, and overcome non-linearity
problems as well as the most important achieve a
higher forecasting accuracy. The organization of
this research article is given as: Section 2 presents
the theoretical background. Section 3 describes the
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proposed model including algorithm and criteria.
The performance of proposed method by using
simulation results is demonstrated in Section 4.
Finally, the conclusion of proposed research work
and future suggestions are given in Section 5.

2. THEORETICAL BACKGROUND

In general, there are numbers of deep learning
algorithms within variant architectures that have
been developed and introduced to be applied in
many kinds of domains, and the most popular
utilized architectures of DL neural networks are
conventional neural network (CNN), auto encoder,
restricted Boltzmann machine (RBM), and long
short-term memory (LSTM) [11]. LSTM was firstly
introduced by Hochreiteri and Schmidhuber in 1997
to beat the problems of vanishing the gradient,
mainly  happening when learning  using
dependencies of long-term, even when the
minimum periods of time are too long. It is
composed of a set of recurrently linked subsets,
noted as blocks of memory. Each block is composed
of several cells belonging to the memory that can
keep and save the information over an intended
period.

Also, networks have gates that are used for
controlling the flow of the information through the
memory cells of neurons, and basically named as
input, output, and forget gate. Every gate of
LSTM acquires the same input as the input
neuron. Moreover, each of them possesses an
activation function [12]. LSTM does not resemble
the traditional recurrent unit, because it overwrites
its tenor in every time step. The unit of LSTM
have the ability to make decision whether to keep
the current memory by determined the gates such
as, if the input gate notifies a maximum
activation, the input will have kept in the cell of
memory. If the output gate detects this high
activation, it will emit the saved information to the
afterward neurons, in another manner if the forget
gate observes the intended high activation, the
memorycell will be erased [13].
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3. PROPOSED METHODOLOGY

The proposed model design is considered an
important operation, in which it must be illustrated
the model in an applicable manner, because of its
significant effect when implementing it in real-
world applications. The proposed system aims to
perform an electricity load forecasting, within the
use of the deep learning concept, in which a
proposed model that depends on the LSTM
algorithm is used to provide a data regression on the
attained data set, that contain a description about
some effects on the electricity load, and what are the
number of loads in the week, month, and year. The
system will go through two phases after splitting
the data into two groups including data
normalization and data regression. Data
normalization is performed using max-min
normalization technique, in which all the data set
elements are first normalized before getting into the
regression phase. The data regression phase
accomplished using a proposed deep hybrid-based
model is implemented, as illustrated in Figure 1.

Time, year,
demand data

Normalization
min-max scaler
[0,1]

Training set Testing set
(70% of data) (30% of data)

Define training
parameters
LSTNM 100
Dense 100 (RelLU)
| Dense 60 (RelLU)

Dense 50 (RelU)
Dense 1 (linear)

Regression model

Calculate loss
and metrics

Adam optimizer

Satisfy the
conditions?

Prediction
Validation
of model

Figure 1. The flow chart of proposed deep hybrid
model for load forecasting
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3.1. Dataset Description

The attained dataset that the proposed load
forecasting depending on is illustrated in this
section, that known as short-term electricity load
forecasting (Panama case study) dataset and can be
found as Kaggle dataset.

The main sources of the data obtain the post-
transmission of the electricity load, that depends on
both of daily, and weekly pre-transmission of
generated electricity of load forecast data on a
weekly basis, both with hourly subdivisions. The
data of time and periods of holidays and school, also
weather data is illustrated as an important element
in this dataset. The dataset of the electricity
forecasting is hourly records, and composed of
historical electricity load, historical weekly
forecasts, calendar information related to school
periods, calendar information related to holidays,
weather parameters, including temperature, relative
humidity, liquid precipitation, and wind speed of
three major cities in Panama (David, Santiago, and
Tocumen).

3.2. Normalization

Min-max scaler standardization is one of the most
popular utilized techniques for data normalization,
in which it implements a linear conversion on the
basic data, be performing a rescaling operation on
the features or on the outcomes in any domain into
anew one. Mainly, the features are scaled in a range
fall in between [0, 1], or [1, 1]. When min-max
method is implemented, every feature stays the
same, while obtaining place in the new domain, by
considering that all the relational properties in the
data are still without changing [14]. When the
feature has a constant value in a determined data, it
should be ejected, due to that it does not give any
information, and min-max normalization has the
benefit of maintaining the exact relationships exist
in the data, and can be computed with Equation (1)
where Xin denotes the minimum value in X feature,
and Xpax 1S the maximum value in X feature [15].

X = Xmi
X' = min (1)

Xmax - Xmin
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3.3. Regression Model

The neural network methods are the most prevalent
in the models of Artificial Intelligence (AI) that
attained to give a solution for the problems of time
series that are nonlinear. Furthermore, if there are
variety of hidden layers, the neural networks do not
operate in an acceptable manner, due to the
technique of the back propagation. It may consume
too long time, and in many cases, it gets local
minimum with a poor count, and slow concourse,
because of the random initialization. To solve the
complexity problems facing when dealing with
machine learning, deep learning architectures
considered to be as the best choice for it.

In neural networks, Long Short-Term Memory
considered to be one of the main categories that can
be utilized in deep architecture for data regression
purpose. A proposed model that depends on the
LSTM as well as dense network is introduced in this
research to perform data regression and provide an
accurate prediction result for the electricity
forecasting. The designed model of network is a
back propagation type, in which the weights related
to a determined network communications are
repeatedly regulated to decrease the difference
between the original output vector of the
determined net, and the requested output vector. In
general, there are some important variables and
functions of the deep LSTM, such as activation
function, optimizer, and dense layer.

Activation function basically exists in the core of
deep networks and give the network the ability to
learn the complicated mappings operation. Mainly,
it is described as mathematical equations utilized to
decide the outcome of the intended neural network,
connect to every neuron in the network, locate
whether it must be activated or not. There are
various activation functions, and two types of
activation functions (linear and rectified linear unit)
are utilized in the proposed system. The simplest
activation function is simply a linear transform on
the data. The linear activation used for linear
regression tasks and has a limited form solution.
Rectified linear unit (ReLU) is non-linear activation
function, employed in the neural networks having a
variety of layers. The major concern is that ReLU
function does not give the ability to activate all the
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neurons at the same intended amount of time.
However, ReLU function can accelerate the training
speed of deep neural networks with a comparison
within the traditional kinds. Additionally, ReLU
function does not urge the problem of vanishing
gradient when the count of layers grows more, due
to this function does not have a close upper and
lower bounds in their ranges. The important
purposes to prefer ReLU are gradient stability and
low computational complexity.

Optimizer is an algorithm, or an approach utilized
to change the parameter related to the neural
network including weights along with learning rate
to minimize the value of losses. In general, the
optimizers are implemented to solve optimization
problems by reducing the amount of functionality.
One of the methods is adaptive moment estimation
(ADAM) optimizer and it operates by calculating
the rates related to the adaptive learning for every
parameter to keep and save the exponentially
average deterioration of the previously squared
gradients value along with the exponentially
deterioration average of the prior gradients value.

Dense layer is also known as the fully connected
layer communicating within the dense circuits to
attain a feature map from all prior layers to all
posterior layers. As a result, the model can have the
ability in defining the relationships exist between
the values describing the data in a simple manner
when the intended model is operating.

4. EXPERIMENTAL RESULTS

4.1. Performance Measurements

The evaluation of a specific model in terms of its
performance is being done based on certain
measurements, and the attained once to evaluate the
proposed model includes mean absolute error
(MAE), mean squared error (MSE), root mean
squared error (RMSE), and mean absolute
percentage error (MAPE).

4.2. Implementation Environment Description

The utilized programming languages to accomplish
the proposed system function is Python version
3.6.5. The computer machine, that attained to
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perform, and accomplish the proposed system
procedures have the type of Lenovo laptop with
CORE 17 the seventh generation a 16 GB RAM size
and the screen cart is NVIDIA GTX 6G as well as
the hard of the computer is SSD and the operating
system is Windows 10 64 bit.

4.3. Implementation Results Using Proposed
Hybrid Deep Neural Network

The proposed deep model is implemented on the
electricity load fore- casting dataset to provide load
prediction in an accurate manner. The deep model
has two phases in general: training and testing.
Total number of parameters are 71661 and the
proposed model layers with respect to number of
parameters are given in Table 1.

The data covering nearly five years period in David,
Santiago, and Tocumen cities of Panama including
historical electricity load, historical weekly
forecasts, calendar information related to school
periods, calendar information related to holidays,
weather parameters, including temperature, relative
humidity, liquid precipitation, and wind speed is
utilized. The total 582289 data from 03/01/2015 to
28/05/2018 is used for training phase, while the data
from 28/05/2018 to 06/10/2020 is separated for
testing phase.

4.4. Training Phase Results

The system has been trained each time with a
different epoch and look back value to provide the
best training result within the best time. Epoch
refers to cycle through the full training dataset.
Look back is the term that show the period illustrate
the number of the preceding time steps are attained
to predict the posterior time step. Table 2 shows the
attained results when implementing the training
phase of the proposed system using different epoch
and look back values. Whenever epoch is increased
the training phase behavior is enhanced and the
time required for training the system become less.
As well as look back influence the attained results
and the accuracy of the training. In general, the best
attained result in the training phase is appeared
when the epoch equal to 200, and the lock back is
40.
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Table 1. Proposed deep hybrid model layers

[;;zir Parameter Output shape
LSTM 52400 (non, 100)
Dense 10100 (non, 100)
Dense 6060 (non, 60)
Dense 3050 (non, 50)
Dense 51 (non, 1)

4.5. Testing Phase Results

Testing phase of the proposed system considered to
be the most important, in which it provides the
electricity load forecasting in its accurate manner,
and in an obvious view. The testing phase results
are presented by examining the evaluation
parameters in Table 3 for epoch in range of 100 to
500 with look back values from 10 to 50.

It is noticed from the prediction results when the
epoch is equal to 100, the best result is attained for
a look back of 10, and whenever the look back
increased the results become worse and the testing
prediction result reaches its final value when the
look back is equal to 50.

As given in Figure 2, result values for epoch of 200
show that the best result is attained when the look
back is equal to 10 and the worst case is shown
when the look back is equal to 30 but it is still better
than the worst case in epoch of 100 and look back
of 50.

Results when epoch is equal to 300 show an
enhancement in the attained results for all look
back values, and the best result attained when the
look back equal to 10, while the worst one is when
the look back is 30.

As illustrated in Table 3 for epoch of 400, the best
result is obtained when the look back is equal to 10,
and it is also the best attained result as shown in
Figure 3. The prediction line is nearly identical to
the testing line. However, the worst result is
attained for epoch of 400 when the look back is
equal to 50.

Epoch was not increased more, because there is a
slight difference some- times increasing sometimes
decreasing in results with epoch of 400, when
epoch is equal to 500.
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Table 2.Training results with various epoch and
look back values

Epoch | Look back | MAE RMSE Time
10 5.090 16.405 88589.95
20 4.321 10.924 6508.74
100 30 12.290 6.019 5711.86
40 8.732 12.901 4869.84
50 12.086 15.299 7125.30
10 5.020 16.414 9055.91
20 5.081 10.716 88809.90
200 30 9.221 13.268 7010.93
40 3.407 9.626 12472.09
50 5.594 10.445 60526.38
10 4.615 16.349 5882.70
20 5.861 11.437 11855.75
300 30 6.673 11.553 7530.17
40 5.500 10.767 18404.54
50 5.959 10.935 6702.38
10 4.494 16.341 4792.02
20 8.252 13.253 16743.95
400 30 5.769 11.498 6967.99
40 4.659 10.496 7479.41
50 8.307 11.850 9996.48
10 7.382 16.909 5886.55
20 5.414 10.895 35192.07
500 30 3.795 11.151 4733.94
40 7.760 11.923 6393.03
50 4.358 10.753 6193.44

Table 3.Testing results with various epoch and
look back values

Epoch | Look back MAE RMSE MAPE
10 5.957 18.462 | 0.0000399
20 6.990 18.390 | 0.0000483
100 30 8.610 20.106 | 0.0000747
40 11.363 20.101 0.0000518
50 14.502 22.090 | 0.0000657
10 5.842 18.292 | 0.0000443
20 7.830 18.136 | 0.0000444
200 30 11.671 19.754 | 0.0000791
40 6.355 17.374 | 0.0000580
50 9.111 19.386 | 0.0000712
10 5.454 18.245 0.0000400
20 8.029 18.322 | 0.0000461
300 30 9.536 19.578 0.0000791
40 8.239 19.079 | 0.0000525
50 8.721 19.466 | 0.0000600
10 5.262 18.243 0.0000376
20 9.880 20.249 | 0.0000387
400 30 8.803 19.268 0.0000557
40 7.851 21.696 | 0.0000627
50 11.258 20.259 | 0.0000575
10 8.311 18.814 | 0.0000376
20 8.204 18.957 | 0.0000522
500 30 6.328 19.737 | 0.0000587
40 10.156 21.891 0.0000498
50 7.332 19.728 0.0000595
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4.6. Comparison with Linear  Machine

Learning Model

To further validation the performance of the
proposed model, same system with same constraints

1500 SN
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is examined by using linear machine learning the
simplest and popular algorithm. The proposed
model has superior performance in terms of
evaluation metrics as shown in Table 4 giving the
comparison results of the two models. confirmed.
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Figure 3. The forecasting result for epoch of 400 and look back of 10

Table 4. Testing results with various epoch and
look back values

Model MAE | RMSE MAPE
Linear 47352 | 65.606 0.0002623
Regression
Proposed 5262 18.243 0.0000376

5. CONCLUSION

Accurate and reliable forecasting for electricity
consumption consideredan essential operation of
energy management. The proposed system is de-
pending on the famous deep learning LSTM
network along with dense to provide the best result
from the attained dataset. The experimental results
show that the proposed deep learning model
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depending on the LSTM have a great performance
and provide a high prediction results compared with
the machine learning algorithm. The attained value
of MAE for the proposed deep model is always
less than 15 and the worst result of RMSE is
equal to 22.090, on the other hand, the best result
obtained from the linear regression algorithm is
equal to 47.352 for MAE and 65.606 for RMSE. The
quality of the proposed deep model for electricity
load forecasting reaching high prediction results is
shown. When examining the system with epoch of
400, look back period of 10, the attained MAE is
5.262, RMSE is 18.243, and MAPE is 0.0000376.
The results indicate nearly perfect prediction and
the test prediction line is very close to the real
data line.
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Abstract

Climbing robots have become increasingly important for applications such as inspection, maintenance, and
search and rescue in complex environments. This study presents studies on the design of a climbing robotic
prototype that utilizes magnetic wheels for wall attachment and model-based control using algebraic
second-order regulators for robust, accurate and fast positioning. The control approach uses the dynamics
of the driving system with DC motors subject to high disturbance, including real physical constraints such
as Coulomb friction, magnetic forces, and gravity. This controller uses pre-generated soft inputs in the form
of high-order Bezier curves to reduce stall motor torques. Simulations of the robotic system's dynamic
models were conducted using MATLAB, and experimental validation of the model-based control method
was performed. The study validates the use of algebraic second-order controllers for monophasic DC
motors to control the positioning of a climbing system subjected to high perturbations.

Keywords: Climbing robots, Motion control, Second order controllers, Robust control, Wheel positioning

Tirmanma Robotlar1: Hassas Tekerlek Konumlandirmasi icin Ikinci Dereceden
Kontrolor Tasarimi

Oz

Tirmanma robotlari, zorlu ortamlarda denetim, bakim ve arama kurtarma gibi uygulamalar i¢in giderek
onemli hale gelmistir. Bu ¢alisma, duvara tutunmak i¢in manyetik tekerleklere sahip bir tirmanma robotu
sisteminin tasarimi ile dayanikli, dogru ve hizli konumlandirma i¢in cebirsel ikinci dereceden model tabanli
kontrolor uygulamasini ele almaktadir. Kontrol yaklagimi olusturulurken, Coulomb siirtiinmesi, manyetik
kuvvetler ve yercekimi gibi gergek fiziksel kisitlamalar da dahil olmak tizere yiiksek bozuculara maruz
kalan DC motorlu siiriis sisteminin dinamik bir modeli g6z 6niine alinmaktadir. Bu kontrol yaklagiminda,
durma motor torklarini azaltmak i¢in yiiksek dereceli Bezier egrileri seklinde onceden olusturulmus
yumusak girdiler kullanilmaktadir. Robotik sistemin dinamik modellerinin benzetim ¢aligmalart MATLAB
ortaminda gergeklestirilmis ve model tabanli kontrol yonteminin deneysel uygulamasi yapilmistir. Bu

*Sorumlu yazar (Corresponding Author): Claudia Fernanda YASAR, cfyasar@yildiz.edu.tr
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calisma, yiiksek bozucularin etkiledigi bir tirmanma sisteminin konumlandirilmasint kontrol etmek icin
monofaze DC motorlar igin cebirsel ikinci dereceden kontrolorlerin kullanimini ele almaktadir.

Anahtar Kelimeler: Tirmanma robotlari, Hareket kontrolii, Tkinci dereceden kontrolérler, Dayanikli
kontrol, Tekerlek konumlandirma

1. INTRODUCTION

Wall-climbing robots are mainly employed for
risky and expensive tasks when executed by
humans. Some of the risky jobs embrace
maintenance of storage structures assessment of
enormous concrete and metallic constructions such
as bridges and cooling towers or dams, and
examination in limited spaces. A large number of
climbing robots exist in the literature, for example,
robotic systems that move around on edifices, ship
exteriors and many other human-made structures.
The majority of climbing robots have a practical
application [1]. These robots are generally used for
inspection and maintenance in the ship and plane
industry, petrochemical or steel surfaces of tanks,
etc. [2]. Wall climbing robots with an inspection
system are capable of performing non-destructive
maintenance on vessels, reservoirs, scrubbers,
pipelines and more. Employing sensory fusion, the
climbing system can examine and measure
degradation when reporting wall thickness,
cracking and pitting.

The climbing robot must be enhanced with an
adhesion system that sticks the robot to the wall
[3,4]. This design has to consider mechanic
components that adapt according to the specific
surface. The mechanics of the robot and its
dimensions must consider additional loads because
it has to carry the necessary hardware and it is going
to be affected by extra force changes coming from
robot positioning (head-angle and gravity issues).
The control system must be robust to high
disturbances because of the friction, the magnetic
forces and the gravity forces. Since the overall
motor disturbance is changing in linear and
nonlinear patterns, the interaction process must
have strong nonlinearities [5]. Nonlinear
phenomena of the Coulomb friction and the effects
of gravity have a strong influence on climbing
robots making them very difficult to control.

176

There have been multiple climbing robot designs
with diverse locomotion principles. The main
principles include systems that relay on arms with
gripers [6], legs [7], weld lines [8], chains [9],
caterpillar robots [10], wires and riels [11], etc.
Arms and legs are by nature coping with the
climbing strategy of insects or geckos that can
ascend vertically [12]. Robots with forelegs are
flexible to the surface structure and capable of
bypassing obstacles. Each foot is designed
separately, and equipped with adhesive components
considering anticipated traction force. However, the
number of degrees of freedom increases and leads
to intricate mechanics and complex control designs.
This also means increased weights and torques. In
legged robots, the speed is reduced when compared
to other ways of locomotion.

Climbing robots that make use of wheels and chains
[13,14] are used on relatively smooth surfaces for
fast and continuous movements. Many climbing
robots use wheels or chain-driven locomotion along
with locomotion and adhesion, in which the robot is
equipped with suction elements [15] or uses
magnetic wheels [18]. However, these systems
cannot perform outsized movements or overcome
objects and are exposed to slip effects.

Classical control techniques and PID controllers
can be used to design effective controllers for
monophasic DC motors [17]. These controllers can
be tuned to achieve the desired motion or speed
performance characteristics to provide stable and
precise control of the motor, using tuning multiple
methods. An important issue that affects motor
control performance is the tuning method used to
optimize control parameters.

Among the tuning methods available for motor
controllers are the manual tuning method, auto-
tuning, and model-based tuning. The manual
method adjusts control parameters iteratively until
the desired performance is achieved. This is a
process that involves time and a level of expertise
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in control theory. The auto-tuning method uses
algorithms to automatically adjust the control
parameters based on the system's response to a set
of predefined input signals. It is a more efficient
method than manual tuning, as it can quickly find
the optimal control parameters with less human
intervention. However, auto-tuning may not be
suitable for systems with complex dynamics or non-
linearities. The model-based tuning approach
involves using mathematical models of the system
to predict the optimal control parameters. Model-
based tuning can provide highly accurate and robust
control performance but requires detailed
knowledge of the system dynamics and accurate
mathematical models.

Classical control techniques can also be used to
design other types of controllers, such as lead-lag
compensators [19,20] and state-space controllers
[21,22]. Lead-lag compensators are used to enhance
stability and control time response, while state-
space controllers are used to control the dynamics
of the system by modelling it as a set of state
equations.  Fractional controllers can also be
considered as a type of robust controller due to their
ability to provide improved performance and
stability in uncertain systems [18]. The use of
fractional calculus in the controller design allows
for the incorporation of non-integer order dynamics,
which can account for the uncertainties and
variations in the system.

The application of various motion control
techniques, such as fuzzy PID control [23], adaptive
sliding mode control [14], neural network-based
control [25], and adaptive fuzzy along with sliding
control for motion control of different types of
robots and unmanned vehicles [26,27]. These
techniques aim to extend the control’s performance
and robustness and to address the challenges posed
by the uncertainties and nonlinearities of the control
system. There is no need for any filtering for the
measured values coming from the motor feedback.

This study presents the design and implementation
of a simple climbing robotic prototype, with a
magnetic wheel-based adhesion method to climb a
metallic wall. The system consists of hardware,
software, communication algorithms, and a sensory
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system based on motor encoders, which give
feedback to the control system. The control
approach employs a model-based control technique
utilizing a reduced model of the driving system with
two DC motors that are subject to high disturbances.
In the work by Sira-Ramirez [28], very precise and
fast Generalized Proportional Integrator (GPI)
regulators are tuned using a simple algebraic
methodology and are employed for tracking closely
a particular reference, as well as being robust to
system perturbations. These GPI controllers have
been also tested for very demanding accurate
trajectories for flexible beam positioning and
minimal vibration [29].

This research conducts a comprehensive study of a
system that includes the consideration of real
physical constraints such as Coulomb friction,
magnetic forces, inertia changes, and system
uncertainties. In addition, this work employs
simulations of the robotic system's models and
control approach to guide system implementation
and compare with the real-time robotic system.
Furthermore, experimental validation of the
dynamic models uses the platform motor’s
parameter estimated through experiments, and the
validated dynamics are utilized for the model-based
control method. Additionally, the research validates
the use of algebraic GPI regulators for monophasic
DC motors to control the positioning of the robotic
system subjected to high perturbations. This
regulator is a second-order control method to
control the position of the wheels under high non-
linear disturbance. This approach is an output
feedback scheme that uses the measured position of
the motor using an encoder. This method t does not
use the disturbance model as an external
compensation term. The unknown friction torque
and overall disturbance are not required. There is no
need for any filtering for the measured values
coming from the motor encoder’s feedback. This
work is presented as follows: Section 2 describes
the experimental climbing system. Section 3
explains the dynamic model of the system. In
Section 4, the control system and its parameters are
given. Section 5 presents the significant
experimental results attained using the control
method. The important conclusions are written in
Section 6.
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2.  EXPERIMENTAL CLIMBING
PLATFORM

This section outlines the experimental design of a
climbing robotic prototype that uses two magnetic
wheels. It provides information on the robot's
mechanisms and features, as well as the control
hardware and software used for the proposed
prototype.

2.1. Mechanisms and Features

The robotic mechanisms were designed for a simple
experimental platform to examine control-
positioning methods for climbing with magnetic
wheels. The robot was intended to climb vertical
metallic walls composed of steel and was designed
with two DC motors to drive the system. The
authors selected magnetic adhesion for this
climbing robot and noted that the additional weight
results from the various extra masses the system
must carry to operate, including an H bridge, a
plastic base, and cables. To reduce slippage during
climbing, the wheels are wrapped in elastic bands
and use neodymium permanent magnets. The
authors made Solidworks drawings of the robot's
mechanisms and features, which are presented in
Figure 1 and Figure 2. Solidworks drawings of the
vertical climbing platform and its components are
shown in Figure 1(a), while Figure 1(b) displays a
picture of the experimental climbing prototype.
Figure 2 depicts Solidworks drawings of the robotic
system subjected to Coulomb, magnetic, and
gravity forces.

Figure 1. The magnetic wheeled climbing robot:
(a) Solidworks drawings of the metallic
climbing platform and the robot position,
and (b) the picture of the experimental
robot
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Figure 2. Solidworks drawings of the robotic
system subjected to several forces.

2.2. Control Hardware and Software

The DS1104 control board, which is equipped with
an MPC8240 processor and a PPC 603e core, boasts
a 64-bit processor CPU, 32MB SDRAM global
memory, and 8MB flash memory. The board
performs data receiving and transfer operations
using the input and output connections provided by
the CP1104 connector panel. A PLC and CPU
running under Windows are used to operate the
system. The climbing robot controllers are
programmed with Control Desk, which runs
MATLAB/Simulink 2022(b) under Microsoft
Windows 10, INTEL Core (TM) i5-7400 CPU, 3.00
GHz, and 8 GB RAM. The sampling time for real-
time applications is Ts = 1 ms.

The control hardware includes a set of two 24 V
brushed Pololu monophasic motors with a metal
gearbox (18.75:1 reduction), incremental quadratic
encoders with a resolution of 64 counts per
revolution of the motor shaft, and an L298N Dual
H-Bridge Motor driver to control the motors. The
PWM signal received from an 1/O Digital/Analog
board is averaged to provide a proportional value of
the 24 V provided by a power supply. Two
incremental encoder counters are used to measure
the motor's position and provide feedback to the
control system.

3. DYNAMIC MODEL

This section explains a simplified model of the DC
servomotor system, specifically addressing motors
that are subjected to substantial disturbances.
Additionally, a comprehensive depiction of the total
disturbance that may affect the motor is provided.
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The attainment of an accurate dynamic model,
which incorporates optimal model parameters, is
crucial for the implementation of a model-based
control tuning approach, aimed at achieving precise
and resilient control performance.

3.1. DC Motor Dynamics

A DC motor is an electromechanical component
that yields an angular displacement output 6; for a
current input Iy, that is, a mechanical output
generated by an electrical input. In the literature, the
equation related to the electrical dynamics of the
motor is found to be:

Vi = Railai + Lai iai + Kpi; (1

where i=1,2 is a value for each of the two motors.
The applied armature voltage is denoted as V,,;, and
the back electromotive force (emf) voltage is
Vpi(s) = K;;0; where Kj; is the back emf constant.
R, and L, are the armature resistance and
inductance, respectively. The mechanical dynamics
of the DC motor are described as

T = Kiig; = Ji6; + v, (2)

The variable I',,,; denotes the total torque of each of
the motors. Here, the motor constant is denoted as
K;. J; stands for the rotor’s inertia, while v; denotes
the viscous friction parameter. To obtain a model
that relates the motor and angular position 8; and
the supplied voltage v,,;, the following assumptions
have been made in the literature [30]: K;; = K; and
Lsi = 0. By using the Laplace transform the
previous equations are yielded

Umi(8) = Railai(s) + Lai 1ai () + Kibi(s) (3

J;s* +us
lai(s) = (T ) 6;(s) “4)

Replacing (4) in (3) and simplifying, the following
transfer function is obtained:

K;
0;i(s) _ Rai Lai 4
Umi(s) 1 k2\] s(s+B) )
S [S +]_L'<vi + R_ai ]
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A simplification can be made since A; and B; are

obtained using motor parameters A; = L and
5 Rqi Lai
B[' = i (Ui + K_l) .
Ji Rgi
A simplified transfer function Ugi—% of a DC motor
mi

is, therefore, mathematically formulated in (5). This
is the transfer function that will be used in this work
and the missing part is the experimental parameter
identification to find the values A; and B, that best
represent real DC motor dynamics.

3.2. Wheel Disturbance While
Adding External Disturbance

Climbing:

The simplified DC model obtained in (6) is used but
external disturbances affect the system while
climbing, as follows:

Ti=KiVmi =1:0; + 0,0, T (0,01 -
[ (Vmg) - T5:(6)

The external disturbance torques are taken into
account to give the system realistic climbing
behaviour. For instance the increased rotor’s inertia
due to the effect of external torques, such as the
magnetic forces that keep the robotic system on the
metallic wall, changes in inertia due to motor
positioning (such as changes in the robot’s head-
angle). I'};(vy,;) stands for the external torque out
to changes in the rotor’s inertia. I’ gi(6;) denotes
the effects of gravity on each of the motors.
Therefore, the overall disturbance is depicted as

(6)

Iy = Ffi(éifvmi)+r]i(vmi) +I4:(6)). (7

The overall disturbance often results in issues
related to motion control, such as steady-state errors
and overshooting. The Coulomb friction model is a
function of the angular speed and control signal
[31]. I}i(éi, Vi) can be mathematically expressed
as follows:

If; (6i vmi)A = )
9:(6) if 6,#0
= . . F
T;sgn(6;) if 6,=0 &and Ivmils% (3)
i

_(led
9i(6:) = sgn(6:)I; + sgn(6;) Iy — e (U5i>
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The proposed model incorporates several friction-
related parameters, including I;, which represents
the static friction torque that gives rise to stiction
phenomena when at 6; = 0. Coulomb friction,
denoted as I;, occurs during motion and remains
constant regardless of speed. The Stribeck velocity,
vy, represents the sliding velocity at which only
37% of the static friction torque is active. The main
DC motor parameters are given in Table 1.

3.3. DC Model
Compensation

and Overall Disturbance

There are two main approaches with which to deal
with the compensation of the overall disturbance:
first, the cancellation based on a model of the total
disturbance, using its estimation and compensation;
and second, the design of controllers that are robust
to these effects. The first of these approaches is
difficult to apply since accurate models of the total
disturbance include, for example, friction with
linear and non-linear patterns. To address this, high-
order controllers can be employed which are
controllers that compensate for the total disturbance
without a prior model or estimation. In this work,
the use of high-order controllers is adopted. The DC
servo-motor model, its disturbance torques acting
on the system, and the parameters and variables
defining the simplified model are depicted in Figure
3.

i

T J
I
t X
;j Inertia |-(ID<1 Cravity P*
-

Tii

- Ig,' -4
éi(-?)

i’u-ni("”\}

Gi(s)

1CE Maotor

Figure 3. Block diagram: DC motor dynamics
under disturbance

The system requires extra voltage to compensate for
disturbances 9; = vy + vy + V) + vy, Where
¥;is the fictitious control signal of the motor
required for compensation. In Figure 4, a block
diagram that explains the compensation at the motor
side is presented.
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Figure 4. DC motor compensation for overall
disturbance

8;(s)

Given that both the internal friction force and the
overall disturbance (7) are adjusted, a reduced and
linear differential of second order equation is
derived as

Kimi = J;0; + v,6; Q)

Using the Laplace transform the following equation
is obtained

Kivmi () = ]is*6;(s) + vis6,(s) (10)
The transfer function G;(s) represents a simple
model of the DC motor as a linear system and can

be obtained from the input voltage v,,;(s) to the
resulting position 6;(s)

K;
91'(5) _ //1 — A,’
Vi (5) s(5+ v"//i) s(s+B)

G(s)= (11)

The open-loop response of this system is not stable.
One of the poles of the open-loop transfer function
is on the left half of the complex s-plane, while the
other is at the origin and behaves like an integrator.
Therefore, when a step input is given its output
continues to grow to infinity in the same manner
that an integral of a constant grows to infinity.

34. DC Motor
Obtaining a
Dynamic Model

Parameter Identification:
Reduced Experimental

The robotic platform was equipped with two DC
motors. MATLAB’s Parameter Estimation was
used to obtain motors’ parameters using an
experimental identification. Note: It is almost
impossible to obtain a complete identification of
each of the disturbances of the wheels. Therefore,
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experiments are performed to obtain a close
representation of the motor system. It is necessary
to determine the parameters A; and B; of the
modelled transfer function in (11), and add at least
the static value of the Coulomb friction for a
reduced motor model, as follows:
Ti = Kivyy = Ji60; + 0,0, — I (12)
I; represents the total torques induced by non-
linear static friction in motors. In this study, these
characteristics are modified to bring the reduced
plant model as near to the real plant as feasible using
an iterative identification process. The method is
based on experiments that employ a basic closed-
loop Proportional (P) controller structure, which
differs from traditional open-loop approaches for
parameter identification. This decision is made to
allow a comparison of real and simulated systems
within a closed-loop arrangement.

The first part of the experimental data is to attain the
static value of the Coulomb friction. Each motor
was heated up to aid the parameter identification
process. Then, a PWM control signal, v,,,;(s), was
applied to the motors in an open loop during the
experiment, with positive and negative PWM
values used for clockwise and counterclockwise
motor movements, respectively. The process starts
by giving very low values until the motor starts
moving. The static values are PWM values right
when the motor starts moving I[';; = +0.06 PWM.

Figure 5(a) displays the simulated closed-loop
control for the reduced motor plant, as well as the
controlled system response, with the experimental
and simulated control responses matching to some
extent. Simulated and real systems are kept
comparable by employing the same proportional
gains K;,, = 0.005 and including a dead zone that
simulates the static component of Coulomb friction.

The second part of the experimental identification
method requires multiple experiments to achieve
sufficient data to attain approximated parameters of
the motors. To include clockwise and anticlockwise
control responses, the experimental controller is
subjected to a series of input steps that include both
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positive and negative values. The recorded motor
input-output control data (time, reference, and
output) is used as input-output for Simulink. The
MATLAB parameter identification toolbox induces
iterative variations in A; and B; to approximate the
outcomes to those of the real system, as shown in
Figure 5(b). The toolbox is configured to operate
using a sum of square errors cost function; with the
optimization method selected as non-linear least
squares. The cost function iterates to find the
optimal parameters that make the simulated and real
model equivalent. The parameter and function
tolerance is 0.001, and the maximum iteration is
100. The temporal cost function values are depicted
in Figure 5(c). The resultant model is claimed to be
the best-reduced model discovered by applying this
procedure with parameter identification of A; and
B; values, which are used for control purposes in
this research methodology. The DC motor
characteristics for both wheels are shown in Table
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e e
& ko : = 6;
A 1
i -
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Figure 5. Experimental parameter identification,
A; and B;, using the parameter
identification toolbox of MATLAB: (a)
closed-loop method  based on
proportional control; (b) input-output
comparison for the experimental and
simulated response; and (¢) experimental

cost function iteration by time
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Table 1. DC motor model parameters

Motor left i=1 Value (units)
Parameter A, 159 V.kl\;.m
Parameter B, 11 k:':n
Control signal (v,,1) 1to-1 PWM
Static friction torque (Tq) -0.06 ve 0.06 PWM
Motor axis inertia (J;) 0.0018 kg. m?
Motor constant (K;) 0.474N.m/V
Coulomb friction torque [ 0.0238 N.m
Stribeck velocity (vgq) 0.0105rad/s

Motor Right i=2 Value (units)
Parameter A, 260 V.kl\;.m
Parameter B, 1 k:':n
Control signal (v,,,) 1to-1 PWM
Static friction torque (T5,) -0.06 to 0.06 PWM
Motor axis inertia (J,) 0.0018 kg. m?
Motor constant (K,) 0474 N.m/V
Coulomb friction torque I, 0.0238 N.m
Stribeck velocity (vs,) 0.0105rad/s

4. ALGEBRAIC SECOND ORDER
CONTROLLERS

This study involves the simulation and
implementation of 2-DOF algebraic PID controllers
for DC monophasic motors. The objective of the
design is to ensure accurate tracking of references
while compensating for disturbance effects,
critically damped control response with short
settling time, and minimal steady-state error and
overshoot. The proposed control system is required
to be robust to overall disturbance through a second-
order and high-gain closed-loop controller. The
study utilizes various techniques to achieve these
objectives, such as the use of Bezier curves for
reference inputs, and comprehensive identification
of motor parameters including Coulomb friction.
Fast and stable responses are mandatory, therefore,
the poles and allocated far from the origin and at the
left side of the complex plane, while considering the
sampling time (Ts = 1 ms) and motor saturation
limits (1 to -1 PWM).

The given reduced motor dynamics is denoted by
G;(s) and its associated parameter values are given
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in Table 1. Figure 6, illustrates the algebraic PID
controller, and its tuning methodology was
previously described in Castillo-Berrio [29]. The
transfer function of the motor dynamics was then
derived as:

_ 6 A gni(S)
Gi(s) = vmi(s)  S(s+Bp)  gai(s)

=12 (13)

where A; and B; are each of the motor parameters
to describe the second-order experimental plant.
In,i(s) is the numerator and gg4;(s) is the
denominator of G;(s). The controller’s polynomials
ny;(8), ny;(s) and d;(s) are defined as follows:

nl,i(s) = az,is2 + a5 + Aoy (14)
nz,i(s) = bz,iSZ + byis + by (15)
d;(s) = s(s + ca‘i). (16)

Here, ag;, a4, a4, boi, b1y, by; and c,; are
coefficients. The input reference for the controller
is represented by 6; (s), while the motor output is
denoted as 8;(s). Reference inputs are chosen based
on Bezier curves due to their ability to accurately
represent smooth and challenging trajectories.
M;(s) is a fourth-order transfer function and can be
expressed as:

0;(s) _ Gi(s)ny,i(s)
07(s) ~ di(s) + Gi(5) (1,1 (8) + 1z, ()

M(s) =

amn

This is a closed-loop transfer function whose
characteristic equations have four poles each of
them placed in p;. The control settings are then
di(9)9ai(5)+ i () (M1, () 5, (N=(5p)*  (18)
d;(s) includes a root at the origin. Equation (18)
offers four conditions to tune seven parameters.
Multiple real poles all placed on the left side of the
complex plane are selected to provide critically
damped responses. Replacing all the parameters in

the closed-loop transfer function of the controlled
system the following transfer function is obtained
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(19)

The control response must achieve zero static error
for both step inputs and step disturbance. Then,
using the final value theorem makes it easy to
demonstrate the condition by; = 0. Additional
conditions are required to be defined, for instance,
by selecting ny ;(s) to make the gain of M;(s) equal
to one, and two zeroes of the transfer function M; (s)
cancel two poles. The zeroes can be written as

ay; Qo

T4 st =(s22pisHp ) =(sP) (20)
Azi Az

By matching the coefficients of both sides of the

equation the following conditions must be met

Zi— _2p and 2 =p2 Therefore,

az,i azi

equations to calculate seven parameters are yielded.
Then, arranging a;; and a,; in terms of a,; and
replacing the conditions in the denominator of the
closed loop transfer function characteristic equation
is given in terms of the closed loop poles p;. The
controller parameter equations are given in Table 2.

seven

Table 2.Equations to calculate the algebraic
second-order controller parameters

0;(s)  st+ (cap+ Bi)s®+ (caiBi + ag;A; + byA;)s? + (ayA; + byiAl)s + (agAi + boyAr)

Qo,i A, azi Ca,i
pt | =2’ pi —4P;
A | 4 A; — B
bO i bl i bZ i
0 -2p® | —5p°  (4pisB)B;
A; 4; 4

After the zero pole cancellation, the new closed-
loop transfer functions denominator is of second
order and can be expressed as:

a,=1>0

Mi(s) = 0;(s) - (1 + a;5)? @1

In this work, each motor is individually controlled
and the closed-loop dynamics may be written as:

9;(s) = 0;(s) + 2a,0;(s) + a?6;(s) (22)

%) .

=T,
Ui 5) T

ny i(s) + (=)

?1:;‘—) _:Q_I Gi(s) |__..

DC Moter
— 4;(s) ‘
Figure 6. Algebraic second-order controller.

This Routh-Hurwitz matrix specifies mathematical
conditions for determining whether a particular
linear system is asymptotically stable based on the
signs of the coefficients of its characteristic
polynomial. The system is stable if all of the signs
in the first column are positive. Sign alterations
indicate the presence of unstable poles. After
meeting, the constraints mentioned to derive the
algebraic second-order controller parameters in
Section 4, and using (18), replacing the motor
parameters A; and B;, and noting that the closed
loop poles p; must be negative, the following
polynomial is obtained:

st+ (cqi + 11)s% + (11 ¢y + 159 ay; +
159b,;)s? + (159by; — 318 a,;p;)s +
159(12,1']31'2 = P(S)

(23)

According to the stability criterion used on the
Routh Hurwitz matrix's first column obtained

az = (cq; + 11) >0

b = (159by; — 318 ay;p;)(ca; + 11) — (11 coy + 159 ay; + 159b,,) S0

24

1

(cai + 11)

¢; = (159by; — 318 ay;p;) > 0
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*If cq; > —11, then the system is stable.

* Let’s denote N = (159b1,i — 318 az_ipi)(ca_i +
11) — (11 ¢4y + 159 ay; + 159b,;); the term
(159b,; — 318 a,;p;) has the same sign as
(11 Cqit+159a,; + 159b2‘l~) because p; is
always negative. The term —(11 Cqi t159a,; +
159b2‘i) is always negative. Then, N has the same
sign as (ca_l- + 11) and contributes to stability.

* The term (159b;; — 318 a,;p;) must have the
same sign as p;. If p; < 0, then the term (159b, ; —
318 a,;p;) is positive. Therefore, (159b;; —
318 a, ;p;) is stable.

5. CONTROL SETUP AND RESULTS

The algebraic second-order control’s poles and
parameters and four multiple poles placed at p; for
each of the poles and both controllers 8, and 0,, left
and right motor, respectively. Three different
experimental cases were performed to test the
robotic prototype’s control system while climbing a
vertical wall made of steel. Table 3 provides the

calculated  algebraic  second-order  control

parameters.

Table 3. Algebraic second-order control
arameters.

i [Poles pi| @ Q1 i | boi| by, by Cai

6, | 50 | 24038 | 962 | 10 | 0 | 962 | 387 | 187

6, | 50 | 39308 | 1572 | 16 | 0 | 1572 | 655 | 189

5.1. Experimental Case 1: Bezier Curves and
Step Input as Control References

Bezier curves are high-order curves that provide
smooth profiles that can be utilized as inputs in
control systems. In an initial experiment, a fast
Bezier curve is employed, with the reference point
moving from 0 to pi/3 radians in 0.3 seconds. This
curve serves as the reference input for an algebraic
second-order controller and is compared to a simple
step input of pi/3 radians. The performance of the
algebraic second-order controller in response to
both inputs is shown in Figure 7. Specifically,
Figure 7(a) displays the inputs at two time intervals,
along with the corresponding controller output
responses. The motor controller performs
exceptionally well in following the challenging
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trajectory and tracking the shape of the Bezier
curve. In Figure 7(b), the required control signal to
execute the control manoeuvre is depicted. When
compared to the step input, the required effort for
the pre-designed Bezier curve is substantially
lower, with the controller becoming saturated in the
case of the step input. Figure 7(c) shows the control
errors, with the error being significantly lower when
using a pre-designed curve, and considerably higher
when using a classical step input. To meet the high-
performance requirements for wheel climbing, pre-
designed Bezier curves are an essential component
of our control strategy.
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Figure 7. Bezier curves and step inputs for motion
control performance

5.2. Experimental Case 2: Simulation and Real-
Time Control Performance

The dynamic models, DC motor models,
disturbance models, and designed controllers have
been simulated, and the simulation results suggest
that algebraic second-order controllers can be used
for climbing robotics. The simulation results, which
include the performance of both 8; and 8, motors
controlled separately, demonstrate that the Bezier
inputs, which range from 0 to pi/3 radians in 0.8
seconds, can be tracked successfully. Figure 8(a)
illustrates the system's references and control
response for the requested motion manoeuvre,
while Figure 8(b) displays the control signal
requested for the manoeuvre, which always
remained lower than the maximum control limits
(PWM +1,-1). In Figure 8(c), the error maximum
values were lower than 0.1 radians in both transient
responses. These figures demonstrate that the
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control models have good tracking performance and
that the real-time control implementation is
effective. The simulation results indicate that the
dynamic and control designs are close
approximations of the real-time results, and these
simulations can be used to represent and actuate the
robotic system successfully.
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Figure 8. 8, and 6, simulation and real-time
control performance: (a) Algebraic
second-order controller for motion
control, (b) Control signal, and (c)
controller’s error

5.3. Experimental Case 3: Evaluating the
Transient and Steady State Control Response

The climbing robotic prototype was tested by
performing a long trajectory, during which it
climbed three steps up and three steps down,
returning to its initial position. Each independent
manoeuvre ranged from 0 to pi/3 radians in 0.8
seconds. Figure 8 illustrates the remarkable control
tracking of both controllers for motors, 8, and 6,,
for the long trajectory, allowing for observation of
both the transient and steady-state response. Figure
9(a) displays the input-output control results, while
Figure 9(b) shows the required control effort. The
control signals do not saturate, except for some
isolated milliseconds that have minimal effect on
control performance. For the majority of the
experimental time, the system does not undergo
abrupt values that would saturate the motor. The
control error only reaches 0.1 radians while
surpassing the transients, and is minimal for the
steady-state response, as depicted in Figure 9(c).
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Control positioning response, (b) the
required control signal, and (c) the

control error

6. CONCLUSION

This study presents a two-wheeled climbing robot
design that utilizes magnetic wheels for wall
attachment and algebraic second-order regulators as
model-based controllers for accurate motion
positioning. The developed system includes
hardware, software, communication algorithms,
and a sensory system based on motor encoders. The
control approach uses a model-based control
approach that uses a DC motor driving dynamics
and considers real physical constraints such as
Coulomb friction, magnetic forces, and gravity
forces.

Simulation and experimental validation of the
control system while climbing have been performed
to support the accuracy of the control approach. The
controller employs pre-generated soft inputs in the
form of high-order Bezier curves to reduce large
stall motor torques when driving the DC motors.
The results demonstrate that algebraic second-order
regulators can be successfully used for monophasic
DC motors to control the positioning of the robotic
system subjected to high perturbations.
Experimental results show that the control signals
remain within the maximum control limits and that
the control error is minimal, reaching only 0.1
radians while surpassing the transients. Overall, this
research contributes to the field of climbing robotics
and offers insights into the development of high-
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performance model-based controllers for motion
positioning.

Future work will involve the implementation of
intelligent control methods to enhance the
robustness and accuracy of the controllers, and the
assessment of the proposed methods under varying
loading conditions in a climbing scenario.
Additionally, the system can be extended to develop
a fully instrumented and robust four-wheeled
robotic prototype.
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Oz

Kanser, herhangi bir doku ya da organdaki hiicrelerin kontrolsiiz bir sekilde ¢ogalmalar1 sonucu olusan,
viicudun diger bolgelerine metastaz yapma potansiyeli olan bir hastaliktir. Pek ¢ok farkli kanser cesidi
olmakla birlikte akciger kanseri diinya geneli en yaygin goriilen kanser tiiriidiir. Akciger kanserine kars1
giiniimiizde kemoterapi, radyoterapi, immiinoterapi gibi tedavi yontemleri uygulanmakla birlikte bu
yontemler kanser hiicrelerinin yani sira saglikli hiicreleri de etkilemektedir. Mevcut tedavi yontemlerin
dezavantaji nedeniyle yeni tedavi yontemlerine yonelik arastirmalar son yillarda hiz kazanmistir. Son
yillarda lizerine arastirma yapilan tedavi yontemleri arasinda bitki ekstraktlarinin kullanildig bitkisel terapi
teknikleri 6n plana ¢ikmaktadir. Foeniculum vulgare (rezene) ekstraktinin akciger kanseri hiicrelerinde
anti-timor  etkisi  oldugu bilinmektedir. Bu c¢alismada Foeniculum vulgare ve altuzan ilag
kombinasyonlarinin A549 akciger kanseri, RAW 264.7 ve THP-1 makrofaj hiicre hatlarindaki sitotoksik
etkinligi incelenmistir. Sonug olarak, Foeniculum vulgare ekstraktinin A549 akciger kanseri hiicre hattinda
6ldiirme etkisinin oldugu fakat bu etkinin diisiik oldugu belirlenmistir. Foeniculum vulgare ekstrakt: ile
altuzan ilaci ile hazirlanan kombinasyon terapi yontemi ile A549 akciger kanseri hiicrelerinde Foeniculum
vulgare ekstraktinin tek uygulanmasina gore daha yiiksek sitotoksik etkiye neden oldugu tarafimizca tespit
edilmistir.

Anahtar Kelimeler: Akciger kanser, A549, Foeniculum vulgare, Sitotoksisite, Altuzan

Anticancer Effects of Foeniculum Vulgare Extract with Altuzan Drug
Combination Against A549 Lung Cancer Cells

Abstract

Cancer is a disease that occurs as a result of the uncontrolled proliferation of cells in any tissue or organ,
with the potential to metastasize to other parts of the body. Although there are many different types of
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cancer, lung cancer is the most common type of cancer worldwide. Although treatment methods such as
chemotherapy, radiotherapy and immunotherapy are applied against lung cancer, these methods affect
healthy cells as well as cancer cells. Due to the disadvantages of existing treatment methods, research on
new treatment methods has gained momentum in recent years. Among the treatment methods researched
in recent years, herbal therapy techniques using plant extracts have come to the fore. Foeniculum vulgare
(fennel) extract is known to have an anti-tumor effect on lung cancer cells. In this study, the cytotoxic
activity of Foeniculum vulgare and altuzan drug combinations in A549 lung cancer, RAW 264.7 and THP-
1 macrophage cell lines was investigated. As a result, it was determined that Foeniculum vulgare extract
had a killing effect on the A549 lung cancer cell line, but this effect was low. We have determined that the
combination therapy method prepared with Foeniculum vulgare extract and altuzan drug causes a higher
cytotoxic effect in A549 lung cancer cells than the single application of Foeniculum vulgare extract.

Keywords: Lung cancer, A549, Foeniculum vulgare, Cytotoxicity, Altuzan

1. GIRIS

Kanser, herhangi bir doku ya da organdaki
hiicrelerin kontrolsiiz bir sekilde ¢ogalmasi sonucu
olusan, viicudun diger bolgelerine metastaz yapma
potansiyeli olan bir hastaliktir. Yapilan aragtirmalar
kanserin, timdr baskilayict genlerin mutasyona
ugramasi  veya  onkogenik  mutasyonlarin
birikmesinden  kaynaklandigi  belirtilmektedir.
200’den fazla kanser tiirii olmakla birlikte kanserler
genel olarak olustugu dokuya gore
isimlendirilmektedir [1].

Diinyada en sik goriilen ve 6liim nedenleri arasinda
birinci sirada yer alan kanser c¢esidi akciger
kanseridir. Akciger kanseri diinyada yaygin bir
hastalik degil iken degisen ortam sartlar1 ve sigara
icme oraninin artmasi ile birlikte kanserin sikligi
giderek artmis ve diinyada en ¢ok goriilen kanser
tirlerinden biri olmustur. Akciger kanseri tiim
diinyadaki kanserlerin %12.8’ini ve kanser
Oliimlerinin ise %17.8’ini olusturmaktadir [2].
Akciger kanserinin evrelerine ve histopatolojisine
gore tedavi yaklagimi degismekle birlikte genel
olarak cerrahi tedavi, radyoterapi, kemoterapi,
hormonoterapi ve immiinoterapi gibi farkli tedavi
yontemleri kullanilmaktadir. Fakat kullanilan bu
yontemlerin avantaji oldugu kadar
dezavantajlarmin  da  olmasi, yeni tedavi
yontemlerinin aragtirtlmasina neden olmustur. Bu
devantajlar1 arasinda genel olarak normal hiicrelerin
de kullanilan tedaviler ile dldiiriilmesi gelmektedir.
Bundan dolay1 bu tedavi yontemleri dezavantajli
olmaktadir [3]. Son yillarda bu ydntemlere ek
olarak ¢esitli Dbitkilerle akciger kanseri igin
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uygulanilabilecek  fitoterapi  yontemleri  de
arastirilmaya bagslanmistir. Yapilan caligmalarda
rezene, kakule, zerdecal, zencefil gibi bitki
ekstraktlarinin  kanser tedavilerinde kullanilan
ilaglarin  toksik etkilerini azaltmakla birlikte
kemoterapotik etkinliklerini artirdigi goriilmistiir

[4].

Foeniculum vulgare tohumlar1 ile yapilan son
calismalarda Foeniculum vulgare ekstraktinin
antikanser, anti-inflamatuar, antiproliferatif ve pro-
apoptotik etkinliklerinin oldugu belirlenmistir [5].
Foeniculum vulgare ekstrakti ile muamele edilen
akciger kanseri hiicreleri ile yapilan c¢alismalarda
kanserli hiicrelerin canliligimin azaldig1
belirlenmistir [6]. Bitki ekstrakti ile mevcut kanser
ilaglart  kombine edilerek yapilan  kanser
tedavilerinde daha etkili sonuglar alindigi
bilinmektedir. Ayn1 zamanda kanser tedavisinde
kullanilan bitkilerin, 1ilaglarn toksik etkisini
azaltigmi ve bu sayede dogal immiin sistem
hiicreleri lizerinde daha az toksik etki gosterdigi
bildirilmistir. ~ Bitki-ilag ~ kombinasyonu ile
olusturulan  tedavi  yaklagimlarinin  kanser
hiicrelerinde yiiksek sitotoksik etkisinin oldugu
belirtilmistir [7]. Bu c¢alismada, rezene tohumu
ekstraktinin akciger kanseri ve makrofaj hiicre
hatlari iizerindeki sitotoksik etkinligi incelenmistir.
Ayni zamanda ilk defa rezene tohumu ekstrakti ile
altuzan ilact kombine edilerek akciger kanseri ve
dogal immiin sistem iizerindeki sitotoksik etkilerine
bakilmistir. Elde edilen veriler 1s18inda rezene
tohumu ekstraktinin tek basina ve altuzan ilaci ile
kombine edilerek akciger kanseri tedavisinde
kullanilabilirligi incelenmistir. Bu caligma ile
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akciger kanserinde yeni bir kombine bitki-ilag
tedavisi belirlenecektir.

2. YONTEM

RPMI-1640, DMEM-High Glucose, Fetal bovin
serum (FBS), Dimetilsulfoxid (DMSO),
gentamisin, filtre kagidi (Hoffmann) ve 0.22 pm
filtrelerin tiimii Sigma-Aldrich'ten satin alindi. Tiim
sulu ¢ozeltiler milli-Q su ile hazirlandi. Morfolojik

degisiklikleri  gbzlemlemek amaciyla  Ters
mikroskop Olympus CKX 41 kullanildi.
2.1. Rezene Tohumu Ekstraktimn Elde

Edilmesi

Rezene tohumlari alinarak havanda ezildi ve ufak
hale getirildi. 8 gr rezene tohumunun iizerine 50 ml
metanol eklendi ve 6 giin karanlik ortamda oda
sicakliginda inkiibasyona birakildi. Elde edilen 6ziit
whatman kagidi ile siiziildii. Oziitte bulunan
metanol ¢eker ocak ve sitici  kullanilarak
buharlastirildi [8].

2.2. Hiicre Kiiltiirlerinin Yapilmasi

Deneylerde kullanilan hiicre hatlar1 olan THP-1
insan ve RAW 264.7 fare makrofaj hiicre hatlar1 ve
A549 insan akciger kanseri hiicre hatti
laboratuvardaki  kriyobanktan  kullanilmistir.
Deneylerde kullanilan medyumlar %1°lik penisilin-
streptomisin ve L-glutaminin RPMI-1640 ve

DMEM-High Glucose (Gibco) medyumuna
eklenmesiyle hazirlanmustir. Kullanilan
medyumlara %10 Fetal bovine serum (FBS)
(Sigma)  eklenerek  hiicre  proliferasyonu
arttirtlmistir [9].  Deneysel  c¢aligmalardaki
hiicrelerin  pasaj  sayist  10-15  arasinda
degismektedir.

Hiicre hatlarmin kiiltiirii %10 FBS igeren DMEM-
High Glucose ve RPMI 1640 medyunlarda yapildi.
Hiicrelerin inkiibasyon ortami 37°C, %95 nem ve
%35 CO; igeren etiivdiir. A549 akciger kanseri ve
RAW 264.7 makrofaj hiicreleri enzimatik yol,
THP-1 insan makrofaj hiicreleri ise fiziksel yol ile
toplandi. Bu hiicrelerin 1000 rpm’de, oda
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sicakliginda, 5 dk santrifiij edilerek ¢okelmesi
saglandi. 96 kuyulu plakalara ekimleri kuyu bagina
1x10° hiicre ml! gelecek sekilde yapildi. Ekimi
yapilan hiicreler 24 saat boyunca inkiibasyonda
tutuldu [10].

2.3. Canhlik Analizlerinin Yapilmasi

Elde edilen Foeniculum vulgare ekstraktt (10
ng/ml-100 pg/ml arast), altuzan ilaci (10 pg/ml-100
ug/ml arasi) ve Foeniculum vulgare ekstrakti-
altuzan ilact (40 pg/ml ekstrakt ve 10 pg/ml-100
ug/ml ilag) konsantrasyonlarmm MTT yontemi ile
sitotoksik etkileri belirlendi. Canlilik analizi, 3-
(4,5-Dimetiltiazol-2-il)-2,5-Difeniltetrazolyum

Bromiir kullanilarak belirlendi. 96 kuyulu plakalara
kuyu bas1 1x10° hiicre/ml konsantrasyonunda hiicre
eklendi ve lizerine Foeniculum vulgare ekstrakti,
altuzan ilaci ve Foeniculum vulgare ekstrakti-
altuzan ilact kombinasyonlar1 uygulandi. Hiicreler
%5 CO2’li 37°C olan etiivde 48 saat boyunca
tutuldu. Inkiibasyon siiresi sonunda kuyulara 10 pl
MTT (10 mg/ml) soliisyonu ilave edildi. %5 CO>’1i
37 °C olan etiivde 3 saat inkiibasyona birakildi.
Daha sonra kuyulara 100 pl dimetilsiilfoksit
(DMSO) eklendi. 96’lik plaka oda sicakliginda ve
karanlik ortamda 30 dakika tutuldu [11,12]. 570 nm
dalga boyunda hiicrelerin canlilik analizleri
belirlendi. Bu islem deney gruplari igin ii¢ defa
tekrarlandi ve alinan degerlerin ortalamasi alindi.
Deneyde kullanilan gruplarin canlilik analizi esitlik

1 kullanilarak  belirlendi.  Veri  grafikleri
olusturuldu.
Hi’icreCmih.’zg:{‘?fc]={M]- 100 )

Kontrol absorbansi
2.4. istatistiksel Analiz

Bu c¢alismada elde edilen verilerin analizi IBM
SPSS 25.0 (IBM Corporation, Armonk, NY, ABD)
programi  kullanilarak yapildi. Gruplar arasi
kargilagtirmalar tek yonlii varyans analizi Tek
Yonli ANOVA testi kullanilarak yapilmustir.
Ortalamatstandart sapma (Ortalama+SD) olarak
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sonuclar1 verildi. Istatistiksel anlamlilik p<0,05
olarak kabul edildi.

3. BULGULAR

Bitkilerde ve  bitkisel  riinlerdeki  bazi
metaboliklerin ve yapisal bilesenlerin (fenolik
asitler, flavonoidler, tanenler, kinonlar vb.) kanser

tedavilerinde etkili oldugu literatiirde
belirtilmektedir [13]. Yapilan bu ¢alimada
Foeniculum  vulgare  tohumu  kullanilarak

maserasyon yontemi ile Foeniculum vulgare
ekstrakti elde edilmistir. Elde edilen ekstraktin
RAW 264.7 ve THP-1 makrofaj hiicre hatlar1
iizerindeki sitotoksik etkilerine bakilarak akciger
kanseri tedavisinde kullanilabilirligi incelenmistir.
Elde edilen Foeniculum vulgare ekstraktinin ve
Foeniculum  vulgare  ekstrakt-altuzan  ilact
kombinasyonunun  A549  akciger  kanseri
hiicrelerindeki 6ldiirme etkileri de incelenmistir.
Yapilan ¢aligmada in vivo ¢aligmalarda kullanilmak
iizere akciger kanseri tedavisinde uygulama
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potansiyeli  olabilecek  Foeniculum  vulgare
ekstrakt-altuzan ilact formiilasyonu belirlenmistir.
Foeniculum vulgare ekstraktinin RAW 264.7 ve
THP-1 makrofaj hiicre hatlar1 iizerindeki sitotoksik
etkilerine bagli canlilik analizleri Sekil 1°de
gosterilmistir. Foeniculum vulgare ekstraktinin 100
pg/ml  konsantrasyonda oldiirme etkinligi en
yiiksektir. Fakat 100 ng/ml konsantrasyonun RAW
264.7 ve THP-1 makrofaj hiicrelerine muamelesi
sonucunda dogal immiin sistem hiicreleri {izerinde
diger konsantrasyonlara goére daha yiliksek
sitotoksik etki gostermektedir. Bundan dolay1 bu
konsantrasyon degerlendirilmemistir. Foeniculum
vulgare ekstraktinin 100 pg/ml konsantrasyondan
sonra en yiiksek RAW 264.7 ve THP-1 hiicrelerinde

sitotoksik ~ olmayan  etkinlik 40  pg/ml
konsantrasyonda  belirlenmisgtir. 40  pg/ml
konsantrasyondaki Foeniculum vulgare
ekstraktinin  sitotoksik etkisinde RAW 264.7

hiicrelerinde %103,95, THP-1 hiicrelerinde ise
%102,33 canlilik belirlenmistir (p<0.05).
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Sekil 1. Foeniculum vulgare ekstraktinin ve altuzan ilacinin RAW 264.7 ve THP-1 hiicre hatlarindaki

sitotoksik etkisi
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Sekil 2. Foeniculum vulgare ekstrakti tek basina ve altuzan ilact kombinasyonu kullanilarak A549 hiicre

hattindaki sitotoksik etkisi
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Sekil 3. Foeniculum vulgare ekstrakti ve altuzan ilact kombinasyonunun RAW 264.7 ve THP-1 hiicre

hatlarindaki sitotoksik etkisi

Altuzan ilacinin RAW 264.7 ve THP-1 makrofaj
hiicre hatlar1 iizerindeki sitotoksik etkilerine bagli
olarak canlilik analizleri Sekil 1°de gosterilmistir.
Calismada  altuzan  ilacmm 100  pg/ml
konsantrasyonda oldiirme etkinligi en yiiksektir.
100 pg/ml konsantrasyondaki altuzan ilacinin
sitotoksik etkisinde RAW 264.7 hiicrelerinde
%77,36, THP-1 hiicrelerinde ise %76,27 canlilik
belirlenmistir  (p<0.05).  Foeniculum vulgare
ekstraktinda bulunan fitokimyasallarin akciger
kanseri hiicreleri iizerinde sitotoksik etkisinin
oldugu bilinmektedir [6]. Foeniculum vulgare
ekstraktinin A549 akciger kanseri hiicre hatti
iizerindeki sitotoksik etkilerine bagli olarak canlilik
analizleri Sekil 2’de gosterilmistir. 40 pg/ml
konsantrasyondaki Foeniculum vulgare
ekstraktinin  sitotoksik etkisinde AS549 akciger
kanseri hiicrelerinde %74,82 canlilik belirlenmistir
(p<0.05). Akciger kanseri tedavisinde bir¢ok ilag
kullanilmaktadir. Bu ilaglarin bazilar1 akciger
kanseri tedavisinde etkili sonuglar da vermektedir
[14]. Fakat kullanilan ilaglarin sitotoksisitelerinin
yiiksek olmasi ve etkinlik diizeylerinin istenilen
seviyelerde olmamasindan dolay1 son yillarda
kanser ilaglari, bitkisel ekstraktlarla kullanilmaya
baglanmistir. Yapilan bu kombinasyonlar ile kanser
ilaglarmin toksisitelerinim azaltilmasi ve terapotik
etkilerinin arttirilmasi  amaglanmaktadir [15].
Yapilan ¢alismada Foeniculum vulgare ekstraktinin
altuzan ilaci ile kombinasyonunun A549 akciger
kanseri hiicre hatt1 {izerindeki sitotoksik etkilerine

bagli olarak canlilik analizi  Sekil 2’de
gosterilmigtir. 40 pg/ml  Foeniculum vulgare
ekstrakti-100 pg/ml altuzan ilacinin ilacinin

sitotoksik etkisinde A549 hiicrelerinde %41,37

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

canlilik tespit edilmistir (p<0.05). Foeniculum
vulgare  ekstraktinin  altuzan ilact ile
kombinasyonunun RAW 264.7 ve THP-1 makrofaj
hiicre hatlar1 {izerindeki sitotoksik etkilerine bagl
olarak canlilik analizleri Sekil 3’te gosterilmistir. 40
pg/ml Foeniculum vulgare ekstrakti-100 pg/ml
altuzan ilacinin sitotoksik etkisinde RAW 264.7
hiicrelerinde %382,41, THP-1 hiicrelerinde ise
%82,64 canlilik gézlenmistir (p<0.05).

4. TARTISMA

Kanser hastaligi tiim diinya i¢in kiiresel bir sorun
haline gelmektedir. Kanser hastaliginin 6nlenmesi
icin birgok tedavi yaklagimi kullanilmaktadir. Bu
yaklagimlar arasinda kemoterepi, radyoterapi ve
immiinoterapi en stk kullanilan  tedavi
yontemlerindendir. Kullanilan bu yontemler kanser
hiicreleri iizerinde etkili olmakla birlikte saglikli
hiicreler iizerinde de 6ldiirme etkileri mevcuttur.
Bundan dolay1 kanser tedavilerinde yeni tedavi
yaklagimlar1 gelistirilmeye c¢alisilmaktadir [16].
Giiniimiizde kanser tedavilerinde tamamlayici tip
ya da alternatif tip yontemleri popiilerlik
kazanmistir. Rezene, kakule, kurkimin gibi
bitkilerden elde edilen ekstraktlarin bulundurdugu
metabolikler, flavonoidler, kinonlar gibi bilesikler
sayesinde kanser tedavilerinde bu bitkisel
yaklagimlar olumlu sonuglar vermektedir [17].
Yapilan c¢aligmalarda bitkisel ajanlar ile kanser
ajanlar1 da  kanser tedavilerinde  birlikte
kullanilmistir. Bu kombine tedavi yaklagimlarinda
bitkisel ajanlarin antikanser ajanlarmnin tedavi
etkinliklerini artirdig1 ve ayrica toksik etkilerini de
azalttig1 belirlenmistir.
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Yapilan calismada, Foeniculum vulgare ekstrakti
maserasyon yontemi kullanilarak elde edilmistir.
Elde edilen Foeniculum vulgare ekstraktinin
makrofaj ve akciger kanseri hiicreleri tizerindeki
sitotoksik etkileri incelenmistir. Yapilan ¢alismada
Foeniculum vulgare ekstraktinin RAW 264.7 ve
THP-1 makrofaj hiicreleri {izerinde sitotoksik
etkilerinin ~ olmadig1  belirlenmistir. ~ Ayrica
Foeniculum vulgare ekstrakt1 10 pg/ml, 20 pg/ml,
40 pg/ml konsantrasyonlarda RAW 264.7 ve THP-
1 makrofaj hiicrelerine uygulandiginda hiicre
canliligimi arttirdig1 gézlenmistir. 100 pg/ml ve 80
pg/ml konsantrasyonda ise Foeniculum vulgare
ekstraktinin az de olsa toksik etki olusturdugu
belirlenmistir. Yapilan c¢alismada elde edilen
sitotoksisite verileri sonucunda RAW 264.7 ve
THP-1 makrofaj hiicrelerine uygulanan Foeniculum
vulgare ekstrakti konsantrasyonlarinda en uygun
konsantrasyonun 40ug/ml oldugu belirlenmistir.
Yapilan ¢alismada 40 ug/ml Foeniculum vulgare
ekstrakti konsantrasyonu AS549 akciger kanseri
hiicre hattina uygulandiginda diisiik oranda 6ldiirme
etkisine sahiptir. Bundan dolay1 yapilan ¢alismada
Foeniculum vulgare ekstrakti akciger kanseri
tedavilerinde kullanilan altuzan ilaci kombinasyonu
ile uygulanarak akciger kanseri hiicrelerinin 6liim
oranini arttirmak istenmistir.

Foeniculum vulgare ekstraktt altuzan ilact ile

kombine edildiginde ekstraktin tek bagina
kullanimmna gore oOldliirme etkisinin  arttig1
belirlenmistir. Yapilan ¢alismada Foeniculum

vulgare ekstraktinin altuzan ilact kombinasyonunu
ile kullanildiginda A549 akciger kanseri hiicre
hattinda sitotoksik etkisi en yiiksek 40 pg/ml
Foeniculum vulgare ekstrakti-100 pg/ml altuzan
konsantrasyonunda gosterdigi belirlenmistir. Bu
konsantrasyon AS549 akciger kanseri hiicrelerine
uygulandiginda %41,37 canlilik belirlenmistir.
Canliligin diisik olmasmin nedeni, Foeniculum
vulgare ekstraktindaki molekiillerin  kanserde
bulunan iletisim yollarin1 inhibe ederek hiicreyi
6liime gotiirmesi ve altuzan ilacinin akciger kanseri
hiicrelerinin ~ ¢ogalmasini  ve  proliferasyonu
baskilamasi oldugu diisiinilmektedir.

Sonug olarak Foeniculum vulgare tohumundan elde
edilen ekstraktin 10 pg/ml, 20 pg/ml, 40 pg/ml
konsantrasyonlarda RAW 264.7 ve THP-1
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makrofaj hiicre hatlarinda toksisitelerinin olmadig1
belirlenmistir.  Ayrica  Foeniculum  vulgare
ekstraktinin bu konsantrasyonlarda A549 akciger
kanseri hiicre hattinda 6ldiirme etkisinin oldugu
goriilmiistiir. Fakat bu konsantrasyonlarda akciger
kanseri hiicreleri i¢in o6ldiirme etkisinin diisiik
oldugundan akciger kanseri tedavilerinde kullanilan
altuzan ilact kombine edilere A549 akciger kanseri
hiicrelerinde Foeniculum vulgare ekstrakt-altuzan
ilact  kombinasyonu  kullanilmistir.  Yapilan
deneyler sonucunda antikanser ozellikte olan ve
toksik etki goOstermeyen Foeniculum vulgare
ekstraktinin tek basina kullanildiginda akciger
kanseri hiicreleri iizerinde yiiksek derecede 6ldiirme
etkisi gostermese de altuzan ilact ile birlikte
kullanildiginda yiiksek dldiirme etkilerinin oldugu
gbzlenmistir.

5. SONUC

Akciger kanseri giiniimiizde en tehlikeli kanser
tirlerinden biridir. Akciger kanserine Kkarsi
kullanilan tedaviler yetersiz oldugundan dolay1 yeni
tedavi yaklagimlar1 gelistirilmeye c¢aligilmaktadir.
Bu ¢aligsmalardan biri de fitoterapi yaklagimlaridir.
Bazi bitkiler kanserlerde etkili olmaktadir. Yapilan
calismada ise rezene tohumunun akciger
kanserindeki etkinligi tek basma ve altuzan ilact
kombinasyonu ile birlikte incelenmistir. Elde edilen
veriler 1s1¢mmda akciger kanseri tedavisinde
kullanilmak tizere Foeniculum vulgare ekstrakti tek
basina sitotoksik etki gosterebilmekte ve ayni

zamanda bitki-altuzan ilact kombinasyonunun
yiiksek etkinlik gosterebilecegi ve in vivo
caligmalarda  kullanilarak  akciger  kanseri

tedavilerinde yeni bir ilag formiilasyonu olarak
kullaniminin gerceklestirilebilecegi
diigiiniilmektedir.
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Oz

Sitma, diinyanin birgok bdlgesinde yaygin olarak goriilen enfekte sivrisineklerin 1siriklari yoluyla insanlara
bulasan parazitlerin neden oldugu hayati tehdit eden bir hastaliktir. Plasmodium adli kan paraziti bu
hastaligina sebep olmaktadir. Sitmanin erken teshisi ve tedavisi, Ozellikle hastaligin yaygm oldugu
gelismekte olan iilkelerde, hastalilk ve Oliim oranlarinin azaltilmasi agisindan ¢ok onemlidir. Sitma
teshisinde kullanilan klasik yontem, uzmanlar tarafindan kirmizi kan hiicrelerinin mikroskop yardimiyla
incelenmesiyle tespitidir. Bu yontem, sadece uzmanin bilgi ve deneyimine dayandigi i¢in verimsizdir.
Gliniimiizde hastaligin yiiksek oranda dogru bir sekilde tespiti i¢in makine 6grenmesi yontemleri
kullanilmaktadir. Bu ¢aligmada, hiicreyi parazitli veya parazitsiz olarak tespit i¢cin Evrigimli Sinir Ag1
(ESA) mimarisi onerilmistir. Onerilen ESA mimarisine ek olarak VGG-19, InceptionResNetV2,
DenseNet121 ve EfficientNetB3 gibi dnceden egitilmis ESA mimarilerinin performanslari ile 6nerdigimiz
modelin performansi karsilastirilmigtir. Onerdigimiz ESA mimarisinde National Institute of Health (NIH)
tarafindan yaymlanan Sitma Veri Kiimesi kullanilarak deneyler gerceklestirilmistir. Mimarimiz %98,9
dogruluk ile ¢alismaktadir. Calismanin sonuglari, Plasmodium igeren hiicre goriintiilerinin dogrulugunu
artirmada etkili oldugunu gostermektedir.

Anahtar Kelimeler: Sitma, ESA, Onceden egitilmis model, Hastalik tespiti

Detection of Malaria with Convolutional Neural Network (CNN) Architectures
Using Cell Images

Abstract

This article highlights that malaria is widespread worldwide through infected mosquitoes transmitted to
humans and is caused by the blood parasite Plasmodium. Early diagnosis and treatment of malaria plays an
important role in reducing morbidity and mortality, especially in developing countries. The traditional
method of diagnosing malaria involves examining red blood cells under a microscope, but this method can
be inefficient as it relies on expert knowledge. A highlight of the paper is the use of machine learning
methods in malaria diagnosis. In particular, a Convolutional Neural Network (CNN) architecture is

*Sorumlu yazar (Corresponding Author): Yildirim OZUPAK, yildirimozupak@gmail.com
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proposed to detect parasitized and non-parasitized cells. Furthermore, the performance of this proposed
model is compared with pre-trained CNN architectures such as VGG-19, InceptionResNetV2,
DenseNetl121 and EfficientNetB3. In the experiments, the Malaria Dataset published by the National
Institute of Health (NIH) was used and the proposed CNN architecture achieved 98.9% accuracy. These
results show that the proposed model is effective in accurately recognizing cell images containing
Plasmodium. This study highlights the potential of Al-based methods in the field of malaria diagnosis.

Keywords: Malaria, CNN, Pre-trained model, Disease detection

1. GIRiS

Dogu Sitma, diinya capinda hala saglik sistemlerini
tehdit eden ve dzellikle gelismekte olan iilkelerde
milyonlarca insani etkileyen bir hastaliktir. Hastalik
enfekte olmus sivrisineklerin 1sirmast yoluyla
bulasan Plasmodium parazitlerden
kaynaklanmaktadir. Plasmodium'un en az 150 tiirii
bilinmesine ragmen bunlardan yalnizca birkaci
insanlari enfekte edebilir. Plasmodium
parazitlerinin neden oldugu bu hastalik, zamaninda
tedavi edilmezse ¢ocuklar basta olmak tizere bir¢cok
insanin Gliimiine neden olabilmektedir [1-3]. Tim
sitma vakalarmin yaklasik %95'i ve sitmaya bagh
oliimlerin %96'i Diinya Saglik Orgiitii’niin (DSO)
2021 yilt verilerine gore Afrika Bolgesi'nde
meydana gelmektedir. Sitmadan en ¢ok etkilenenler
ise bes yasimn altindaki ¢ocuklardir. Sitmanin tanisi
ve tedavisi, hastaligin yayilmasini kontrol etmek ve
insan hayatin1 kurtarmak icin hayati 6neme sahiptir
[1.4].

Geleneksel sitma tani yontemleri, mikroskopik
inceleme ve laboratuvar testleri gibi emek yogun ve
maliyetli siiregleri igermektedir. Sitma hastaliginin
klinik belirtileri genellikle belirsizdir, bu nedenle
hastaligin ciddiyetini anlamak ve Onlemek icin
erken tani testleri ve tedavi dnem arz etmektedir.
Sitma tedavisindeki zorluklar, uzmanlik eksikligi
ve sinirli sayida aragtirmact bilim insaninin
bulunmasi gibi faktorlere dayanmaktadir [5,6].
Sitma hastaliginin erken teshisi, hastaligin neden
oldugu oliimleri kontrol etmek adina kritik bir
Ooneme sahiptir. Bu baglamda, bilgisayar destekli
sistemler, yapay zeka, acgik kaynakli araglar ve
teknikler, sitmanin tespiti ve degerlendirmesi icin
uzmanlar arasinda 6nemli bir yardimei arag haline
gelmistir.  Bu ilerlemeler, sitma hastaligiyla
miicadelede daha etkili ve erisilebilir ¢dziimlerin
gelistirilmesine katk1 saglayabilir. [7]. Ozellikle son
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yillarda Derin Ogrenme (DL) ve Makine Ogrenme
(ML) teknikleri, sitma tanisi alaninda biiyiik bir
potansiyel sunmaktadir. Bu teknolojiler, biiyiik veri
kiimelerini isleme, karmasik desenleri tanima ve
hizli bir sekilde tan1 koyma yetenekleri sayesinde
sitma tanisi icin biiyiikk imkan saglamaktadirlar
[8,9]. Tespit ve teshis araglar1 doktorlara degerli bir
ikinci goriis sunmakta ve tarama siirecinde onlara
yardimer olmaktadir [10]. Tibbi goriintiilemede
Bilgisayar Destekli Tespit (CAD) ve teshis, son on
yilda biiyiik ilgi gbren bir arastirma alani olmustur.
Bu sistemler, bilyiik veri kiimesinde Plasmodium
parazitlerini tanimak amaciyla egitildikleri igin
insan hatalarmi en aza indirebilirler ve sonuglari
daha hizli bir sekilde tiretebilirler [11].

Patologlar, teshis siiresini azaltan otomatik bir
teshis yonteminden ikinci bir goriis alabilirler. T1ibbi
veriler makine 6grenimi yontemleri kullanilarak
analiz edilebilir. ML yontemleri, sitma semptomlar1
acisindan niifusu izlemek i¢in kullanilabilir. Bir
katmanlama sistemindeki dogrusal olmayan islem
birimi seviyelerini igeren DL modelleri, ham
verilerdeki ~ yapilari  ortaya ¢ikarmak  igin
kullanilabilir. Ogrenme s6z konusu oldugunda,
dinamik ve dogrusal olmayan karar verme siiregleri,
diisiik seviyeli bilesenlerden sofistike 6zelliklerin
kullanilmasini gerektirir [12].

Tibbi goriintiileme alaninda CAD igin literatiirde
cesitli Yapay Zeka (AI) yontemleri Onerilmistir.
Yapay Zeka atilimlari, 6rnekleri insan goziinden
daha hizli ve dogru bir sekilde analiz etmeyi
miimkiin kilmistir. ML ve DL teknikleri tibbi
goriintl  kategorizasyonunda  yaygin  olarak
kullanilmaktadir. Tibbi cihazlar DL ydntemlerini
benimsemeye baslamistir [13,14]. Kan
hiicrelerindeki ~ sitma  parazitleri  mikroskop
goriintiileri ve benzer DL yontemleri kullanilarak
tespit edilmektedir. Bu goriintiiler tipik olarak ince
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veya kalin kan yaymalarinin goriintii grafikleri
kullanilarak olusturulur. Sonug olarak, kirmizi kan
hiicrelerinin yogun tabakasi nedeniyle genis
noktalarin parazitlerle istila edilme olasiligi daha
yiiksektir. Bu nedenle, kalin yayma teknikleri kan
hiicrelerindeki sitma parazitlerini daha dogru bir
sekilde tespit edebilir. Cok ince olduklart igin
yaymalarda ince bir kan tabakasi goriilebilir.
Doktorlar bu yontemleri genellikle sitmanin g¢esitli
evrelerini ayirt etmek igin kullanirlar. Her iki
yontem de yaymalarin kalitesine ve kanseri dogru
bir sekilde teshis etmek i¢in insan becerisinin
seviyesine dayanir. Ancak DL tabanli algoritmalar,
hem ince hem de kalin yaymalarmn sitmayi
tanimlamak igin verimli bir sekilde
kullanilabilecegini gostermistir [15,16]. CNN'in her
katmani igin bir goriintilye belirli bir aktivasyon
fonksiyonu uygulanir. Bir goriintiiniin lekeler,
kenarlar ve renkler gibi temel 6zellikleri CNN'in ilk
katmanindan ¢ikarilir ve derin i¢ katmanlar
tarafindan lst diizey 6zelliklere doniistiiriiliir [17].
DL modellerini klinik karar verme siirecine dahil
etmek i¢in diinya ¢apinda birgok arastirma projesi
sunulmugtur. Son yillarda, DL algoritmalarinin
saglik sektoriinde uygulanmasinda bir genisleme
olmustur. Sitma teshisi i¢in CNN kullanan ilk
calismalardan biri Liang ve arkadaslaria aittir [18].
Ince kan yayma gériintii hiicrelerini elde etmek igin
geleneksel optik mikroskop lamlar1 kullanilmus,
ardindan benzersiz bir CNN modeli kullanilarak
smiflandirilmistir.  Daha "geleneksel" transfer
modellerinden daha iyi performans gdstermislerdir
(%97,37 dogruluk). Quan ve digerleri tarafindan
gelistirilen CNN tabanli model, yogun ve artik
aglardan gelen ilkeleri ve dikkati yonlendirme
mekanizmalarini igermektedir. Onerilen yontem bir
Dikkatli Yogun Dairesel Ag (ACDN) idi. Sonuglar
onceki caligmalarla karsilastirilmistir.
DenseNet121 ve DPN92 swrasiyla %90,94 ve
%87,88 sonug verirken, bu algoritma %97,47'lik
iistiin bir performans elde etmistir. Hassasiyet ve
yakinsama ACDN modelinin gii¢lii noktalaridir
[19]. Rajaraman ve arkadaslari, siniflandirma i¢in
ozellik c¢ikarici olarak onceden egitilmis CNN
tabanli DL  algoritmalarmi  kullanmslardir.
Algoritmalar ne kadar iyi ¢alistiklarini gérmek igin
test edilmistir. Alt1 farkli mimariye kadar bu
modeller temel alinmis ve 6zel modeller olarak
kullanilmustir. Kesinlik %91 ila %95 arasinda dogru
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¢iktl. ResNet ve VGGI16 rakiplerinden daha iyi
performans gosterdi. Zaten egitilmis olan CNN'leri
kullanmanin 6zellikleri kesfetmek ic¢in harika bir
yol olduguna inaniyorlar [20].

Mikroskobik  goriintiiler ~ kullanilarak  farkh
smiflardaki  sitma  parazitlerinin  tespiti  ve
smiflandirilmast  igin  yapay zeka tabanh
yaklagimlar iizerine incelemeler yapilmistir [21].
Tasarlanan ViT modeli ile %93,97 dogrulama
dogrulugu ve %90,03 test dogrulugu ile iyi
performans elde edilmistir. Performansin daha iyi
degerlendirilmesi icin farkli derin 6grenme aglari
ile karsilastirllmistir  [22].  Derin  §grenme
kullanilarak sitma hastaliginin tespiti ve analizi i¢in
derin Ogrenmeli evrisimli sinir aglart modeli
kullanilarak  %95,23 dogruluk oranma sahip
sonuglar elde edilmistir. Bu modelde rastgele
secilen16 goriintiiden 15'inin dogru tahmin edildigi
ifade edilmistir [23]. Nesne algilama modelleri
kullanilarak = sitmanin  siniflandirilmasi  iizerine
yapilan bir ¢aligmada o6l¢eklendirilmis YOLOv4
%83'liik dogruluk oraniyla ilk sirada yer alirken,
onu %78,5'lik dogruluk oraniyla YOLOVS takip
etmistir [24]. Derin 6grenme algoritmalarina dayal
sitma paraziti tespiti (CNNs) teknigi iizerine
calismalar yapilmustir [25].

Bu calisma, gelencksel sitma tani ydntemlerinin
Otesine gecerek, derin 6grenme ve makine dgrenme
model mimarilerinin performansini
degerlendirmeyi amaglamaktadir. Bu teknolojilerin
klinik uygulamalarda nasil kullanilabilecegi ve
sitma  tanisinin  dogrulugunu  artirabilecegi
konusunda derinlemesine bir inceleme
sunulmugtur. Veri setinin egitilmesi sonucunda
aldigimiz sonuglar dogrultusunda  hiicre
goriintlisiiniin  tahminini yapan bir uygulama
gelistirilmistir. Sonug olarak, sitma tanist alaninda
onemli bir doniisiimiin baglangicini isaret edebilir
ve hastaligin erken teshis edilmesi ve kontrol altina
almmasma biiylik katkilar saglayabilir. Bu
makalenin amaci, giris goriintiilerinden gercek
zamanl sitma tespitinde etkili ve dogru bir sekilde
yararli olabilecek evrigimli sinir agi (CNN) gibi
derin 6grenme mimarisinin nasil kullanilabilecegini
gostermek ve bir yazilim uygulamasi ile uzmanlara
teshis konusunda yardimc1 olmaktir.
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Caligmanin diger boliimleri su sekilde organize
edilmigtir: Boliim 2’de g¢alismaya konu olan veri
seti ve kullanilan yontemler verilmistir. B6lim 3°de
ise elde edilen deneysel sonuglar sunulmustur.
Boliim 4’de ise sonug ifadelerine yer verilmistir.
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Test Data (%20)
Resizing

IL J ‘“L J ’ Training Data (%80) »

2. YONTEM

Bu arastirmada, 2 sinifa ayrilan sitma hastaligiin
smiflandirilmasi igin evrisimsel sinir aglarina dayali
bir model 6nerilmistir. Onerilen modelin blok
semast Sekil 1'de gosterilmistir.

&

X » ‘.rl’amsilised L J
. | L’npal’asitised [}

CNN Architecture
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Blood Cell Dataset Pre-Processing Training Process Classification Process
Sekil 1. Onerilen sistemin blok diyagrami
Onerilen  yontemin  dogrulanmasi  amaciyla %80 ve her bir sinifa ait test ornekleri icin %20
kullanilan ~ goriintiiller, ~ Amerika  Birlesik  olmak iizere rastgele boliinmiistiir. Ayrica (rastgele

Devletlerinde Ulusal Saglik Enstitiileri (NIH)
tarafindan saglanan acik erisimli bir veri
kiimesinden temin edilmistir. Bu veri kiimesi,
toplamda 27.558 hiicre goriintiisii icermekte olup,
parazitli ve parazitsiz hiicrelerin esit drneklerini
icermektedir [13]. Tiim gorseller, Mahidol-Oxford
Tropikal Tip Arastirma Birimi'nde bir uzman
tarafindan agiklanmistir. Veri kiimesini egitim igin

Sekil 1. Onerilen sistemin blok diyagrami

secilen) egitim veri kiimesini egitim ve dogrulama
amagclar igin sirasiyla %90 ve %20'luk gruplara
ayirilmistir. Cizelge 1'de egitim, dogrulama ve test
icin her bir smifa ait goriintilerin dagilim
gosterilmektedir. Veri setinden rastgele alinmig
parazitli hiicre 6rnekleri Sekil 2°de parazitsiz hiicre
ornek gortintiileri Sekil 3’de verilmistir.

Dataset type Number of parasitised sample Number of unarasitised sample Total
Training Data 8818 8818 17636
Validation Data 2205 2205 4410
Test Data 2756 2756 5512
Total Data 27558
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Sekil 3. Parazitsiz hiicre 6rnekleri

2.1. Evrisimsel Sinir Aglan

Evrisimli Sinir Aglari (CNN), bilgisayarli goriis ve
desen tanima alanlarinda kullanilan derin 6grenme
modellerinden biridir. Temelde, gorsel veriler
tizerinde etkili bir sekilde calisabilen 6zel bir sinir
ag1 mimarisidir. CNN'ler, bir goriintiiyii kiiciik,
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ortigen bolgelere bolen ve bu bolgelerdeki
ozellikleri 6grenen bir dizi evrisim katmanindan
olugur. Bu ozellikler, girdi goriintiilerdeki belirli
desenleri temsil eder. Evrisim ve havuzlama
katmanlari, oOzellik haritalarin1  olusturur ve
boyutunu azaltir. Bu sayede, ag, 6grenme siirecinde
daha az parametre kullanarak daha karmasik
ozellikleri 6grenebilir. CNN'ler genellikle nesne
tanima, yiiz tanima ve diger gorsel gorevlerde
basariyla kullanilir. Sekil 4’te evrigimli sinir ag1
mimarisi verilmistir.

ANN
1.

Sekil 4. Evrigimli Sinir Ag1 Mimarisi

2.1.1. VGGI19

Visual Geometry Group (VGG) tarafindan
gelistirilen VGG19, derin dgrenme alanidaki
evrigimli sinir ag1 (CNN) modelleri arasinda 6nemli
bir konuma sahiptir. Bu model, 2014 yilinda
diizenlenen ImageNet Large Scale Visual
Recognition Challenge'da etkileyici bir performans
sergileyerek genis ¢apta taninmistir.

VGG19, toplamda 19 katmandan olusan derin bir
mimariye sahiptir. Mimarinin temel o6zellikleri,
ardisik evrigim katmanlart ve ardindan gelen
havuzlama katmanlarindan olusan tekrarlanan bir
yapidir. Ozellikle 3x3 filtre boyutlarina sahip
evrisim katmanlari, kiiglik boyutlu filtrelerin ardisik
kullanimi sayesinde daha karmagik &zellikleri
O0grenme yetenegini artirir. VGG19 modeli, tam
baglantili katmanlarla sonlanan bir yapiya sahiptir
ki bu katmanlar, 6grenilen 6zellikleri siniflandirma
gorevlerinde kullanir. Ayrica, VGG19'da genellikle
ReLU aktivasyon fonksiyonlar: tercih edilmistir.
Bu model, derin 6grenme toplulugunda baslangigta
kullanilan ve referans alinan modellerden biri
olmustur. Ancak, biiyilk parametre sayis1 ve
hesaplama yogunlugu nedeniyle giiniimiizde daha
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hafif ve dlgeklenebilir modellerin popiilerligi artmis
olsa da, VGGI19 derin 6grenme mimarilerinin

| z2ax224ax64

evriminde kritik bir rol oynamistir [26]. Sekil 5’te
VGG19 mimarisinin gorseli verilmistir.

28X28X512 i

14X14x512

L ///
7 Maxpool (2X2)

Maxpoel (2X2)

Filter = 256
2 X 3 conv
conv2D3_1

Filter = 128
3 X3 conw

convEDl_1
conv2Dl_2

Filter = 64
3 X 3 conv
convzD1 1

conv2Dl_2 conv2D2_2

conv2D3_3
conv2D3_4

Sekil 5. VGG19 mimarisi

VGG19, toplamda 19 katmandan olusan derin bir
mimariye sahiptir. Mimarinin temel o6zellikleri,
ardisik evrigim katmanlart ve ardindan gelen
havuzlama katmanlarindan olusan tekrarlanan bir
yapidir. Ozellikle 3x3 filtre boyutlarina sahip
evrisim katmanlari, kiiglik boyutlu filtrelerin ardigik
kullanimi sayesinde daha karmagik &zellikleri
Ogrenme yetenegini artirir. VGG19 modeli, tam
baglantili katmanlarla sonlanan bir yapiya sahiptir
ki bu katmanlar, 6grenilen 6zellikleri siniflandirma
gorevlerinde kullanir. Ayrica, VGG19'da genellikle
ReLU aktivasyon fonksiyonlari tercih edilmistir.
Bu model, derin 6grenme toplulugunda baglangicta
kullanilan ve referans alinan modellerden biri
olmustur. Ancak, bilyilk parametre sayis1 ve
hesaplama yogunlugu nedeniyle giiniimiizde daha
hafif ve dl¢eklenebilir modellerin popiilerligi artmis
olsa da, VGGI9 derin 6grenme mimarilerinin
evriminde kritik bir rol oynamistir [26]. Sekil 5°te
VGG19 mimarisinin gorseli verilmistir.

2.1.2. InceptionResNetV2

InceptionResNetV2, bilgisayarli goriis ve derin
o0grenme alaninda kullanilan gelismis bir sinir ag1
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conv2D5_2 Fee
convaDs._3 size = 1000
conv2D5_4a Softmax

modelidir. Google tarafindan gelistirilen bu mimari,
Inception ve ResNet mimarilerini basariyla
birlestirerek daha etkili ve derin &grenme
yetenekleri sunar. Inception, ¢ok ¢esitli paralel
evrisim yapilarini igeren bir mimariye sahiptir, bu
da farkli 6lgeklerdeki ozellikleri daha etkili bir
sekilde c¢ikarabilmesini saglar. ResNet, agmn
derinligini artirmak ve egitim sirasinda kaybolan
bilgiyi geri iletmek amaciyla residual bloklar
kullanir. InceptionResNetV2, bu iki yaklagimi
birlestirir ve hem yatay hem de dikey olarak zengin
bir baglant1 ag1 kurar. Ayrica, toplu normalizasyon,
ReLU aktivasyon fonksiyonlar1 gibi tekniklerle
agin  egitimini daha stabil hale getirir.
InceptionResNetV2, ImageNet veri kiimesinde ve
diger  gorevlerde  olaganiisti  performans
sergileyerek, karmasik gorsel tamima ve
simiflandirma  gorevlerinde etkili bir sekilde
kullanilabilecek  bir model olarak  kabul
edilmektedir. Bu model, 6zellikle derin 6grenme
toplulugunda, biiylik ve g¢esitli veri setlerinde
basarili sonuglar elde etmek amaciyla tercih
edilmektedir [27]. Sekil 6’da InceptionResNetV2
mimarisi sunulmustur.
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Sekil 6. InceptionResNetV2 mimarisi

2.1.3 DenseNet121

DenseNetl121, yogun bloklarin kullanildigi ve
bilgisayarl1 goriis alanindaki derin O6grenme
gorevlerinde etkili bir performans sergileyen bir
sinir ag1 modelidir. Bu model, yogun baglantilar ile

One c¢ikan bir mimariye sahiptir, yani her katman
onceki katmanlarla direkt olarak baglantilidir. Bu
baglantilar, agin 6grenme kapasitesini artirir ve agin
daha etkili bir sekilde bilgi paylagsmasia olanak
tanir. DenseNetl21, toplamda 121 katmandan
olusan bir derin ag yapisina sahiptir. Yogun

First date
3D deep feature

20%

Second date
3D deep feature

baglantilarin yani sira, her yogun blok iginde
evrisim katmanlar1 ve havuzlama katmanlart gibi
temel bilesenler de bulunmaktadir. Bu, agin giristen
¢ikisa kadar siirekli ve yogun bir bilgi akigini saglar.
Model, ImageNet veri kiimesi iizerinde yapilan
smiflandirma gorevlerinde ve diger cesitli gorsel
tanima  gorevlerinde  basarili  bir  sekilde
kullanilmistir. DenseNet121, bilgisayarli goriis
alaninda derin O0grenme modellerinin
gelistirilmesinde  6nemli bir ilerleme olarak
degerlendirilmekte ve yogun baglantilarin getirdigi
avantajlartyla 6ne c¢ikmaktadir [19]. Bu mimari
Sekil 7°de sunulmustur.

etkili  ve

? Dense Dense Dense Dense
.E g b1 Block 1 i Block 1 z Block 3 ? Block 4 g
] =] _— b=l ) e | et | —=
S NIl 2 : : a8
LY @xﬁ '-' @xlz B @xﬂ w @xlﬁ 4
A ¥
[
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AR f I EE R
Sekil 7. DenseNet121 mimarisine ait gorsel
2.1.4. EfficientNetB3 gibi faktorleri dengeli bir sekilde optimize eden bir
Olgekleme  stratejisi  kullanarak
EfficientNetB3, derin  O0grenme  alamindaki  §lgeklenebilir modeller sunmay1 amaglamaktadir.

bilgisayarli goriis gorevleri igin tasarlanmis yiiksek
performansli bir sinir ag1 modelidir. EfficientNet
serisi, 0zellikle model boyutu, derinlik ve genislik
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EfficientNetB3, bu stratejiyi izleyen ve onceki
EfficientNet modellerinden daha biiyiik bir boyuta
sahip olan bir versiyondur.
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Sekil 8. EfficientNetB3 mimarisi

Model, evrisim katmanlari, mobil 6grenme bloklar1
ve genisleyen bloklar gibi 6zel bilesenleri icerir. Bu,
agin daha fazla 6grenme kapasitesi kazanmasini ve
gorsel ozellikleri daha etkili bir sekilde ¢ikarmasini
saglar. EfficientNetB3, ImageNet veri kiimesinde
ve diger gorsel tanima gorevlerinde yiiksek
dogruluk oranlari elde etmistir. Bu model, derin
6grenme modellerinin biiyiikliik ve performans
dengesini optimize etme cabalarinda O6nemli bir
adim  olarak  kabul  edilmektedir  [28].
EfficientNetB3 mimarisi Sekil 8’de verilmistir.

2.1.5 Onerilen Model

Veri 6n isleme, 6zellik ¢ikarma ve siniflandirma,
Onerilen yontemin ii¢ agsamasidir. Bu adimlar Sekil
6'da sematik olarak gosterilmistir. Veri 6n isleme,
goriintii  kalitesini iyilestirmek igin etkili bir
stratejidir. Goriintiiler, kamera agist ve mikroskop
konumu da dahil olmak {izere g¢esitli giiriilti
kaynaklar1 tarafindan kirletilebilir. Goriintiiler,
goriintii gliriiltiisiini azaltmak igin ¢esitli yontemler
kullanilarak temizlenmistir. Sitmanin tespiti igin
enfekte ve enfekte olmayan goriintiileri verimli bir
sekilde siniflandirmak i¢in Onerdigimiz CNN
modeli kullanilmistir. ilk olarak, 50 x 50 x 3
boyutlu girig goriintiilerini islemek igin 2x2 filtre
boyutlarina sahip 4 konvoliisyonel katmani,
ardindan 2x2 boyutunda 4 maksimum havuzlama
katmani1 kullanilmigtir. Aktivasyon fonksiyonu
olarak ReLU tercih edilmistir. Son olarak veriyi
diizlestirmek i¢in 1 flatten katmani, 2 Dropout ve 2
Dense katmani kullanilmistir. Cikig katmani igin
Sigmoid aktivasyon fonksiyonu uygulanmistir.
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Onerilen yénteme dair detayl bilgiler, Sekil 9’da
actkca sunulmustur. Sekil 9’un incelenmesi
sonucunda, toplam parametre sayisinin 620.441
oldugu  goriilmektedir. Bu  parametrelerin
tamaminin bagariyla egitildigi belirtilmistir. Ayrica,

Onerilen modelin sematik gdsterimi, Keras
Visualization 06zelligi kullanilarak Sekil 10'da
gorsellestirilmistir.  Onerilen  ydntemin  blok

diyagrami ise Sekil 11'de detayli bir sekilde
sunulmustur.

Model: "sequential”

Layer (type) Output Shape Param #
Tcomad (Com20) (one, 50, 50, 16) 08
max_pooling2d (MaxPooling2D (None, 25, 25, 16) 2]

)]

conv2d_1 (Conv2D) (None, 25, 25, 32) 2a88
max_pooling2d_1 (MaxPooling (None, 12, 12, 32) a

2D)

convad_2 (Conv2D) (None, 12, 12, &4) 8256
max_pooling2d_2 (MaxPooling (None, 6, 6, 64) 2]

2D)

conv2d_3 (Conv2D) {MNone, &, 6, 128) 32896
max_pooling2d_3 (MaxPooling (None, 3, 3, 128) a

2D)

flatten (Flatten) (None, 1152) @
dropout (Dropout) {None, 1152) a
dense (Dense) (None, 500) 576500
dropout_1 (Dropout) (None, 5@@) 2]
dense_1 (Dense) {None, 1) sel

Total params: 620,441
Trainable params: 62@,441
Non-trainable params: @

Sekil 9. Onerilen yontemin detaylari
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I conv2d_input [ input: [ [{(None, 50, 50, 3)] |

| conv2d_input I input: I [{(None, 50, 50, 3)] |

I InputLayer l output: l [{None, 50, 50, 3)] ]

| InputLayer I output: I [{None, 50, 50, 3)] |

I convZd | input: [ (None, 50, 50, 3) |
I ConvZD [ output: [ (Nene, 50, 50, 16) ]

(None, 50, 50, 3) |
(None, 50, 50, 16) |

| conv2d I input:
[ Conv2D | output:

| max_pooling2d I input: I (None, 50, 50, 16) |

[ max_pooling2d | input: [ (None, 50, 50, 16) |

| MaxPooling2D | output: | (None, 25, 25, 16) |

I MaxPooling2D | output: | (None, 25, 25, 16) I

[[convzd_1 [ input: [ (None, 25, 25, 16) |
I ConvZD I output: I (None, 25, 25, 32) |

[ convzd_1 | input: [ (Nene, 25, 25, 16) |
| Conmv2D | output: | (None, 25, 25, 32) |

[ max_poaling2d_1 | input: [ (None, 25, 25, 32) |

[ max_pooling2d_1 | input: [ (None, 25, 25, 32) |

| MaxPooling2D | output: | (None, 12, 12, 32) |

| MaxPooling2D | output: | (None, 12, 12, 32) |

(None, 12, 12. 32) |
(None, 12, 12, 64) |

I conv2d_2 I input:
I ConvZD Ioulput:

[[conv2d_2 | input: [ (None, 12,12, 32) |
| ConvaD | output: | (None, 12,12, 64) |

| max_pooling2d_2 ] input: ] (None, 12, 12, 64) I

[ max_pooling2d_2 | input: | (None, 12, 12, 64)]

| MaxPooling2D | output: | (None, 6, 6, 64) |

[ MaxPooling2D [ output: ] (MNone, 6, 6, 64) ]

[[convzd 3| input: [ (None, 6, 6, 64) |
| Conv2ZD | output: | (None, 6, 6, 128) I

I conv2d_3 [ input: [ (None, 6, 6, 64) ]
| ConvzD | eutput: | (Nene, 6, 6, 128) |

I max_pooling2d_3 I input: I (None, 6, 6, 128) ]

| max_pooling2d_3 ] input: ] (None, 6, 6, 128) |

I MaxPooling2D I output: I (None, 3, 3, 128) |

| MaxPooling2D | output: | (Nene, 3, 3, 128) |

Y

(Nene, 3, 3, 128) |
(None, 1152) |

| ﬂattsn] input:

| Flatten | output:

Y
| dropout I input: I (None, 1152) I
[ Dropout I output: I (None, 1152) I

] dense | input: | (Mone, 1152) ]
] Dense ] output: ] (None, 500) ]

| dropout_1 I input: I (Mone, 500) |
[ Dropout I output: I (None, 500) |

| dense_1 ] input: ] (Mone, 500) I

| Dense |output:| (None, 1) I

Sekil 10. Onerdigimiz modelin sematik gdsterimi

Input Image

and Model

L

| [ Parasitised uuamm-d
-—

i

Output

Sekil 11. Onerdigimiz modelin blok diyagrami
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(None, 3, 3, 128) |
(None, 1152) ]

l flatten I input:

l Flatten I output:

I dropout ] input: ] (None, 1152) l
I Dropout ] output: ] (None, 1152) I

| dense | input: | (Mone, 1152) |
l Dense l output: l (None, 500) ]

I drapout_1 ] input: ] (None, 500) I
I Dropout ] output: ] (None, 500) I

l dense_1 | input: | (None, 500) |
[ Dense | output: | (Mone, 1) |

Smiflandirma  performansint  degerlendirmek
amaciyla onerilen yontem, karigiklik matrisi ve bu
matristen tiiretilen cesitli siiflandirma
degerlendirme  Olgiitlerini  kullanmaktadir. Bu
Olgiitler arasinda dogruluk (accuracy), kesinlik
(precision), duyarlilik (recall) ve F1 skoru (F1-
score) bulunmaktadir. Karigiklik matrisi, Gergek
Pozitif (True Positive-TP), Gergek Negatif (True
Negative-TN), Yanlis Negatif (False Negative-FN)
ve Yanlis Pozitif (False Positive-FP) degerlerini

icermektedir. Calismada, TP, siniflandiricinin
belirli bir parazitli hiicre smifin1 dogru bir sekilde
tahmin ettigi durumu ifade ederken, TN,
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siiflandiricinin bir hiicre goriintiisiiniin belirli bir
parazitli hiicre smifina ait olmadigim1 dogru bir
sekilde teshis etti§i durumu yansitmaktadir. FP,
siniflandiricinin negatif bir 6rnegi yanlis bir sekilde
pozitif olarak tahmin ettigi durumu ifade ederken,
FN, simiflandiricinin pozitif bir 6rnegi yanlis bir
sekilde negatif olarak tahmin ettigi durumu ifade
etmektedir. Sekil 12, karigiklik matrisini gorsel
olarak temsil etmektedir.

Actual Values

Positive(1) Negative(0)

[

g Positive(1) TP FP

3

°

&

S

3

I:t Negative(0) FN TN
Sekil 12. Confusion matrix
Her hiicre tiirine goére dogru bir sekilde

siniflandirilan test 6rneklerinin sayisinin, toplam
test Ornekleri sayisina orani accuracy olarak
adlandirilir ve Esitlik (1)’deki gibi hesaplanir.

A ~ TP +TN
ey = b Y FP+ FN + TN

(D

Her hiicre tiirii i¢in dogru bir sekilde siniflandirilan
pozitif 6rneklerin, gergek pozitif 6rneklerin sayisina
orani recall olarak adlandirilir ve Esitlik (2)’deki
formiille hesaplanir.

TP
- 2
Recall TPTFN 2)

Her bir hiicre tiirii tarafindan dogru bir sekilde
siiflandirilan pozitif 6rneklerin sayisi ile pozitif
olarak smiflandirilan toplam o&rneklerin sayisi,
precision (kesinlik) tarafindan belirlenir ve
Esitlik (3)’deki formiille hesaplanir.

TP
Precision TP T FP 3)

Fl-skoru, kesinlik ve duyarlilik oranlarinin
harmonik ortalamasini ifade eder. F1-skoru, 0 ile 1
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arasinda bir deger alir; her bir hiicre smiflandirma
modelinin daha iyi performansi, daha yiiksek bir
F1-skoruna karsilik gelir ve Esitlik (4)’teki formiille
hesaplanir.

F1 kor = 2 Precision x Recall @)
SKor = 2x Precision + Recall

3. ARASTIRMA BULGULARI

Bu boliimde onceki boliimde sunulan materyaller
ve metotlar kullanilarak elde edilen sonuglar
sunulmustur. Calisma, insan kirmizi kan hiicresi
goriintiilerinin  Plasmodium paraziti tarafindan
parazitlenmis veya parazitlenmemis olarak
smiflandirilmasint  igeriyor. Kan  hiicresinin
parazitlenmis ya da parazitlenmemis oldugunu
tespit etmek igin CNN mimarileri kullanilmistir. Bu
calismada onceden egitilmis CNN mimarilerinden
VGG-19, InceptionResNetV2, DenseNetl21,
EfficientNetB3 ve onerdigimiz CNN modeli ile
deneyler gergeklestirilmistir. Yapilan deneyler
sonucunda her bir model i¢in Confusion matrisleri
verilmistir.

Confusion Matrix

True label

Parasitised

Unparasitised Parasitised

Predicted label
Sekil 13. DenseNet121 Confusion Matrix

Confusion Matrix

Unparasitised

True label

Parasitised

Unparasitised Parasitised

Predicted label

Sekil 14. EfficientNetB3 Confusion Matrix
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Confusion Matrix

True label
) itised

Parasitised

Unparasitised

Predicted |1l])l.'ll

Parasit ised

Sekil 15. InceptionResNetV2 Confusion Matrix

Confusion Matrix

Unparasitised

True label

Parasitised

Unparasitised Parasitised

Predicted label

Sekil 16. VGG19 Confusion Matrix

Cizelge 2. Model sonuglarinin karsilagtirilmasi

Yildirim OZUPAK

Confusion Matrix

True label
Unparasitised

Parasitised

Unparasitised

Parasitised

Predicted label
Sekil 17. Proposed Model Confusion Matrix

Onerilen  goriintii  smiflandirma  ydnteminin
performansi, dogruluk, kesinlik, duyarlilik ve F1-
skor acisindan Onceden egitilmis CNN tabanl
yontemlerle karsilastirilmistir, Cizelge 2'de bu
karsilastirma sunulmustur. Modellerin confusion
matrisine dayali olarak elde edilen dogruluk,
kesinlik, duyarlilik ve Fl-skor degerleri Cizelge
2'de detayl1 bir sekilde belirtilmistir.

. Dogruluk Kesinlik Geri ¢cagirma o
Yontem %) (%) %) F-Score (%) | Parametre sayisi
VGG19 96,28 96,79 95,73 96,26 26.449.730
InceptionResNetV2 89,76 82,38 96,65 88,95 15.241.025
DenseNet121 96,23 94,31 98,0 96,12 7.304.514
EfficientNetB3 97,23 97,70 97,33 97,20 11.183.665
Proposed Model 98,9 97,98 98,9 98,9 620.441
Tiim yontemlerde her bir hiicre tiirli i¢in hesaplanan ~ ve {istiin  siniflandirma  sonuglariyla  dikkat
degerlendirme Olgiitlerinin  ortalama degerleri  ¢ekmektedir. Diger derin O6grenme tabanl

alinarak karsilastirmalar  yapilmistir.  Onerilen
yontem, %98,9 dogruluk, %97,98 kesinlik, %98,77
duyarlilik ve %98,9 Fl-skor degeri ile en iistiin
siniflandirma  performansimi  sergilemektedir.
Onerilen yonteme en yakin sonuglar %9723
dogruluk, %97,70 kesinlik, %97,33 duyarlilik ve
%97,20 Fl-skoru ile EfficientNetB3 modelinden
elde edilmistir. Veri seti i¢in en diisiik performans
%89,76 dogruluk, %82,38 kesinlik, %96,65
duyarlilik ve %88,95 F1-skoru ile
InceptionResNetV2 modelinden kaydedilmistir.
Cizelge 2’deki tim veriler géz Oniine alindiginda,
Onerilen yontem diisiik egitilebilir parametre sayisi

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

yontemlerle karsilastirildiginda, Onerilen yontem
yalnizca daha iyi bir smiflandirma dogrulugu
saglamakla kalmayip ayni zamanda daha iyi bir
hesaplama  verimliligi  sunmaktadir. Egitim-
dogrulama dogrulugu, Sekil 18'de, ve egitim-
dogrulama kaybi 50 epoch i¢in Sekil 19'da
grafiklestirilmistir. Epoch degeri arttikga, egitim ve
dogrulama  setlerindeki  dogruluk  degerleri
artmaktadir. Ayni zamanda, egitim ve dogrulama
kayip egrileri, epoch degeri arttikca diisiis
gostermektedir. Sekil 20'de, rastgele secilen bir
hiicrenin parazitli veya parazitsiz olma tahminini
gosteren bir ekran goriintiisii yer almaktadir.
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Model Accuracy

—— Train
validation

o 10 20 30 40 50
Epoch

Sekil 18. Training-validation accuracy curve

Predicted: parasite
True: parasite

Predicted: parasite
True: parasite

Predicted: parasite
True: parasite

Predicted: unparasite
True: unparasite

Predicted: parasite
True: parasite

Model Loss

1.2 1 —— Train
—— \validation

1.0 4

0.8

0.2 1

0.0 4

Epoch

Sekil 19. Training-validation loss curve verilmistir.

Predicted: unparasite
True: unparasite

Predicted: parasite
True: parasite

Predicted: unparasite
True: unparasite

Predicted: parasite
True: parasite

Predicted: parasite
True: parasite

Sekil 20. Rastgele segilmis hiicrelerin parazit durumunun tahmin edilmesi

4. SONUCLAR

Bu arastirmada, sitma hiicrelerinin siniflandirilmasi
icin farkli derin &grenme tabanli smiflandirma
yontemlerinin  performanslart  karsilastirilmigtir.
Onerilen CNN modeli, VGG-19,
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InceptionResNetV2, DenseNet121 ve
EfficientNetB3 gibi 6nceden egitilmis mimarilerle
kiyaslanmistir. CNN tabanli mimarilerin sitma
hiicre goriintiilerini parazitli ve parazitsiz olarak
smiflandirmak i¢cin  etkili sonuglar verdigi
gozlemlenmistir. Bu ¢alismanin performansini
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degerlendirmek igin literatiirde siklikla kullanilan,
Ulusal Saglik Enstitiileri tarafindan agik erisim izni
olan bir veri seti kullanilmistir. Bulgular, onerilen
modelin kabul edilebilir bir giiven diizeyinde dogru
ve hizli bir tespit saglayabildigi sonucuna varmistir.
Performans degerleri, Cizelge 2’den anlasilacagi
lizere, Onerilen CNN modelinin en iyi siniflandirma
sonuclarint  elde ettigini gostermektedir. Bu
sonuglar, Onerilen yontemin sitma teshisi igin
yiiksek verimlilikle dogru sonuglar verdigi ve klinik
uygulamalarda uzmanlar igin alternatif bir yontem
olarak kullanilabilecegi diislincesini
desteklemektedir. En iyi performans gosteren
model, daha basit ve daha hizli sitma tespitini
kolaylastirmak amaciyla masaiistii tabanli bir
uygulama gelistirmek igin kullanilmigtir. Bu
calismadan elde edilen sonuglarin, tedavinin
giivenilirligini artirma ve tibbi uzmanlik eksikligini
¢ozme konularinda fayda saglayabilecegine
inanilmaktadir.
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Abstract

Ecological problems, high cost, and non-renewability of petroleum and its derivatives have increased the
research on new sustainable natural products. For this purpose, the physical, chemical, and mechanical
properties of Mentha pulegium L. (MPL) fiber, which may have potential for use in textile and composite
sectors, were determined by extraction and characterization. Fiber density, length, and diameter were
detected by physical tests. Cellulose, hemicellulose, and lignin ratios of the fiber were obtained by chemical
analysis and confirmed by Fourier transform infrared (FTIR) spectroscopic analysis. The surface
morphology was identified by scanning electron microscopy (SEM) analysis, and the chemical components
on the fiber surface were discovered by X-ray photoelectron spectroscopy (XPS) analysis. Thermal
degradation values of the fiber were found by thermogravimetric analysis (TGA), and the fiber’s
mechanical properties were determined by tensile test. As a result of the tests and analysis, MPL fiber has
shown that it has potential for use in textiles and fiber reinforced composites.

Keywords: Mentha pulegium L., Sustainability, Natural fiber, Composite, Textile

Yaban Nanesi (Yarpuz) BitKisinin Govdesinden Ekstrakte Edilmis Yeni Bir
Seliilozik Lifin Fiziksel ve Kimyasal Ozellikleri

Oz

Petrol ve tiirevlerinin ekolojik problemleri, yiiksek maliyeti ve yenilenebilir olmayis: siirdiiriilebilir yeni
dogal iiriinlere olan aragtirmalari artirmistir. Bu amagla tekstil ve kompozit sektdriinde kullanim potansiyeli
olabilecek yaban nanesi lifinin eldesi ve karakterizasyonu yapilarak fiziksel, kimyasal ve mekanik
ozellikleri belirlenmistir. Fiziksel testler ile lifin yogunluk degeri, uzunluk 6l¢iimii ve lif cap1 dl¢tilmiistiir.
Kimyasal analizler ile lifin seliiloz, hemiseliiloz, lignin oranlari tespit edilerek, Fourier doniistimlii kizil6tesi
(FTIR) spektroskopik analizi ile dogrulanmistir. Yiizey morfolojisi taramali elektron mikroskobu (SEM)

*Sorumlu yazar (Corresponding Author): Sabih OVALL, sovali@adiyaman.edu.tr
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Plant’s Stem

analizi ile belirlenerek, X-151n1 fotoelektron spektroskopi (XPS) analizi ile de lifin yiizeyinde yer alan
kimyasal bilesenler saptanmistir. Yaban nanesi lifine uygulanan termogravimetrik analiz (TGA) ile lifin
termal bozunma degerleri, ¢ekme testi ile de mekanik Ozellikleri tespit edilmistir. Yapilan testler ve
analizlerin sonucunda yaban nanesi lifi tekstilde ve lif takviyeli kompozitlerde kullanim potansiyeli

oldugunu gostermistir.

Anahtar Kelimeler: Yaban nanesi, Siirdiiriilebilirlik, Dogal lif, Kompozit, Tekstil

1. INTRODUCTION

In today's world where concepts such as
environmentally friendly, renewable, sustainable,
etc. are gaining importance, studies on new natural
fibers are increasing [1,2]. Natural fibers, utilized in
various industrial fields, are preferred as
reinforcement elements in composite/bio composite
production due to their specific properties,
including low density, biodegradability, sourcing
from natural origins, high specific strength, and
easy availability of raw materials [3-5].
Supplements of natural fibers are derived from the
fruits, leaves, and stems of plants [6].

Factors such as geographical growing conditions,
extraction method, and maturity of the plants from
which natural fibers are obtained, determine the
physical structure and chemical composition of the
fiber [7,8]. Therefore, in order to develop cellulose-
based fiber-reinforced composites with high
mechanical properties, it is important to determine
the physical and chemical properties of the fiber
through characterization processes. Fibers with
high cellulose content generally have high strength.
At the same time, lightweight composites can be
produced with low-density fibers [8,9]. Hemp, flax,
and sisal are widely used as natural fiber
reinforcements in composite production [10].
However, the need for new natural fibers is
increasing with the developing composite industry.

In this section, recent studies on new natural fibers
are presented. New cellulose-based fibers such as
Ficus Carica [11], Thespesia populnea [12],
Phaseolus vulgaris [13], Arenga Pinnata (Wrumb)
[14], Cajanus cajan [15], Cissus quadrangularis
[16], Ficus benjamina L. [17] are presented in the
literature as a result of the characterization of fibers
obtained from trees and plants and it was concluded
that they are suitable for utilization as reinforcing
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fibers in composite production. Natural fiber
research from plants and trees and relevant new
studies about them are being added to these
examples every day.

The pennyroyal plant, which has the Latin name
Mentha pulegium L., is a pungent-smelling
perennial herb with pubescent stems and leaves that
can reach 10-30 cm in height and grow widely in
the Mediterranean region of Turkey [18]. It is
harvested on the mountain slopes and along the
water banks, in moist and watery areas. Today,
MPL is cultivated as a medicinal plant in various
regions of Turkey. Both the leaf stalks and the stems
of MPL are dried and used for medicinal purposes.

There is no study about its use in fiber-reinforced
composite production in the literature. For this
reason, in this study, the potential for use in
composite or bio-composite production was
investigated by characterizing the fibers obtained
from the MPL plant’s stem.

The physical and chemical properties of MPL fiber
were examined through X-ray diffraction (XRD),
FTIR, and TGA as well as the chemical structure
analysis. The results were then utilized to
investigate the applicability of MPL fiber in
composite or textile production.

2. MATERIAL AND METHOD

The MPL fiber used in this study was collected from
the hills of Sarigam district of Adana province,
located in the Mediterranean region of Turkey. In
order to obtain the MPL fiber, the leaf parts were
cut and removed in the first phase. Secondly, the
stem parts of the plant were kept in a bucket of pure
water for 10 days to give microorganisms time to
act on the shell. After that, the fibers were separated
and then dried in daylight for 48 hours. Figure 1
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displays the MPL plant (a) along with the fibers
extracted from the stem part (b), and, tuft of MPL
fiber samples (c).

=
=]

il

()
Figure 1. The digital images of (a) MPL plant, (b)
obtained MPL stem fibers (¢) combed
MPL samples
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The density of MPL fiber was calculated according
to ASTM D8171-18 standard, while its cellulose,
hemicellulose, and lignin content was calculated
according to Mylsamy and Rajendran method [19].

To determine the mean fiber length, 100 fibers were
randomly selected from a tuft of MPL fiber sample.
Each fiber was straightened, and its length was
measured with a ruler. The mean, standard
deviation (SD), and coefficient of variation (CV)
were computed using the measured MPL fiber
length.

The atomic and chemical components (carbon,
oxygen, etc.) of the fiber surface were determined
by XPS on a ThermoScientific K-Alpha instrument.
In Figure 2, the XPS analysis image of MPL fiber is
shown.

0 2 <
Figure 2. XPS surface measurement of MPL fiber

The molecular bond characterization of MPL fiber
was performed by using FTIR spectroscopy, and its
functional groups were identified between the 610-
4000 cm! wave number range in a Perkin Elmer
Spectrum BX X FTIR instrument. The
crystallographic properties of the fiber and the
relevant phases were determined by using the
PANalytical XPert Pro MPD device with a Cu-Ka
beam source. The crystallinity index (CI) was
deduced from the data generated by the reflection of
the XRD pattern. The crystallinity index value was
then calculated by using Equation (1) [20].

CI (%) =(1200~Lam) 1200 (1)
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In equation 1, I ¢ and L.m, indicate the presence of
amorph and crystalline regions in the fiber,
respectively, and are used to calculate the
crystallinity index percentage [21,22]. To determine
the temperature and time-dependent mass loss of
the fiber a Seiko SII TG/DTA 7200 device was used
for TGA analysis.

The single fiber tensile tests of MPL fiber were
performed by calculating the averages and standard
deviations of the 30 repetitive tensile tests’ results
on 10 mm long fibers at a process speed of 0.1
mm/min under 50 N load on an INSTRON universal
tester by complying with the ASTM D3822-07
standard. The surface properties such as surface

structure, fiber diameter, surface porosity, etc. of
MPL fiber were examined in a high-resolution
SEM-ZEISS/EVO LS10 device.

3. RESULTS AND DISCUSSION

The density of MPL fiber was determined as 1.4218
g/cm?, which is similar to halfa grass (alpha) fiber
[23], and lower than that of sisal, ramie, and palm
tree fibers [24]. Since low density (lightweight) is
one of the main properties expected in cellulose-
based fiber-reinforced composites, MPL fiber may
be a good option. In Table 1, the comparison of the
mechanical properties of MPL fiber along with
other fibers is given.

Table 1. Comparison of the mechanical properties of MPL fiber along with other natural plant fibers
Fiber Fiber diameter | Tensile strength | Tensile modulus | Elongation Ref
name (pm) (MPa) (GPa) (%)

Mentha pulegium L. | 190.83+5.46 84.45+18.28 426+ 0.7 3.27+0.64 | This Study

Coconut 38090 44+8 2.0+0.3 4.5+0.8 [6]
Root 100-650 157 6.2 3 [25]
Coconut ree leafs : 1193 18 5.5 [25]

Alfa stems 90-120 134-220 13-17.8 - [6,26,27]

Palm Tree Fruit - 65.2 4.9 472 [6,28]

Corn husk 0.186 160.49 4.57 2.08 [24]
Palm Tree - 248 32 28 [24]
Rami 50 220-938 44-128 2-3 [24]
Sisal 50-300 511-635 9-22 2-2.5 [24]

Length and fineness are key characteristics of the
fiber’s spinnability in yarn production. MPL has an
average length of 89.4 mm with a length range of
60 to 120 mm. It can be observed that MPL has an
average length in a comparable range to flax fibers
(60-90 mm) [29]. The calculated SD and CV of the
measured fibers are 16.55 mm and 18.51%,
respectively. The mechanical tests of MPL fiber
provided similar results to the natural fibers given
in Table 1. The mechanical properties of cellulose-
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based fibers are directly affected by the physical
structure as well as the chemical component ratios
[6,26,27]. When the literature on natural fibers is
investigated, their mechanical properties and values
vary greatly. These variations depend on factors
such as growing conditions and plant properties, as
well as fiber extraction method, harvesting period,
and the maturity, etc. [30]. SEM images of the MPL
fiber’s transverse and longitudinal sections are
shown in Figure 3.
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Figure 3. SEM images of MPL fiber’s (a) longitudinal section, (b) transverse section

When the longitudinal section image given in
Figure 3 (a) is examined, the fiber diameter is
approximately 190.83 um. This value was
determined by calculating the average of the
measurements taken from this image.

The average diameter value of MPL fiber was found
to be thicker than that of corn husk, ramie, and halfa
grass fibers [24], while thinner than that of root
[26], and coconut fibers [6]. It was seen that there
are irregularities as well as impurities on the fiber
surface (oil, wax, lignin, etc.) [31]. The
irregularities seen on the fiber surface increase the
surface roughness. It is known that the use of fibers
with rough surfaces in composite structures
contributes to the bonding and the interfacial

compatibility of fiber and the matrix by causing
mechanical interlocking between them. Thus, using
fibers with surface roughness as reinforcing
elements in composites provides a great advantage
[22].

The chemical compositions of MPL and other
natural plant fibers are given in Table 2. The
chemical composition ratios that comprise the fiber
structure are affected by the environmental
conditions, the extraction methods, and the soil
properties where the plant grows [32]. The main
chemical components of MPL fiber consist of
cellulose (59.1%), hemicellulose (15.93%), and
lignin (22.15%).

Table 2. The main chemical constituents of MPL and other natural plant fibers

Fiber Ceg)l/ll)ose Hemi(c‘;ol;ulose ng/in)m Ref
Mentha pulegium L. 59.1 15.93 22.15 Current study
Acacia nilotica L. 56.46 14.14 8.33 [32]
Alfa stems 45 24 24 [6,26,27]
Bagasse 55 17 25 [6]
Coir 26.8—43 17.2-37 22.2-45 [6]
Bamboo 26 31 30 [33]
Corn husk 46.15 33.79 3.91 [24]
Ramie 68.6 — 85 13-16.7 0.5-0.7 [24]
Sisal 60 —78 10-14.2 8—-14 [24]
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It was determined that the MPL fiber has a higher
cellulose content compared to that of prickly acacia,
halfa grass, sugarcane coconut, bamboo, and the
corn stover fibers given in Table 2. The relatively
high cellulose content of fiber positively affects its
mechanical properties [32], while other properties
such as biodegradability, moisture absorption,
thermal change, etc. usually vary depending on the
fiber’s hemicellulose content [33]. Here, 15.93% of
the hemicellulose content in MPL fiber is found to
be similar to that of prickly acacia [32], coconut [6],
ramie [24], and sisal fibers [24]. The ratio of lignin,
one of the main chemical components, directly
affects both the structure and the surface
morphology of the fiber [33]. Here, the lignin
content of MPL fiber is found to be higher than that
of Acacia nilotica L. [32], corn husk [24], and ramie
fibers, while lower than that of bagasse [6],
coconut [6], and bamboo fibers [33].

Both the chemical structure and the surface
formation of MPL fibers were investigated by using
the XPS analysis method. According to the as-
obtained analysis data, the atomic surface elements
detected on the fiber surface are shown in Table 3.

Table 3.The atomic surface components of MPL

fiber
Atomic surface elements (%)
Fiber Cls Ols Nl1s | Si2p
MPL 62.3 22.9 0.7 2.32

The elemental composition of MPL fiber surface
was determined as 62.3% of carbon (Cls), 22.9% of
oxygen (Ols), 0.7% of nitrogen (N1s), and 2.32%
of silicium (Si2p). The calculated Oxygen/Carbon
(O/C) and Carbon/Oxygen (C/O) ratios of 0.36 and
2.72, respectively, of MPL fiber indicate the
hydrophilic or hydrophobic character of its surface.
Here, increasing the C/O ratio decreases the
hydrophilicity of the fiber surface, and improves the
fiber-matrix compatibility in composites [34].

The Cls XPS spectrum curves of MPL fiber are
shown in Figure 4. Here, the peak at 284.78 eV (C-
C/C/C-H) represents the presence of hemicellulose
and lignin, while the peak at 286.48 eV (C=0/0O-C-
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O) represents the carbonyl groups, and the peak at
288.28 eV (0-C=0) represents either ester,
carboxylic acid groups or lignin’s presence [35].
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Figure 4. C1s XPS spectrum peaks of MPL. fiber

The XRD curves of MPL fiber are given in Figure
5. Here, the two main peaks seen at 18.53°, and
22.39° indicate the basic structure of cellulose I and
IV, respectively. At the same time, these two planes
indicate (1 1 0/ 1 1 0) and (2 0 0) crystallographic
regions, respectively [36].
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Figure 5. XRD curve of MPL fiber

Based on eq. (1), the crystallinity index (CI) value
of MPL fiber was calculated as 53.97%. Compared
to the CI values of other natural fibers in the
literature such as cotton (60%), sisal (71%), jute
(71%), flax (80%), and hemp (88%), it shows that
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the crystallinity of MPL fiber (53%) seems less
regular [37].

The FTIR analysis was performed to investigate the
chemical structure of MPL fiber, and its spectrum is
given in Figure 6. Here, the peak at 3337 cm !
shows the hydrogen bonds and the -OH stretching
in the cellulose structure [38]. The CH (CH, and
CH3) vibration of the cellulose and hemicellulose
components’ alkyl groups generated a peak at 2917
cm! [39]. The peak at 1737 cm™ corresponds to the
C=O0 tensions in carboxyl acid or acetyl groups, and
C=C vibrations in aromatic rings in lignin
correspond to the peak at 1527 cm!' [40,41]. The
peak at 1396 cm™' is the bending vibration of C-H
groups, while the peak at 1285 cm™ indicates C-O
tensions in acetyl groups in hemicellulose, and the
small peak at 1190 cm! indicates the C-O-C
asymmetric tensions [40—42]. The peak observed at
1022 ¢cm™ indicates the aldehyde/acid/carboxylate
functional groups, whereas the amorphous and
crystalline cellulosic structures of the fiber can be
understood from the peaks at 1464 cm’, and 801
cm!, respectively [41].
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Figure 6. FTIR spectrum of MPL fiber

It is important to determine the effect of different
temperature values on the fiber. In particular, it is
necessary to determine the thermal degradation
values of natural fibers that are used in the
production of thermoplastic-based composites
[22,43,44]. The mass loss of MPL fiber at different
temperature values is shown in Figure 7.
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Figure 7. TGA-DTG curve of MPL fiber

Here, the subsequent degradation was determined at
290.34°C. This temperature value corresponds to
the decomposition of hemicellulose in fiber’s
chemical structure [45]. The temperature value
showing the decomposition of cellulose and lignin
in the fiber structure was observed at 369.18 °C
[46]. When the studies conducted in the literature
were examined, it was seen that the thermal
degradation temperature of MPL fiber is similar to
that of sisal (340°C), jute (365°C), and flax (345°C)
fibers [47].

The thermal analysis conducted between 30-600 °C
indicated 85% of mass loss in the fiber structure. As
a result of the TGA analysis, it was concluded that
MPL fiber can be used as a reinforcing fiber in
composite structures under an initial temperature of
290.34 °C [48].

4. CONCLUSION

In this study, a cellulose-based fiber extracted from
the stem of an MPL plant was characterized, and its
potential for use in composites was investigated.
The physical, chemical, mechanical,
morphological, and the thermal properties are
determined by the fiber characterization processes.
The MPL fiber’s low density value of 1.42 g/cm?
provides an advantage in composite and textile
production. MPL fibers are found to have a 59.1%
cellulose ratio in their structure, which enhances the
mechanical ~ properties of  fiber-reinforced
composites. Having a 53.97% crystallinity index
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ratio makes the MPL fiber rich in terms of cellulose.
It was also understood from the results that the MPL
fiber has better mechanical properties than some
other fibers used in composite production with
84.45 MPa of tensile strength, and 4.26 GPa of
modulus values. The chemical component details of
MPL fiber were determined by FTIR analysis,
while the chemical components in its surface
structure were determined by XPS surface analysis,
and it was understood that MPL fiber has a
hydrophobic character compared to other fibers.
Both MPL fiber’s surface morphology, and its
diameter were measured by SEM analysis, and it
was seen that this fiber can be used in composites
with its current structure. As a result of thermal
analysis, it was determined that the fiber structure
can remain intact at temperatures below 290°C, and
will contribute positively to fiber reinforced
composite structures. MPL fiber can also be used in
the textile sector in combination with other
synthetic fibers to lower the need for petroleum-
based fiber production. Furthermore, since MPL's
fiber length and fineness are comparable to those of
flax, it can be utilized as a blended yarn.
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Oz

Taskin risk analizi i¢in ¢esitli yontemler kullanilmaktadir. Tagkin risk analizi {izerine yapilan ¢aligsmalar
cografi bilgi sistemleri lizerine odaklanmigtir. Tagkin riskinin belirlenmesi genellikle agik kanal
hesaplamasina dayanmaktadir. Bu ¢alismada Hec-Ras paket programu ile tek boyutlu analiz yapilmistir.
Kebendibi Nehri alt havzasindaki tagkin risk analizinin sonuglari sunulmustur. Raster veriler Netcad
programi kullanilarak Mersin ilinin sayisal haritalarindan elde edilmis ve Hec-Ras programinda analiz
edilmistir. Analiz sonuglar1 tagkin risk haritalarinin olusturulmasinda kullanilmustir.

Anahtar Kelimeler: Netcad, Hec-Ras, Taskin, CBS, Kebendibi nehri

Flood Risk Analysis in Dry Streams; Kebendibi Stream Example

Abstract

A variety of methods are used for flood risk analysis. studies on flood risk analysis have focused on
geographic information systems. Determination of flood risk is generally based on open channel
calculation. In this study, one dimensional analysis was performed with Hec-Ras package program. The
results of flood risk analysis in Kebendibi River sub-basin are presented. Raster data were obtained from
the numerical maps of Mersin province by using the Netcad program and analyzed in the Hec-Ras program.
The results of the analyses were used to create flood risk maps.

Keywords: Leishmania infantum, Momordica charantina, Ytotoxicity, Antileishmanial

1. GIRIS kosullarla bir araya gelerek dogal afete elverisli bir

ortam olusturmaktadir. Taskin, sel, heyelan,
Tiirkiye jeolojik yapist itibariyle egimli bir erozyon, ¢18, deprem, kuraklik gibi olaylar
cografyaya sahiptir. Meteorolojik olaylar jeolojik Tiirkiye’nin bu fiziki yapismdan dolay1 yaygin

*Sorumlu yazar (Corresponding Author): Gézde ALTIN, gozdesabanci5@hotmail.com
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olarak goriilmekte olan dogal afetlerdendir.
Afetlerin onlenmesi genellikle miimkiin degildir,
fakat gerekli onlemler alinarak en az zararla asmak
hedeflenmelidir [1].

Akarsulardaki debi degisimleri, su seviyesinin
yiikselmesine neden olarak taskin yatagindan
tagmasina yol agabilir. Bu kontrolsiiz su yayilimi,
maddi hasarlara, yaralanmalara ve hatta 6limlere
sebep olabilir, bu olay genellikle taskin olarak
tanimlanir. [2].

Taskinlar, diinya genelinde insan hayatin1 etkileyen
ayn1 zamanda ciddi ekonomik hasara yol agan, stk
tekrarlanan ve biiyiik yikimlara neden olan dogal
tehlikeler arasinda yer almaktadir [3].

Ulkemizde son 60 yilda (1955-2014) 2.563 taskin
meydana gelmis olup 1.500’¢ yakin can kaybi
yasanmistir. Mevcut veriler itibari ile tagkinlardan
kaynaklanan ekonomik kayip her yil yaklasik 100
milyon $’dir [4].

Taskinlarin potansiyel zararmi kesin bir sekilde
belirlemek miimkiin degildir. Ancak, tagkin debileri

belirlenebilirse, risk analizi yapmak, haritalamak ve
modellemek 6nemlidir. Bu siire¢ sayesinde, olasi
etkiler degerlendirilip, alinacak Onlemlerin ne
diizeyde olmasi gerektigi belirlenebilir[5,6].

Taskin sonrasi bolgesel zarar arastirilarak, olagan
hayati daha giincel tutarak durumlar iyilestirmeye
yonelik caligmalar gergeklestirilmelidir  [7,8].
Taskin ve tagkin alanlar lizerine yapilacak detayl
bir ¢calisma; hidrolojik, hidrolik, topografik ve diger
iliskili unsurlarin zaman ve alan boyutunda
analizini gerektirir [9].

Sayisal modellerle tagkin yatagi belirleme teknigi
tagkinlarin nerede ve ne kadar bir siire sonra
olusacaginin tahmini i¢in kullanilmaktadir. Bu
tiirden bir ¢aligma icin, hidrolojik/hidrolik modeller
ile Cografi Bilgi Sistemleri (CBS) giiclii bir destek
olusturmaktadir [10].

Oguz ve arkadaglari, 2016 yilinda yaptiklar
caligmada CBS teknikleri ile Artvin ilinin tagkin
risk alanlar1 belirlemislerdir. Bu alanlarda tagkin
olayinin sikca goriildiigii belirtilmistir [11].

) * Mayurt
11.4) SILIFKE)
Td}ﬁlﬁ\a‘_ . .

Sekil 1. Cahs&a yapilan bdlgenin ulagim haritasi

NetCAD de taskin risk analizi i¢in gerekli verilerin
toplanmast ve yonetilmesi gibi bazi yardimel
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gorevlerde kullanilabilen bir CBS yazilimidir.
Genellikle temel alt yap1 tasarimi, sehir planlamasi
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ve CBS projeleri igin NETCAD’den de yararlanilir.
CBS, calismalarin  diizenli,  depolanabilir,
goriintiileme kisminda elde etmesi kolay ve analiz
islemlerinin hizli yapilmasina olanak sagladigi icin,
son yillarda kullanimi artmistir.  Bu teknoloji,
zamandan tasarruf etmenin yani sira yiiksek
maliyetlerden de kurtulma olanagi saglar ve giincel
veri temininde biliyilk 6nem tagir. Tagkin risk
analizleri, heyelan analizleri, ¢1§ ve deprem
analizleri, havza alanlar1 ve simirinin belirlenmesi,
yiikseklik veri modellerine dayali haritalarin
olusturulmast1  gibi  birgok alanda  CBS
teknolojilerinin sundugu imkandan faydalanilabilir
[12].

HEC-RAS (Hydrologic Engineering Centers River
Analysis System), taskin analizi ve tagkin risk
analizi i¢in kullanilir. HEC-RAS sayesinde nehirler
ve akarsular icin hidrolik ve hidrolojik modelleme
yapilabilir. CBS eknolojisi gibi, HEC-RAS da
yaygin bir sekilde kullanilmaktadir.
Bu nedenle, su kaynaklar1 yonetimiyle ilgili
konularda taskin analizi ve taskin risk analizi gibi
unsurlarin 6nemi tiyiiktiir. HEC-RAS, su akisinin
nehir yataklarind: ki davranisini modelleyebilir,
hidrolik hesaplamalar yapabilir ve taskin suyu
yayilimini simiile ¢.debilir. Nehir yatag1 geometrisi,
hidrolojik wveriler, hidrolik o&zellikler ve diger
parametreler kullar 1larak tagkin suyunun yayilimini
winnin  eunek igin  birgok matematiksel model
kullanilir.

Yapilan c¢alismalarda, taskin riski yiiksek olan
bolgelerin  genellikle nehir yataklarina yakin
alanlar, algak lying alanlar ve yogun yagis alan
bolgeler oldugu belirlenmistir. Ayrica, taskin riskini
artiran  faktorler  arasinda  ormansizlasma,
sehirlesme ve arazi kullanimi degisiklikleri gibi
insan kaynakl faktorlerin de oldugu belirlenmistir
[13-16].

2. MATERYAL VE YONTEM

2.1. Materyal

Gozne Mahallesi, Mersin Iline bagli Toroslar
ilcesinin  mabhallesidir. Kuzeyde Ayvagedigi,

giineyde Darisekisi ve Sogucak ve Batida
Bekiralan1 Mahalleleri ile ¢evrilidir.
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Etrafi daglarla cevrili olan Gozne vadisinin iki
yaninda kurulmus bir kasabadir. Batisinda Colek
Sirtlandik daglari, kuzeyinde bolgeye Siilikli ve
Ayvagedigi bolgeleri, Siiliikli’niin  tizerindeki
Karatepe Daglari ile ¢evrilidir. Glineyinde ise kale
vardir. Denizden yiiksekligi yaklastk 1150 m
civarindadir. Toroslarin giineyinde daglik bir
bolgedir ve genis diizliiklere sahip degildir. Arazi
engebeli ve tagliktir. Bu yiizden ekilebilir alanlara
stnirhdir.

Bu sebeple ekilebilir alanlar, Silikli, Korum,
Catalagag ve Sihbagi bolgeleri ile sinirlidir.

» ooy

Sekil 2. Calisma yapilan bolgenin uydu goriintiisi
2.2. Yontem

Netcad CBS uygulamalari, Cografi Bilgi Sistemleri
alanindaki temel kavramlar, veri yapilari, veri
iiretim teknikleri, uzaktan algilama, veri tabani
yonetimi gibi konular1 kapsamakta; ayrica Netcad
programinin kullanimi ile CBS projesi olusturma ve
CBS analizleri yapma yeteneklerini igermektedir.

Bu calismada Havza Taskin Modelleme modiilii
kullanilmuistir ve havza analizlerinin olusturulmasi,
birim hidrograf olusturulmasi, ekstrem yagis
analizleri ve tagkin pik debilerinin hazirlanmasinda
Netcad yazilimindan yararlanilmigtir. Su yollart ve
Havzalar (Tarboton, 1997) tarafindan gelistirilen
TAUDEM (Terrain Analysis Using Digital
Elevation Models) metodu kullanilarak
bulunmustur [8].
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Netcad ile bolgenin {iggen modeli kullanilarak
raster veriler elde edilmistir. Elde edilen raster veri
igerisinde yiikseklik ve koordinat bilgisi yer
almaktadir. Raster veri kullanilarak ana havza ve alt
havzalar elde edilmistir. Suyollar1 programin Havza
Modiilii kullanilarak bulunmustur.

62 yillik yagis degerleri kullanilarak Netcad
yazilimi ile maksimum yagislarin ekstrem dagilim
hesabi yapilmustir. Bu istatistiksel hesaplar Normal
Dagilim, Log-Normal (2 Parametreli), Log-Normal
(3 Para-metreli), Pearson Tip-3, (Gama Tip-3), Log
Pearson Tip-3 ve Gumbel Dagilimlaridir.

Bu dagilimlara Kolmogorov-Simirnov  testi
yapilmistir. Hesaplar sonucunda bolgeye yagacak
yagislardan dolay1 debiler Mockus metoduna gore
2,5, 10, 25, 50, 100 y1l tekerriirlii hesaplanmistir.
Hec-Ras yazilimi, kararli ve kararsiz akis
hesaplamalarinin yani sira sediment tasinimi, su
sicakligt ve su kalitesi modellemeleri yapabilme
yetenegine sahiptir [10].

3. ARASTIRMA BULGULARI

Calisma yapilan alanda ilk olarak piiriizliilik
katsayisi belirlenmelidir.

Bu calismada, DSI tarafindan modifiye edilmis
tablolardan yararlanilmistir. Cowan, piiriizliliik

katsayisinin  hesab1 i¢in asagidaki ydntemi
bulmustur.
n=(Mmg+n; +n, +nz;+n,)Xm (1

Burada no; kanalin zemin 6zelliklerine gore segilen
puriizliillik katsayisi, ni; yiizey diizensizliklerinin
etkileri i¢in bir diizeltme degeri, ny; kanal enkesiti
sekli ve biiylikliigiindeki degisimler i¢in segilen bir
katsay1, n3; kanaldaki mevcut engellerin etkisi i¢in
secilen bir katsayi, ng; akim sartlart ve bitki ortiisii
icin secilen bir katsayi, m; ise kanalin kivrim
derecesini ifade eden bir katsayidir. Bu katsayilar
kanalin 6zelligine gore Cizelge 1’de sunulmustur
[17].
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Sekil 3’te goriilen alan bdlgenin ¢ok biiyiik kismini
temsil etmekte olup piiriizlilik katsayisi degeri
0,147 olarak hesap edilmistir.

Sekil 3. Calisma yapilan bolgenin arazi yapist

Cizelge 1. DSI tarafindan modifiye edilmis tablo

Beton 0.012-0.018
Kaya
Sert 0.025-
Toprak 0.0032
Yataktaki |n|:;|eK§L:|$u| Ortalama 1-2 " 0.026-0.035
Malzeme Cinsi Cal Dane Gapi X T 0750055
Iri Cakil
Iri Tas 64-256 0.03-0.05
‘Q‘:;L” »256 0.04-0.07
Pirtizsiz 0.000
Beton Duvar 0.003
Tag Duvar 0.005
Onemsiz Istifli Ta:
Kanal Sev Tahkim;}t 0.008
Durumu Adacsiz Kayal m 00
Ona Toprak Yamag
Isfisiz Tag 0.015
Tahkimat )
Siddetli Adach Yamac 0.02
. Asamal 0
K::gil;;;?" Ara sira dedisen nz 0.005
Sik Dedigen 0.01-0.015
Ihmal edilebilir 0.000
Kanaldaki Onemsiz 0.01-0.015
engeller Kayda deder e 0.02-0.03
Siddetli 0.04-0.06
Disiik 0.005-0.01
Kanaldaki Bitki Orta 0.01-0.025
Ortiisii Yiksek M 0025005
Cok Yiiksek 0.05-0.1
Onemsiz Dere Uzunlugu 1-12
Kanal Kivrimi Kayda Defer /Kug Ucusu m 1.2-1.5
Siddetli Uzunluk =15

Bu c¢alismada miinhanilerden elde edilen {iggen
model, yazilimlar yardimi ile raster modele
doniistiirilmiistiir ve raster formatindaki veri
islenerek havza, su yolu, debiler bulunmus Hec-Ras
programi yardimi ile Taskin risk haritalar
olusturulmustur.
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Sekil 4. Bolgenin modellenmesi i¢in kullanilan
ticgen model

Raster modelde haritalarin olusturulabilmesi igin
Sekil 4’te gosterilen MESKI (Mersin Su ve
Kanalizasyon Idaresi) Genel Miidiirliigii’nden elde
edilen tiggen model kullanilmigtir. Tiim doniistiirme
islemlerinden dnce ¢aligmanin projeksiyonu segilen
iiggen modelin projeksiyonu olan ITRF-96 36-30
secilmistir. Uggen modelden raster veri iiretebilmek
icin  Analiz  meniisi  yiikseklik  modiilii
kullamlmaktadir. Uretilen raster goriintii tif
formatindadir. Piksel biytkliigii metrik sisteme
gore belirlenir. Raster harita elde etme isleminin
uzunlugu piksel biiyiikliigiiniin boyutuna gore
degisiklik gostermektedir. Raster veri olusturma
islemi vektorel verilerin piksellere

donistiiralmesidir. Sekil 5’te Raster goriintiiniin
TIN (Triangular Irregular Network-Ug¢genlenmis
gorlintlisli

Diizensiz Ag) formatindaki

gosterilmektedir.

Sekil 5. Uggen modelden elde edilen yﬁkselik
modeli (Hec-Ras)
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Sekil 6. Calisma alanin1  kapsayan Havzm

bulunmasi (Netcad)

Kebendibi Deresi'nin kuru olmasi sebebiyle, tagkin
debi  hesaplarmin  gerceklestirilebilmesi  i¢in
oncelikle yagis verileri temel alinarak maksimum
yagislari ekstrem dagilim hesabi yapilmistir.
Taskin frekans analizleri, ¢esitli olasilik dagilimlar
kullanilarak  Netcad programi yardimi ile
yapilmistir. Sekil 7’de sunuldugu gibi “Analiz”
sekmesinden “Taskin Debi Hesab1” bolimiindeki
“Yagis Analizi” komutundan Mersin Meteoroloji
Istasyonu segilmistir. Bu kisimda yagis verileri
Netcad yazilimi tarafindan veri tabanindan alinir ya
da el ile hesaplanir.

Bu c¢alismadaki veriler Meteoroloji  Genel
Midirligi ~ Mersin ~ Sube  Miidiirliiglinden
alimmigtir.  Yazilimin  hesapladigt  olasilik
dagilimlar;; Normal Dagilim, Log-Normal (2

Parametreli), Log-Normal (3 Parametreli), Pearson
Tip-3, (Gama Tip-3), Log Pearson Tip-3 ve Gumbel
dagilimlaridir. Bu dagilimlardaki en ekstrem
durumu igeren Log Pearson Tip-3 kabul edilmistir.

Debinin  hesaplanabilmesi  gesitli  yontemler
kullanilmaktadir. Bu  Yontemlerden bazilart
Rasyonel yontem, Mockus ydntemi, DSI-Sentetik
(SCS) ve Snyder yontemleridir.

225



Kuru Derelerde Tagskin Risk Analizi; Kebendibi Deresi Ornegi

e e i e b e

oy L

e T
Sekil 7. Mersin Meteoroloji Istasyonu verilerine
gore maksimum  yagis ekstrem

dagilimlarin bulunmasi (Netcad)

Kebendibi Deresi havza alam 5392 km?
bulunmustur. Havza drenaj alani 1-10 kilometre
arasinda oldugu icin Mockus Yontemi tercih
edilmistir (Netcad, 2020).

Sularin Algalma zamani T; Esitlik 5 ile ifade edilir.
Tr=1.67Tpc )

T, ise tagkin siiresini ifade etmekte olup Esitlik 6 ile
gosterilmistir.

Ts:Tp+Tr (6)
Bu esitlikler birim hidrografin olusturulmasini
saglayacak olup sonucunda birim hidrografin pik
debisi Esitlik 7 ile ifade edilir.

Qv=(KxAxha)/Tp (7
Burada Qp tagkin hidrografinin pik debisi (m?%/s), A

havza alan1 (km?), K iklim parametresidir ve 0,208
olarak alinmaktadir.

Cizelge 3. Mockus ~ yontemi  ile  debilerin
Cizelge 2. Mockus  yontemi  ile  debilerin belirlenmesi
belirlenmesi MOCKUS
ENII= 82.000 Drenaj alaminin 24 saatlik yagig yinelenme degerleri (To) Toplanma Siiresi 0,359
5= 55756 2 5 10 25 50 100 -
025= 11.151| 60.283 85.049 105802 | 134493 | 158586 | 185.208 (D) Yags Siiresi 1,199
085= 44605 53911 76864 9619 | 10278 | 141855 | 165632 (Tp) Hidrografin yiikselme zamani 0,815
hakug=(P- 025)2/ (P=0] 18360 35550 004 | 7225 | msm | asn ; .
- o . S PO O (Tr) Hidrografin Algalma Siiresi 1,361
Ki= 0.208 ] (Tp) Yags Siiresi 2,175
Qp= 1079 - -
KS‘ 16 200 383 540 779 %8 1224 (Qp) Pik Debi (m3/mm/sn) 1,377
UYGULANAN YONTEM | T{Saat) % MF YADK PLV  |SON CARPIM
Maockus 2.00 1 1130 0.989 0.800 0.894 | 17 Steady Flow Data - flow - o *
Qsmm?',ls 216.715 | File Opticns  Help
Q1000 m3/s | 242.751| 5={{1000/ ENIT)- 10) * 254 Debilerin Belirlenmesi pesooaa: | | oo |
Enter it Number of Profies {32000 man); [ Reach Boundary Condbons ...

Toplanma zamani (sa) Esitlik 2 ile ifade edilmis
olup L Akis kolunun boyu (km), S harmonik
egimdir.

T=0.00032(L077/50-385) (2)
Yagis Siiresi D Esitlik 3 ile ifade edilir.

D=2NT¢ (€)

Hidrografin yilikselme zamam T, Esitlik 4 ile
gosterilmistir.

Tp=0.5D+0.6T. 4)

226

Locaiors of Flow Data Changes

Fver: [Raver 2 -

resdh: [resch 2 ] river st0.:[ 200

Add Muisple....
x| Add A Flow Change Locaton

[t Sorady flow datn for the profies (o)

Sekil 8. Hec-Ras ile pik debilerin girilmesi

Netcad yazilimiyla bulunan tekerriir debileri
Cizelge 3’de verilmistir. Bu debiler “Steady Flow
Data” sekmesi acilip girilecek debi sayist girilmis
ve profil isimleri simiilasyon sonucunu daha iyi
degerlendirebilmek igin degistirilmistir.
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Daha sonra smir kosullart “Reach Boundary
Conditions” sekmesi agilarak normal derinlik ve
kritik alt1 akim hesab1 icin gerekli egim sart1
Sekil 9’da gosterildigi gibi girilmistir. Piiriizliilik
katsayis1 degerinin tanimlanmasi i¢in “Edit/View
Geometry” sekmesi acilip Manning katsayisi
girilmigtir. Uniform analiz yapilmasi igin gerekli
tim verilerin girilmesinin ardindan tiniform akim
analiz penceresinde “Subcritical” (kritik alt1) ile
taskin riski olan bolgelerin belirlenebilmesi, harita
iizerinde gosterilmesi i¢in “Floodplain Mapping”
(Tagkin Risk Haritasi) seg¢ilmistir. “Compute”
butonuna tiklandiginda analiz ve simiilasyon igin
gerekli hesaplamalar yapilmistir.

Sekil 9. Hec-Ras il en kesitlerin g¢izilmesi ve

debilere gore kesit doluluk oranlarinin
gbzlenmesi.

Debi hesabinin yapilmasinda ¢esitli yontemler
kullanilmaktadir. Bu  Yontemlerden bazilari
Rasyonel yontem, Mockus yontemi, DSI-Sentetik
(SCS) ve Snyder yontemleridir. Kebendibi Deresi
havza alan1 5392 km? bulunmustur. Havza drenaj
alan1 1-10 kilometre arasinda oldugu i¢in Mockus
Yontemi tercih edilmistir (Netcad, 2020). Bu
calisgmada Ras Mapper sekmesi araciligiyla akis
kollar1, kiy1 gizgileri, tagkin sinirlar1 ve en kesitler
geometrik bilgi (geometry data) olarak tanimlanmis
olup o6nceki bdlimlerde yapilan debi hesaplari
sonucunda olusan veriler iniform akim (steady
flow data) bilgisi olarak girilip tiniform akim analizi
yapilmistir. Yapilan ¢alismalarin sonucu “Ras
Mapper” sekmesinde, tagkin haritasi olusturularak
gosterilmigtir. Sonuglar goriintiileme elemanlari
yardimut ile en kesitler {izerinde gosterilmistir.
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Caligmada Gozne, Kebendibi Deresi'nin mansap
tarafinda suyun bosalabilecegi bir yap1 olmadigi
kabul edilmistir. Riskli durumun sehirlesen tarafta
oldugu disiiniildigiinden ve akis yolu iizerinde
bulunan menfezler ve beton borular tikanmig ya da
yikilmis durumda oldugundan herhangi bir sanat
yapist yapilmamustir.

Kebendibi, herhangi bir gdzlem istasyonu olmadig1
ve kuru bir dere oldugu i¢in hesaplamalar yapilirken
boélgenin yagis verileri ve havza ozellikleri
kullanilarak debilere Mersin Meteoroloji Sube
Miidiirliigiinden alinan yagis verileri dogrultusunda
calisma girdileri Netcad yazilimi yardim ile analiz
edilmis ve debiler hesaplanmustir.

Program hesaplarini en uzun ve siirekli su yolu
iizerinden gergeklestirmektedir. Mersin ili sinirlart
icerisinde yer alan c¢alisma alani, havza igerisinde
yer alan otoyol ile bolinmektedir. Bu durum havza
hesaplari yapilirken diger CBS tabanli yazilimlarin
cogunda havzanin boliinmesine sebep olmaktadir.
Netcad programinda havza bulunurken kullanilan
yontem ile havza tek parga olarak hesaplanmustir.

4. SONUCLAR VE TARTISMA

Sekil 10. Ras Mapper kullanilarak Hec-Ras’tan
elde edilen akis hizlarmin alan bazinda
dagilimi.

Cahsmada, Qz, Qs, QIO, Qz(), Qs(), Q100 debileri igin
analiz gergeklestirilmigtir. Hec-Ras programi debi
degerlerini girilen kesit 6zelliklerine bagli olarak
cizilen her bir kesite gore yerlestirilmistir. Ras
Mapper bu debi degerini kesite alansal olarak
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dagitmaktadir. En diisiik kotlu alanlar su altinda
kalmakta yiiksek kotlu alanlar tasana kadar
dolmaya devam etmektedir. Gorselde goriilen
alanda herhangi bir su gecis yolu bulunmamaktadir.
Bu durumda suyun doyma noktasima ulastigi ve
akisa gectigi varsayimi ile 50 yillik debiye
ulasilinca yol su altinda kalmaktadir. Yollarin ve
cesitli engellerin olmasi, bu bolgelerde yerlesim
yerleri olmamasi tagkin Gteleyici yapt gorevi
gormektedir. Coziim ise bu durum goéz Oniine
alinmadan yapilmistir. Eger bdyle bir durumun
simiilasyonu  olusturulmak istenilirse  “Edit
Geometry” sekmesinden “Storage Area” tanimi
yapilmasi gerekmektedir. Taskin haritalarindan
anlagilacag lizere debi tekerriir yili fark etmeden
ani yagislarda, derenin mansaplandigi bolgede
desarj yapisi yoksa sehirlesmenin yogun oldugu
kisimda taskin riski bulunmaktadir.

Giiniimiizde yasanan tagkinlar genellikle doga olay1
olarak degil de plansiz kentlesme sonucu ortaya
¢ikmaktadir. Zaman i¢inde meydana gelen tagkinlar
can ve mal kaybina sebep olmuslardir. Mersin’de
meydana gelen taskinlar Ani tagkin olarak
tanimlanmakla birlikte bu tagkinlarmm konvektif
yerel yagislardan dolay1 onceden tahmin edilmesi
zordur. Insan yasamii en ¢ok tehdit eden taskin
tiri de konvektif ani yagislarin meydana getirdigi
tagkinlardir. Her ne kadar istatistiksel olarak biiyiik
felaketler sinifi icerisinde yer almasa da her yil yol
actig1 can kaybi ciddi miktarda olup, yiiksek hizi ve
rlisubat tasimasi nedeniyle de ciddi maddi hasarlara
da yol agmaktadir.

Ulkemizin cografi kosullarinin karmasik bir yapiya
sahip olmasi ve bazi bolgelerde diizensiz yagis
dagilimi nedeniyle meydana gelen tagkinlar biiyiik
miktarda hasara yol agmaktadir. Mersin ili
genelinde Toros daglarinda toplanan yagis,
denizlere dereler yoluyla ulagsmaktadir.

Zamanla artan diizensiz ve plansiz kentlesmenin
etkisi ile kurumus dere yataklarinin mansaplandigi
bolgeler  kapanmistir.  Kebendibi  Deresinin
bulundugu bolgenin kentlesme sebebi ile herhangi
bir desarj noktast bulunmamaktaydi.
Program igerisinde yapilan analizlerde herhangi bir
desarj tanimlamasi yapilmadan gerceklestirilmis
olup, gosterilen taskin risk haritalari, dere yolunun
tikanmig olma durumu igin olusturulmustur.
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Bolgede yapilan tarim nedeni ile su akisi
beraberinde irili ufakli malzemeler akisa dahil
olmakta ve tagkin tahribatini artirmaktadir. Dere
yatagi boyunca 1slah caligmalarinin
gerceklestirilmesi gerektigi acikca
goriilebilmektedir. Kapali, bakimsiz ve kesitleri
yetersiz olan gegisler yeterli kesitlere sahip menfez
veya beton borularla yenilenmelidir.

Dere yatagi ilizerinde bulunan ve tarim igin
kullanilan alanlarin smirlart belirlenmeli tagkin
yataglt boyunca yapilacak yapilarin Oniine
gecilmelidir.

Derenin mansaplandigi bolgeye yapilan menfez
mevcutta bulunan yagmursuyu hatlarina bagh
oldugundan yiiksek debili tekerriir yillarindaki
tagkin debilerini karsilayabilmesi i¢in hattin tek bir
hat boyunca deniz kiy1 ¢izgisine kadar uzatilmasi
onerilmektedir.

Mersin, Tirkiye'nin giliney sahilinde bulunan ve
Akdeniz'e kiyist olan bir ilimizdir. Bulundugu
cografya nedeniyle Mersin ilinde zaman zaman
siddetli yagislar ve taskinlar meydana gelir. Bu
nedenle, taskinlarla miicadele igin ¢esitli onlemler
alinmasi gerekmektedir.

Mersin'de tagkinlari Onlemek amaciyla hayata
gegirilen projeler ve yapilar bulunmaktadir. Ancak,
bu projelerin yani sira halkin da tagkinlarla ilgili
farkindalik kazanmasi oOnemlidir. Vatandaglarin
tagkinlara karsi alabilecekleri dnlemler hakkinda
bilinglenmeleri ve acil durum planlar1 olusturmalar1
gerekmektedir. Tagkin riski iklim ve hava
kosullarina bagli olarak degiskenlik gosterdigi icin,
stirekli olarak yeni projeler ve diizenlemeler
yapilmalidir. Bu sayede taskinlarin neden oldugu
zararlar en aza indirilerek insanlarin ve yerlesim
yerlerinin giivenligi saglanabilir.
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Abstract

In this study, a robust gender prediction system is proposed to fuse global and regional facial representations
through score and feature level fusion. In order to extract facial features for gender classification, Binarized
Statistical Image Features (BSIF) approach is applied on holistic and regional features of face images. The
extracted features are then concatenated to combine the region-based information at feature level fusion.
Then the optimized sub-set of features is selected using Particle Swarm Optimization (PSO) method.
Finally, the holistic and regional features are combined at score level fusion to produce the final set of
scores for gender classification. This study applies Weighted Sum (WS) rule strategy for score level fusion.
The experimental results are performed on Multiple Biometric Grand Challenge (MBGC) and CASIA-Iris-
Distance databases with consideration of subject-disjoint training and testing evaluation to testify the
validity of the proposed gender classification system. The experimental results of the study demonstrate the
success of the proposed scheme for gender prediction.

Keywords: Gender classification, Region-based BSIF, Information fusion, Optimized feature selection

Biitiinsel ve Bolge Bazh Yiiz Kaliplarimin Birlestirilmesi Yoluyla Cinsiyet
Siiflandirmasi

Oz

Bu calismada, evrensel ve bolgesel yiiz goriiniislerini skor seviyesi birlestirme ve Oznitelik seviyesi
birlestirme yoluyla bir araya getirmek igin giiclii bir cinsiyet tahmin sistemi Onerilmektedir. Cinsiyet
smiflandirmasinda yiiz &zniteliklerini ¢ikarmak igin, ikili Istatistiksel Gériintii Oznitelikleri (BSIF)
yaklagimi yiiz goriintiilerine biitiinsel ve bolgesel olarak uygulanmistir. Ardindan ¢ikarilan 6znitelikler
bdlgesel bilgilerin 6znitelik seviyesi birlestirmesi diizeyinde bir araya getirilir, Optimize edilmis 6znitelik
alt kiimesi, Parcacik Siirii Optimizasyonu (PSO) ydntemi kullanilarak secilir. Son olarak, biitiinsel ve
bolgesel bilgiler, cinsiyet siniflandirmast i¢in nihai skorlart tiretmek amaciyla skor seviyesi birlestirme
seviyesinde bir araya getirilir. Bu ¢alisma, skor seviyesi birlestirme i¢in Agirlikli Toplam (WS) kurali
stratejisini kullanmaktadir. Deneysel sonuglar, 6nerilen cinsiyet siniflandirma sisteminin gegerliligini test
etmek amaciyla Multiple Biometric Grand Challenge (MBGC) ve CASIA-Iris-Distance veritabanlarinda,
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Ozne-ayrik egitim ve test degerlendirmesi dikkate alinarak gergeklestirilmistir. Calismanin deneysel
sonuglari cinsiyet tahmin sisteminin basarili oldugunu gostermistir.

Anahtar Kelimeler: Cinsiyet siniflandirmasi, Bolgesel BSIF, Bilgi kaynasimi, Optimize edilmis 6znitelik

secimi
1. INTRODUCTION

Gender classification plays an important role in
several face application scenarios such as
surveillance, human computer interaction, content-
based searching and indexing. In general, different
biometric traits are used to predict the gender of
individuals [1-10]. The focus of this study is on
gender classification using facial information in
images. In fact, fusion of holistic and regions of
facial information first at feature level fusion and
then at score level fusion produces the optimized
proper information to estimate the gender of
individuals.

Several studies investigate the performance of
different biometric characteristics on gender
classification using different methods and
classifiers. The authors of [1] estimate the gender of
individuals by computing the facial embedding of
faces based on a neural network system. The focus
of [2] for predicting gender from face images is on
extracting the geometric features including distance
between eyebrow to eye, eyebrow to nose top, nose
top to mouth, eye to mouth, left eye to right eye,
width of nose, width of mouth. The extracted
features are then classified using an artificial neural
Network. In [3], the classification of gender is
performed using the Multiscale facial fusion feature
method. The extraction of features for fusion is
done using Local Binary Pattern (LBP) and Local
Phase Quantization (LPQ) feature extractors and
Support Vector Machine (SVM) employed for the
purpose of classification. Gender classification
based on iris features is proposed in [4] using an
SVM classifier. In addition, the authors employ
Principal Component Analysis (PCA) to reduce the
dimension of feature vectors. In [5], prediction of
gender through palm print biometric is performed
using convolutional neural network (CNN)
architecture. The work outperforms the gender
classification of subjects through palm print by
using a two-stage method to fine-tune the VGGNet.
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The classification of gender using fingerprint
biometric is proposed in [6] using a fusion of LBP
and LPQ feature extractors and SVM classifier. The
focus of [7] is on face-ocular multimodal biometric
systems for a person gender prediction. The authors
utilize Uniform Local Binary Pattern (ULBP)
descriptor to extract the features of modalities. They
applied a Backtracking Search algorithm (BSA) and
SVM classifier to predict the gender of individuals
based on the optimized feature sets of modalities.
Prediction of gender using pattern information of
frontal and dorsal hand images is introduced in [8].
The authors of this study classify the hand images
using CNN. The gender classification for hand back
skin texture (HBST) is done in [9] using sparse
representation (SR) technique and nearest neighbor
classifier. The concentration of [10] for person
gender classification is on a multimodal biometric
system involving face, iris, and fingerprint traits.
The authors predict gender by extracting the deep
features based on AlexNet structure. In [11], the
authors implement a model to combine handcrafted
features with CNN to overcome challenges such as
illumination, pose variations and the necessity of
voluminous training sets. Proposing two
convolutional neural networks using the central
difference convolution layer and the wvanilla
convolution layer is considered in [12] to predict
gender of face images. The authors of [13]
introduce a CNN-based approach for gender
classification of face images to construct the feature
images first using raw patterns to represent a set of
salient features for a CNN-based network as input
to extract more salient features. Finally, the fused
extracted salient features are given to SVM for
gender classification.

The current work aims to implement a method
based on the fusion of holistic and regions of facial
patterns through score and feature level fusion. The
facial features for the prediction of gender are
extracted using Binarized Statistical Image feature
(BSIF) [14] method on holistic and regions of face
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images. The extracted features then are
concatenated to combine the region-based
information at feature level fusion. In order to select
the optimized sub-set of features for further
classification this study utilizes Particle Swarm
Optimization (PSO) [15] method. Finally, the
fusion of holistic and regions of faces is performed
at score level fusion to generate the final set of
scores for gender classification. This study applies
Weighted Sum (WS) rule strategy for score level
fusion. In order to validate the robustness of the
proposed scheme, the experimental results are
performed on Multiple Biometric Grand Challenge
(MBGC) [16] and CASIA-Iris-Distance [17] face
databases with consideration of subject-disjoint
training and testing evaluation for gender
classification. The contribution of this study is
therefore to implement a robust gender
classification system based on the face biometrics
of individuals which is able to present more
remarkable facial information in high security
scenarios to represent the subjects’ gender of
unrecognized attempts. Additionally, marketing
research applications can use the proposed gender
prediction system to offer their products based on
the gender of persons which is provided by the
system.

The rest of the paper is organized as follows.
Section 2 goes into details of the BSIF feature
extraction method for face biometric; Section 3
describes PSO feature selection technique to select
an optimized subset of features. The explanation of
the proposed gender prediction scheme is done in
Section 4. A description of databases, assessment
protocols and experimental results is in Section 5.
Finally, Section 6 draws some conclusions.

2. FACIAL FEATURE EXTRACTION
FOR GENDER PREDICTION

In order to extract the facial features to classify the
gender of subjects, this study employs Binarized
Statistical Image feature (BSIF) technique. BSFI
method was introduced by Kannala and Rahtu [14]
as a texture-based feature extractor technique. The
idea behind BSFI method is to use concepts
implemented in Local Binary Patterns (LBP) and
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Local Phase Quantization (LPQ) approaches. In
fact, both approaches are considered as statistics of
labels calculated in the local pixel neighbourhoods
via filtering and quantization. Additionally, BSIF
method aims to automatically learn a fixed set of
filters using a small set of images in place of using
hand-crafted filters. This texture-based feature
extractor characterizes the texture properties within
sub-regions using the code values of pixels
histograms. The bit values of BSIF binary code
string are calculated by binarizing the response of a
linear filter using a threshold at zero. The base of
BSIF method is on introducing an image patch X of
size | X 1 pixels with considering a linear filter of the
same size as Wi. Consequently, the calculation of
filter response is done according to the equation (1).

S; = 2 Wi(uw, v)X(u, v) =w/ x e

where w and x are vectors involving pixels of Wi
and X. Therefore, the binarized feature bi extracted
using BSIF is calculated by assigning bi = 1 if si >
0 and bi = 0 otherwise. In this algorithm, learning
the filters Wi is done using Independent Component
Analysis (ICA) by maximizing the statistical
independence of si [18].

3. OPTIMIZED FEATURE
SELECTION USING PSO

This study attempts to overcome the problem of
high dimensionality for feature level fusion part of
the proposed method and consequently selecting the
optimized subset of feature sets by applying Particle
Swarm  Optimization (PSO) approach on
concatenated facial features. PSO is introduced by
Kennedy and Eberhart [15] concentrating on
learning optimized solutions in a search space. The
algorithm is initialized using a population of
random solutions, called particles, and evaluated
using a fitness function. Every particle in this
algorithm can be seen as a point in an n-dimensional
feature space and the ith particle is shown as x; =
(xiz, Xi2, ... , xin). PSO memorizes the two best values
of each iteration called pbest and gbest. The
algorithm records the position of best fitness value
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for each particle using pbest as p;= (pis, pi2, ... » Pin),
p is the population size. The best particle index
among all particles of the population is represented
by gbest. Additionally, the velocity of ith particle of
PSO algorithm is considered as v; = (viz, Vi2, ... , Vin).
The particle’s new velocity is therefore computed
according to their previous velocity, distances of its
current position from its own best position and
groups best experience. The procedure of updating
particles is demonstrated in equations (2), (3) and

(4).

vy =wy; + cl Xrand1( )(P,—x;) + 2)
c2 xrand2( )(gbest — x;),

X = X + Vi, (3)
. 1
_ e )
Xi = 0, if otherwise,

In the above equations, w, c1 and c2 stand for inertia
weight and acceleration constants while randl1(),
rand2(), and rand3() are separate random numbers
respectively. The value of w, c1 and c2 in this study
issetas 16, 1 and 2 respectively as introduced in the
original PSO. In addition, the concentration of
fitness function of this study to select the optimized
feature sets is on maximizing the classification rate.
Selection of optimized feature sets in this study is
performed using binary PSO with consideration of
bit strings of length M consisting of “0” and “1”,
where M represents number of features. The bit
string “1” means the feature selected while 0 means
not selected. This study sets the population and
iteration size of the binary PSO feature selection
method as 20 and 30 experimentally.

4. PROPOSED GENDER
PREDICTION SCHEME

The focus of this section is on introducing a pipeline
to increase the gender classification rate of
individuals and consequently improve the
performance and security of the face recognition
systems. The proposed gender prediction scheme
explores the sub-regions of face images and then
combines with the holistic information extracted
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from images. The block diagram of the proposed
scheme is depicted in Fig 1. The extraction of ROI
of face images to predict the gender in this study
considers two scenarios. The first scenario includes
four sub-regions as left periocular region, right
periocular region, nose, and mouth regions.

In the second scenario, the face image is divided
into three vertical parts as upper, middle, and lower
to provide enough information for gender
prediction of subjects. BSFI feature extractor is
employed on all extracted regions and entire face
separately, the extracted features therefore are fused
at feature level fusion. The most relevant and
optimized subset of features are selected using the
PSO algorithm to improve the performance of the
system. In the next step of the proposed method, the
matching scores of entire face, ROI regions and
vertical parts are combined using Weighted Sum
Rule (WS) technique at score level fusion. The
fusion is performed based on the WS strategy to
combine several matchers by applying sum of their
relevant matching scores according to weight
values as indicated in equation (5).

WS=ZWl-Si )

— 1 Feature Selection . |
Feature Extraction using BSIF Scores. 1
- — using PO _

Feature Extraction using BSIF

Feature Extraction using BS1F

Feature Selection
using PO,

[
= Feature Extraction using BSIF

L=t Feature Extraction using BS1F

Poa alll=—+ Feature Extraction using BSIF l-h
L7 T Fosture Estruction wing BIF |—

l — ‘—» Feature Extruction wsing BSIF =%

Sewre Level Fussion wsing Weighted Sum Risle

Feature Selection
using P50 i

Figure 1. Block diagram of the proposed method

Feature Concatenation | Feature Concatenation

where N is number of matchers, W; is weights
corresponding to matchers and Si is matching
scores. In order to compute the weights, this study
considers  user-specific method of weight
computation [19] on a reference database. In
addition, Manhattan distance measurement is
employed in this study to produce the matching
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scores. In general, the proposed scheme attempts to
combine several facial parts using feature and score
level fusion strategies to study the effect of holistic
and part-based information of faces on gender
prediction of subjects.

5. DATABASES AND
EXPERIMENTAL RESULTS

In order to validate the robustness of the proposed
scheme, this section concentrates on the performed
experiments of MBGC and CASIA-Iris-Distance
databases with consideration of subject-disjoint
training and testing evaluation. In general, MBGC
database consists of images of 135 individuals
under unconstrained conditions and using three
challenge problems. The construction of database to
perform the experiments is done using 75 males and
60 females to contain whole face, left periocular
region, right periocular region, nose region, mouth
region, upper partition, middle partition, and lower
partition of each subject. The database therefore
involves 1080 images in total. On the other hand,
CASIA-Iris-Distance database images provide
suitable information of both dual-eye iris and face
patterns of subjects, the total number of images in
this database is 2567 images of 142 individuals
captured by a high-resolution camera at-a-distance
of ~3 m. This study considers 100 individuals of
CASIA-Iris-Distance database including 50 males
and 50 females. In total, in order to construct the
dataset for experiments, 800 images of this database
with consideration of only one image of each
subject (face, corresponding ROI and partitions) are
selected. This study divides the images into two
random parts as training and testing. In general,
50% of males and females are assigned to training
and 50% to testing sets. The division to training and
testing is done five times, and the last result is
reported as average of five runs.

The first set of experiments is conducted to study
the effect of holistic, region-based and partition-
based facial patterns on gender prediction as
represented in Table 1. The highest classification
rate belongs to the proposed method for CASIA-
Iris-Distance and MBGC databases as 90.12% and
94.11% respectively. The experiments for region-
based and partition-based facial representations are
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performed with and without consideration of the
entire face. The investigation of results shows that
combining holistic information of individuals with
region/partition-based patterns can improve the
gender classification as reported in Table 1. In fact,
involving the entire face when left periocular
region, right periocular region, nose, and mouth
regions are used improves 4.57% and 4.79%
classification rate for CASIA-Iris-Distance and
MBGC databases respectively compare to the using
only entire face for gender prediction. Additionally,
fusion of upper, middle, and lower part of the image
with the entire face outperforms the gender
prediction rate up to 2.45% and 3.29% as
demonstrated in the table for CASIA-Iris-Distance
and MBGC databases respectively. Therefore,
according to the experimental results reported in
Table 1, it can be stated that fusion of entire face
and ROI’s is effective for gender prediction of facial
features.

It should be stated that, Manhattan distance
measurement is employed to produce the matching
scores and WS fusion strategy is used to combine
region/partition-based facial patterns with and
without the entire face in this study as mentioned
before. In addition, the second set of experiments in
Table 2 concentrates on the effect of selecting
optimized features on gender classification. The
experiments of Table 2 therefore, repeat the same
experiments at feature level fusion with and without
PSO. As reported in the table, the best gender
classification rate belongs to the proposed scheme
as 90.12% and 94.11% for CASIA-Iris-Distance
and MBGC databases respectively when PSO
feature selection method is employed. Additionally,
all the experiments of both databases have
improvement on gender prediction results when
PSO feature selection is applied. In fact,
investigation of the results demonstrates the
effectiveness of optimized feature selection of the
study using PSO which has improvement of 3.83%
and 4.83% over the experiments without PSO
feature selection strategy for the proposed method
on CASIA-Iris-Distance and MBGC databases
respectively. The improvement of the classification
rate using PSO can be seen for other implemented
methods as depicted in Table 2. On the other hand,
in order to demonstrate the robustness of the
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proposed method Table 3 presents a comparison
with the state-of-the-art gender classification
methods on CASIA-Iris-Distance dataset. The
comparison of the results of Table 3 shows the
success of the proposed method over other
handcrafted methods implemented in this study.
Although the method implemented based on the

Convolutional Neural Network (CNN) has the
highest classification rate, the improvement
compared to the result obtained using the proposed
method is not so considerable as reported in the
Table. It should be stated that, all the implemented
state-of-the-art methods have been applied on entire
face images used in this study.

Table 1. Gender classification rate of holistic, region-based and partition-based facial patterns using

score level fusion (%)

CASIA-Iris-Distance MBGC
Male | Female Overall Male | Female Overall
(%) (%) rediction (%) (%) (%) rediction (%)
Entire Face 85.00 81.00 83.05+£1.06 90.28 85.12 87.71+0.45
L-periocular + R-periocular +| o¢ ) | ¢455 | 8512:091 | 90.50 | 87.40 | 88.95+0.37
Nose + Mouth
Upper + Middle + Lower 85.00 81.00 83.00+0.88 | 88.38 84.67 86.52+1.20
Entire Face + L-periocular + R
periocular + Nose + Mouth 90.25 85.00 87.62+0.39 | 95.70 89.31 92.50+0.22
Pntire Face + Upper + Middle 1 ¢, 5 | ¢4 | 85 50:1.14 | 93.00 91.00+0.36
Lower 90.00
Proposed Method 92.50 87.75 90.12+0.91 | 95.82 92.41 94.11 +£0.18

Table 2. Gender classification rate of holistic, region-based and partition-based facial patterns using

feature level fusion (%)

CASIA-Iris-Distance MBGC
Overall prediction (%) Overall prediction (%)

Without-PSO | With-PSO | Without-PSO | With-PSO

Entire Face 79.13:053 | 83.05£1.06 | 82.69+0.12 | 8771045

L-periocular + R-periocular + Nose| ¢ ;1\ | o4 | 5121001 | 84444077 |88.95+0.37

+ Mouth

Upper + Middle + Lower 80.35:2.00 | 83.002088 | 8317095 |8652+1.20
Entire Face + L-periocular + R-

Seriocular + Mose + Mouth 84.2040.96 | 87.62+039 | 86.94+131 |92.50+0.22

Entire Face JrLgv‘;zfr tMiddle+ | ¢, 03080 | 85.5041.14 | 8623072 | 91.00+036

Proposed Method 86.29+ 2.03 90.12 +£0.91 89.28+1.03 | 94.11+0.18

Table 3. Comparison of the proposed scheme with State-of-the-art methods for gender classification (%)

CASIA-Iris-Distance
Male (%) Female (%) Overall prediction (%)
LBP + LPQ + SVM [3] 91.25 83.00 87.12+1.37
Overlapped-ULBP +SVM [7] 91.25 85.75 88.50 £0.52
VGGNet + SVM [5] 93.75 86.75 90.25 +1.80
Proposed Method 92.50 87.75 90.12+0.91

236

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024



6. CONCLUSION

This study proposed a robust gender prediction
scheme for fusion of global and regional facial
representations through score and feature level
fusion. The extraction of facial features has been
performed using Binarized Statistical Image feature
(BSIF) technique holistic and regions of face
images to predict the gender of subjects. The feature
level fusion of study considered concatenation of
the region-based information of the features. In
addition, Particle Swarm Optimization (PSO)
method has been applied to select the optimized
subset of feature at the feature level fusion with the
purpose of improving the gender prediction rate. In
total, eight different global and regional parts of
facial images have been used in this study. Finally,
the score level fusion of the work combines scores
of these eight different facial parts to produce the
final set of scores for gender classification. In total,
the best classification rate achieved by the proposed
method for CASIA-Iris-Distance and MBGC
datasets as 90.12% and 94.11% respectively. The
experimental results of the study demonstrated the
success of the proposed scheme for gender
prediction.
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Oz

Yukar1 Ceyhan Havzasi topografik ve litolojik gecislerin sik oldugu bir bolgedir. Calismanin amaci
yerlesmenin, tektonik aktivitenin ve yiizey sekillenmesinin yogun oldugu sinirlari belirlenen alanda
heyelanlarin dagilimi ve temel karakteristiklerini etkileyen faktorleri detayli bir sekilde incelemektir. Bu
amagla yiiksek ¢oziiniirlikklii uydu goriintiilerinden heyelan envanteri tanimlanmistir. Envanterin dogrulugu
arazi calismalari ile saglanmistir. Calisma alaninda 441 farkl: tip heyelanin havzanin %3,6'sin1 kapladig:
tespit edilmistir. Heyelanlarin ¢ogunun ana tip olarak kayma tipinde oldugu (%70), bunun yani sira diisme
ve akmalarda belirlenmistir. Heyelanlarin biiyiiklik dagilimmnin 0,0005 km?-10,1 km? arasinda oldukg¢a
genis oldugu ortaya ¢cikmistir. Buna ¢esitli jeolojik ve jeomorfolojik siireclerin etkili oldugu ve farkli
mekanizmalarin rol oynadigi belirlenmistir. Bu dogrultuda literatiirdeki heyelan ile iliskilendirilen
topografik faktorler ve jeolojik faktorler uzman tarafindan galisma sahasina 6zgii olarak degerlendirilmistir.
Buna gore egim, yiikselti, rolyef ve topografik nemlilik indeksi topografik faktorlerin heyelan tipine gore
farkli seviyelerde heyelan1 kontrol etmektedir. Paleo heyelanlarin dag-ova arasindaki keskin rolyef
gecisinde gelismektedir. Havzada heyelanlar kumtasi-gamurtasi-kiregtast birimlerinde yogunlasmaktadir.
Faya yakin zonda kiigiik heyelanlar bulunmasina ragmen 06 Subat 2023 depremleri bu simirlarda kiigiik
diismelere neden olmustur. Heyelanlar dagilim topografik ve jeolojik faktorlerin 6zelligine gore degisiklik
gostermektedir. Sonug olarak heyelanlarin jeolojik, topografik ve ¢evresel karmasik etkilesimi sonucunda
meydana geldigini sdyleyebiliriz. Bu nedenle ¢alismaya ait analizler bolge i¢in heyelan duyarlilik, tehlike
ve risk caligmalarinda dikkate alinmasi agisindan 6nemlidir.

Anahtar Kelimeler: Heyelan dagilimi, Jeomorfolojik siire¢, Ceyhan havzasi, Kahramanmarag

Determination of Landslide Distribution and Characteristics in the Upper Ceyhan
Basin

Abstract

The Upper Ceyhan Basin is an area where topographic and lithological transitions are frequent. The aim of
the study is to examine in detail the factors that affect the distribution and fundamental characteristics of
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landslides in the defined area where settlement, tectonic activity, and surface shaping are intensive. This
purpose has been defined through high-resolution satellite images for landslide inventory. The accuracy of
the inventory has been ensured through field studies. It has been determined that 441 different types of
landslides cover 3.6% of the basin in the study area. The majority of landslides are identified as sliding type
(70%), in addition to falling and flowing type landslides. It has been revealed that the size distribution of
landslides ranges widely from 0.0005 km? to 10.1 km?. It has been determined that various geological and
geomorphological processes are effective in this, and different mechanisms contribute to it. In this regard,
topographic factors associated with landslides in the literature and geological factors have been evaluated
specifically for the study area by an expert. Accordingly, slope, elevation, relief, and topographic wetness
index control landslides at different levels depending on the type of landslide. The paleo-landslides
occurred at the sharp relief transition between the mountain and plain. Landslides are concentrated in
sandstone-mudstone-limestone units. Despite the presence of small landslides in the fault-proximal zone,
the earthquakes on February 6, 2023 caused minor collapses in these boundaries. Landslides exhibit
distribution based according to on the characteristics of topographic and geological factors. Finally, we can
say that landslides occur as a result of the complex interaction of geological, topographic, and
environmental factors. Therefore, the analyses conducted in this study are important in terms of considering

landslide susceptibility, hazard, and risk studies for the region.

Keywords: Landslide distribution, Geomorphological processes, Ceyhan Basin, Kahramanmaras

1. GIRIS

Niifus artigiyla uygun olmayan zeminlerin yerlesim
yeri  olarak agilmasi  heyelan tehlikesini
artirmaktadir. Yamag stabilitesine olumsuz etki
eden yapilagsma diinyada oldugu gibi iilkemizde
o6liimciil heyelanlarin artmasina neden olmustur [1].
Heyelan ge¢misine sahip yamaglarda yapilagsmanin
artmastyla birlikte yeniden aktif olma durumu [2]
heyelan risk boyutunu artirmaktadir. Bu o6zellige
sahip havzalarda heyelanlarin karakteristiginin ve
kontrol denetiminin ortaya konulmasi, bolgesel
duyarlilik ve tehlike durumunu belirlenmesine ve
nihai olarak risk kontroliine katki saglamaktadir [3-
5]. Bunun igin tip ve alan bakimindan heyelan
tanimlanmasi ve buna bagl envanter olusturulmasi
onemlidir. Tarihsel seyri incelendiginde heyelan
tanimlanmasi ilk ¢aligmalarda; hava fotosu [6-9] ve
uydu goriintiilerinden [10-12] ilerleyen zamanlarda
UAV insansiz hava araglarindan elde edilen
fotogrametrik DEM ve Lidar (Light Detection and
Ranging) DEM’den (Digital Elevation Model) [13]
yararlanilmigtir. Fotogrametrik DEM ve Lidar
DEM yiiksek veri kapasitesinin islenmesinden
dolay1 kiiciik oOlgekteki mekanlarm heyelan
envanterinde daha fazla tercih edilmektedir. Bu
datalarda envanter hazirlama islemi uzman veya
yar1 otomatik olarak belirlenebilmektedir [10,13-
15]. Her iki yontem i¢in heyelanin tespitinde sahada
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biraktigi morfolojik kalintilar 6nemlidir. Morfolojik
kalintilarin izleri heyelan tipine ve yogunluguna
baghdir. Heyelan tipi ve yogunlugu topografik,
litolojik, klimatik ve tektonik ozelliklere bagl
olarak lokal, bolgesel ve vyamaclara gore
degiskenlik gostermektedir [16-18].

Heyelan yogunlugunun yiiksek oldugu alanlarda
ortam kosullarmin farkliligi, heyelanin tipini ve
heyelan1  meydana  getiren  kosullar1  da
degistirmektedir [19,20]. Topografik ve litolojik
gegiglerin ¢ok fazla oldugu alanlar, heyelanin
biiyiikliigii tipi ve aktivite durumu iizerinde etkili
olmaktadir [21]. Egimin heyelan {izerindeki
etkinligi kayma, akma, diisme tipi heyelanlarda
daha belirgindir. Egimin <45° fazla oldugu
yamaclarda kurak ve yar1 kurak topografyada
ayrisma etkinliginin az olmasindan dolay1 daha ¢ok
moloz ve kaya diismesi goriilmektedir [22]. Rolyef
farkinin yiiksek oldugu yamaglar daha ¢ok biiyiik
heyelanlara neden olmaktadir [23]. Ozellikle rolyef
diisme tipi heyelanlarda daha etkilidir [21]. Deprem
ve klimatik gibi tetikleyici kosullar ise heyelanin
biiyiikliigii iizerinde etkilidir. Ozellikle klimatik
unsurda yagisin siddeti, siklig1 ve siiresi heyelani
alansal biyiikliigli ve yogunlugunu etkilemektedir
[4,5,24,25]. Ayn1 sekilde depremin merkez iissii ve
faya uzakligi heyelan biiyiiklik ve yogunlugunu
degistirmektedir [26,27]. Bu faktorler heyelanin
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ve bolgesel anlamda
Heyelanin havzadaki

topografyadaki izlerini
desenini belirlemektedir.
dagilim paterninin anlasilmasi mekansal ve
zamansal acidan heyelan olabilirliginin
anlasilmasina katki saglar [28]. Bu nedenle heyelan
dagilimin1 ve bunu etkileyen faktorlerin dogru
degerlendirilmesi  dogru ¢iktilar elde etmek
acisindan  onemlidir.  Verilerin daha kolay
islenebildigi CBS ve Uzaktan algilama teknolojileri
heyelan1 kontrol eden faktorlerin bir arada
degerlendirilmesini kolaylagtirmaktadir. Bu durum
bolgesel anlamda yamag siireglerinin denetiminde
hangi faktoriin etkili oldugunun anlasilmasina katki
saglamaktadir. Etken faktorlerin ciktilar1 yamag
evriminin  kestirilmesini ~ saglayarak  heyelan
duyarlilik ve tehlikesinin belirlenmesinde katki
olusturmaktadir. Heyelanin zemin kosullar
icindeki deseni pek ¢ok c¢alismada ortaya
konulmustur [5,7,26,28-30]. Heyelan desenini iyi
bir sekilde ortaya konulmasi ig¢in heyelan
envanterinin titizlik ile hazirlanmasi gerekmektedir.
Uzmanin etkisi ve enstrimanlar bu ac¢idan
onemlidir. Heyelanin tespiti ve dogruluk oranm
faktorlerin  iligkisinin  ortaya daha  dogru
konulmasim saglamaktadir. Ozellikle bolgesel
olarak orta 6lgek mekansal ¢aligmalarda hazirlayici
faktorlerin dagilim deseni yamag siirecini daha iyi
ortaya koymaktadir.

Bu calismada, Oncelikle genel varsayimlari
belirlenen ana tipte heyelanlar1 smiflandirarak
literatlirde en ¢ok iligkilendirilen topografik,
cevresel ve jeolojik unsurlar i¢inde heyelanin orta
Olgekte nasil dagilim sergiledigini ana hatlariyla
belirtilmistir. Elde edilen sonuglar 1s1ginda veri
kalitesi, arazi-birim tipi ve istatistiksel sonuglar
elestirel bir sekilde degerlendirilmistir. Son olarak,
veri toplama, bulgular ve bilgi aktarimi ile ilgili
genel yorumlara deginilmistir.

1.1. Calisma Sahasmin Ozellikleri

Calisma alani, Tirkiye’nin giineyinde Akdeniz
Bolgesi’nin Ceyhan ana havzasinin yukari kesimini
olusturmaktadir. Fiziki sinirlar1 havza esasina gore
belirlenen ¢alisma alani yerlesmenin yogun oldugu
Kahramanmarag merkez ve dolaylarini
kapsamaktadir. Calisma alan1 36°25'31-37°21'52 D
ve 37°47'18- 37°21'14 K koordinatlarinda yaklagik
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2000 km?’lik bir alana sahiptir. Havzanin uzun
ekseninin (85 km) kisa eksenine (47 km) orani
0,55’tir. Caligma alani belirlenirken heyelan ve
yerlesme yogunlugu kapsaminda fiziksel topografik
iinite biitiinligii esas alimmistir (Sekil 1). Calisma
alaninda Kahramanmarag’in Onikisubat,
Dulkadiroglu, Tiirkoglu ilge merkezleri ve bu
ilgelere ait mahalleler yer almaktadir.

i i i iy e o

Sekil 1.Calisma alaninin lokasyon haritasi

Caligma alan1 morfolojik olarak biiyiik bir boliimii
daglik olmak iizere ovalik alanlari da igermektedir.
Havzada en yiiksek egim 68° ortalama egim ise
18,5°°dir. En diisiik yiikselti 260 m en yiiksek 2344
m olup ortalama yiikselti 942 m’dir. Yiiksek egim
ve rolyef ¢ogunlukla calisma alanmin kuzey ve
giineybatt boliimiinde akarsu ve yamag siiregleri
etkindir. Yamag siirecleri bu alanda daha etkindir.
Havzanin  kuzeyinde Ceyhan nehrinin yan
kollarmin  olugturdugu  “V”  tipi  vadiler
goriilmektedir. Bunun tam tersi olarak Ceyhan nehri
ve kollar1 tarafindan olusturulan diisik egim ve
rolyef degerlerini iceren ovalik alanlar havzanin
giineydogu boliimiinde etkindir. Koppen iklim
siiflandirmasina gére Akdeniz iklimini yansitan
“Csa” alt iklim c¢alisma alaninin tamaminda
etkilidir. Meteoroloji Genel Miidiirligi
Kahramanmarag istasyon 1960-2022 yillar1 arasi
verilerine gore havzanmn yillik ortalama sicakligi
16,8 °C ve yillik ortalama yagis 707 mm’dir. En
yiiksek aylik toplam yagis 2012 Ocak ayinda 321
mm olarak gerceklesmistir.
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Geg Kretaseden baslayan Arap-Afrika ve Avrasya
levhasinin yakinlagmast ve Neotetisin
kapanmasiyla gerceklesen sikigtirma rejimi Orta
Miyosende bolgede deformasyonlar olusturmustur
[31-33]. Bu deformasyon sonucu Arap levhasi ile
Avrasya levhasi arasindaki kita-kita ¢arpismasi ve
Arap levhasinin Avrasya levhasma kuzey yonli
baskist sonucu levhalar arasinda Kuzey Anadolu
Fay1 (KAF) ve Dogu Anadolu Fay1 (DAF)
transform faylari bolgede smnirlanmustir [33,34].
Giincel tektonigin ve buna bagli deformasyonlarin
etkin oldugu ¢alisma alan1 Olii Deniz Fay1 (ODF)
Arap ile Afrika, DAF ise Arap ile Anadolu levhalari
arasindaki tektonik smirlara karsilik gelmektedir
[35]. Caligma alani litolojik birim agisindan
sedimanterlerin etkin oldugu bununda giineydeki
ovalik  alanlarda  Kuvaterner  aliivyonlari,
kuzeybatida Miyosen yashi  konglomeralari,
Kuzeydoguda Miyosen ve Kambriyen yash
kumtasi-gamurtasi-Kiregtasi, gilineydoguda
c¢ogunluk  Jura-Kretase yasli  serpantinitler,
giineybatida kirectaslari bulunmaktadir (Sekil 2).

Sekil 2. Calisma alaninin jeoloji haritast [;6-38]

2. MATERYAL VE METOT

Calismada heyelan envanterinin olusturulurken
yiiksek ¢ozliniirlikli Sentinel 2 (10 m) uydu
goriintlisiinden, Harita Genel Midiirliiginden
alman (5x5 m) ve 1:25000 olgekli topografya
haritalarindan ¢alisma alanina ait sayisal ytikseklik
modelinden (10x10m) yararlanilmistir. Heyelan
envanteri uydu goriintiilerinden heyelanin arazide
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biraktig1 kalintilardan, yamag sekilsel
ozelliklerinden ve SYM f{izerinden aliman yamag
profillerinden yararlanilarak belirlenmistir. Sekilsel
Ozelliklerinden ¢ikarilamayan heyelanlar hem
alansal hem de tiplerine iligkin yersel dogrulamalar
arazi caligmalari ile yapilmistir. Heyelanlar ana
tipleri bazinda (disme, kayma, akma) [20]
siniflandirilmistir. Heyelan siniflandirmanm yan
sira aktivite durumu yeni heyelan tiretme ¢atlaklart,
heyelan malzemesinin erozyonu, akarsu kanal
gelisimi, bitki ortiisii varhigindan aktif ve aktif
olmayan seklinde smiflandirilmistir [8]. Literatiire
gore en 20 atif alan heyelan ¢alismalarinda (Sekil 3)
heyelan kosullariyla iliskilendirilmis jeolojik,
topografik, ¢evresel ve tetikleyici faktorler ¢aligma
sahamiz i¢in arazi ¢alismalari, bolgesel kosullar ve
swat profilleri [39] birlikte degerlendirilerek uzman
tarafindan belirlenmistir.

'H“.'MUPH L,

111

Sekil 3. Heyelan calismalarinda kullanilan
parametreler (En az 20 atif alan

uluslararasi yayinlar arasindan segilen 200
calisma) [40]

Iliskilendirilen/muhtemel faktor deger bilgileri
heyelanlara taginarak veri matrisleri
olusturulmustur. Bunlardan egim, yiikselti, rolyef
ve Topografik nemlilik indeksi (ing. topographic
wetness index (TWI)) Kkarakteristikleri kernel
yogunluguna gore mekansal dagilimlart
degerlendirilmistir (Sekil 4). SYM verisi yiikselti ve
egim degerlerinin hesaplanmasinda da
kullanilmigtir. SYM verisinden havza igerisinde
olusturulan 2000 m?’lik dikdortgen alanlar igindeki
en diigiik ve en yiiksek farka karsilik gelen rolyef
degerleri de elde edilmistir. Heyelanlarin uzun
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eksenleri kisa cksenlerine oranlanarak heyelan
tiplerine gore degisim sekli incelenmistir. Litolojik
birimler ile heyelan tipleri iliskilendirilerek litolojik
birimlerin heyelan tipleri icerisindeki yogunluklar
ve heyelanlarin aktif fayla olan mekansal iliskisi
tamponlama (ing. buffer) analizleriyle
incelenmisgtir. Bu bakimdan fay1 merkez alan 250 m
tampon zonlar1 olusturulmus ve bu zonlar igerisinde
kalan heyelanlarin yogunluklari tespit edilmistir.

Jeoloff haritotar Avasi goligmolor
e

Topajrofya
haritalan

Hepelen
Envanteri

‘ Uydu géirantiferi

e
raopariar gadlem veriier§

Jeoi

v v v
Topografik Gevresel Tetikdeyicl
7
/
/ j
[ vy [/
T Ve /7
/. Giugiselieri / /.
Toboka
{_kanumtars {
Z .

Heyelan fle iigkili
faktérlerin belirlenmesi

=
/A

St prafiters

A,
Landside Yogunhiu

Sekil 4. Yonteme iliskin akis semasi
3. BULGULAR
3.1. Heyelan Dagilhim ve Biiyiikliikleri

Calisma alaninda 441 adet heyelan (Sekil 7)
tanimlanmistir. Heyelan alam 71,5 km? alan
kaplamakta ve ¢alisma alanin %3,6’sina karsilik
gelmektedir. Bu heyelanlarm en kii¢iigii 0,0005
km?, en bilyiigii ise 10,1 km? Dingele paleo (eski)
heyelani’dir. Envanter heyelanlarinin boyutlarina
bakildiginda ekstrem bilyiikliikteki Dongele paleo
heyelan1 dahil olmak {iizere goreceli olarak 4
heyelan (10,1-5,1 km?) ¢ok biiyiik, 10 heyelan
bityiik (5,1-1,0 km?), 41 heyelan orta (1,0-0,1 km?),
342 heyelan kiigiik (0,1-0,001 km?) ve 44 heyelan
ise (<0,001 km?) ¢ok kiiciik boyuttadir. Heyelan
biiytikliigii ve siklig1 arasindaki kavramsal iliskide
orta biyiikliikte heyelanlar iistel kanunlart (ing.
Power law) takip etme egilimindedir [41,42].
Ancak biiyiik heyelanlar siklik iliskisinde egrinin
altinda goriinmektedir. Buna karsin daha sik
goriilen kii¢lik heyelanlar fonksiyonun istiindedir.
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Sekil 5. Heyelan biiyiikligii (kaynak alan (mavi)
ve tliim alan (kirmiz1)) ile siklig1 arasindaki

kavramsal iliski

Kayma (329 adet), diisme (54 adet), akma (58 adet)
(Sekil 4) olarak 3 ana tip altinda toplanan
heyelanlarm (Sekil 6) %98’sini (70 km?) kaymalar,
%0,8’ini (0.6 km?) diismeler, %1,1’ini (0.8km?) ise
akmalar olusturmaktadir. 170 adet kayama tipi
heyelan aktif olup, 1,7 km? alana ve toplam kayma
tipi heyelanlarin %2,4’iine karsilik gelmektedir.
Havzadaki havzanin kuzeyinde ve bati kesiminde
yogunlagsmaktadir. Heyelan tiplerine bakildiginda
aktif akmalar havzanin bat1 kesiminde Kuzucak ve
Biiyiikknacar yerlesmelerinde (Sekil 6A), aktif
kaymalar Kavlakli bolgesinde (Sekil 6B), aktif
diismeler ise havzanin bati kesiminde Bagkonus
(Sekil 6C) bolgesinde goriilmektedir (Sekil 7).

Sekil 6. Caligma alanindaki
ornekler

heyelan

tiplerine
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Sekil 7. Heyelan tipleri dagilis haritasi

Heyelanin kaynak noktasina ve tiim alanina gore
degerlendirilen heyelan yogunlugunda Onikisubat
ve Dulkadiroglu bolgesinde yogunluk kazandigi
goriilmektedir (Sekil 8).

b s o I
.
L W oo

Sekil 8. Heyelanin kaynak alani (A) ve tiim alanina
(B) gore yogunluk haritalari.

Heyelanin kisa eksen oranlari heyelanin etki
mesafesini (ing. runout) belirlenmesini
saglamaktadir [21]. Heyelan uzunluk-genislik orani
degerleri 1-7 arasinda degistigi goriilmektedir
(Sekil 9A). Bu oranlar heyelan tiplerine gore
farkliliklar gostermektedir. Akma ve diismelerde
oransal olarak farklar daha yiiksektir. Kayma ve
diismelerdeki oransal fark yakindir. Toplam
heyelanlarda akma ve diigmelerde etki mesafesi
ortalama olarak yiiksektir. Akma tipi heyelanlarda
en yiiksek 5,5 ortalama ise 3,4, diisme tipi
heyelanlarda en yiiksek 6,1 ortalama ise 2,3 ve
kayma tipi heyelanlarda ise en yiiksek 5,4 ortalama
ise 2,2 olarak belirlenmistir.

A |18

| Ml Dyme 3 Ky .
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[ aa
w} I
B = )|
14 ] * ) 4 (B} [y

|
-4 ey Bime v
Hepelan usuah gariglh orans

Sekil 9. Heyelan ana tiplerine gore uzunluk
genislik oranlar1 (A) ve alansal dagilimlari
(B). Sekil B’da yer alan heyelan alaninin
Olgegi  logaritmik  olarak  (Logl0)
verilmistir

Weyeiae tianc [x]
= 5 5 8 3

-3
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3.2. Bolgesel Heyelan Dagilimim1 Kontrol Eden
Faktorler

3.2.1. Topografik Faktor

Heyelan olusumu ve dagiliminda topografik
faktorlerin etkisini ortaya koymak igin farkl: tipteki
heyelanin kaynak kismindan alinan egim, yiikselti,
rolyef ve topografik nemlilik indeks (TWI) bilgileri
(Sekil 10) kernel yogunluk kestirimine gore
normalize edilerek analiz edilmistir.

¥ [ i |3

Sekil 10. Calismada kullanilan baslica topografik
parametreler. (A) Egim, (B) Topografik
nemlilik indeksi, (C) Yikseklik, (D)
Topografik rolyef

Elde edilen bulgularda havza egim degerlerinin en
yiiksek 68° ve ortalama egimin 18,5° oldugu,
heyelan tipi fark etmeksizin heyelanlarin en yiiksek
56,5, ortalama ise 19,5° egim degerlerinde oldugu
goriilmektedir. Heyelan tipi olarak bu degerlere
bakildiginda kaymalarm 3°- 55° arasinda egim
degerlerinin degistigi ve bu tipteki heyelanlarin
ortalama egiminin 23,5° oldugu tespit edilmistir.
Akmalarda ise bu degerler 7,6°- 46,1° degismekte
olup, akmalarin egim ortalamasi ise 23,5°°dir.
Diismeler akma ve kaymalara gore daha yiiksek
egim degerlerine sahip olup havza iginde 24,5°-
56,5° egim degerlerinde ve diisme tipi heyelanlarin
ortalama egimi 37,5°°dir (Sekil 11). Yikselti
faktoriindeki degerlerde havzanin 260 m-2344 m
yiikselti degerleri arasinda degistigi ve havza
ortalamasinin 942 m oldugu goriilmektedir. Genel
olarak heyelanlar 431-1711 m yiikseltilerde
dagilmakta ve bu heyelanlarin yiikselti ortalamasi
1053 m’dir. Heyelan tip bakimmdan yiikseltilerde
kaymalar 442-1703 m arasinda dagilim gostermekte
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ve ortalamasi 820 m’dir. Akmalar ortalama 852 m
ve alt limit deger 510m bakimindan kaymalarin
iizerinde {iist limit bakiminda kaymalardan daha
diisik 1460 m degerlerine sahiptir. Diisme tipi
heyelanlar ise diger iki ana tip heyelana gore 583-
1711 m arasinda daha yiiksek alanlarda olup,
ortalamasi ise 1146 m’dir (Sekil 10). Minimum ve
maksimum yiikselti farki degerlerini ifade eden
rolyef degerlerinde havza en diigiik 11m en yiiksek
1503 m ve ortalama 431 m rdlyef degerlerine
sahiptir. Tiim heyelanlarda bu degerler en diisiik
117 m en yiksek 1022 m ve ortalama havza
ortalamasinda yiiksek 560 m’dir. Heyelan bazinda
kaymalarda en diigiik 123m en yiiksek 1022 ve
ortalama 371 m olarak belirlenmistir. Akmalarda bu
degerler en diisiik 171 m en yiiksek 828 m ve
ortalama 338 m oldugu goriilmektedir. Diisme tipi
heyelanlar ise, en diisitk 198 m en yiiksek 754 m ve
ortalama 411 m degerlerine sahiptir (Sekil 10).
Topografyada suya doygun alanlar1 ve boyutlarini
ifade etmek amaciyla 6zgiil havza alaninin yamag
egimine oranlanmasi ile elde edilen [43] TWI
degerlerinde havza en diisiik 1,2 olup, en yliksek
25,9 ve ortalama 5,7 degerlerine sahiptir. Tim
heyelanlarda en diisiik 1,6 en yiiksek 18.6 ve
ortalama 5,3 goriilmektedir. Heyelan tipine gore
kaymalarda en disiik 2,7, en yiiksek 18.6 ve
ortalama ise 7.9’dur. Akmalarda en diisiik 3,9 en
yiiksek 12 ve ortalama 7,52’dir. Diisme tipinde ise
en diisiik 3,8 olup, en yiiksek 9,8 ve ortalama 5,8
degerleri goriilmektedir (Sekil 10).

Sekil 11. Farkli heyelan tipleri icin egim,
yiikseklik, rolyef ve TWI degerlerinin
olasilik  dagilim kestirimleri. =lo
(standart sapma) degerleri toplam verinin
~%70’ine karsilik gelmektedir
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3.2.2. Litoloji

Caligma alaninda heyelan tipine gore her bir
heyelanin kaynak alanindan alinan litolojik
bilgilerine gore degerlendirme yapilmistir. Havza
icinde litolojik birimler agisindan en genis alani
%8,5’1 Kambriyen yasli (Kkg¢ki) ve %8,7’si Orta
Miyosen (Mkgk) yash olmak iizere 312 km? ile
Kumtasi-¢amurtasi-kiregtasi birimleri
olusturmaktadir. En fazla heyelani da barindiran bu
birimlerde, Kambriyen yasl (Kkgki) olaninda %27
ve Orta Miyosen (Mkgk) yash olaninda %10,2
olmak iizere toplam heyelanin = %37,2’si
gerceklesmistir. Bu birimlerde oransal olarak en
fazla payr %37,6 ile kaymalar olusturmaktadir.
Akma tipi heyelanlarinda en fazla %50’si Orta
Miyosen kumtasi-camurtasi-kiregtagi birimlerinde
gozlemlenmistir. Alan bakimindan ikinci sirada 294
km? ile farkli yaslara sahip Orta Miyosen, Ust
Triyas-Alt  Kretase, Ust Kambriyen- Alt
Ordovisiyen kiregtasi birimleri bulunmaktadir. Bu
birimler toplam heyelan kaynak alanmin ~5 km?’si
ve  %]10,6’sma  karsilk  gelen  kismini
olusturmaktadir. Ugiincii sirada, ~290 km?lik bir
alam kaplayan Ust Miyosen yasli konglomera
birimleri bulunmaktadir. Bu birimler toplam
heyelan kaynak alaninin 2.84 km*si ve %6’sina
karsilik gelen kismint  olusturmaktadir. Bu
birimlerde 2.75 km?’si gibi biiyiik ¢cogunlugunda
kaymalar meydana gelmistir. Dordiincii sirada ise
~261 km? ile kuvaterner aliivyonlar1 yer alir. Bu
birimler, havzanin %14,3'linii olusturur. Bu
alanlarda da sadece kaymalar gézlemlenmis olup,
toplam heyelanin %0,2'sini teskil eder. Heyelan
bakimindan elde edilen bulgulara bakildiginda
kumtasi-gamurtasi-kiregtagt birimlerinden sonra
heyelanin ikinci en ¢ok kaynaklandig: birim talus
depolar1 olup, havzada ~69 km®lik bir alani
kaplamaktadir. Bu birimlerde diigme ve kayma tipi
heyelanlar gergeklesmistir. Diismelerin = %281,
kaymalarm ise %8,8 ’i bu birimlerde tespit
edilmistir. Heyelan yiizdeleri bakimindan diger
birimlere bakildiginda Orta Miyosen ve Kretase-
Paleosen yasli kumtasi-gamurtasi %6,7’sini, Jura-
Kretase yasli serpantinit-peridotit %6’sini1, Paleosen
yash volkanik sedimanter %35,4’linii, Kretase yaslt
kiltas1 %4,6’sin1, Alt Miyosen yash killikirectasi
%2,8’ini, Pliyosen ve Alt Kambriyen yash
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cakiltasi-kumtagi-camurtast %1,4’iinii, Devoniyen
yashi kumtas1 %0,4’tinli, Alt Kambriyen-Orta
Kambriyen yashi dolomit %0,2’ini, Jura-Kretase

yasht  peridotit %0,1’ini, Jura-Kretase yasl
serpantinit %0,1’ini, Orta Kambriyen yash seyl
9%0,01’ini olusturmaktadir (Cizelge 1).

Cizelge 1. Litolojik birimlerin heyelan tipine gore yogunluklar

Litoloji Birim

Bitiin havza

Biltiin heyelan

Akma

Kayma

Zaman

simge.

Alan
(k)

%

Havza
igindeki
yogunluk

Alan
(k)

%

Havza igindeki
yoiunluk

Alan
(k)

Havza
igindeki
yogunluk

Alan
(k)

Havza
igindeki
yogunluk

lan
(k)

%

Havza
igindeki
yogunluk

Orta Miyoser

Cakitasi-Kumtas:-Camurtas:

regt
Ust Kambriyen- Alt

Ordovisiven
Kambriyen

st Triyas-Alt
Kretase

Toplam

Kumtas-Gamurtas-Kirestas:
Peridotit
Seyl

Talus
Volkanik Sedimanter
Kumtas

® Dolomit

725
57.4
289.9
424
150
1580
655
794
180.3
189
398
87.8
1501
201
185
69.1
211
88

179

08
2609

1670
18196

24
32

159
23
08
87
36
4

10.1

002
003
014
002

001

o008
003
0.04
0.09
001
002
0.08
0.08
001
001
003
001

0.004

001

00004
013

o008
o091

046
219
284
309

019
009

001

a7.7

0.0002
0.001
0.001
0.002

0.0001

0.002
0.00002
0.001
0.0001
0.001
0.002
0.0001
001
0.00002
0.000003
0,004
0.001
0.0001

0.00005

0.0001
0.000004

0.0003.
002

0.004
004
008

0.001

001

016
002
0.0006.

001

016
0.00
003
033

0.001

0.000002
000002
000004

0.0000003
0.00001
0.00008
0.00001

0.0000003

0.0002

0.003

0.01
o001

001
0.004

0.001
001
0.09

0.001
0.01
003

0.001
008
0.01

0.000001

0.00001
0.000003

0.000004
0.000002

0.0000004
0.00001
0.00005

0.0000004
0.00001
0.00002
0.00000
0.00004.
0.00001

0.0001

3
215
275
308
011
an
001
288
023
131
418
020

1289

0.005
859
019
0.09

019
001

471

0.0002
0.001
0.001
0.002

0.0001
0.002
0.00001
0.001
0.0001
0.001
0.002
0.0001
0.006

0.000002

0,004

0.001
0.0001

0.00005

0.0001
0.000004

0.0003.
002

3.2.3. Yap1

Heyelan tipine gore her bir heyelanin kaynak
alanindan alman sayisinin tampon zon alanina
oranmin faya uzakliga bagl iliskisi incelenmistir.
Heyelan sayisinin tampon alanina oranlanmasinda
faya yakin alanlarda aktif ve pasif kayma tipi
heyelan sayisinin  yogunlastigi  goriilmektedir
(Hata! Basvuru kaynagi bulunamadi.). Fakat
kayma tipi heyelanlar sayisal olarak her 0.25 km’lik
tampon zonun  %90’minda  bulunmaktadir.
Korelasyon katsayilarina  bakildiginda  pasif
kaymalar i¢in-0.50 ile aktif kaymalar i¢in -0.44 ile
faya uzaklik ile aralarinda giiglii bir negatif iliski
¢ikmaktadir. Akmalarin sayisal olarak 0.250-8 km
arasinda zonlarda yogunlastigi goriilmektedir. Faya
uzaklig1 sayisal bakimindan kaymalardaki gibi
benzer bir egilim gosteren diismeler -0,36
korelasyon katsayr degeri ile negatif iligkinin
goriilmektedir.  Diismeler  0.05  korelasyon
katsayisina gore faya uzaklik arttikca diisme degeri

Halh

Farydan uzskiik (k)

hafifce artma
zayiftir.

egilimindedir, ancak iliski ¢ok

Heyelanin kaynak alanin ve tampon zon alan
bilgilerine oraninin faya uzakliga bagli heyelan
iligkisi de degerlendirilmistir. Bu degerlendirmede
kayma tipi heyelanin alansal olarak 0,25 km aralikl1
tampon zonlarmin %90’nindan fazlasinda alan
kaplamaktadir. Faya uzaklik iligkisinde aktif
kaymalarda -0,25, pasif kaymalarda -0,05
korelasyon goriilmektedir. Buradaki negatif iliski
aktif kaymalarda daha fazladir.

Akmalar alansal olarak 0,250-8 km arasindaki
zonda yogunlagmaktadir. Heyelan alan zon alan
oraninin faya uzaklik korelasyonu 0,045 ile gok
zayiff  bir  pozitif  korelasyon  oldugunu
gostermektedir. Diismelerde ise diger tip
heyelanlara gore 0,33 korelasyon katsayisi pozitif
bir dogrusal iligki gostermektedir.

B «
« .
L
o
wele w
.
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~
LA n PR T L
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S ae wem o

Faydan uzskiik (km)

Sekil 12. Faydan olan uzakliklara gore heyelan alan (A) ve say1 yogunlugunun (B) azalimi
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4. TARTISMA VE SONUC

Fliiviyal ve tektonik siireclerin etkin oldugu Ceyhan
havzasinin yukari kesimi derin vadilere ve yiiksek
topografik rolyefin sonucu daglik, yiiksek egimli
dag-ova gegislerine ve diiz ovalik alanlara sahiptir.
Yerlesim yeri olarak bélgede daha yiiksek egime
sahip dag-ova gegislerinin oldugu paleo heyelan
topografyasi tercih edilmistir. Calismada, fiziki
(heyelan) ve beseri etkilesimin (niifus ve yerlesme)
yogun oldugu havza sinirlart  alani  olarak
belirlenmistir.  Calismada, smirlar1  belirlenen
alanda heyelanlarm dagilimi, tipi, biyiikligi,
aktivitesi, topografik ve litolojik etkilerini ayrintili
bir sekilde degerlendirilmektedir. Caligmada
heyelan dagilim karakteristigi tetikleyici faktdrden
bagimsiz hazirlayict kosullar izerinden
degerlendirilmistir. Bu kapsamda calisma alaninda
442 heyelan alanmi belirlenmis olup, toplam havza
yiizélglimiiniin %3,6’s1n1 kapladig: tespit edilmistir.
Calisma alanindaki heyelanlarin ¢ogunlugu kayma
tipinde olup, bu tip heyelanlar toplam alanin
%70’ini olusturmaktadir. Bu durum, c¢alisma
alaniin topografyanin kayma tipi heyelanlar1 daha
sik olusturdugunu gostermektedir. Bununla birlikte,
diisme ve akma tipi heyelanlarin da mevcut olmasi,
farkli faktorlerin etkisine isaret etmektedir.
Heyelanlarin  topografyada dagmik dagilimi,
calisma alaninin heterojen jeolojik bilesime, farkli
litolojik birimlere ve topografik 6zelliklere sahip
oldugunu  gostermektedir. Bununla  birlikte,
heyelanlarin biiyiikliik dagilimi oldukga genis
olmasi cesitli mekanizmalarin etkili oldugunu ve
genis bir yelpazede siireclerin rol aldigini
diisiindiirmektedir. Heyelan aktivitesinin zaman
zaman etkin oldugu boélgede 0.0005 km? iken en
biiyiik alan1 10,1 km? heyelanin bulundugu ve bu
heyelanlarin  bir kisminin i¢ ice gelistigi
goriilmistiir. Heyelanlarin havzanin kuzeyinde ve
bat1 kesiminde yerlesmenin yogun oldugu sahalarda
bulunmasi dikkat ¢ekicidir. Bu alanlardan Kavlakli,
Bulanik ve Kuzucak bolgelerinde gergeklesen
heyelanlarin diger bolgelere gore daha aktif oldugu
tespit edilmistir. Akma ve diismelerde etki
mesafesinin  yiiksek olmasi tehlike ve risk
olusturmaktadir. Bu nedenle tip ve boyutsal acidan
farkliklara sahip bu heyelanlar1 dagilimini kontrol
mekanizmasinin bilinmesi 6nem tasimaktadir.
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Litolojik dagilim incelendiginde, Kambriyen yasl
kumtasi-gamurtagi-kiregtagt ~ birimlerde toplam
heyelanin %27’si Orta Miyosen yasli kumtasi-
camurtasi-kiregtaginin -~ %10,2’sinde  meydana
geldigi goriilmistiir. Bu, belirli litolojik 6zelliklerin
heyelan olusumlari iizerindeki etkisini
vurgulamaktadir. Fakat bu birimlerde Kambriyen
yasli olanlarinda c¢ogunlukla paleo kaymalar
bulunmaktadir. Bulanik ve Kuzucak bolgelerinde
aktif heyelanlarin Orta Miyosen kumtagi-camurtagi-
kiregtagt  birimlerinde  gerceklesmistir.  Aktif
heyelanin yogun oldugu Kavlakli bolgesinde
Kretase yasl kiltas1 ve Ust miyosen konglomera
birimlerinde kaymalarin yogun olarak tespit
edilmistir. Bunun disinda 170 heyelanin aktif
heyelanin ¢ogunlugunun daha geng¢ jeolojik
birimlerde yer almasi dikkat ¢ekmektedir.

Faydan uzakligin yakin olan zonlarda alansal olarak
daha kiiciik heyelanlarin fay tarafindan denetlendigi
diisiniilmektedir. Faym denetiminin  belirsiz
oldugu, faya yakin zonlarda azalan yogunluk
degerlerinin daha sonraki mesafelerde bagimsiz
davrandigi korelasyonun disinda olmasindan
kaynaklanmaktadir. Su durum belirtilmeli yapilan
arazi ¢alismalarinda 06 Subat 2023 depremlerinde
calisma smirlarinda belirli birkag diisme disinda
calisma alani siirlarinda heyelan gézlenmemistir.
Bu durumun tetikleyici kosullarin bu alanda daha
klimatik kaynakli oldugunu disiindiirmektedir.

Egim, yikselti, rolyef ve topografik nemlilik
indeksi (TWI) gibi topografik faktorlerin heyelan
yogunlugunu etkiledigi goriilmiistiir. Havzanin
genel olarak dagilimda tiim faktor siniflarinda
pozitif carpiklik sergilendigi belirlenmistir. Egimin
etkisi diisme ve akmalarda kaymalara gore daha
fazladir. Belirli bir akma ve kaymalarda yiikseltinin
grafiginin ¢ift horgiic yapmasi yiikseltinin farkl
etkenlerle birlikte ¢alistigim1 gostermektedir. Ote
yandan diismelerin 1000 m yiikseltiden sonra 30-
40° egim degerlerinde goriilmesi daha ¢ok fiziksel
ayrisma etkinligini agiklama niteligindedir. Genel
heyelanlar ile benzer dagilim gdsteren topografik
nemlilik indeksi heyelan tipi 6zelinde akma ve
kaymalarda yiiksek degerlerde goriilmektedir. Bu
durumun 6zellikle akmalarin zemin su igeriginin
yiiksek oldugu alanlarda olustugunu
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kanitlamaktadir. Bu durumun topografik faktorlerin
heyelan  olusumlart  iizerindeki etkilerini
gostermektedir. Tektonik olarak aktif bir alan olan
arastirma alaninda sikistirma rejimin etkili oldugu
[44] disinildiiginde topografyadaki degisimin
heyelan aktivitesini etkileyecegi 6ngoriilmektedir.
Genel sonu¢ olarak c¢alismada, topografik
faktorlerin heyelanlarin dagilimi {izerinde belirgin
bir etkisi oldugunu ve bu etkilesimin karmasik
bulundugu gosterilmektedir. Dik egimler ve yiiksek
yiikseltiler, heyelanlarin daha sik meydana geldigi
alanlarda belirgin olarak gorilmiistiir. Bununla
birlikte, bu c¢alismada rolyefin belirli alanlarda
heyelanlarin dagilimini etkiledigi belirlenmistir.
Daha diiz alanlarda heyelanlarin daha seyrek
oldugu gbzlemlenmistir. Dolayisiyla 06 Subat 2023
Kahramanmaras merkezli ve  sonrasindaki
depremlerin  topografya meydana getirecegi
degisiklik zemin stabilitesi ve dolayisiyla heyelan
aktivitesini degistirecegi diigiiniilmektedir [45-48].
Yash birimlerdeki heyelanlarin stabiliteye ulastigi
paleo heyelanlar gozlemlenmistir. Fakat buradaki
beserl aktivite bu paleo heyelanlarin belirli
boliimlerini yeniden aktif hale getirmektedir.
Bunun diginda gencg litolojide ve geng tektonik
etkisinde goriilmesi genglesme siireclerinin  de
heyelan olusumunda 6nemli bir rol oynadigini
ortaya koymaktadir. Nihai sonug¢ olarak heyelan
olgusunun jeolojik, topografik ve cevresel
faktorlerle karmasik bir etkilesim i¢inde oldugunu
gostermektedir. Bulgular, bu tiir analizlerin dogal
afetlerin risk degerlendirmesi ve yonetimi agisindan
kritik 6neme sahip oldugunu vurgulamaktadir. Bu
veriler, gelecekteki heyelan duyarlilik, tehlike ve
risk ¢alismalarina katki saglayacaktir. Afet dncesi
caligmalar i¢in Onemli bir temel olusturacagi
diigiiniilmektedir.

5. TESEKKUR
Bu calisma, Kahramanmaras Siit¢ii Imam
Universitesi ~ Bilimsel  Arastirmalar  (BAP)

Koordinasyon Birimi tarafindan 2021/7-19 A nolu
“Kahramanmarag'ta ~ Heyelanlarin =~ Zamansal
Aktivite Durumu, Jeomorfolojik Karakteristikleri
ve Olusumlarinda Etkili Olan Faktorlerin
Belirlenmesi (Bu proje bolgesel sorunlarin 205.
Maddesi olan "Kahramanmarag'ta dogal afet
(heyelan, sel tagkin, deprem vb.) olusturulabilecek
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durumlara yonelik ¢aligmalar" ile iliskilidir.)” adli
altyap1 projesi ile desteklenmistir. Desteklerinden
dolay1 yazar tesekkiirlerini sunmaktadir. Ayrica
yazar hakemlere de katkilarindan  dolay1
tesekkiirlerini sunmaktadir.
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Oz

Bu aragtirmada tarimsal faaliyetlerin yogun olarak yapildigi imamoglu (Adana) ilgesi ile Mercimek ve
Dikilitag mahalleleri arasinda bulunan topraklardaki agir metal miktarlarinin tespit edilmesi amaglanmustir.
Caligma alanmi temsil edecek 29 noktadan 39 adet toprak o6rnegi alinmigtir. Atomik absorbsiyon
spektrometre yontemi ile Hg, Pb, Cd, Cr, Zn, Cu, Ni, Co, As, Mn ve Fe element analizleri yapilmustir.
Diinya saglik Orgiitiiniin (WHO) toprak standartlarina gore sonuglar karsilastirilmistir. Nikel (Ni) ve
Kadmiyum (Cd) elementine ait degerler yiiksek ¢ikmigtir. ArcGis programi ile bu elementlerin bolgedeki
mekansal dagilim haritalari hazirlanmistir.  Antropojen kaynakli agir metal miktarlarinin etkisini
degerlendirebilmek icin zenginlesme faktorii (Ef) hesaplamalari yapilmistir. Bu sonuglara gore Ni, Co ve
Pb elementi i¢in orta zenginlesme gosterirken Cd elementi i¢in ¢ok yiiksek zenginlesme gostermektedir.
Topraklardaki bu zenginlesmede kullanilan tarimsal ilaglar ve fosfatli giibrelerin etkisinin yanisira Ni
elementlerindeki artista jeolojik birimlerden kaynakli olabilecegi diistiniilmektedir.

Anahtar Kelimeler: Zenginlesme faktorii (Ef), Agir metal, Toprak kirliligi, CBS, imamoglu

Evaluation of Heavy Metal Contents in Soils Between Imamoglu, Dilekkaya and
Mercimek (Adana) According to Enrichment Factor

Abstract

In this research, it was aimed to determine the amount of heavy metals in the soil between imamoglu
(Adana) district, where agricultural activities are intense, and Mercimek and Dikilitag neighborhoods. 39
soil samples were taken from 29 points to represent the study area. Hg, Pb, Cd, Cr, Zn, Cu, Ni, Co, As, Mn
and Fe elemental analyzes were carried out using the atomic absorption spectrometry method. The results
were compared according to the soil standards of the World Health Organization (WHO). The values of

*Sorumlu yazar (Corresponding Author): Mustafa AKYILDIZ, akyildizm@cu.edu.tr
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Imamoglu, Dilekkaya ve Mercimek (Adana) Arasinda Kalan Topraklardaki Agwr Metal Iceriklerinin Zenginlesme

Faktoriine Gore Degerlendirilmesi

Nickel (Ni) and Cadmium (Cd) elements were high. Spatial distribution maps of these elements in the
region were prepared with the ArcGis program. Enrichment factor (Ef) calculations were made to evaluate
the effect of anthropogenic heavy metal amounts. According to these results, while it shows medium
enrichment for Ni, Co and Pb elements, it shows very high enrichment for Cd element. In addition to the
effects of pesticides and phosphate fertilizers used in this enrichment in the soil, it is thought that the
increase in Ni elements may be due to geological units.

Keywords: Enrichment factor (Ef), Heavy metal, Soil pollution, GIS, imamoglu

1. GIRIS

Yirminci yiizyilin basindan itibaren diinya
niifusundaki hizli artis ile birlikte daha fazla gida
ihtiyaci ortaya ¢ikmistir. Modern tarima gecilerek
daha fazla {irlin alinmak istenmesi ile tarimsal
faaliyetlerde asir1 giibre ve ilag kullanimi artmigtir.
Bununla birlikte sanayilesmenin artmasi sonucunda
ortaya ¢ikan kati ve sivi atiklarin kanalizasyon
sularina karigmasi, maden arama faaliyetleri, fosil
yakit kullanimi ve &zellikle hizli niifus artisi ile
toprak kirliligi ciddi boyutlara ulasan onemli bir
cevre problemi haline gelmektedir.

Adana sehir merkezinin dogusunda bulunan
calisma alaninda yogun tarim ve Bahgecilik
faaliyetleri yapilirken sanayii alanlar1 da bu bolgeye
dogru kaymaktadir. Imamaoglu Ilgesinin 3475
km?‘lik kismui tarim arazisi olup, bu alanin 200
km?’lik kismi tamamen ovada bulunmaktadir.
Bolgenin Kuzeyindeki Kozan civarinda Akyildiz
[1] yaptig1 calisma disinda toprak kirliligine yonelik
bir ¢alisma bulunmamaktadir. Batida Imamoglu
ilgesi, Gilineyde Mercimek ve Kuzeydogu da ise
Dilekkaya mahallerinin arasinda kalan c¢aligma
alaninda belirlenmis 29 noktadan toplam 39 adet
toprak ornekleri alinmustir (Sekil 1). Alinan
ornekler lizerinde Hg, As, Ni, Cd, Co, Zn, Pb, Cr,
Mn, Al, Fe element analizleri Atomik Absorbsiyon
cihazi ile yapilmistir. Elde edilen sonuglara ait
semboloji ve dagilim haritalar1 Argcis programi ile
yapilmistir. Ayrica topraklardaki agir metallerin
kirlilik boyutlarint saptamak icin Zenginlesme
faktorii hesaplanmistir. Bu sonuglara gore ¢aligma
alan1 igerisinde agir metallerden kaynaklanan bir
kirliligin olup olmadig arastirilmustir.
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Sekil 1. Calisma alan1 yer bulduru haritast

2. MATERYAL VE METOT
2.1. Materyal
Bolgenin  jeolojisi, arazinin konumu, zirai

faaliyetler dikkate alinarak Ornek lokasyonlari
belirlenmeye c¢alisilmistir. 29 noktadan 39 adet
ornek alimmugtir. 10 adet 6rnek( F8, F9, F11, F20,
F22, F23, F24 ve F26 nolu noktalarda) DSI
tarafindan agilan kanal c¢ukurlarinin bulunmasi
sonucunda farkli (0-1-2m) derinliklerinden alinan
orneklerden olusmaktadir (Sekil 2). Topraginin iist
ylizeyinden 10-15 cm‘lik kismi atildiktan sonra
yaklasik 500 gr ile 1 kg arasi toprak ornegi
alinmustir.
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2.2. Metot

Toprak numuneleri ilk olarak nemi alinmasi
amactyla kurutulmus ve kurutulan bu numuneler
0,1mm’lik elekten gecirilmistir. Cozelti
hazirlanmasi i¢in 1 gr’lik numunelerin {izerine 15
ml HCI ve 5 ml litre HNOs ilave edilmis, toplamda
20 ml’lik ¢ozelti elde edilmistir. Hazirlanan bu
¢ozelti, firnda 300°C’de 1sitilmis ve bu 1sitma
islemi, tepkime baslayana kadar devam etmistir.
Tepkimenin ardindan firindan alinan ¢dzelti, balon
jojeler igerisine bosgaltilmis ve iizerine, toplam
derisim 150 ml oluncaya kadar deiyonize su
eklenmistir. Daha sonra orneklerin agir metal
analizleri Atomik Absorbsiyon Spektrometre cihazi
ile yapilmustir.

Analiz sonuglart Diinya saglik orgiiti ve Diinya
Tarim Orgiitiiniin  standartlarinin  kullanildigi[2]
degerlerden yararlanilmistir (Cizelge 1).

Cizelge 1.Diinya saglik orgiiti ve Diinya tarim
Orgiitiiniin kirlilik sinirlar [2].

Diinya Saghk Orgiitii (WHO)/
Elementler DiinyayTarmgl (")rgii%ii (FAO) (ng/g)

As 20

Cd 3

Co 50

Cr 100

Cu 100

Fe 50000

Mn 2000

Ni 50

Pb 100

Zn 300

Hg -

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024
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Zenginlesme Faktorii (Ef); belirli bir zaman dilimi
icerisinde degisik cevresel ortama bagh kirlilik
degerlendirmelerinde veya agir metal kirliliginin
insan kaynakli meydana geldigi durumlarin
hesaplanmasinda yaygin olarak tercih edilen bir
degerdir[3]. Bu faktor degerlendirilmesi yapilirken
diger kirlilik indekslerinden farkli olarak; referans
bir element secgilmekte ve normallestirme
yapilmaktadir.

Normallestirme isleminde kullanilacak metal ile
ilgili kesin bir standart veya kabul yoktur.
Genellikle Fe, Li, Al, Ti gibi jeokimyasal acidan
aktif olmayan ve tane yapisi ince taneli olan
materyallerde rahatlikla rastlanabilen elementler
tercih edilmektedir[4] . Bu arastirmada Fe elementi
kullanilmistir.  Zenginlesme faktorii  asagidaki
formiil kullanilarak belirlenmektedir. Sonuglar
Cizelge 2 de verilen smiflamaya gore
degerlendirilmektedir.

Cn/Cref  (6rnek)
EF =

Bn/ Bref (referans)

Cn; Metalin analizi yapilan drnekteki degeri,

Cref; Referans metalin analizi yapilan O6rnekteki
degeri,

Bn; incelenen metalin yerkabugundaki ortalama
degeri (Cizelge 2),

Bref; Referans metalin yerkabugundaki ortalama
degeri (Cizelge 2)

Cizelge 2. Zenginlesme faktorii (Ef) siniflamasi [5].

Ef<2 Minimal Zenginlesme
2<Ef<5 Orta Zenginlesme
S<Ef<20 Belirgin Zenginlesme
20 <Ef<40 Cok Yiiksek Zenginlesme
EF > 40 Asirt Zenginlesme

3. BULGULAR

3.1. Toprak Analiz Sonuclari
Atomik Absorbsiyon Spektreometre cihazi ile

ornekler tizerinde As, Hg, Ni, Cd, Co, Cr, Pb, Zn,
Fe, Mn, Al element analizi yapilmistir. Diinya
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Saglk Orgiiti (WHO ) ve FAO standartlan ile
kargilagtirilmistir. Bu sonuglara gore As, Co, Zn ve
Cu, Hg, Pb, Mn, Fe, elementlerinden kaynakli bir
agir metal kirliligi olmadig1 saptanmistir. Ni, Cd ve
Cr elementi acgisindan degerler standartlarin
iizerinde bulunmustur (Cizelge 3).

Krom (Cr)

Krom (Cr) elementi 39 6rnek igerisinden 6 drnekte
standart degerlerinin iizerinde oldugu tespit
edilmistir. imamoglu ve cevresindeki topraklardan
alman Ornekler incelendiginde tespit edilen en
yiiksek Cr degeri 217 ppm, en diisiikk degeri 16,6
ppm ve (Cizelge 3)(Sekil 4).

: \// Jmamocry /-

Sekil 4. Cr elementinin dagilimini gosteren haritasi

Kursun (Pb)

Ornekler icerisinde en yiiksek kursun degeri 142
ppm, en diisiik degeri 39,7 ppm, ortalamast 71,969
ppm olarak saptanmistir (Cizelge 3).

Analiz sonuglarina gére Pb’nin dagilimi diizensiz
ve oldukga diisiik olup, WHO standartlarina gore
biiyiik bir ¢ogunlugunda limit degerlerin altinda
sonu¢ vermistir (Sekil 5). Dagilim haritalari
incelendiginde Pb’nin diizensiz dagilimi ve dagilim
oranlarmin oldukg¢a diisiik oldugu gortilmektedir.
Pb miktarinin en ¢ok tespit edildigi yerler ise
ulasim hatlar1 ve yerlesim yerleri gevresi oldugu
goriilmektedir.

i \ 1/ Jmamociy /S

2\ oA

Saghaya

Sekil 5. Calisma  alan1  topraklarindaki ~ Pb
elementinin dagilim haritast (Arcgis-10.8).

Cizelge 3. Adana sehir merkezi ve ¢evresinden alinan 29 noktaya ait 39 analiz sonuglart (DL:Dedeksiyon

limiti)
Imamoglu Ilgesi ve yakin ¢evresinin agir metal analiz sonuglari
Ornek Hg Pb Cd Cr Zn Cu Ni Co As Mn Fe
no (ppb) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppb) | (ppm) | (%)
Fl 26,05 48,9 3,487 80,6 62,15 | 30,48 | 188,9 | 33,44 | 6290 | 8343 [ 3,178
F2 15,01 43,8 4,923 54,6 53,75 | 25,93 | 155,5 | 34,55 | 4929 | 6374 | 2,479
F3 <DL 45,1 1,893 169 67,29 | 30,36 | 186,3 | 35,83 | 3840 | 973,9 | 3,863
F4 18,94 60,4 3,651 95 61,44 25,6 162,7 | 37,14 | 5387 | 6789 | 3,232
F5 53,76 41,8 6,173 48,9 59,23 | 25,03 | 172,7 | 24,32 | 4358 704 2,569
F6 19,62 50,5 5,458 163 64,73 | 31,32 | 172,2 | 30,14 | 4297 | 729,7 | 3,011
F7 20,83 55,7 5,906 92,3 63,55 | 31,83 | 195,6 | 30,94 | 2499 | 722,4 | 3,276
F8-1 27,51 45,6 5,53 32,2 52,36 | 24,97 181 32,4 4049 | 686,1 | 2,619
F8-2 18,41 39,7 6,382 29,1 62,3 22,71 171,8 | 33,12 | 4701 392,6 | 2,525
F8-3 24,49 45,9 6,408 37,1 58,99 | 24,66 177 39,15 | 5860 | 6852 | 2,595
F9-1 20,89 51 5,983 55,1 68,12 | 30,61 | 224,5 | 49,53 | 4744 757 3,159
F9-2 91,15 49,7 7,19 49,3 56,87 | 25,68 | 212,6 | 38,76 | 6238 | 700,5 [ 2,909
F10 12,34 40,8 7,15 51,6 57,64 | 19,02 | 147,6 | 35,88 | 5083 | 752,6 | 2,985
F11-1 | 12,33 41,5 8,405 38,8 59,66 | 20,25 | 151,7 | 34,29 | 3367 | 7164 | 2,723
F11-2 | 19,18 42 9,657 25 52,28 | 19,32 | 174,1 | 3898 | 4949 | 689,7 | 2,558
254 C.U. Miih. Fak. Dergisi, 39(1), Mart 2024
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F12 35,25 48,9 9,375 103 60,87 | 20,37 167 31,77 5412 862,6 | 3,248
F13 27,1 56,5 9,777 29,7 48,09 12,77 1284 | 2542 5484 7248 | 2,296
F14 | 35,48 44 8,671 | 99,6 | 47,97 | 1491 | 1413 | 3439 | 6150 | 800,8 | 2,968
F15 41,2 56,6 10,62 31,1 56,7 15,28 126,5 37,19 5265 550,7 | 2,283
Fl6 <DL 59,5 10,09 43,4 100,1 33,66 1314 | 3237 3470 692,3 2,158
F17 18,48 62,7 11,79 62,1 58,56 19,65 162 33,08 5494 593,7 | 2,668
F18 4,625 68,9 12,2 26 42,79 14,34 144,5 27,99 4456 587,1 2,019
F19 | 18,38 | 76,1 | 11,92 | 822 | 80,17 | 22,79 | 182,5 | 34,71 | 5660 | 618,1 | 3,058
F20-1 32,25 73,6 12,27 32,9 60,37 13,46 156,5 26,97 4706 6149 | 2,423
F20-2 <DL 81,4 12,95 34,7 37,72 10,77 1444 | 36,51 5930 650,2 1,924
F20-3 | 32,24 66,8 12,89 53,1 51,19 16,86 1774 | 41,34 6194 633,5 | 2,817
F21 31,27 75,4 12,04 36,1 66,85 17,04 150,1 35,8 5443 664,6 | 2,143
F22-1 | 0,049 | 763 | 12,61 171 | 72,43 | 24,81 | 226,6 | 45,66 | 5084 | 6204 | 4,173
F22-2 5,349 88,2 12,16 135 74,54 23,17 236,5 44,01 3691 626,2 4,16
F23-1 | 45,62 97,2 11,95 138 71,52 | 23,38 | 2244 | 45,01 5769 632,9 | 3,965
F23-2 | 3,448 91,3 12,35 217 81,54 | 21,97 | 221,8 | 47,99 6435 631,1 3,884
F24-1 | 4994 | 107 | 12,39 94 85 27,79 | 2532 | 5027 | 3287 | 7802 | 3,728
F24-2 | 1738 | 119 | 12,68 | 48,1 | 51,39 | 1536 | 180,8 | 41,43 | 6564 | 6685 | 2,624
F25 40,07 115 12,88 78,6 83,28 | 26,27 | 216,3 | 45,13 6465 726,2 | 3,019
F26-1 23,44 155 14,18 127 76,6 26,58 | 246,5 | 4643 2967 7249 | 3,842
F26-2 19,15 126 14,11 145 74,54 | 25,84 | 2375 42,5 4190 700,2 | 3,869
F27 0,268 123 11,94 166 76,6 32,28 227 47,74 6132 7917,5 3,508
F28 33,36 134 7,972 136 66,92 22,08 202,5 43,27 5592 868,4 3,37
F29 9,452 142 11,55 16,6 51,8 8,733 114,4 | 44,06 2769 410,4 1,655
Kadmiyum (Cd) Nikel (Ni)

Kadmiyum (Cd) elementinin analiz sonuglart
igerisinde en yiiksek deger 14,18 ppm, en diisik
degeri 3,48 ppm ve ortalama kadminyum degeri ise
9,47ppm olarak belirlenmistir (Cizelge 3). Tim
degerler standartlarin {izerinde olup, topraklarda
kadmiyum elementi acisindan kirlilik
bulunmaktadir. Calisma alaninda en yiiksek
kadminyum degerleri Sagkaya kdyii ¢evresinde
dagilim gostermektedir (Sekil 6).

Sekil 6. Cd element dagilim haritas1 (Arcgis-10.8)

C.U. Miih. Fak. Dergisi, 39(1), Mart 2024

Nikel elementi analiz sonuglarina gore en yiiksek
Ni degeri 253,2 ppm, en diigiik degeri 114,4 ppm
ve biitiin degerlerin ortalamas1 181,38 ppm olarak
tespit edilmistir (Cizelge 3).

Agir metal toprak kirliligi element analiz sonuglari
icerisinde en fazla kirlilik oranma sahip elementin
Nikel (Ni) oldugu tespit edilmistir. Calisma alani
topraklarindaki Ni elementinin dagilim haritasi
Sekil 7°de verilmistir (Arcgis-10.8).

alan1  topraklarindaki ~ Ni
(Arcgis-

Sekil 7. Calisma
elementinin dagilim haritas1
10.8).
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3.2. Zenginlesme Faktorii (Ef)

Caligma alaninin antropojen kaynakli agir metal
miktarlarinin  etkisini  degerlendirebilmek icin
yapilan hesaplamalar sonucunda; Imamoglu,
Dilekkaya ve Mercimek bdlgelerinin zenginlesme
faktori (Ef) degerleri: Zn (2,47-0,86); Mn (1,27—
0,55), Cu (1,92-0,62) Cr (2,13-0,37), Al (0,12-
0,31), As (0,76-0,19) ve Hg elementi (0,67-0,0 )
icin minimal zenginlesme olarak belirlenmistir. Ni
(7,06-4,48); Co (2,47-7,10), Pb (1,29-9,47)
elementleri i¢in orta zenginlesme; Cd (37,22-2,61)
elementi i¢in c¢ok yiiksek zenginlesme oranlari
saptanmustir (Cizelge 4).

Her element i¢in ayr1 ayr1 zenginlesme faktori (Ef)
dagilim haritas1 hazirlanmistir (Sekil 8). Dagilim
haritasinda Al ve Cr bolgenin kuzey ve kuzeye
yakin kesimlerinde; Mn, As, Cu ve Zn giiney
kesimlerde; Pb, Cd ve Co elementleri bati
kesimlerde; Hg elementi daha ¢ok bdlgenin orta
kesimlerinde ve Ni elementi ise c¢aligma alaninin
dogu kesimlerinde Ef degerleri agisindan daha
yiiksek oldugu gozlemlenmistir (Sekil 8).

4. SONUCLAR VE TARTISMA

Imamoglu, Dilekkaya ve Mercimek bdlgeleri
arasinda bulunan toprak drnekleri lizerinde As, Hg,
Ni, Cd, Co, Cr, Pb, Zn, Fe, Mn, Al element analiz
caligmalari yapilmistir. Bu amag dogrultusunda; 29
noktadan 39 adet Ornek alimi yapilmistir. Analiz
sonuglart Diinya saglik orgiiti ve Diinya Tarim
orgiitiiniin kirlilik sinir (WHO-FAO) standartlari ile
kargilagtirilarak kirlilik olusturup olusturmadigi ve
element birikimleri hakkinda bilgi edinilmistir. Bu
sonuglara gore:

Nikelin topraklarda bulunmasmin ana kaynagi
diinyanin merkezinde yer alan ergimis Fe-Ni
cekirdegidir[7]. Ofiyolitik kokenli kayaglarin
ayrismasina bagli olarak olusan Serpantinlesmis
kayaglarin bolge ¢evresinde var olmasi da nikelin
bir diger kaynagidir [8]. Kaynak kayacin igerdigi
nikel miktarinin, ayrisarak topraga karistig1 ve buna
bagli olarakta topraklardaki nikel oranini artirdigi
dogrudan bilinmektedir [9-10]. Ayrica endiistriyel
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faliyetlere bagli olarak meydana gelen antropojenik
kdokenli, kirleticiler de (komiir ve yag yakilmast ile
cevreye yayilan dumanlar) daha fazla ve daha hizli
iirin almak i¢in yapilan tarim faaliyetlere bagl
olarak kullanilan fosfat giibreleri ve petrol tiirevi
kullanan motorlu tasitlardan c¢evreye yayilan
emisyonun atmosfer yoluyla topraklara karismasi
da nikel miktarin1 arttirmaktadir [8]. Genel olarak

topraktaki yiiksek nikel oranma etki edecek
etkenlerin  kiimiilatif toplamlar1 g6z Oniinde
bulunduruldugunda calisma alaninin

kuzeybatisinda ofiyolitik kayaclarin yilizeylenmesi
ve tarimsal faaliyetlerden kaynaklanmaktadir.

Kursun, endiistriyel faaliyetlere bagli c¢evre
kirleticisi olarak agir metal kirleticilerin ilk
sirasinda yer almaktadir. Kursunun topraktaki
oranin artmasinda insan kaynakli etkiler dogal
kaynakli etkilere gore oldukga yiiksektir. Akaryakit
olarak petrol kullanimi topraklardaki kursunun
dogal emisyonunu arttirmaktadir [11].

Omekleme vyapilan calisma alaninm  ulasim
giizergahma yakin yerlerinden alinan topraklarda
kursun degerlerinin yiiksek ¢ikmasinda aktif arag
trafigine bagl kursun salinimindan kaynaklandigi
ongoriilmektedir. Kursun elementine fazla maruz
kalmak insanda; norolojik, zeka/IQ (cocuk),
kansizlik hipertansiyon gibi hastaliklara neden
olmaktadir

Tarimsal verim artirict olarak kullanilan fosfatl
giibre cesitleri topraklardaki Cd miktarini arttiran
en onemli kaynak olarak belirlenmistir. Fosforlu
giibre kullanilmasi, topragin A horizonunda
zehirleyici  yogunlugunu artirmaktadir[8]. En
yiiksek Cd kirligi ilk 15-20 cm lik derinlikte
yogunlasmaktadir [10].

Calisma alanindan alinan topraklarda yogun
tarimsal faaliyet yapildigi ve Cd degerlerinin
yiiksek olmast kullanilan giibrelerden dolay1
meydana geldigi diisiiniilmektedir. Insan saglig
acisindan Kadmiyum fazlaligi mesane, bobrek,
akciger, hipertansiyon, kalp-damar ve norolojik
degisimlere neden olmaktadir.
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Cizelge 4. Calisma alaninin zenginlesme faktorii (Ef) degerleri

EF Zn Mn Cu Ni Co Cd Cr Pb Al As Hg
F1 1.04 0.99 1.18 5.59 2.81 5.85 0.97 1.70 | 0.22 0.49 0.26
F2 1.16 0.97 1.29 5.90 3.72 10.59 0.84 1.95 0.26 0.49 0.19
F3 0.93 0.95 0.97 4.54 2.47 2.61 1.67 1.29 | 0.31 0.24 -

F4 1.01 0.79 0.97 4.74 3.06 6.02 1.12 2.06 | 0.28 0.41 0.19
F5 1.23 1.03 1.20 6.33 2.52 12.82 0.73 1.80 | 0.19 0.42 0.67
F6 1.15 0.91 1.28 5.38 2.67 9.67 2.06 1.85 0.28 0.35 0.21
F7 1.03 0.83 1.20 5.62 2.52 9.61 1.07 1.88 0.25 0.19 0.20
F8-1 1.07 0.99 1.17 6.50 3.30 11.26 0.47 1.92 0.18 0.38 0.34
F8-2 1.32 0.59 1.11 6.40 3.50 13.48 0.44 1.73 0.16 0.46 0.23
F8-3 1.21 0.99 1.17 6.42 4.02 13.17 0.54 1.95 0.17 0.56 0.30
F9-1 1.15 0.90 1.19 6.69 4.18 10.10 0.66 1.78 0.19 0.37 0.21
F9-2 1.04 0.91 1.09 6.88 3.55 13.18 0.65 1.89 | 0.17 0.53 -

F10 1.03 0.95 0.78 4.65 3.21 12.77 0.66 1.51 0.27 0.42 0.13

F11-1 1.17 0.99 0.92 5.24 3.36 16.46 0.54 1.68 0.27 0.30 0.14
F11-2 1.09 1.02 0.93 6.41 4.06 20.13 0.37 1.81 0.23 0.48 0.24

F12 1.00 1.00 0.77 4.84 2.61 15.39 1.21 1.66 0.15 0.41 0.35
F13 1.12 1.19 0.68 5.26 2.95 22.71 0.49 2.72 0.13 0.59 0.38
F14 0.86 1.02 0.62 4.48 3.09 15.58 1.28 1.64 0.14 0.51 0.38
F15 1.32 0.91 0.82 5.22 434 24.81 0.52 2.74 0.12 0.57 0.58
F16 2.47 1.21 1.92 5.73 4.00 24.94 0.77 3.04 0.12 0.40 NA
F17 1.17 0.84 0.91 5.71 3.31 23.57 0.89 2.59 0.12 0.51 0.22
F18 1.13 1.09 0.87 6.74 3.70 32.23 0.49 3.77 0.22 0.54 0.07
F19 1.40 0.76 0.92 5.62 3.03 20.79 1.02 2.75 0.22 0.46 0.19

F20-1 1.33 0.96 0.68 6.08 2.97 27.01 0.52 3.35 0.19 0.48 0.43
F20-2 1.05 1.27 0.69 7.06 5.06 35.90 0.69 4.67 0.20 0.76 -
F20-3 0.97 0.85 0.74 593 3.91 24.40 0.72 2.62 0.19 0.54 0.37
F21 1.66 1.17 0.98 6.59 4.45 29.96 0.64 3.88 0.18 0.63 0.47
F22-1 0.93 0.56 0.73 5.11 2.92 16.12 1.56 2.02 0.20 0.30 0.00
F22-2 0.96 0.57 0.69 5.35 2.82 15.59 1.24 2.34 0.20 0.22 0.04
F23-1 0.96 0.60 0.73 533 3.03 16.07 1.33 2.71 0.21 0.36 0.37
F23-2 1.12 0.61 0.70 5.37 3.29 16.96 2.13 2.59 0.19 0.41 0.03
F24-1 1.22 0.79 0.92 6.39 3.60 17.73 0.96 3.17 0.16 0.22 0.43
F24-2 1.04 0.96 0.72 6.48 4.21 25.77 0.70 5.00 0.12 0.62 0.21
F25 1.47 0.91 1.07 6.74 3.99 22.75 0.99 4.20 0.15 0.53 0.42
F26-1 1.06 0.71 0.85 6.04 3.22 19.68 1.26 3.30 0.20 0.19 0.20
F26-2 1.03 0.68 0.82 5.78 2.93 19.45 1.43 3.59 0.18 0.27 0.16

F27 1.16 0.86 1.13 6.09 3.63 18.15 1.80 3.87 0.18 0.43 0.00
F28 1.06 0.97 0.81 5.66 3.42 12.62 1.54 439 0.19 0.41 0.32
F29 1.67 0.93 0.65 6.51 7.10 37.22 0.38 9.47 0.15 0.41 0.18
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Sun

Sekil 8. imamoglu, Dilekkaya ve Mercimek bolgesinden alian topraklardaki elementlerin Zenginlesme

Faktorii (Ef) dagilim haritasi

Mafik-Ultramafik kayaglardan ve 6zellikle ayrigma
sonucu meydana gelen serpantinlerden tiireyen
topraklarda yliksek miktarlarda krom
bulunmaktadir[12]. Bir diger krom kirlilik etmeni
ise endiistriyel faaliyetler, foseptik giderleri ve
toprak zenginlestirme yontemleridir [7]. Alinan
toprak oOrneklerinin birgogunda krom degerlerinin
yiikksek c¢ikmasinin sebebi bolge topraklarinin,
ofiyolit kokenli olmasindan kaynakli oldugu
diisiiniilmektedir. Krom elementinin fazla alimi

bobrek, karaciger, akciger hastaliklarina yol
acmaktadir.
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Abstract

The management of the "arc" has an important place in welding methods made with electric discharge and
in cases where the arc is not managed correctly, important technical and environmental problems may
occur. Vaporizing foil actuator welding (VFAW) is a novel welding method developed particularly for
joining metals and operates on the principle of electrical discharge. This study describes the welding
prototype of vaporizing foil actuator welding and outlines technical changes made during the increase in
energy levels. The locations, causes, preventive interventions, and solution proposals for arc problems
occurring during the welding process are addressed. Welding operations must be carried out safely and
comprehensively. Alongside the welding method, potential safety issues should be identified. Necessary
precautions must be taken before, during, and after welding. The safety of the welding method can be
ensured by eliminating specific risks.

Keywords: Solid state welding, Vaporizing foil actuator welding, Arc, Welding safety
Buharlastirilmis Folyo Aktiiator Kaynag Ark Problemleri ve Onlemleri
Oz

Elektrik desarj1 ile yapilan kaynak metotlarinda “ark”in yonetilmesi 6nemli bir yere sahiptir ve ark dogru
yonetilemedigi durumlarda dnemli teknik ve gevresel problemler meydana gelmektedir. Buharlastiriimis
folyo aktiiator kaynagi, 6zellikle metallerin birlestirilmesi i¢in gelistirilmis yeni bir kaynak yontemidir ve
elektrik desarj1 prensibi ile galisir. Bu galigmada, imal edilen buharlastirilmis folyo aktiiator kaynaginin,
kaynak prototipi anlatilmakta ve enerji seviyesinde artirima gidilirken yapilan teknik degisiklikler ortaya
konulmaktadir. Kaynak yontemi uygulanirken meydana gelen ark problemlerinin yerlerine, nedenlerine,
Onleyici miidahalelere ve ¢oziim Onerilerine yer verilmistir. Bir kaynak islemi gerceklestirilirken giivenle
yapilmasi ve biitiinciil olarak ele alimmasi gerekmektedir. Kaynak yontemi ile beraber, giivenlik
problemlerinin hangi noktalarda olusabilecegi ortaya konulmalidir. Gereken tedbirler kaynak oncesi,

*Sorumlu yazar (Corresponding Author): Ganime Tugba ONDER, gercoskun@cu.edu.tr
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kaynak sirasinda ve kaynak sonrasinda mutlaka alinmalidir. Kaynak yonteminin giivenligi, belirli risklerin

ortadan kaldirilmasi ile miimkiin kilinabilir.

Anahtar Kelimeler: Kati hal kaynagi, Buharlastirilmis folyo aktiiator kaynagi, Ark, Kaynak giivenligi

1. INTRODUCTION

An electric arc occurs when current flows between
two conductors, this is especially observed when
metals form a short gap [1,2]. A short electrical
pulse and simultaneous application of pressure
cause high-speed deformation of the contact zone
[3]. Magnetic Pulse Welding (MPW) technologies,
can create a shaping in the weld area, as well as
cause undesirable deformations in a manufacturing
process that cannot be carried out correctly.

Target

Standoff

Flyer

Figure 1. VFAW Basic System Components

Vaporizing foil actuator welding (VFAW) is a new
solid-state welding technology making uses the
impulse created by the vaporization of the metallic
foil or wire by the passage of a high current [4-6]. It
belongs to the magnetic pulse source family [7,8].
In this process, an aluminum foil is placed over the
flyer sheet to generate the kinetic energy for impact.
A pulse of electric current generated by a capacitor
bank is applied to the foil. As a result, the active
region of the foil evaporates rapidly and the
resulting expanding gas hurls the flyer toward the
target plate at high speed [9,10]. VFA technology is
used to join metals such as Al-Fe, Al-Mg, Al-Cu,
Al-Ti and has an open horizon [5,11-14]. Figure 1
shows the basic application stack for the VFAW
technique. Each superimposed element also creates
the basic system parameters for VFAW.

It is impossible to completely prevent arcing in
electrical systems. However, with precise
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identification of all elements of the system and
operating conditions, it can be minimized or kept
within a safe range. This study aims to make a
welding machine prototype to realize VFAW, a new
welding technique in the manufacturing field, and
to contribute to the technique through this
prototype.

For this, possible locations of arc problems, which
is an important event on the prototype, were
determined and preventive suggestions were made.

2. EXPERIMENTAL METHOD

In the present study, 0.1 mm thick high-purity
aluminum alloy and 0.7 mm thick 1050 aluminum
alloy were selected as weld metals. Samples
measuring 50 mm x 50 mm for both flyer and target
were sanded, cleaned with acetone, and dried before
welding. The material used as a standoff is two
support elements measuring 10 mm x 50 mm.

A three-phase power unit is used to convert AC
current to DC current and transfer energy to a
capacitor bank called a capacitor module. Gradual
charging is based on the capacitors in order to avoid
damage and to have a longer life. Pneumatic
switches are switches and fasteners used to convert
pneumatic energy into mechanical energy. There
are two pistons on the system, these elements are
remotely controlled by means of a directional
control valve. Pneumatic power was provided by a
2.5 HP-8 bar air compressor. To control the
discharge process between the capacitor bank of a
double-acting pneumatic piston with a diameter of
40 mm and a stroke length of 300 mm and the
fixture terminals (piston 1); On the other hand, the
pneumatic piston (piston 2) with a stroke length of
25 diameters 100 mm was used to control the
process of directing the energy remaining on the
system to the grounding line after the welding
process. Capacitors are connected to the grounding
line via the second pneumatic switch after discharge
(Figure 2).
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The fixture is a protection and support zone that
holds the basic system elements together. It also
minimizes workpiece deformation due to clamping
and cutting forces [15]. Fixtures have been specially
designed and manufactured for this study. While
designing the fixture, attention was paid to allowing
different sizes of materials to be welded and to
remain balanced on the pedestal. Here, a
preliminary design suitable for the welding method,
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geometric and strength analysis, project design, and
then manufacturing comes [16-18].

In order to protect the welding process, system
elements, welding personnel, and the environment
from dangerous voltages, grounding is performed.
This stage is one of the most important steps for the
operation of electrical systems [19,20].

Capasitor| | module
T n | 7 ] (e
_ Fisure MfolO0006 Fisue
i piston1 L ek | piston1 Lk
t & i +
q:istonl B g
T Pedestal
T
|
I 1] piston2
= Grounding i = Pedestal
|
|+
= Grounding

=4

Compressor

Valve 1 . ‘!
y 'ha—-‘.'f“
Explosion . i

Button e
Compressor

Figure 2. Reinforcement of the VFAW prototype
Table 1. Capacitor specifications
R L C Nominal short
Capacitor Impedance Internal Capacitance circui.t current rise \1/\(/)[12};;: ?12%/6) ga;g; ?11%;:
Q) inductance (H) | (F) time (us)
0.01 0.00000002 0.010 6.55 0.045 1.0125

The number of capacitors has been increased in
order to increase the efficiency of the aluminum foil
used as the actuator on the materials to perform the
welding and to work in a wider range. By adding 4
more DC capacitors, which were used 2 at the
beginning, the number was increased to 6, thus
strengthening the input energy conditions of the
welding prototype (Figure 2). The characteristics of
the capacitors used during the experiments are
given in Table 1.
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Metal samples were welded at variable power
settings at an energy input ranging between 2 kJ and
6 kJ. Welded samples were examined in SEM
analysis.

3. RESULTS AND DISCUSSIONS

An arc can occur when one piece of metal collides
with or makes electrical contact with another. Arc
problems that may occur during applications
include negative aspects for all components,
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especially welding metals and capacitors, as well as
for the environment. Due to arc formation and
splashes, the entire system and its physical
environment should be kept at a safe distance, and
materials (cloth, plastic, chemical liquids, cleaning
fluids, oil, cleaning cotton/cloths, etc.) that are at
risk of burning and explosion should never be kept
in the same environment as the test area. Both
capacitors and all other components carrying
electricity should be physically and electrically
avoided.

As a result of the risk analysis, it is clear that the
VFAW technique is in the dangerous risk group,

especially due to electrical phenomena [21]. At the
point where an arc occurs, it causes both energy loss
and material damage and burning. For this reason,
arc formation is an undesirable and problematic
situation in the VFAW process [22]. The measure
taken for each port is different from the other.
Below are the six regions where arcing occurs most
frequently on the prototype created for VFAW, and
the causes, preventive interventions, and solution
suggestions for these situations. These regions will
be detailed over the technical changes made when
the number of capacitors is increased from two to
six

Figure 3. 1st Arc-Zone

The 1st region; these are the connection points of
the capacitor + and — terminals with the copper
busbar. It is important that the detachable
connection is not loose in the use of screws and
washers that connect the capacitor terminals with
the busbar. It is necessary to pay attention to the fact
that the connection points are properly tightened so
as not to cause arcing [23,24].

The copper busbars, which are 20 mm x 3 mm for

two 450 V capacitors on the prototype (Figure 3a),
which collect and distribute the electrical energy,

264

are strengthened with 40 mm x 4 mm wide and thick
copper bars (Figure 3b) when the number of
capacitors is increased to 6. The strengthening
process should be done according to the current
carrying capacity of copper busbars. In addition, a
plastic insulation material is used vertically in order
to solve the arc jump problem between the + -
terminals that are close to each other (Figure 3b).
The + and - terminals, which are in the case of two
conductor ends, the electric current transition that
occurs spontaneously with the ionization of the air,
is thus prevented.
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Figure 4. 2nd Arc-Zone

The 2nd region; copper busbar and cable
connection points. Thin-section transmission cables
used for the two-capacitor prototype were replaced
with thick voltage cables in the six-capacitor
application (Figure 4a,b). In addition, the energy
load carrying area has been increased by laying all
single-line voltage cables in the copper busbar-

Figurer 5. 3rd Arc-Zone

The 3rd region; is the switch connection between
the movable copper busbar on the piston and the
fixed busbar. The copper bar at this point has been
replaced with a thick and wide one (Figure 5a,b).
The fixed copper piece is protected from flexing
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terminal connection points in the double-line form.
All connection points were checked more

frequently to prevent dissolution (Figure 4c,d).
Proper grounding on a system is critical for the safe
and sound operation of the system [22,25,26]. The
system and basic elements are
grounding.

secured by

during impact by an L-shaped support plate (Figure
5¢). In addition, if there is a need for contact points
between each experiment, they were mechanically
leveled and the surface was cleaned with liquid
chemicals to be free from the oxide layer [27-29].
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Acetone was used for all surface cleaning processes.
In this way, surface irregularities that may occur
due to deformation are prevented from creating
arcing problems.

The 4th region; is at the point where the foil inlets
and outlets are in the fixture area. Here the distance
from the terminal is made as protected as possible
[30-33]. The importance of insulation is obvious
during the experiments with both two capacitors
and six capacitors. The tape used for this situation;
should be usable in electrical and thermal insulation
[6]. In order to protect the welding materials, which
may be affected by the arc heat and the

instantaneous pressure of the jet formed during
VFAW, the insulating tape was used in a wider area
not only between the fixtures (Figure 6a) but also in
the area between the fixture and the copper
terminals (Figure 6b).

The 5th region; is the distance between the fixture
bodies and the copper bars. Here, the frontal
surfaces of the fixtures, especially those facing the
copper bars, should be protected with insulation
tape (Figure 7). Especially since the efficiency
increases at the voltage value where six capacitors
are used, arc jump problems are more common. For
this reason, distance and insulation are also
important at these points.

Figure 6. 4th Arc-Zone

Figure 7. 5th Arc-Zone

The 6th zone; is the contact point of the foil
actuator with the copper busbar. In this region, thin
copper pressure plates have been replaced with
thick ones to ensure full and gapless contact with
the foil actuator (Figure 8). In this way, full contact
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with the aluminum foil, which is a thin conductor,
can be ensured and arcing is prevented by creating
a gap between the two metals during electrical
energy transmission.
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Figure 8. 6th Arc-Zone

4. CONCLUSION

Arc

inevitable
precautions are not taken at the six arc points

problems are if necessary
determined on the DC capacitor prototype
manufactured to improve the VFAW welding
technique. Each case was determined as a result of
many trials on the prototype. In addition to the
stated precautions of the six arc points, it is also
important that all connections are dry and clean, and
that the surface roughness, if any, is leveled in order
to prevent arc problems. Surface roughness, which
may occur during the energy transfer between the
contact surfaces, will lead to the unexpected
conclusion of the welding process. As with all
welding technologies, it is essential to keep the
entire system under surveillance before, during, and
after the experiment.
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All of the above-mentioned arrangements must be
taken into account in order for the detonation event
to occur in the active region on the foil actuator,
which is the weakest point, as it should be.
Otherwise, the discharge process will take place at
the weakest point and this will damage the system
components and the environment. In addition, it
will cause the loss of stored energy and the
deformation of consumables. Safe and accident-free
welding is possible for VFAW. For this, all possible
safety measures must be taken in a timely manner
for each hardware and installation material.
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Oz

Bu c¢aligma, 6 Subat 2023 Kahramanmaras Pazarcik (My=7.7) ve Kahramanmaras Elbistan (My=7.6)
depremlerinin, depremlerden etkilenen yap1 stokunun {izerindeki etkilerini incelemeyi amaglamistir. Bu
maksatla, depremlerden en ¢ok etkilenen illerden olan Hatay pilot il olarak segilmistir. Bu dogrultuda,
deprem yiiklerinin tamaminin gergevelerle tasindigt dort katli bir betonarme diizlem gergeve, binalar
temsilen ele alinmig olup, ¢ergeveyi olusturan yapisal elemanlar (kolon ve kirigler) 1968, 1975, 1998 ve
2007 Deprem Yonetmelikleri ile 1975, 1984 ve 2000 betonarme standartlarina (TS500) uygun olarak
tasarlanmistir. Ardindan; bu gercevelerin sayisal modelleri olusturulmustur. Tasarlanan binalar Hatay
ilindeki 11 farkli konumda tanimlanmistir. Hatay ilinde segilen farkli konumlar, kaydedilen yer
hareketlerinin konumlar arasi tasima iglemine tabi tutulmamasi i¢in AFAD’a bagli TADAS istasyonlariyla
ayn1 pozisyonda segilmistir. ivmedlgerlerden alman 2x11 adet kayit (Dogu-Bat1 ve Kuzey-Giiney Yatay
Bilesenleri) ayr1 ayri uygulanirken kaydedilen diisey ivmelerde numerik analizlerde dikkate alinmigtir. Her
bir bina tipi i¢in segilen 11 farkli konum ve dogrultu dikkate alinarak, dogrusal olmayan zaman tanim
alaninda analizler yapilmistir. Caligma kapsaminda toplam 88 adet farkli bina tasarimi ve deprem senaryosu
i¢in, sismik performanslar elde edilmistir. Sonuglar incelendiginde, {ilkemizde ge¢mis yillarda kullanilmis
olan tasarim ve deprem yonetmeliklerine uygun olarak tasarlanmig betonarme ¢ergeveli orta yiikseklikteki
binalarin sismik dayanimlarinin Kahramanmaras merkezli depremlerde yetersiz kaldigimi ve gd¢me
durumunun dnlenmesinin miimkiin olmadigin ortaya koymustur.

Anahtar Kelimeler: Deprem, Betonarme, Bina tasarimi, Sismik dayanim

A Retrospective View on Earthquake Resistant Design of Reinforced Concrete
Frame Structures in Tiirkiye

Abstract

This study aims to investigate the effects of the February 6, 2023 Kahramanmarag Pazarcik (Mw=7.7) and
Kahramanmaras Elbistan (Mw=7.6) earthquakes on the affected building stock. For this purpose, Hatay,
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one of the most affected provinces by these earthquakes, was selected as the pilot province. Accordingly, a
four-story reinforced concrete frame, where all seismic loads are carried by the frames, was considered to
represent the buildings. The structural elements (columns and beams) forming the frame were designed in
accordance with the 1968, 1975, 1998, and 2007 Earthquake Regulations, as well as the 1975, 1984, and
2000 reinforced concrete standards (TS500). Subsequently, numerical models of these frames were created.
The designed buildings were defined at 11 different locations in Hatay province. The different locations
selected in Hatay province were chosen in the same positions as the TADAS stations affiliated with AFAD
to avoid the process of transferring recorded ground motions between locations. A total of 2x11 records
(East-West and North-South Horizontal Components) obtained from accelerometers were individually
applied, while the recorded vertical accelerations were considered in the numerical analyses. Nonlinear
time history analyses were performed considering the 11 different positions and directions for each building
type. Within the scope of this study, seismic performances were obtained for a total of 88 different building
designs and earthquake scenarios. The results indicate that medium-rise reinforced concrete frame buildings
designed in accordance with the design and earthquake regulations used in the past years in our country are
inadequate in terms of seismic resistance during earthquakes centered in Kahramanmaras and the collapse
cannot be prevented.

Keywords: Earthquake, Reinforced concrete, Structural design, Seismic performance
sarsintt  kaydedilmistir. 20 Mart 2023 tarihi

itibariyle yaklagik 255.000 binanin hasar aldigi
veya yikilmig oldugu ifade edilmis, 50 binin

1. GIRIS

06 Subat 2023 tarihinde saat 04:17°de Dogu

Anadolu Fay Zonu (DAFZ) iizerinde merkez iissii
Kahramanmaras Pazarcik olan biiyiik bir deprem
meydana gelmistir. Depremin moment biiyiiklik
(My) cinsinden biyiikliigi Afet ve Acil Durum
Yonetimi Baskanligi (AFAD) tarafindan 7.7 olarak
aciklanmigtir (Enlem: 37.288 N, Boylam: 37.043
E). Ik verilere gore depremin derinligi yaklasik 8.6
km olarak belirlenmistir [1]. Depremin en yakin
yerlesim birimi olan Kahramanmaras ilinin
Pazarcik ilgesine bagli Akdemir koyiline uzakligi
2.72 km'dir [1]. ilk depremden yaklasik olarak alt1
saat sonra saat 13:24’de Dogu Anadolu Fay Zonu
lizerinde merkez issii Kahramanmaras Elbistan
olan bagimsiz biiylik bir deprem daha meydana
gelmistir. Depremin moment biiyliklik (My)
cinsinden biiylikliigii AFAD tarafindan 7.6 olarak
aciklanmistir (Enlem: 38.089 N, Boylam: 37.239
E). Ik verilere gore depremin derinligi yaklasik 7.6
km olarak belirlenmistir. Depremin en yakin
yerlesim birimi olan Kahramanmaras ilinin Elbistan
ilcesine bagli Giimiisdéven koyline uzakligi 1.70
km'dir [1].

AFAD Deprem dairesi verilerine gore [2] 6 Subat —
19 Mart 2023 tarihleri arasinda deprem biiyiikligii
olarak 6’dan biiyiik 3 adet, 5’ten biiyiik 44 adet ve
4’ten biiyiik 510 adet olmak flizere binlerce artci
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iizerinde vatandasimizin vefat ettigi ve 107.000’den
fazla yarali vatandagimizin oldugu belirtilmistir.

6 Subat 2023'te Kahramanmaras'ta meydana gelen
depremler; Adana, Adiyaman, Diyarbakir, Elaz1g,
Gaziantep, Hatay, Kahramanmaras, Kilis, Malatya,
Osmaniye ve Sanliurfa gibi birgok ili etkileyerek
altyapi1 ve binalarda 6nemli hasara yol agmis ve ¢ok
sayida can kaybina neden olmustur. Depremlerde
kaydedilen en biiyiikk yer ivmeleri Hatay,
Kahramanmaras ve Gaziantep illerindedir [1].

Ulkemizde deprem yonetmelikleri sirasiyla 1940,
1944, 1949, 1953, 1962, 1968, 1975, 1998, 2007 ve
2018 yillarinda; Betonarme Yapilarin Hesap ve
Yapim Kurallar1 (TS 500) ise 1969, 1970, 1971,
1972, 1973, 1975, 1984 ve 2000’de yayinlanmistir
[3]. 1984’ten Onceki betonarme standartlarinda
elastik teori kullanilmis olup, 1984’te yayinlanan
standartla beraber donemin bilimsel gelismelerine
paralel olarak [4] tasima giicii teorisine gecilmistir.
Yapr gilivenligi i¢in deterministik yontem terk
edilerek, yari-olasiliksal ¢agdas yap1 giivenligi
benimsenmistir [5,6]. 6 Subat 2023
Kahramanmaras Pazarcik Myw=7.7) ve
Kahramanmaras Elbistan (M,,=7.6) depremlerinden
etkilenen bolgelerdeki yapi stokunun biiylik bir
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kismimni olusturan binalarin bu yonetmelikler
uyarinca tasarlandiklari agiktir. Bu bakimdan yakin
zamanda yasadigimiz bu yikict depremlerin
etkilerinin ve sonuglarinin gegmise yonelik bir
bakis acisiyla teorik diizlemde de incelenmesi
biiyiik bir 6nem arz etmektedir. Bu ¢alisma 1968,
1975, 1998 ve 2007 deprem yonetmelikleri (kisaca
TDY) ile 1975, 1984 ve 2000 betonarme
standartlarina (kisaca TS500) wuygun olarak
tasarlanmis ve deprem yiiklerinin tamaminin

gercevelerle tagindigi binalarin sismik
yeterliliklerini Hatay bolgesindeki 11 ivme
Olcerlerden alman kayitlarin Ozelinde

degerlendirmeyi amaglamaktadir.

Literatiirde, Oztiirk, tarafindan yapilan bir baska
calismada, ¢ farkli tasarima sahip
(1. 1953 Betonarme-1961 Deprem Y onetmeligi,
ii. 1967 Betonarme-1968 Deprem Yonetmeligi ve
iii. 1975 Betonarme-1975 Deprem Y 6netmeligi) iki
boyutlu g¢er¢eve tasiyict sistemin, TDY2007
sartnamesine gore sismik performanst
irdelenmistir. Calismada, TDY2007 sartnamesine
gore 2. derece deprem bolgesinde oldugu varsayilan
bu ii¢ farkli tasarima sahip gerceve sisteme sahip
binalarin TDY2007 sartnamesindeki kriterlere gore
yapilan performans degerlendirmesi sonucunda,
Ongoriilen can giivenligi performans diizeyinde
olmadig1 6ne siiriilmiistiir [7].

Bu calismada ise 4 katli bir betonarme bina
gergevesinin TDY1968+TS500-1975 [8,9],
TDY1975+TS500-1975 [9,10], TDY 1975+TS500-
1984 [10,11], ve TDY1998&2007+TS500-
1984&2000 [11-14] yonetmelik ve standartlarina
uygun boyutlandirma ve tasarimi yapilmustir.
TDY1998 ile TDY2007’nin deprem hesabit ve
betonarme tasarim kisimlarindaki kosullar aynidir.
TS500-1984 ve TS500-2000°de ise kiiciik farklar
olup, tasarim yapilirken iki standardin kosullarina
da uyulmustur. Bilindigi {izere, TDY2007’ye,
TDY1998’de  olmayan “Mevcut Binalarin
Degerlendirilmesi ve Giiglendirilmesi” bdliimii
eklenmistir.

Literatiirde, deprem etkileri altinda hasar almis ve
giincel sartnamelerle tasarlanmis binalarin detaylari
hakkinda analizler oldukc¢a ilgi ¢ekmektedir. Bu
konuda son yillarda Kazaz ve arkadaslari tarafindan
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Kahramanmaras depremi etkisi altinda yikilmis bir
binanin neden yikildigina yonelik analizler
gergeklestirilmistir  [15].  Ayrica, Cortez ve
arkadaslar1 da sismik etkilerden kaynakli hasar
dagilimlarint numerik olarak incelemistir. Calisma
deprem ve  diger afetlerin  etkilesimini
irdelemektedir [16]. Ozturk ve arkadaslari, Maras
depremi etkisi altinda okul binalarinda gézlemlenen
hasarlart ve hasarlarin kaynaklarini incelemistir
[17]. Bu ¢aligmada perde duvar kullanilmayan okul
binalarmimn olduk¢a fazla hasar aldigi One
stirilmiistiir.

Belirtilen sartname ve standartlara uygun olarak bu
calisma kapsaminda dizayn edilmis olan gerceveler,
en yogun yikimin gergeklestigi Hatay bolgesindeki
ivmedlcerlerden alinan ivme kayitlart kullanilarak
zaman tanim alaninda dogrusal olmayan hesap
yontemine gore SAP2000 v.21 programi ile analiz
edilmistir [18]. Boyutlandirmasi ve
donatilandirilmasi yapilan ve tamamen projesine
gore insa edildigi varsayilan binalarin deprem etkisi
altinda degerlendirilmesi, Tiirkiye Bina Deprem
Yonetmeligi 2018  (TBDY2018)  kurallar
cergevesinde yapilmstir [19].

2. MATERYAL VE YONTEM

2.1. Bina Ozellikleri

Bu c¢alisma kapsaminda boyutlandirilmas: ve
donatilandirilmas1 yapilan bina Oztiirk (2009)
tarafindan yapilan yiiksek lisans tezinde dikkate
alian binanin geometrisine benzer olup, kat sayisi
ve doseme yiikleri degistirilmistir [7]. Ek olarak,
yapinin 1. Derece Deprem Bolgesi’nde insa edildigi
varsayilmistir.

Bu tipik ¢ergeve dort farkli tasarim ve deprem
yonetmeligi kombinasyonu diisiiniilerek ayri ayri
tasarlannstir. Tlgili donemlere ait yonetmeliklere
bagl olarak, TDY1968+TS500-1975,
TDY1975+TS500-1975 ve TDY1975+TS500-
1984 kombinasyonlarinda tasarlanan g¢ercevelerde
Cl14 (B160) beton ile StI (S220) donati ¢eligi
kullanilmasi; TDY1998&2007+TS500-
1984&2000’°e gore tasarlanan ¢ercevede ise C20 ve
StIIT (S420) donat1 ¢eligi kullanilmasi durumuna
gore tasarim  gerceklestirilmistir.  Betonarme
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tasarimlarin  yapilmasinda
kullanilmis  olan abak ve
faydalanilmigtir [20-25].

ilgili  donemlerde
kitaplardan da

Binanin Hatay’da Z3 zemin smifina sahip bir
arazide insa edildigi varsayillmis olup yapinin
kullanim amacinin konut oldugu distinilmiistiir.
Bina, 6’sar metrelik dort agiklikli ve yiikseklikleri
3’er metre olan, dort katli kolon ve kirislerden
olusan yerinde dokme betonarme bina olarak
tasarlanmistir.  Cergeve  dogrultusuna  dik
diizlemdeki akslar arast mesafe 4 m’dir. Calismada
binay1 temsilen dikkate alinan tipik cerceve Sekil
1’de goriilebilir. Cizelge 1°de goriilecegi iizere ele
alinan gerceve i¢in tasarim deprem ytikleri her yeni
yonetmelikte artmustir. TDY 1998 veya
TDY2007’de 6n  gorillen deprem  yiikleri
TDY1968’in iki katindan fazladir.

Yapisal bilesenlerin (kiris ve kolonlar) tasarimlari
ele aliman yonetmeliklerin ilgili maddelerindeki
kosullar gbz oOniine alinarak gergeklestirilmistir.
Kirislerin ve kolonlarmm boyutlar1 ile tasarim
sonucunda belirlenen boyuna ve enine donatilari
Cizelge 2 ile Cizelge 9 arasinda dzetlenmistir.

Belirlenen kolon ve kiris boyutlar1 ilgili
yonetmeliklerin minimum kosullarini saglamustir.

K401

K402

S201 S301 S401

S101

TDY1968+TS500-1975, TDY1975+TS500-1975,
TDY1975+TS500-1984°¢ gore yapilan
tasarimlarda elemanlarin kesit boyutlart ayni
olmasina ragmen, ilgili deprem yiiklerine bagh
olarak donati oranlart degismistir. 1984 yilinda
bugiinkii TS500 ile paralel olan betonarme tasarim
standardi yiirlirliige girdiginde kolonlardaki donati
orant, ayni deprem yonetmeligi (TDY1975) gecerli
olmasina ragmen azalmstir. Cergeveye uygulanan
deprem yiikleri yillar ilerledik¢e arttirilmistir.
TDY1998&2007+TS500-1984&2000’¢ gore
yapilan tasarimlarda dis kolonlarin kesitleri,
kuvvetli kolon-zayif kiris kosulundan dolay1
bliylimiis ve donati oranlar1 TDY1975’e gore
anlamli bir sekilde artmustir.

TDY1975 ile kiyaslandiginda ise oran 1.58
olmaktadir. Tasarim deprem yiiklerinin artmasi ile
kolon ve kiris kesit boyutlar1 ve nihayetinde
kullanilan donatilarda artiglar gdzlenmistir. Ornegin
S401 kolonu TDY 1968 ve TDY 1975’ gore 25%25
cm boyutlarina sahip olarak sirasi ile 4¢16 ve 4¢20
boyuna donatilar ile giivenli olabiliyorken, ayni
kolon 1998 ve 2007 yonetmeliklerine uyumlu
olmamaktadir. Bu yonetmeliklerde boyutlar 35x35
cm’ye, boyuna donatilar ise 8$20’ye ¢ikarildiginda
teorik anlamda deprem yiiklerini tasiyabilmektedir
(Cizelge 2,4,6 ve 8).

K403 K404

Sekil 1. Tagtyict sistem geometrisi ve kolon-kiris isimleri
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Cizelge 1. Katlara etkiyen deprem kuvvetleri

Yénetmelikler 1.Kat 2.Kat 3.Kat 4.Kat Toplam
(kN) (kN) (kN) (kN) (kN)
TDY 1968+ TS500-1975 23.6 46.7 69.0 63.4 202.7
TDY1975+TS500-1975 30.1 59.5 87.8 824 259.8
TDY1975+TS500-1984 30.1 59.5 87.8 824 259.8
TDY1998&2007+TS500-1984&2000 47.2 934 138.8 130.3 409.7

Cizelge 2. TDY 1968+TS500-1975 / Kolon tasarim §zeti

Kolonlar Kolon Boyuna donat1 Enine donat
boyutlari (cm) adedi ve capi (mm) capi ve araligi (mm)
S102-S103-S104-S202-S203-S204 45x45 818 $6/100
S101-S105-S201-S205 30x30 4025 $6/100
S3302-S303-S304 35x35 4§20 $6/100
S301-S305 30x30 4925 $6/100
S402-S403-S404 30x30 4018 $6/100
S401-S405 25x%25 4018 $6/100

Cizelge 3. TDY1968+TS500-1975 / Kiris tasarim dzeti

Kirigler Kiris Boyuna donati Enine donat1
boyutlar: (cm) adedi ve cap1 (mm) cap1 ve aralif1 (mm)
1.Kat 30x60 Ust: 4022+1d16 — Alt: 322 $6/140
2.Kat 30x60 Ust: 422+1d14 — Alt: 322 $6/140
3.Kat 30x60 Ust: 422+18 — Alt: 322 $6/140
4.Kat 20x60 Ust: 2§22 — Alt: 220 $6/140
Cizelge 4. TDY 1975+TS500-1975 / Kolon tasarim §zeti
Kolon Boyuna donati Enine donati
Kolonlar : ~
boyutlari (¢cm) adedi ve cap1 (mm) cap1 ve araligi (mm)
S5102-S103-S104-S202-S203-S204 45x45 12922 ®8/100
S101-S105-S201-S205 30x30 824 ®8/100
5302-S303-S304 35x35 822 D8/100
S301-S305 30x30 824 ®8/100
S5402-S403-S404 30x30 4§22 ®8/100
S401-5405 25x25 4§22 D®8/100

Cizelge 5. TDY 1975+TS500-1975 / Kirig tasarim 6zeti

- - Boyuna donati Enine donati
Kirigler Kiris boyutlar: (cm) adedi VZ’ capu (list ve alt) cap1 ve araligi (cm)

1.Kat 30x60 Ust: 6§22 — Alt: 322 ®8/140

2.Kat 30x60 Ust: 522+1d14 — Alt: 322 D8/140

3 Kat 30x60 Ust: 422+1¢18 — Alt: 322 D8/140

4.Kat 20x60 Ust: 320 — Alt: 2¢20 D8/140

Cizelge 6. TDY1975+TS500-1984 / Kolon tasarim dzeti

Kolonlar Kolon Boyuna donati Enine donat
boyutlari (cm) adedi ve cap1 (mm) cap1 ve araligl (mm)

S102-S103-S104-S202-S203-S204 45x45 820 ®8/100
S101-S105-S201-S205 30x30 818 ®8/100
S302-S303-S304 35x35 818 D8/100
S301-S305 30x30 818 D8/100
S402-S403-S404 30x30 4022 D8/100
S401-S405 25x25 4320 ®8/100
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Cizelge 7. TDY 1975+TS500-1984/ Kirig tasarim dzeti

- . Boyuna donati Enine donati
Kirigler Kirig boyutlar: (cm) adedi Vg’ cap (iist ve alt) cap1 ve aralifl (mm)

1.Kat 30x60 Ust: 6422 — Alt: 322 D8/140

2.Kat 30x60 Ust: 5¢22+1¢p14 — Alt: 322 D8/140

3.Kat 30x60 Ust: 4022+1¢h18 — Alt: 322 D8/140

4. Kat 20x60 Ust: 320 — Alt: 2¢22 08/140

Cizelge 8. TDY1998&2007+TS500-1984&2000 / Kolon tasarim dzeti

Kolonlar Kolon Boyuna donat Enine donati

boyutlari (cm) adedi ve cap1 (mm) cap1 ve aralifl (mm)
S102-S103-S104-S202-S203-S204 45x45 825 ®8/100 + D8 Ciroz
S101-S105-S201-S205 35x35 822 D8/100 + D8 Ciroz
S302-S303-S304 35x35 825 ®8/100 + d8 Ciroz
S301-S305 35x35 822 ®8/100 + D8 Ciroz
S402-S403-S404 35x35 824 ®8/100 + D8 Ciroz
S401-S405 35x35 8h20 ®8/100 + D8 Ciroz

Cizelge 9. TDY 1998&2007+TS500-1984&2000 / Kiris tasarim 6zeti

Kirisler Kiris Boyuna dtznatl Enine do?atl
boyutlari (¢cm) adedi ve cap (iist ve alt) cap1 ve araligi (mm)
1.Kat 30x60 Ust: 420+ 18 — Alt: 318 ®8/140
2.Kat 30x60 Ust: 420 — Alt: 3918 D8/140
3.Kat 30x60 Ust: 3b20+110 — Alt: 316 D8/140
4 Kat 20x60 Ust: 2420 — Alt: 216 D8/140

2.2. Model Detaylar:

Cergeveler 2 boyutlu olarak SAP2000 v.21
programi  ile modellenmistir.  Modellemede
kolonlar ve kirisler ilgili kesit boyutlar1 ile gubuk
eleman olarak dikkate alinmistir. Biitiin kolonlar
zemine rijit bir sekilde baglanmistir. Modellerde
bolme duvarlar dikkate alinmamustir.

Kirisler tablasiz dikdortgen kesit, kolonlar kare
kesitli ve simetrik donatili olarak tasarlanmistir. 12
cm kalinliga sahip doseme igin doseme yiikleri
normal katlarda olii yiikler g=4kN/m?, hareketli
yiikler q=2kN/m? olarak; ¢ati katinda ise 6lii yiikler
g=3.6kN/m?, hareketli yiikler g=0.75kN/m? olarak
alinmustir. Binada diizlem i¢indeki i¢ akslardaki
tim agikliklarda duvar oldugu dislinilmiis,
diizleme dik akslardaki c¢ergevelerde ise sadece en
dis akslarda duvar oldugu varsayilmistir. Duvar
yiikleri 2.5kN/m? olarak dikkate alimmustir. Katlara
etkiyen deprem yiikleri ise yonetmeliklerin ilgili
maddelerine uygun olarak hesaplanmig ve
Cizelge 1’de sunulmustur.
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2.3. Yer Hareketleri

Cergevelerin deprem performanslari zaman tanim
alaninda analizler vasitastyla belirleneceginden yer
hareketlerine ihtiya¢ duyulmaktadir. Bu ¢aligmada,
6 Subat 2023 Depremlerinde, Sekil 2°de gosterildigi
iizere, Hatay bolgesinde 11 istasyonda dogu-bati1 ve
kuzey-giiney dogrultusunda kaydedilen yatay ivme
kayitlar1 ile diisey dogrultuda kaydedilen ivme
kayitlar1  kullanilmistir  [26].  Biitlin =~ ivme
kayitlarinin tasarim ivme spektrumlari dogu-bati
yonii igin Sekil 3’te, kuzey-giiney yonii igin Sekil
4’te ve diisey dogrultu icin Sekil 5’te karsilastirmali
olarak verilmistir. Sekil 3’ten goriilecegi iizere
dogu-bati yoniinde incelenen binanin salinim
periyodunun  bulundugu aralikta  (0.2-0.4s)
gerceklesen en biiyiik spektral ivme 3129 nolu
istasyonda 4.69g, en diisiik spektral ivme ise 3124
nolu istasyonda 1.09g ile hesaplanmistir. Kuzey-
giiney dogrultusu dikkate alindiginda ise en biiyiik
spektral ivme yine 3129 nolu istasyonda 5.35g
olarak, en diisiik spektral ivme ise 3136 nolu
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istasyonda 1.08g olarak hesaplanmugtir (Sekil 4).
Sekilde ayrica istasyonlarin ortalama,
ortalama+standart sapma ve ortalama-standart
sapma grafikleri de ayrica gosterilmektedir.
Sekillerden goriilecegi tizere ilgili bolgede 2007
Deprem Yonetmeligi'nin 1.5 kat artirilmig
spektrum egrisi ile 2018 Deprem Yonetmeligi’nin
DD1 diizeyi igin belirledigi tasarim spektrumlar 11
ivme kaydinin ortalama-standart sapma degerine
karsilik  gelmektedir. DD2 diizeyi dikkate
alindiginda ise Deprem Yo6netmeliklerinin tasarim
spektrumlarinin ivme kayitlarindan elde edilen
spektrumlarin altinda oldugu belirlenmistir. 1975
Deprem Yonetmeligi’nin tasarim spektrumlarinin
hem 6 Subat 2023 Depremlerinin ivme
spektrumlarindan hem de 2007 ile 2018 Deprem
Yonetmeligi’nin tasarim spektrumlarindan ¢ok
disik oldugu gozlenmistir. Ayrica, kiyaslamak
amactyla 1995 yilinda gergeklesmis olan Kobe
Depremi’nin  kayitlari [27] da spektrumlara

eklenmis olup, Marag depremine iliskin ivme
degerlerinin biiyiikk kisminin Kobe Depremi’nde
gerceklesen degerlerden daha biiyiik oldugu ortaya
koyulmustur.

, ..- .._r ‘5!‘&;
Sekil 2. Calismada kullanilan istasyonlar
2.4. Yontem
Cergeveler Cizelge 1°de verilen yonetmelik-

standart ciftleri dikkate alinarak tasarlandiktan ve
modellendikten sonra TBDY2018 Bolim 5.7
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kurallarma gore [19] daha once belirtilen 11 adet
ivme kaydi kullanilarak zaman tanim alaninda
dogrusal olmayan yontem ile analiz edilmis ve
TBDY2018 Bolim 15 ile Bolim 5.8 kurallarina
gore her bir tasiyici elemanin deprem performans
analizleri yapilmustir.

5.0
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451 3 ——3125 ——3126
a0 41l —3129 ——3135
15 ——3136 ——3139
. —3141 ——3142
30 | ——3145 —0t.
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1.0
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Sekil 3. Dogu-Bat1 yatay deprem spektrumlari
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Sekil 5. Diisey Deprem Spektrumlari
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3. BULGULAR VE TARTISMA

Analiz sonuglari Cizelge 10-13’te 6zetlenmis, Sekil
6-9’da ise grafiksel olarak gosterilmistir. Cizelge 9
ve Sekil 6’da TDY 1968 ve TS500-1975’e gore
tasarlanmig ¢ercevenin deprem performans ozeti
her bir istasyon verisi i¢in ayri ayri verilmistir.
Sonuglar 11 istasyonda kaydedilen ivmeler dikkate
alindiginda kolonlarin  ¢ogunlugunun Goégme
bolgesinde yer aldigim1 gostermektedir. Kiris
performanslart dikkate alindiginda ise sadece 3123
nolu istasyon verisine gore Kkiriglerin %43.8°1
Gogme bolgesinde, geri kalani ise Belirgin Hasar ve
fleri Hasar bolgesinde bulunmaktadir. 6 Subat 2023
depremlerinde Hatay’da 11 istasyonda kaydedilen
ivme kayitlar1 kullanilarak yapilan analizlerin
tamami icin global performans degerlendirmesi
yapildiginda biitiin ivime kayitlart altinda ele alinan
gergevenin Gogme Performans Seviyesinde oldugu

Cizelge 10 ve Sekil 7°de TDY 1975 ve TS500-1975
kullanilarak  tasarlanan  ¢er¢evenin  deprem
performans 6zeti 11 istasyon verisi i¢in ayri ayri
sunulmustur. Bir dnceki tasarimdan farkli olarak bu
tasarimda deprem yiiklerinin bir miktar artmasi ile
kolon ve kiris donatilarinda artiglar gézlenmistir.
TDY1975 ve TS500-1975 kombinasyonunda
kapasitelerde bir miktar artigslar yasandigindan
oncelikle kirisler hasar almakta ve nihayetinde
kolon hasarlart ile sistem stabilitesini yitirmektedir.
Bu sebepten otiirii Sekil 7°den goriilecegi iizere
kiriglerin biiyilk bir bolimii Gé¢me bolgesinde
bulunmaktadir. Kolon performanslarinin  da
TDY1968+TS500-1975 kombinasyonuna gore bir
miktar iyilestigi fakat yine de kolonlarin genel
olarak Go¢me performans seviyesinde yer aldigi
sOylenebilir. Sonug¢ olarak TDY1975 ve TS500-
1975 kombinasyonunda her ne kadar tasarim bir
miktar iyilesmisse de bu tasarim sonucunda yapisal
elemanlarin 6 Subat 2023 depremlerini Kontrollii
Hasar Performans Seviyesi ile karsilayamayacagi,

ve ' he('ie.ﬂenen Kontrollii ‘Hasar' Performans aksine Gogme Performansi gosterecegi
Seviyesini karsilayamadigi belirlenmistir. belirlenmistir.
Cizelge 10. TDY 1968+TS500-1975 sonuglari
Deprem kaydi 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145
Gogme 95.0 | 95.0 | 90.0 | 65.0 | 100.0 | 55.0 | 40.0 | 80.0 | 85.0 | 60.0 | 90.0
Ileri hasar 0.0 5.0 0.0 5.0 0.0 20.0 | 5.0 | 10.0 | 0.0 5.0 5.0
KOLON? —
& Belirgin hasar 5.0 0.0 | 10.0 | 30.0 0.0 25.0 | 55.0 | 10.0 | 15.0 | 350 | 5.0
Sinirli hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gogme 43.8 | 43.8 | 0.0 0.0 31.3 0.0 0.0 [ 125 ] 0.0 0.0 12.5
KIRIS fleri hasar 6.3 6.3 0.0 0.0 25.0 0.0 0.0 [ 31.3 ] 188 | 0.0 | 37.5
% Belirgin hasar 50.0 | 50.0 | 100.0 | 100.0 | 43.8 | 100.0 | 93.8 | 56.3 | 81.3 | 100.0 | 50.0
Sinirli hasar 0.0 0.0 0.0 0.0 0.0 0.0 6.3 0.0 0.0 0.0 0.0
100,0 Kolon Ozetleri (TDY 1968-TS500-1975) ® Gocme
80,0 .
60,0 O1leri Hasar
40,0 IJ_‘ I—ﬂ IJ_‘ h OBelirgin Hasar
20,0
0,0 = m M B Sinirli Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
100,0 Kiris Ozetlerj (TDY 1968-TS500-1975)
80,0 ®Gogme
60,0 mileri Hasar
40,0 L.
20,0 I_H I_H l—|_| J‘H J_H O Belirgin Hasar
0,0 ® Siirh Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145

Sekil 6. Kolon ve kiriglerin deprem performans &zetleri (TDY 1968+TS500-1975)
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Cizelge 11. TDY1975+TS500-1975 sonuglart

Alper ALDEMIR; Baris ERDIL, Omer Burak YUCEL

Deprem Kaydi | 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145
Gogme 70.0 | 90.0 | 85.0 | 85.0 | 65.0 | 75.0 | 100.0 | 95.0 | 100.0 | 100.0 | 100.0
KOLON fleri Hasar 15.0 5.0 5.0 0.0 10.0 | 10.0 0.0 5.0 0.0 0.0 0.0
% Belirgin Hasar | 15.0 5.0 10.0 | 15.0 | 25.0 | 15.0 0.0 0.0 0.0 0.0 0.0
Sinirli Hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GoOgme 56.3 | 50.0 0.0 0.0 50.0 0.0 0.0 438 | 12.5 0.0 37.5
KIRIS Tleri Hasar 6.3 12.5 0.0 12.5 | 12.5 0.0 0.0 6.3 37.5 0.0 12.5
% Belirgin Hasar | 37.5 | 37.5 | 100.0 | 87.5 | 37.5 | 100.0 | 100.0 | 50.0 | 50.0 | 100.0 | 50.0
Sinirli Hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kolon Ozetleri (TDY 1975 - TS 500-1975) R
100,0 mGogme
80,0 .
60,0 O leri Hasar
38’8 I I—H O Belirgin Hasar
0’0 M
’ B Sinirh Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
100,0 Kiris Ozetleri (TDY 1975 - TS 500-1975) ® Giicme
80,0 .
60,0 M 1leri Hasar
40,0
20,0 I_H I_H I_H I_H J_H I_H O Belirgin Hasar
0,0 B Siirh H
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145 1t Hasar

Sekil 7. Kolon ve kiriglerin deprem performans &zetleri (TDY 1975+TS500-1975)

TS500 1984 yilinda 6nemli bir revizyona ugramis
ve betonarme tasariminda tagima giicli yontemi
kullanilmaya baglanmigtir. TS500-1984°iin sadece
tasarim kurallarini igermesi, deprem yiiklerinin
TDY 1975 dikkate alinarak hesaplanmasi sebebi ile
TDY 1975 ve TS500-1984 kombinasyonunda kolon
boyuna donatilarinda  bir miktar azalma
gerceklesmis ve kolon kapasitelerinde diistis
gozlenmistir. Bu durum kolon performanslarinin
diger kombinasyonlara nazaran daha kétii olmasi ile

Cizelge 12. TDY1975+TS500-1984 sonuglari

sonuclanmigtir.  Bu tasarim kombinasyonunda
11 istasyonun hepsi i¢in kolonlarin ¢gogunlugunun
Gogme bolgesinde oldugu belirlenmistir. Her ne
kadar kiris kapasitelerinde bir miktar artis olsa da
kolonlarin kotii performanslari sebebi ile kirislerin
de performanslari olumsuz etkilenmistir. TDY 1975
ve TS500-1984 kombinasyonu ile yapilan
tasarimda da zaman tanim alaninda dogrusal
olmayan analizlerde ele alinan gergevenin Gogme
Performans Seviyesinde oldugu belirlenmistir.

Deprem Kaydi | 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145

Gogme 95.0 | 100.0 | 100.0 | 95.0 | 100.0 | 100.0 | 75.0 | 100.0 | 90.0 | 100.0 | 100.0
KOLON Ileri Hasar 5.0 0.0 0.0 5.0 0.0 0.0 15.0 0.0 10.0 0.0 0.0
% Belirgin Hasar | 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0
Sinirl Hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Gogme 50.0 | 50.0 0.0 0.0 43.8 0.0 0.0 37.5 0.0 0.0 18.8

KIRIS Ileri Hasar 0.0 12.5 0.0 6.3 18.8 0.0 0.0 12.5 | 18.8 0.0 31.3
% Belirgin Hasar | 50.0 | 37.5 | 100.0 | 93.8 | 37.5 | 100.0 | 100.0 | 50.0 | 81.3 | 100.0 | 50.0
Sinirl Hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Kolon Ozetleri (TDY 1975 - TS 500-1984)

100,0 mGogme
80,0
60,0 mileri Hasar
40,0 O Belirgin Hasar
20,0
0,0 B Sinirl Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
Kiris Ozetleri (TDY 1975 - TS 500-1984)
100,0
80,0 mGogme
60,0 mileri Hasar
40,0 Belirain H
a
200 elirgin Hasar
0,0  Sinirlh Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145

Sekil 8. Kolon ve kiriglerin deprem performans 6zetleri (TDY 1975+TS500-1984)

TS500°tn 1984 versiyonu ile 2000 versiyonu
arasinda tagima giici yontemi bakimindan 6nemli
farkliliklarin~ bulunmamasi, TDY1998 ile
TDY2007’nin de betonarme tasarimi ve deprem
yiiklerinin hesab1 agisindan ayni olmasi sebebi ile
TDY1998&2007+TS500-1984&2000 tasarim
kombinasyonlar1 bir kombinasyon olarak ele
aliarak cergeve tasarlanmistir. Cergeveye etkiyen
deprem yiiklerinin ¢ok fazla artmasi sebebi ile
yapisal eleman boyutlarinda artiglar meydana
gelmis ve nihayetinde donatilar artarak kapasiteleri
biiytitmiistiir. Tasarimin iyilesmesi sebebi ile kolon
performanslarmnin  iyilestigi, diger tasarim

kombinasyonlarindan farkli olarak bu tasarim
kombinasyonunda  hicbir istasyon verisinde
kolonlarin tamaminin Gégme bdlgesinde olmadig,
3123, 3124, 3126 ve 3129 istasyonlarindan alinan
ivme kayitlar altinda yapilan analizlerde kolonlarin
%350’nin iizerinde Gogme bdlgesinde yer aldigi
belirlenmistir. Global degerlendirme yapildiginda
ise yine biitiin istasyonlar i¢in kolonlarmm Go¢me
Performans Seviyesinde bulundugu gézlenmistir.
Her istasyon verisi altinda Go¢me bolgesinde yer
alan kirislerin bulundugu Cizelge 11 ve Sekil 9°da
goriilebilir.

Cizelge 13. TDY1998&2007+TS500-1984&2000 sonuglari

Deprem Kaydi | 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145
Gogme 70.0 | 75.0 | 55.0 | 75.0 | 90.0 10.0 0.0 60.0 | 50.0 | 20.0 | 45.0
KOLON Ileri Hasar 0.0 0.0 0.0 15.0 | 10.0 | 20.0 0.0 15.0 0.0 0.0 5.0
% Belirgin Hasar | 30.0 | 25.0 | 45.0 | 10.0 | 0.0 70.0 | 35.0 | 25.0 | 50.0 | 80.0 [ 50.0
Sinirli Hasar 0.0 0.0 0.0 0.0 0.0 0.0 65.0 0.0 0.0 0.0 0.0
Gogme 50.0 | 50.0 0.0 0.0 62.5 0.0 0.0 313 0.0 0.0 313
KIRIS Ileri Hasar 12.5 0.0 0.0 0.0 18.8 0.0 0.0 18.8 | 12.5 0.0 18.8
% Belirgin Hasar | 37.5 | 50.0 | 100.0 | 100.0 | 18.8 | 100.0 | 87.5 | 50.0 | 87.5 | 100.0 | 50.0
Sinirli Hasar 0.0 0.0 0.0 0.0 0.0 0.0 12.5 0.0 0.0 0.0 0.0
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Sekil 9. Kolon ve kiriglerin deprem performans 6zetleri (TDY 1998&2007+TS500-1984&2000)

Yukarida agiklanan tasarim kombinasyonlarinda
tespit edilen en olumsuz performanslar Sekil 10°da
karsilagtirmali olarak verilmistir. Sonuglara gore,
1998 yilina kadar minimum kosullara gore
tasarlanan kolonlarin tamammin 6 Subat 2023
depremlerinde Gogme Performans Seviyesinde yer
alacagi, TDY1998’den sonra tasarimin ve
performansin nispeten iyilestigi fakat yine 6 Subat

kosullarda ¢alisan bir bina insa edilmesi durumunda
binalarin 6 Subat 2023 depremlerinde kendisinden
beklenen davranisi sergileyemeyecegi, binalarin
genel olarak GoOg¢me Performans Seviyesinde
olabilecegi belirlenmistir. Kirislerin kolonlardan
nispeten daha iyi davranis sergiledigi, bu durumun
deprem yonetmeliklerinin tasarim ilkesine uygun
olmadig1 ¢iinkii ele alinan gergevelerde oncelikli

2023  depremlerinde  yeterli  performansin  olarak kolonlarin u¢  bolgelerinde  plastik
gosterilemedigi ortaya konulmaktadir. Dolayisiyla ~ mafsallarin =~ olustugu  ve  global  deprem
2007 Yonetmeligi de dahil olmak iizere, 2007 yilina ~ performansinin  bu sebeple yeterli seviyede
kadar Deprem Yonetmeligi ile Betonarme Tasarim  olamadigi gézlenmistir
Standardi  kullanilarak  tamamen  minimum
Kolon Performanslari

100,0

80,0 ®Gogme

60,0 mileri Hasar

40,0 OBelirgin Hasar

Zg:g B Sinirlt Hasar

TDY1968-TS500-1975 TDY1975-TS500-1975

TDY1975-TS500-1984

TDY19982007-TS500-1984/2000

Kiris Performanslari

100,0
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0,0 l_l_‘

20,0

mGogme
mileri Hasar
O Belirgin Hasar

® Sinirh Hasar
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TDY1975-TS500-1975

TDY1975-TS500-1984

Sekil 10. Tasarim kombinasyonlariin karsilastirmasi
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4. SONUCLAR

Bu calismada 1968 yilindan bu yana yiiriirlige
girmis Deprem Yonetmelikleri ile Betonarme
Tasarim  Standartlar1  kullanilarak ~ minimum
kosullarda tasarlanmig 4 katli diizlem g¢erg¢evenin 6
Subat 2023 depremlerinde Hatay Bolgesi’nde
kaydedilen 11 adet ivme kayd: altindaki deprem
performanst ayrintili bir bigimde irdelenmistir.
Yapilan analizler sonucunda agagidaki sonuglara
ulagilmustir:

e 1968 yilindan itibaren Deprem Yonetmelikleri
her biiyiik depremden sonra giincellenmis ve
binalara etkiyen deprem yiikii stirekli olarak
artirlmistir.  Orne@in ele alinan gercevede
TDY1998 veya TDY2007°de o6n goriilen
deprem yiikleri TDY1968’in iki katindan
fazladir. TDY 1975 ile kiyaslandiginda ise bu
oran 1,58 olmaktadir. Tasarim deprem
yiiklerinin artmasi ile kolon ve kiris kesit
boyutlar1 ve nihayetinde kullanilan donatilarda
artiglar gbzlenmistir.

e TS500-1984 ile TS500-1975 standartlar
arasinda tasarim farkliliklar1 olmasi sebebi ile
TDY1975’teki diisiikk deprem yiiklerinden
kaynakli olarak TS500-1984’te kolonlarda daha
az donat1 ihtiyaci ortaya ¢ikmigtir.

e En koti gerceve performanst
TDY1975+TS500-1984 tasarim
kombinasyonunda gozlenmistir. Fakat 1998
yilina kadar yiriirliikte olan yonetmelik ve
standartlarin tamaminda kolonlarm yetersiz
performansa sahip oldugu, Hatay Bolgesi’'nde
kaydedilen 11 ivme kayd altinda da ele alinan
cergevelerin Gogme Performans Seviyesi’nde
oldugu belirlenmistir.

e Her ne kadar TDY 1998 ile deprem yiiklerindeki
artiglara ilave olarak kolon ve kiris kapasiteleri
ile stinekliklerinde iyilesmeler gozlense de nihai
performansin  hedef performans olan can
giivenligi veya kontrollii hasar performans
seviyesine ulasmadigi belirlenmistir. Hatay’da
kaydedilen 11 adet ivme kaydi altinda yapilan
zaman tanim alaninda dogrusal olmayan
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analizlerde kolonlarm biiyiik bir bdlimiiniin
gocme bolgesinde yer aldigi veya kesme kuvveti
kapasitesinin yetersiz oldugu gézlenmistir.

e Kuvvetli kolon - zayif kiris felsefesine gore
tasarlanan binalarda bile gog¢me performans
seviyesinin meydana gelmesinin sebeplerinden
biri olarak 6 Subat 2023 depremlerinde ortaya
¢tkan ivmelerin deprem yonetmeliklerinin
ongordiigli  ivmelerden biiyiikk olmasi ve
moment-kesme kuvveti taleplerinin
karsilanmasinda mevcut yapisal elemanlarin
yetersiz kalmasi gosterilebilir.

Sonug olarak deprem ydnetmeliklerinin ve ilgili
standartlarinin minimum kosullar1 da gozetilerek
yapilan tasarimlarin yeterli deprem performansi
sergileyemeyecegi goriilmiistiir. Kolon boyutlari ve
donatilart belirli bir kapasiteyi garanti etse de
kolonlarn  yeterli ~ deprem  performansini
saglayamadigi, bu hususun kolon boyutlarindan
kaynakli oldugu belirlenmistir. Kolon boyutlar
gerceve  rijitligini  etkileyen en  Onemli
parametrelerden biri oldugundan gergevenin yatay
deplasmanlarinin artmasi ile kolonlarin moment ve
kesme taleplerinde artislar olmaktadir. Bu taleplerin
bu calismada ele alinan yeterli minimum kesitlerle
karsilanamayacagi bir kez daha gozlendiginden,
deprem  performansmin  salt  donati ile
iyilestirilemeyecegi sonucuna varilmistir. 1. ve 2.
derece deprem bolgelerinde yapilan yapilara
mutlaka perde duvar yapilma zorunlulugu
yonetmeliklere eklenmelidir.
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6. EKLER

TDY 1968 - TS 500-1975

Deprem Kaydi 3123 3123 3124 3124 3125 3125 3126 3126 3120 3129 3135 3135 3136 3136 3139 3139 3141 3141 3142 3142 3145 3145
Deprem Yoni_D-B__K-G DB _K-G DB KG DB KG DB KG DB KG DB KG DB KG DB KG DB KG DB KG
Eleman

Eleman Tipi __ismi Kat
Kiris K101 1 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin] Belirgin Belirgin Belirgin Belirgin Belirginleri Hasa Belirgin Belirgin Belirgin Belirgin leri Hase Belirgin
Kiris K102 1 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin| Belirgin Belirgin Belirgin Belirginleri Has: leri Hasa Belirgin Belirgin Belirgin]
Kiris K103 1 leri Hasg Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirginleri Has: leri Haso Belirgin Belirgin Belirgin
Kiris K104 1 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin| Belirgin Belirgin Belirgin Belirgin Belirginleri Hasaleri Hasa Belirgin Belirgin Belirgin leri Hase Belirgi
Kiris K201 2 leri Has: Belirgin Belirgin Belirgin Belirgin Belirginleri Has Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirginleri Hase Belirgin
Kiris K202 2 Belirgin Belirgin Belirgin Belirgin Belirgin Belirginleri Hasa Belirgin Belirgin Belirgin Belirgin Belirginleri Hasa Belirgin Belirgin Belirgin Belirgin leri Hase Belirgin
Kiris K203 2 Belirgin Belirgin Belirgin Belirgin Belirgin Belirginleri Hasa Belirgin Belirgin Belirgin Belirgin Belirginleri Hasa Belirgin Belirgin Belirgin Belirgin leri Hasz Belirgin
Kiris K204 2 leri Hasaleri Has: Belirgin Belirgin Belirgin Belirgin Belirgin Belirginleri Hasa Belirgin Belirgin Belirgin Belirgin Belirgin leri Hasa Belirgin Belirgin Belirgin Belirgin leri Hasz Belirgin
Kiris K301 3 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin ISl Belirgin Belirginleri Hasa Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kiris K302 3 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kiris K303 3 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kiris K304 3 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin] Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kiris K401 4 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kiris K402 1 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kiris K403 4 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kiris K404 4 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kolon S101 1 Belirgin*Belirgin’ [Belirgin’Belirgin*Belirgin*Belirgin'Belirgin*Belirgin"Belirgin*Belirgin*Belirgin"Belirgin*Belirgin* Belirgin*
Kolon ___S102 1 [
Kolon 5103 T
Kolon 5104 T
Kolon ___SI105 T
Kolon 201 2
Kolon 5202 2 Belirgin'Belirgin:
Kolon 5203 2 [Belirgin*Belirgin*Belirgin*Belirgin [Belirgin“eri F irgin*Belirgin*eri Hasa [Belirgin*Belirgin*Belirgin*Belirgin*eri HasaiBelirgin*
Kolon 5204 2 eri HasaiBelirgin*Belirgin’ [Belirgin“eri HasaiBelirgin*Belirgin*eri Hasa [Belirgin'Belirgin*Belirgin'Belirgin
Kolon S205 2 Belirgin*Belirgin*Belirgin*Belirgin*Belirgin*Belirgin’
Kolon S301 3
Kolon 5500 3 Belirgn
Kolon 5303 3 feri Hasal [Belirgineri HasaiBelirgin*Belirgin“eri HasaiBelirgin [Belirgin*Belirgin’
Kolon S304 3
Kolon S305 3
Kolon 5401 4
Kolon 5402 4
Kolon 5403 4 leri Hasal
Kolon 5404 7
Kolon 5405 4

Not: Cizelgede * ile isaretliler kesme dayanimini saglayamamaktadir.

TDY 1975 - TS 500-1975

Deprem Kaydi 3123 3123 3124 3124 3125 3125 3126 3126 3129 3129 3135 3135 3136 3136 3130 3139 3141 3141 3142 3142 3145 3145
DepremYéni D-B__K-G DB _K-G DB _KG DB KG DB KG DB KG DB KG DB KG DB KG DB KG DB KG
Eleman
Eleman Tipi __ismi Kat

Kiris K101 lori Hasa Belirgin Belirgin Belirgin leri Hasa Belirgin| Belirgin Belirgin Belirgin Belirgin leri Hasa

Kiris K102 leri Hasa Belirgin Belirgin_Belirg Belirgin Belirgin Belirgin leri Hasa

Kiris K103 i

Kirig K104

Kiris K201 Belirgin leri Hasa Belirgin_Belirgin leri Hasa Belirgi

Kiris K202 leri Hasa Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin leri Hasa Belirgin Belirgin Belirgin Bel

Kiris K203 leri Hasa Belirgin_Belirgin_Belirgin Belirgin Belirgin Belirgin leri Hasa Belirgin Belirgin Belirgin

Kiris Belirgin Belirgi leri Hasa Belirgin Belirgin Belirgin Belirgi

Kiris Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin

Kiris 3 Belirgin Belirgin Belirgin

Kiris K303

Kiris K304 leri Hasaleri Hasa Belir

Kiris K401 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin

Kiris K402 Belirgin Belirgin Belirgin Belir Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Be

Kiris K403 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin

i Belirgi Belirgin Beliry oin Belirgin Be Belirgin Belirgin Bel Belirgin Belirgin Belirgin Bel Be Belirgin Belirgin Belirgin Belirgi irgi

Belirgin

Belirgin* Belit

in*eri Hasal

eri Hasar Belirg

Not: Cizelgede * ile isaretliler kesme dayanimini saglayamamaktadir.
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TDY 1975 - TS 500-1984
Deprem Kaydi 3123 3123 3124 3124 3125 3125 3126 3126 3129 3129 3135 3135 3136 3136 3139 3139 3141 3141 3142 3142 3145 3145
Deprem Yonii D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G

Eleman
Ismi

Belirgin Belirgir

Belirgin_Belirgin

Belirgin Belirgin
Belirgin_Belirg

Belirs

Kiris K202 i Hasa rgi Belirgin Belirgin Belirgin Belirgi irgin Beli Belirgin Belirgin Belirgin Belirgin leri Hasa Belirgin
Kiris K203 irgi Belirgin Belir, B i rgir irgi irgis Belirgin Belir Belirgin_Belirgin leri Hasa Beli
Kirig K204 i i leri Hasa Bel
Kirig K301 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin_ Belirgin
Kirig K302 Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kiris K303 g Belirgin Bel Bel Belirgin Be! Bel Bel Bel

Kirig K304 Belirgin leri Hasa Bel Bel Bel Bel Bel Bel leri Hasa Bel Bel Bel Bel Bel Bel Bel Bel Bel Bel Bel

Belirgin Belirgin Belirgin

Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Belirgin Belirgin Belirgin in Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Bel Belirgin Belirgin Belirgin Belirgin Belirgin i

Belirgin Belir,

Bel Bel

Belirgin* Belirgin* Belirgin’

eri Hasaleri Hasa eri Hasal
feri Hasas

Belirgin*eri Has:

o

jeri Hasareri Hasal

* ile isaretliler kesme dayanimini saglayamamaktadir.

TDY 1998&2007 - TS 500-1984&2000
DepremKaydi 3123 3123 3124 3124 3125 3125 3126 3126 3129 3129 3135 3135 3136 3136 3139 3139 3141 3141 3142 3142 3145 3145
Deprem Yénii D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G D-B K-G

Eleman Tipi Ismi Kat
Kiris
Kirig
Kirig
Kirig Belirgin Belirgin Belirgin Belirgin Belirgin leri Hasa
Kirig Belirgin Belirgin Belirgin Be! Belirgii irgir
Kiris
Kiris Belirgin Belirgin Belirgin Belirgin Belirgin leri Hasa Belirgin
Kirig Belirgin Belirgin Belirgin Belirgin Belirgi i o
Kiris Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin leri Hasa Belirgin Belirgin Belirgin_ Belirgin
Kirig Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin leri Hasa Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kirig Belirgin Belirgin Belirgin gin Belirgin Belirgin gin gin Belirgin leri Hasa Belirgin Belirgin Belirgin Belirgin Belirgin gin Belirgin Belirgin Belirgin Belirgin Belirgin Belirgin
Kirig leri Hasa Belirgi irgit Belirgin Belirgi Belirgin leri Hasa Belirgin Belirgin Belirgi irgin_Belirgis Belirgin Belirgin Belirgin Belirgin Belirgi i
Kiris - - - - n
Kirig
Kirig o Bel
Kiris Belirgin Belirgin Belirgin Belirgin Belirgin Belir; in_Belirgin Belirgin Belir;
Kolon Bel Belirgii Bel Belirgii Bel Belirg
Kolon irgit i
Kolon
Kolon
Kolon
Kolon
Kolon
Kolon irgir 1 irgin*}
Kolon gin’
Kolon
Kolon
Kolon
Kolon
Kolon i i irgi in*Beli
Kolon
Kolon
Kolon Belirgin Belirgin_Belirgin Belirgin_Belirgi
Kolon Belirgin Belirgin Bel Bel
Kolon
Kolon

Not: Cizelgede * ile isaretliler kesme dayanimini saglayamamaktadir.
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Cukurova Universitesi Miihendislik Fakiiltesi Dergisi Yazim Kurallari

Cukurova Universitesi Miihendislik Fakiiltesi Dergisi miihendislik bilimlerindeki giincel bilimsel ve teknik
geligmeleri arastirmacilara ve milhendislere ulastirmayi hedeflemektedir. Tiim miihendislik alanlar ile ilgili
teorik/deneysel ve uygulamaya yonelik calismalar Dergi’nin ilgi alanindadir. Cukurova Universitesi
Miihendislik Fakiiltesi Dergisi daha 6nce baska hicbir yerde yayimlanmamis, 6zgiin ve giincel bilimsel arastirma ve
uygulamalar1 iceren makale ve kisa bildirileri ile Dergi’de daha énce yayimlanmis makalelerle ilgili tartigmalart
kabul etmektedir. Ceviri ve derleme makaleler kabul edilmemektedir. Makaleler Tiirkge veya Ingilizce olabilir.
Dergi’ye gonderilen yazilar yayinlansin veya yayimlanmasin iade edilmez. Makaleleri yayinlama yetkisi dergi yayin
kuruluna aittir.

Makalenin tamamu bilgisayar ortaminda hazirlanmali baskiya hazir bigimde iki adet (birisinde yazar adlari ve
adresleri olmamak iizere) Dergi web sayfasinda verilen 6rnek sablona uygun hazirlanms olarak elektronik
ortamda veya e-posta ekinde gonderilmelidir.

Makale, A4 (210x297 mm) boyutlu kagida, Windows uyumlu Word ortaminda, Times New Roman font kullanilarak,
birer aralikla yazilmali, ana basliklar 12 Punto (koyu), yazar adlar1 12 Punto (koyu), alt basliklar ve metin 10 punto
olmalidir.

Cizimler ve ¢izelgelerle birlikte, makaleler 15 sayfadan, kisa bildiriler 4 sayfadan daha uzun olmamahdir. Makale
Tiirkce ise: Tiirkce Bashk, Ingilizce Bashk, Oz, Anahtar Kelimeler, Abstract (Ingilizce 6z), Keywords, Metin,
Semboller (gerekliyse), Tesekkiir (gerekliyse) ve Kaynaklar,

Makale ingilizce ise: ingilizce Baghk, Tiirkce Bashk, Abstract, Keywords, Oz (Tiirkce 6z), Anahtar Kelimeler,
Text, Notations (gerekliyse), Acknowledgments (gerekliyse) ve References sirasi i¢inde diizenlenmelidir.

Baslik kisa ve acik olmaly, igerigi yansitabilmelidir. Oz (ve Abstract) ¢alismanin amacini, kapsamini, yontemini ve
ulasilan sonuglart kisaca tanimlamali ve 150 kelimeyi asmamalidir. En az {i¢, en fazla bes tane anahtar kelime
verilmelidir. Bashk, Oz ve Ingilizce baslikli Abstract birinci sayfaya sigdirilmali ve ana metin ikinci sayfadan
baslatilmalidir. Metin yalm bir dil ve anlatimla yazilmali, makale Tiirkce ise Tiirkce, makale Ingilizce ise Ingilizce
yazim kurallarina uygun olmalidir.

Bolim ve alt boliim bagliklart numaralanmalidir. Denklemler numaralanmali ve bu numaralar satir sonunda parantez
icinde gosterilmelidir. Yazilarda yalmizca SI birimleri kullanilmalidir. Semboller uluslararast kullanima uygun
secilmeli; her bir sembol ilk kullanildig1 yerde tanimlanmalidir. Tesekkiir olabildigince kisa olmali, caligmaya katkisi
ve destegi bulunan kisi ve kuruluslar belirtilmelidir. Cizelgeler, ¢izimler ve fotograflar metin igine yerlestirilmeli, her
birine numara ve baslik verilmeli ve bagliklar ¢izim ve fotograflarin altina, ¢izelgelerin iistiine yazilmalidir.

Kaynaklar metinde koseli parantez i¢inde numaralanmali ve kaynaklar listesinde metin i¢inde verilis sirasina uygun
bicimde belirtilmelidir. Etik kurallar1 geregince, alintilar tirnak i¢inde verilmeli ve bir referans numarasi ile kaynak
belirtilmelidir. Kaynaklarda su bilgiler verilmelidir:

Makale ise: Yazar(lar)in soyadi, adinin bas harfi., y1l. makalenin tam baslig1. derginin adi, cilt, say1, baslama ve bitis
sayfalari.

Kitap ise: Yazar(lar)in soyadi, adinin bag harfi., yil. kitabin tam adi. cilt numarasi, varsa editorii, yayinlandig yer,
son sayfa no.

Bildiri ise: Yazar(lar)in soyadi, adinin bag harfi., yil. bildirinin tam baslig1. konferansin adi, yapildig: yer.

Elektronik ortamdan alinms ise: Bildiri sadece CD/DVD’de yayinlanis ise: Yazar(lar)in soyadi, adinin bas harfi.,
diger yazarlar, yil, bildirinin adi. konferansin adi (CD/DVD), yapildig1 yer, yil. “Konferansin adindan hemen sonra
parantez igerisinde CD/DVD oldugu belirtilecektir.”

Tez ise: Yazarin soyadi, adinin bag harfi., yil. tezin ad1. derecesi, sunuldugu kurum, son sayfa no.

Rapor ise: Yazarin soyadi, adinin bag harfi., diger yazarlar, yil. raporun adi. tiiri, numarasi, kurulusun adi,
yaymlandig1 yer.

Web Sitesi ise: Yazar(lar) belli ise; yazarin soyadi, adinin bas harfi., diger yazarlar, varsa yaymlandigi yil. yazinin
baslig1, web adresi (http:/www.xxxxx.xxxx.xxx), Erisim Tarihi: giin.ay.y1l.

Kurum/Kuruluslara ait ise; Kurum adi, varsa yayinlandigt yil. yazimin bashg, web adresi
(http://Www.XXXXX.XXXX.XxX), Erisim Tarihi: giin.ay.y1l.

Elektronik kitap/rapor ise: Yazar(lar)in soyadi, adinin bas harfi veya kitap/raporu yayimlayan kurum veya
kurulusun adi, varsa yaymlandigi yil, konunun tam adi, Erisim Tarihi: giin.ay.y1l.




