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®® 7- Sac metaller agirhk/dayanim oranlarindan 6tiirii basta otomotiv olmak iizere pek ¢ok sektorde tercih

0 edilmektedirler. ince malzemelerle ¢ahsildigindan ve karmagik iiriin formlar1 hedeflendiginden sac metal

sekillendirme prosesleri genelde karmasik prosesler olarak karsimiza ¢ikmaktadirlar. Cogunlukla seri iiretim
iiriinii olarak tercih edilmelerinden dolay1 sac metal kalip takimlari olduk¢a pahalhidirlar. Bu nedenle kalip takimlarinin
tasarim asamasinda telafi edilme zorunlulugu ortaya ¢cikmistir. Giiniimiizde bu amagla en sik kullanilan yontem sonlu
elemanlar analizidir. Sonlu elemanlar analizlerinin ise tahmin hassasiyetlerinin yiiksek olmasi gerekmektedir.
Hassasiyete etki eden en baskin parametre ise malzemelerin plastik davramisinin tanimlandig1 malzeme modelleridir.
Bu ¢alismada sonlu elemanlar malzeme modellerinin tahmin performansina etkisi incelenmis olup bu amag¢la derin
cekme, kare kutu cekme ve V-kalipta egme prosesleri 4 farklh malzeme (DP600, DP980, DCO05, AAS5754) i¢in
incelenmistir. Calismada izotropik malzeme-izotropik peklesme kabulii yapan (Power Law), anizotropik malzeme-
izotropik peklesme kabullii (Hill-48, Barlat-89) ve anizotropik malzeme - kinematik peklesme kabullii (Yoshida -
Uemori) dort farklh malzeme modeli kullanilmistir. Gergeklestirilen simiilasyon sonrasinda sonuclar deneysel verilerle
kiyaslanarak sonlu elemanlar tahmin performanslar1 ortaya konulmustur. En hassas tahminlerin tiim modellerde
kinematik peklesme kabullii malzeme modeli ile elde edildigi tespit edilmistir.

Anahtar Kelimeler- Sac Metal Sekillendirme, Sonlu Elamanlar Analizi, Plastisite Modelleme, Mekanik Ozellik

industry. Sheet metal forming processes can be described as complex manufacturing processes for working

with thin materials by complex product forms, and die tools are expensive since sheet metal forming processes
are in use at mass production. Therefore, sheet metal die tools must be compensate in design stages. Today, finite
element analysis (FEA) are in use widely for this purpose. However, prediction performance of FEAs must be accurate.
Material models which defines the plastic behavior of the materials effects the accuracy significantly. In this study, the
effect of material models on finite element analysis prediction performance was investigated for this purpose deep
drawing, square cup drawing, and V-die bending processes were studied using 4 different materials (DP600, DP980,
DCO05, AA5854). In the study, material models are used as isotropic material-isotropic hardening assumption (Power
Law), anisotropic material-isotropic hardening assumption (Hill-48, Barlat-89), and anisotropic material-kinematic
hardening assumption (Yoshida-Uemori). Each process was simulated using 4 different material models, than
simulation results were compared with experimental studies. The most accurate results were obtained with kinematic
hardening material model for all processes.

A bstract- Sheet metals have a wide usage area due to their weight to strength ratios especially in automotive

Keywords- Sheet Metal Forming, Finite Element Analysis, Plasticity Modelling, Mechanical Proper
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l. GIRiS

Plastik sekil verme yontemi bir malzemeyi akma gerilmesinin iizerinde bir yiikle sekil degisimine
zorlayarak kalict bir form elde edilmesini amaglamaktadir. Bu kapsamda dovme gibi kiitle sekillendirme
yontemlerinin yaninda sac metal SEKILLENDIRME gibi diizlem gerilme problemleri de plastik sekil verme basligt
altinda yer almaktadir. Sac metaller agirlik/dayanim orani avantajlarindan dolay1 6zellikle otomotiv ve havacilik
sektorlerinde siklikla tercih edilmektedir [ 1]. Sac metal sekillendirme yontemleri ince malzemelerle calisildigindan
ve iiriin geometrilerinin karmasik olmasindan dolay1 icerisinde bir¢ok degiskenin yer aldig1 karmasik problemler
olarak karsimiza c¢ikmaktadir. Bir malzemenin hata olmaksizin sekil degistirebilme kabiliyetine
sekillendirilebilirlik denilmektedir. Sekillendirilebilirlik kavrami proses ve malzeme Ozellikleriyle dogrudan
iliskilidir. Proses parametrelerinden parca tutucu kuvvet, siirtiinme kosulu, pres hizi ve kalip geometrileri bir
malzemenin sekillendirilebilirligine en ¢ok etki eden parametreler olarak 6ne ¢ikmaktadir [2-5].

Sac metal sekillendirme yontemlerinde karsilasilan hatalar genellikle yirtilma, kirisma, kulaklanma ve
sekil bozuklugu olarak ortaya ¢ikmaktadir [6-8]. Bu hatalardan yirtilma hatasi genellikle parga tutucu kuvvet ve
kalip hizindan, kirisma ve kulaklanma hatalar1 ise parga tutucu kuvvetten kaynaklanmaktadir [9-11]. Sekil
bozuklugu hatasi ise genellikle malzemenin mekanik 6zellikleri ile iliskilidir [12]. Sac metal kalip ylizeyleri
gelistirilirken malzemede meydana gelebilecek bu hatalarin tasarim asamasinda elimine edilmesi gerekmektedir.
Aksi takdirde bu degisimler deneme-yanilma gibi pahali ve zaman kaybina neden olan ydntemlerle
gerceklestirilmektedir. Giinlimiizde bilgisayar teknolojisinin gelisimine paralel olarak proses tasarim agsamalarinda
genellikle bilgisayar destekli miihendislik araglari kullanilmaktadir. Bu kapsamda sonlu elemanlar analizleri
miihendislik problemlerinin ¢6ziimiinde en ¢ok kullanilan yontem olarak karsimiza ¢ikmaktadir. Sac metal sonlu
elemanlar analizleri hem biiyiik deformasyonlarla ugrasildigindan hem de temas problemleri barindirdigindan non-
lineer problemlerdir [13]. Bu problemlerde tahmin hassasiyetinin yiiksek olmasi proseste karar verme
mekanizmalarindaki deneme-yanilma siiresini dogrudan etkilemektedir. Bu kapsamda sonlu elemanlar analizleri
acisindan tahmin hassasiyetine yonelik ¢esitli ¢aligmalar literatiirde yer almaktadir [14-17]. Bu arastirmalar
genellikle eleman boyutu iizerine yogunlagmaktadir [18]. Son zamanlarda yapilan ¢aligmalar ise malzemenin
plastik davranisinin modellenme etkisinin eleman boyutundan daha fazla oldugunu géstermektedir [19, 20].

Bu caligmanin amaci sac metal sekillendirme proseslerinde malzemelerin plastik davranisint modelleyen
plastisite modellerinin sonlu elemanlar tahmini tizerine etkisinin arastirilmasi olup bu amagla hem sekil bozuklugu
hem de yirtilma agisindan farkli plastisite modelleri sonlu elemanlar tahmin performansi agisindan incelenmistir.

Il. MALZEMENIN PLASTIiK DAVRANISININ MODELLENMESI

Bir malzeme sekil degisimi sirasinda Once elastik sonra plastik deplasmana ugramaktadir. Bir
malzemenin elastik davranisi lineer oldugundan bu davranigi matematiksel olarak modellemek oldukga kolay bir
islemdir. Elastik bolgede gerilme ve gerinim degerleri arasindaki iligki Denklem (1)'deki sekilde yazilabilir.

o=E.¢ 1)

Burada E, elastisite modiiliinii temsil etmektedir. Malzemelerin plastik davranigt non-lineerlik
barindirdigindan ve akma gerilmesinin gelisimi peklesme ile temsil edildiginden plastik davranisi modellemek
elastik davranigta oldugu gibi kolay olmamaktadir. Plastik gerinimler, tim yiikkleme ge¢misine ve gerilme
durumuna nasil ulagildigina baghidir. Bir malzemenin genel gerilme durumunda plastik davraniglarin
modelleyebilmek i¢in, akmanin olustugu andaki gerilme bilesenleri arasindaki iliskiyi agiklayan bir akma kriterine,
gerilme ve gerinim orani bilesenleri arasindaki iligkiyi tanimlayan bir akma kuralina ve sekillendirme prosesi
suresince baglangic akma gerilmesinin gelisimini tanimlayan peklesme kuralina ihtiya¢ vardir [21]. Plastisite
modelleri bu peklesme kurallarini izotropik ve kinematik olmak iizere temelde iki farkli sekilde tanimlamaktadir.
[zotropik peklesme durumunda akma yiizeyinin asal gerilme uzayinda yer degistirmeden orantisal olarak
biiytidiigii, kinematik peklesme durumunda ise akma yilizeyinin boyut degistirmedigi yalnizca asal gerilme
uzayinda oteleme gerilmesi miktarinda konum degistirdigi kabul edilmektedir.

Bu calisma kapsaminda plastik davranist modelleyen plastisite modelleri izotropik malzeme-izotropik
peklesme, anizotropik malzeme-izotropik peklesme ve anizotropik malzeme-kinematik peklesme kabulii yapan
modeller olarak ii¢ ana grupta incelenmistir. Bu modellerden izotropik malzeme-izotropik peklesme kural1 kabulii
yapan plastisite modelleri (Power Law) genellikle basit modeller olup giiniimiizde Holloman [22] ifadesi ile temsil
edilebilmektedirler. Holloman ifadesinde gerilme ve plastik gerinim arasindaki iliski Denklem (2)'deki sekilde
yazilabilir.
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n

oc=Keg, )

Burada K, mukavemet katsayisini ve n, peklesme iistelini temsil etmektedir. Bu modellerden farkli olarak
malzeme davranigini anizotropik olarak kabul eden, izotropik peklesme temelli ve en sik kullanilan malzeme
modelleri Barlat-89 [23] ve Hill-48 [24] modelleridir. Bu modellerden Barlat-89 modeli 1989 yilinda Barlat ve
Lian tarafindan sunulmustur [23]. Bu model akma yiizeyi malzemenin anizotropik parametrelerine bagli olarak
elde etmektedir. Diizlem gerilme problemleri i¢cin Barlat-89 modeli su sekilde yazilabilir.

20 =alK, + K,|" +alK, - K,|" +¢K,|" 3)

Burada oy akma gerilmesi olup Ki ve K; farkli yonlerdeki akma gerilmelerine, a ve ¢ ise anizotropi
katsayilarina bagli parametrelerdir. Yine bu denklemde yer alan m iisteli ise malzemenin kristal kafes yapisi ile
iliskili olup yiizey merkezli kiibik malzemeler i¢in 8, hacim merkezli kiibik malzemeler i¢in ise 6 olarak
kullanilmasi tavsiye edilmektedir [23]. Barlat disinda malzemeyi aniztropik olarak kabul eden ve giiniimiizde hala
en sik kullanilan plastisite modeli 1948 yilinda R. Hill tarafindan ortaya atilmistir [24]. Hill tarafindan 6nerilen
plastisite modeli diizlem gerilme i¢in su sekilde yazilabilmektedir.

F(o,—04) +G(oy —0y)’ +H(oy —0,,) +2Los, +2MaZ +2No), —1=0 (4)

Burada 611, 622 ve o33 asal gerilmeler ve 612, 623 ve 631 iSe kayma akma gerilmeleridir. F, GH, L, M ve N
sabitleri ise malzemenin anizotropi katsayilarina veya akma gerilmelerine bagli parametrelerdir.

Bu calismada incelenilen {igiincii grup plastisite modelli olarak ise kinematik peklesme kabulii yapan
modellerden giiniimiizde en sik kullamlan Yoshida-Uemori [25] kinematik peklesme modeli tercih edilmistir.
Peklesmeyi temsil edebilmek adina bu model, akma yiizeyi ve sinir yiizey olmak {izere iki yiizeye ihtiyag
duymaktadir. Sekillendirme prosesinde, akma yiizeyi boyut olarak degigsmez fakat deformasyonla akma yiizeyinin
merkez noktasi hareket eder, sinir yiizeyi ise hem sekil olarak hem de konum olarak degisir. Sekil 1°de iki ylizeyli
kinematik modelin sematik gosterimi goriilmektedir. Burada, “O” akma yiizeyinin merkez noktasidir, a*, akma
yiizeyinin mevcut durumdaki merkezidir ve a ise smir ylizeyin merkezidir. B, iki yiizeyin merkez nokralari
arasindaki iligkiyi temsil etmektedir. Y, akma yiizeyinin boyutudur ve deformasyon siiresince degismemektedir.
B+R, sinir yilizeyinin boyutunu temsil etmektedir, R izotropik peklesme ile iliskilidir. Yoshida nonlineer peklesme
modeli Bauschinger etkisini ve sac metal sekillendirme proseslerindeki malzeme davranigini tanimlamakta basarili
bir modeldir. Yeni nesil yiiksek mukavemetli gelikler igin de basarili sonuglar verebilmektedir. Sekil 2°de Yoshida
kinematik peklesme modeli ile tahmin edilen bir malzeme davranisi gerilme-gerinim egrisi lizerinde gosterilmistir.

— -, SINIT yiizeyl

ma ylizeyi

Sekil 1. ki yiizeyli modelin sematik gosterimi [26]
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Sekil 2. Yoshida nonlineer kinematik peklesme modeli ile malzeme davraniginin tahmini [27]

I1l. UYGULAMA CALISMALARI

Bu ¢alisma kapsaminda yukarida anlatilanlar dogrultusunda plastisite modellerinden Power Law, Hill-
48, Barlat-89 ve Yoshida-Uemori modellerinin sac metal sekillendirme sonlu elemanlar analizleri tahmin
performansi tizerindeki etkileri incelenmistir. Bu kapsamda sac metal sekillendirme islemlerinden derin ¢ekme,
kare kutu ¢ekme ve V-kalipta egme prosesleri kullanilmistir. Bu proseslerin tercih nedeni her bir prosesin farkli
bir karakterizasyona sahip olmasidir. Bu proseslerde toplamda 4 adet malzeme kullanilmis olup bu malzemeler
DP600, DP980, AA5754 ve DCO5'tir. Plastisite modellerinin ihtiya¢ duydugu mekanik 6zellikler mekanik testler
vasitasi ile elde edilebilmektedir. Bu g¢alisma kapsaminda kullanilan tiim malzemelerin yine bu g¢aligmada
kullanilan tiim plastisite modellerine ait parametreler Tablo 1'de 6zetlenmistir. Calisma kapsaminda yapilan sonlu
elemanlar analizlerinde Dynaform ticari yazilimi tercih edilmistir.

Tablo 1. Calisma kapsaminda kullanilan malzemelerin malzeme modellerine gére mekanik 6zellikleri [28-30]

DP600 DP980 DCO05 AA5754
POWER LAW MALZEME MODEL PARAMETRELERI

Mukavemet katsayis1 (MPa) 1080,7 1142 538,5 425
Peklesme iisteli 0,152 0,12 0,25 0,29
HILL-48 MALZEME MODEL PARAMETRELERI
Akma gerilmesi (MPa) 420 652 171 1425
Elastisite modiilii (GPa) 206 207 191 69
Mukavemet katsayis1 (MPa) 1080,7 1142 538,5 425
Peklesme tisteli 0,15 0,12 0,25 0,29
Ortalama anizotropi 0,89 0,74 1,57 0,61
BARLAT-89 MALZEME MODEL PARAMETRELERI
Akma gerilmesi (MPa) 420 652 171 1425
Elastisite modiilii (GPa) 206 207 191 69
Hadde yoniinde anizotropi 0,82 0,85 1,96 0,5
Hadde yoniine 45%de anizotropi 0,92 0,70 1,35 0,66
Hadde yoniine dik anizotropi 0,91 0,72 1,62 0,61
Kristal yapi iisteli (m) 6 6 6 8
YOSHIDA-UEMORI MALZEME MODEL PARAMETRELERI
B (MPa) 555 775,2 168 159,4
c 200 239,2 100 75,08
Rsat (MPa) 190 109,8 200 160
K (MPa) 1080,7 1142 538,5 425
b (MPa) 110 74 13 81,25
h 0,9 0,82 1,6 0,6

A. Derin Cekme

Derin ¢gekme prosesi bir malzemenin derin ¢ekilebilirlik sinirin1 elde etmek adina kullanilan bir benzetim
testi olmakla birlikte ayn1 zamanda bir iiretim yontemidir. Bu proseste daire kesitli bir sac agimimu silindirik bir
zimba vasitasi ile ¢ekme iglemine tabi tutulmaktadir. Bu ¢alismada ¢ift fazli gelik grubundan DP600 ve DP980
malzemelerine ait bir derin ¢ekme prosesinin sonlu elemanlar analizleri gerceklestirilmis ve farkli malzeme
modellerinin deneysel sonuca [31] yakinsama performanslari incelenmistir. Bu kapsamda deneysel sonuglarla
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kiyaslama limit ¢cekme oran1 (LCO) ile gerceklestirilmistir. Limit ¢ekme orani derin ¢ekilebilirligin maksimum
oldugu sac agimim c¢apmin zimba capma orani olarak tanimlanmaktadir. Limit ¢ekme orami su sekilde
yazilabilmektedir.

D
LCO=— 5
D ®)

z
Burada Ds sac aginim ¢apini, D; zzimba ¢apini temsil etmektedir.

Caligmada dort farklt malzeme modeli ve iki farkli malzeme kullanilarak simiilasyonlar ger¢eklestirilmis
ve malzeme modellerine gore LCO hesaplanmis ve deneysel sonug ile kiyaslanmistir. Sonlu elemanlar analiz
modeli Sekil 3'te verilmistir. Proses parametresi olarak par¢a tutucu kuvvet deneysel ¢alisma [31] referans alinarak
DP600 i¢in 23 kN ve DP980 i¢in 30 kN olarak kullanilmigtir. Bunun disinda siirtiinme katsayist 0,125 ve kalip
hizi 2000 mm/s'dir. Sonlu elemanlar hesaplama parametreleri ise Tablo 2'de verilmistir. Gergeklestirilen
simiilasyonlar sonrasinda LCO'lar her model i¢in tespit edilmistir. Deneysel sonuclarla kiyaslama Tablo 3'te
goriilmektedir. Tablodan goriildiigii tizere her model derin ¢ekilebilirligi yakin tahmin etse de kinematik peklesme
davranisini modelleyen Yoshida-Uemori modeli her iki malzeme i¢in de en yakin sonucu elde etmistir.

Sac ag yapisi

Parca tutucu

Zimba

Sekil 3. Derin gekme sonlu elemanlar modeli ve sac aginim ag yapisi

Tablo 2. Derin gekme simiilasyonu hesaplama parametreleri

Parametre Deger

Sac eleman boyutu 1mm

Sac eleman say1s1 1943

Eleman formiilasyonu Tam integrasyonlu kabuk eleman

Integrasyon nokta sayist

Tablo 3. Derin ¢ekme sonlu elemanlar malzeme modellerinin tahmin performanslarmin karsilastirilmasi

LCO Oranlar1 (mm)

DP600 DP980
Deneysel 3,33 Deneysel 3,33
Power Law 3,60 Power Law 3,84
Hill-48 3,70 Hill-48 3,82
Barlat-89 3,69 Barlat-89 3,71

Yoshida-Uemori 3,51 Yoshida-Uemori 3,51
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B. Kare Kutu Cekme

Kare kutu ¢ekme benzetimi sac metallerin sekillendirilebilirliklerinin en efektif tespit edilebildigi
proseslerin baginda gelmektedir. Gerek yirtilma yiiksekligi gerekse de kirisma ve kulaklanma durumlart etkin bir
sekilde gozlemlenebilmektedir. Bu nedenle malzeme modellerinin etkisinin arastirilmasi adina ¢alismada ikinci
proses olarak kare kutu cekme se¢ilmistir. Bu kapsamda malzeme olarak AA5754 aliiminyum alagimi kullanilarak
bir kare kutu ¢cekme iglemine ait sonlu elemanlar analizleri farkli malzeme modelleri ile gerceklestirilmistir.
Deneysel referans olarak yirtilma yiiksekligi alinmis olup sonlu elemanlar analizlerinden de yirtilma yiikseklikleri
tespit edilmistir. Sonlu elemanlar analizlerinde yirtilma yiiksekligi sekillendirme sinir diyagraminda yirtilma
smirindaki kalip ilerleme mesafesi olarak alinmistir (Sekil 4). Eksenel simetriden dolay1 1/4 model kullanilmisg
olup proses parametresi olarak 55 kN parca tutucu kuvvet, 0,125 siirtinme katsayist ve 2000 mm/s kalip hizi
uygulanmistir. Prosesin sonlu elemanlar modeli Sekil 5'te, sonlu elemanlar hesaplama parametreleri ise Tablo 5'te
verilmistir. Yapilan simiilasyonlar sonrasinda her malzeme modeli ile elde edilen yirtilma yiiksekliklerinin
deneysel sonug [32] ile kiyaslanmasi Tablo 6'da goriilmektedir.

0 PART: BLANK

| Yirtilma siniri

Yirtilma yuksekligi (mm)

ETAPOST

Sekil 4. Kare kutu ¢gekme prosesi igin sonlu elemanlar analizlerinde yirtilma yiiksekliginin tespiti

Sac ag yapisi

Parg¢a tutucu

Zimba

Sekil 5. Kare kutu ¢gekme sonlu elemanlar modeli ve sac aginim ag yapisi




Ozlem KOLEOGLU GURSOY, Emre ESENER / BSEU Fen Bilimleri, 6 (1), 1-11, 2019

Tablo 5. Kare kutu ¢ekme simiilasyonu hesaplama parametreleri

Parametre Deger

Sac eleman boyutu 1mm

Sac eleman sayist 3042

Eleman formiilasyonu Tam integrasyonlu kabuk eleman
Integrasyon nokta sayisi 7

Tablo 6. Kare kutu gekme sonlu elemanlar malzeme modellerinin tahmin performanslarmin karsilastiriimasi

Yirtilma Yiiksekligi (mm)
AA 5754
Deneysel 39,2
Power Law 42,7
Hill-48 42,1
Barlat-89 41,8

Yoshida-Uemori 39,5

C. V-Kalipta Egme

Benzetim testleri malzemelerin sekillendirilebilirliklerinin yani sira form verme islemi sonrasinda sekil
bozukluklarini da tespit edebilmektedir. Bu anlamda en sik kullanilan benzetim testlerinin baginda gelen V-kalipta
egme testi calismanin ii¢iincii prosesi olarak se¢ilmistir. Bu adimda malzeme modellerinin sekil bozuklugu iizerine
etkileri tespit edilecektir. Bu amacla 60° aciya sahip bir V-kalipta egme prosesi [33] deneysel referans olarak
kullanilmis olup, sekillendirme sonrasindaki geri esneme agisi sonlu elemanlar dogrulamasinda kullanilan
parametre olarak belirlenmistir. Burada geri esneme agis1, form verme islemi sonrasinda ¢ikan {iriiniin ara agist ile
kalip agisinin farki olarak tanimlanmistir. Malzeme olarak DP600 ve DCOS5 ¢elikleri kullanilmistir. Bu dogrultuda
prosese ait sonlu elemanlar modeli simetri kosulundan dolay1 1/2 model olarak olusturulmus (Sekil 6) ve farkl
malzeme modelleri ile simiilasyonlar gergeklestirilerek sonuglar deneysel sonug¢ ile kiyaslanmustir.
Simiilasyonlarda kullanilan sonlu elemanlar hesaplama parametreleri Tablo 7'de verilmis olup proses parametresi
olarak siirtiinme katsayis1 0,125 ve kalip hiz1 2000 mm/s olarak kullanilmistir. Bu proses bir serbest biikkme islemi
oldugundan kalip takimlar1 arasinda parga tutucu yer almamaktadir. Simiilasyon sonuglari ile deneysel sonuglarin
karsilastirilmasi Tablo 8'de gériilmektedir. Tahmin performansi olarak en yakin sonucu Yoshida-Uemori modeli
vermekle birlikte bu proseste DCO5 malzemesi i¢in Barlat-89 modeli basarili bir sekillendirme islemi
gergeklestirememistir. Bu durum Sekil 7'de verilmistir.

Sac ag yapisi

Sekil 6. V-kalipta egme sonlu elemanlar modeli ve sac aginim ag yapist
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Tablo 7. V-kalipta egme simiilasyonu hesaplama parametreleri

Parametre Deger

Sac eleman boyutu 1mm

Sac eleman say1s1 2025

Eleman formiilasyonu Tam integrasyonlu kabuk eleman
Integrasyon nokta sayisi 7

Tablo 8. V-kalipta egme sonlu elemanlar malzeme modellerinin tahmin performanslarinin karsilastiriimasi

Geri Esneme (9)

DP600 DC05
Deneysel 7,33 Deneysel 2,1
Power Law 5,90 Power Law 0,48
Hill-48 3,98 Hill-48 2,96
Barlat-89 6,20 Barlat-89 Basarisiz

Yoshida-Uemori 7,06 Yoshida-Uemori 1,72

A P Form hatalarl\ 4

Sekil 7. Barlat-89 modelinin DC05 malzemesi igin gergeklestirdigi basarisiz tahminde gozlemlenen form hatalar

IV. SONUCLAR VE TARTISMA

Yapilan caligmada sac metal sonlu elemanlar tahmin performansina malzemelerin plastik davranisi
modelleyen malzeme modellerinin etkisinin incelenmesi amaglanmistir. Bu amag¢ dogrultusunda hem yeni nesil
yiiksek mukavemetli (DP600, DP980) hem de diisiikk karbonlu ¢elik (DCO05) grubundan ve demir dis1 malzeme
grubundan (AA5754) malzemeler secilerek malzeme modeli etkisi irdelenmistir. Proses olarak ise
sekillendirilebilirlik temelli olarak derin ¢ekme ve kare kutu ¢gekme, sekil bozuklugu temelli olarak ise V-kalipta
egme prosesleri kullanilmistir. Her malzeme ve her proses igin dort farklt malzeme modeli kullanilarak
simiilasyonlar gerceklestirilmistir. Malzeme modelleri temelde izotropik malzeme-izotropik peklesme kabullii
(Power Law), anizotropik malzeme - izotropik peklesme kabullii (Hill-48, Barlat-89) ve anizotropik malzeme -
kinematik peklesme kabullii (Yoshida-Uemori) olarak gruplandirilmigtir. Simiilasyonlar sonrasinda elde edilen
sonuglar ilgili proseslerin deneysel verileri ile karsilastirilarak modellerin tahmin performanslari irdelenmistir.

Elde edilen sonuglar tartisildiginda su bulgulara varilmaktadir:

a) Malzeme modelleri, ihtiya¢ duyduklar1 parametreler bakimindan incelendiginde kinematik peklesme
modelinin daha fazla parametreye ihtiya¢c duydugu goriilmektedir. Bu bakimdan bu tarz bir model kullanabilmek
icin daha fazla test ya da optimizasyon adimlarinin gergeklestirilmesi gerekmektedir. Bu bakimdan kinematik
peklesme modelleri diger modellere gore daha fazla kullanim zorluguna sahiptirler.

b) Derin ¢gekme prosesinde her malzeme modeli deneysel modele yakin sonug vermekle birlikte en yakin
sonuglar kinematik peklesme modeli olan Yoshida-Uemori modeli ile elde edilmistir. Her iki ¢ift fazli ¢elik i¢in
de basarili tahminler gerceklestirilmistir.

c) Kare kutu ¢ekme prosesinde en yakin sonug¢ neredeyse deneysel yirtilma yiiksekligini yakalayabilen
Yoshida-Uemori modeli ile elde edilmistir. Diger modellerin deneysel yirtilma yiiksekligi ile farklari 2,5-3,5 mm
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mertebelerinde iken Yoshida-Uemori modelinin deneysel modelle farki 0,2 mm'dir. Bu proseste kinematik
malzeme modelinin aliminyum alasimlar1 i¢in de dogru tahmin verebildigi tespit edilmistir.

d) V-kalipta egme deneyi agisindan sonuglar incelendiginde yine sekil bozuklugunu Yoshida-Uemori
modeli deneysel sonuca en yakin tahmini vermistir. Sekil bozuklugunda kinematik peklesmenin etkisi daha fazla
gozlemlenmis olup modeller arasindaki en biiyiik farkin bu proseste ortaya ¢iktig tespit edilmistir. Buna ek olarak
Barlat-89 modeli bu prosesin gekillendirme adimini dahi tahmin edememistir. Barlat-89 modelinin aliiminyum
alasimlar i¢in daha uygun bir model oldugu literatiirdeki calismalarla dogrulanmistir [34, 35]. Bu durum yapilan
calismada da gozlemlenmis olup ¢elik malzemelerde Barlat-89 modeli 6zellikle sekil bozuklugu agisindan
basarisiz olmustur.

Sonuglar 6zetlendiginde, kinematik peklesme kabulii yapan malzeme modellerinin sonlu elemanlar
analizlerinde daha hassas tahminler yapabildikleri tespit edilmistir. Bu durum, kinematik peklesme modellerinin
Bauschinger etkisini dikkate alabilme kabiliyetlerinin bulunmasinin ve sac metal sekillendirme islemlerinde
biikiim bolgelerinde de bu durumun etkin olmasinin bir sonucu oldugu diisiiniilmektedir. Tahmin hassasiyetinde
malzeme modellerinin sekil bozuklugu iizerinde daha baskin bir etkiye sahip olduklar: tespit edilmistir. Sonug
olarak sac metal sonlu elemanlar analizlerinde malzeme modelinin tespiti 6zellikle sekil bozuklugu tahminlerinde
biiyiik rol oynamaktadir.
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consists of data-independent and almost uncorrelated feature pairs for each stress level with very strong

intra-class and relatively weak inter-class correlations, constructed by realizing a correlation analysis on the
popular features studied in the literature. By using the proposed feature set, a maximum of 100% stress level
recognition accuracy is achieved with an average increment of 24.85% while a mean reduction rate of 88.01% is
satisfied in false positive rate compared to the full feature set. These outcomes clearly show that the proposed feature
set can confidently be integrated into the driving assistance systems.

Q bstract- This paper proposes a novel feature set for drivers’ stress level recognition. The proposed feature set

Keywords- Stress Recognition, Feature Selection, Feature Correlation
. INTRODUCTION

Distress (negative stress), the negative emotions and unexpected behaviors of an individual as a result
of physical and emotional deterioration, is analyzed as acute, episodic acute and chronic stress due to its effects
and duration of these effects [1, 2]. It is known that the effects of distress on drivers affect the driving
performance negatively, concluding in traffic violations or accidents [3, 4]. Related studies show that the drivers
mostly experience acute stress due to road conditions, traffic density, social interactions, unexpected situations,
other drivers’ or pedestrians’ behaviors, events that impact time schedule, and difficult driving due to urban
planning [5, 6]. Acute stress is known to be a short-term stress caused by daily life stressors related to recent past
or near future [5], and by stimulating the sympathetic nervous system, it physiologically shows itself in
increments in blood sugar level, respiration rate, number of heartbeat, blood pressure, and muscle activity;
shortness of breath, sweaty palms, cold hands or foots, dizziness, chest pain, headache, activation of the blood
coagulation mechanism, irritable bowel syndrome and pupil dilation [7]. Electrocardiogram (ECG),
Photoplethysmogram (PPG), Galvanic Skin Response (GSR), Electromyogram (EMG), and Respiration (RESP)
are the physical sensors used for digitizing these effects.

In this paper, a correlation analysis of a number of popular measurements computed from the mentioned
physical sensors with each other and also with the stress levels is made. As the result of this analysis, the full
correlated measurements with each other are eliminated, and the very strongly correlated measurements with
each stress level are determined. These measurements are then used for stress level recognition by using Logistic
Linear Classifier (LLC), k-Nearest Neighbor (kNN), random forest, decision tree, and Support Vector Machines
(SVM) classifiers. The accuracy in stress level recognition is reached up to 100%, and shows a remarkable
amount of increment against when all of the measurements are utilized.

This paper is organized as follows: the studies related with stress level recognition in the literature are
summarized in the following section. In Section 3, the experimental studies are explicitly defined and the
succeeded results and discussions on these results are given in Section 4. The main conclusions are indicated in
the last section.
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Il. BACKGROUND

The studies related to stress recognition analyze the stress responses on sympathetic nervous system and
parasympathetic nervous system based on the fact that SNS is stimulated in a stressed state, and PNS in a relaxed
state [2]. These analyses are widely realized on ECG [7-18, 20-27], GSR [7-14, 16, 17, 19, 20, 23, 25-27], RESP
[7,9-17, 20, 23, 25, 26], EMG [7, 9-11, 14, 16, 17, 20, 21, 26], and PPG [19] signals.

The variations in the heart beats are analyzed by Heart Rate (HR) and Heart Rate Variability (HRV)
measurements using ECG [7-18, 20-27] and PPG [19] signals. Heart rate is the frequency of heart beats per
minute, and HRV indicates the variations between heart beats. The most utilized measurements for HR are the
mean (MHR) [7, 11, 14, 16, 17, 20, 22, 25-27] and the standard deviation (SDHR) [11, 14, 16, 17, 20, 25] of
heart rate. The median of HR [20], variance of HR [20], maximum HR [27], and minimum HR [27] are also used
for HR analyses.

The HRV is analyzed on both time and spectral domain. The time-domain measurements for HRV
include the mean of N-to-N intervals (MNN) [19, 23], the standard deviation of N-to-N intervals (SDNN) [18,
19, 23, 24], the root-mean-square of successive interval differences (RMSSD) [18, 19, 23, 26], the triangular
interpolation of the N-to-N interval histogram [23], the number of N-to-N interval differences differ by more
than 50 milliseconds (NN50) [18], the percentage of NN50 over the number of heart beats (pNN50) [18, 19, 23],
the percentage of the number of N-to-N interval differences differ by more than 20 milliseconds over the number
of heart beats (pNN20) [19], the mean of first differences (MFD) [7,18, 22], the mean of second differences
(MSD) [18], the mean of QRS-t0-QRS intervals (MQRS) [22], the mean of R-to-R intervals (MRR) [22], the
mean of Q-to-Q intervals (MQQ) [22], the mean of S-to-S intervals (MSS) [22], the mean of Q-to-R intervals
(MQR) [22], the mean of R-to-S intervals (MRS) [22], the PPG pulse height [19], the PPG rise time [19], the
PPG fall time [19], the PPG cardiac period [19], the PPG instantaneous heart rate [19], and the heart rate
variation from baseline [8]. The total spectral power (TP) [19], the spectral powers of very low frequency band
(VLF) [18, 19, 23], the low frequency band (LF) [9, 10, 14, 17-19, 23, 25, 26], the high frequency band (HF) [9,
10, 18, 19, 23, 25, 26], and the LF/HF ratio [9, 10, 12, 13, 18, 19, 23-26] are the frequently used HRV
measurements in Fourier domain. Besides, the VLF/TP ratio [12, 13], the LF/VLF ratio [12, 13], the HF/VLF
ratio [12, 13], the spectrum entropy [12]; the QRS power spectrum [15], the power samples of the R-peaks [21],
the mean and the standard deviation in Wavelet domain [25] are also used for spectral HRV analysis.

Sweaty palms and cold hands or foots cause changes on skin conductance (SC) of human body. In the
literature, the SC is analyzed in three groups. One of the group of features are directly extracted from the GSR
and includes the mean (MSC) [9, 11, 14, 16, 17, 20, 25, 27], the median [20], the variance (VarSC) [9, 20], the
standard deviation (SDSC) [11, 1, 17, 20, 25], the maximum [27] and the minimum [27] of the skin conductivity.
Another group analyzes the Skin Conductance Level (SCL — the tonic component of GSR) by means of the mean
of SCLs (MSCL) [23, 26] and the variance of SCLs (VarSCL) [23]. The most popular group analyzes the Skin
Conductance Response (SCR - the phasic component of GSR) through the sum of frequency of occurrence [9],
the number of peaks [19, 25, 27], the number of local maxima [26], the number of SCRs (NSCR) [10, 14, 17,
23], the rate of SCR (RSCR) [7], the mean of SCRs (MSCR) [7, 23], the variance of SCRs (VarSCR) [23], the
mean amplitude (MAmp — mean value of the increases in SC between SCR initiations and SCR peaks) [7, 27],
the maximum phasic amplitude (MaxPhAmp) [23], the amplitude sum of SCRs (AmpSum) [23], the magnitude
[14, 17], the peak amplitude sum (PAmpSum) [19], the peak energy sum (PEngSum) [19], the sum of
magnitudes [9, 10, 25], the first absolute difference (FAD) [12, 13], MFD [7], the mean of positive derivative
[26], the mean of absolute derivative [26], the proportion of positive samples in derivative [26], the area of
orienting responses [14, 17, 23, 25], the sum of the estimated areas under the responses [9, 10], the latitude (Lat)
[23], the rise rate average (MRT) [19, 27], the peak rise time sum (PRTSum) [19], the decay rate average [19],
the percentage decay [19], the half-recovery sum (HalfRecSum) [19], the duration [14, 17], the mean rise
duration [7], and the sum of durations [9, 10, 25]. Besides, number of the nonspecific response [23] is also used.
These features are extracted either from hand GSR [7, 12, 23, 27] or both hand and foot GSRs [11, 14, 16, 17,
20, 25, 26].

The respiration rate as well as the breathing amplitudes (BA) and the breathing durations vary between
relaxed and stressed states. These metrics are analyzed on time-domain using the mean (MRESP) [9, 10, 14, 17,
20, 25], the standard error of the mean (SEM) [23], the median [20], the variance [9, 10, 20], and the standard
deviation (SDRESP) [14, 17, 20, 25, 26] of the RESP signal; the respiration rate (RESPR) [7, 11, 15, 16, 23, 26],
the ratio of heart rate or RESPR (HR/RESPR) [12], the central respiration frequency [23], the difference between
maximal respiration and MRESP (range) [26]; the maximum breathing amplitude (MaxBA) [23], the minimum
breathing amplitude (MinBA) [23], the mean of breathing amplitude (MBA) [7], the difference between
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maximum and minimum values of breathing amplitude (MaxBA-MinBA) [23], the second difference of
breathing amplitude (SDBA) [23], the MFD [7, 23], the mean of the second difference (MSD) [23], the standard
deviation of the first difference (SDFD) [23], the standard deviation of the second difference (SDSD) [23]; the
skewness [23], the kurtosis [23], and the entropy [13] measurements in the literature. In addition to time-domain
measurements, these metrics are also analyzed in Fourier domain computing the spectral powers of RESP signals
[10, 14, 17, 23, 25] within the bands 0-to-0.1 Hz, 0.1-to-0.2 Hz, 0.2-t0-0.3 Hz, and 0.3-t0-0.4 Hz.

Characteristics of increasing muscle activity in a stressed state are defined, in the literature, by the mean
(MEMG) [9-11, 14, 16, 17, 20, 21], the variance [9, 20], the standard deviation [11, 20], the median [20], the
zero-crossing-rate (ZCR) [21], the root-mean-square (RMS) [16, 21, 26], the root-mean-quad (RMQ) [28], the
number of contractions per minute [11], the power spectrum [21], and the amplitude modulation of the envelope
[21] measurements of the EMG signal.

Il1l. EXPERIMENTAL STUDY
A. Database

The MIT-BIH PhysioNet Multi-parameter Database [29] is used for drivers’ stress level recognition in
this paper. This database consists of ECG, EMG, foot GSR, hand GSR, heart rate (HR), and respiration signals
collected by Healey and Piccard [10] from wearable sensors on 17 automobile drivers while driving from MIT’s
East Garage to River Street Bridge and back through three cities and two highways between an initial rest and a
final rest states. A marker in the database indicates the durations of rest states, city drive and highway drive. It is
defined as one in rest state has low stress (LS) while he has moderate stress (MS) and high stress (HS) during
highway and city drives, respectively in the database. The hand GSR, foot GSR, and respiration signals are
sampled at 31 Hz while ECG and EMG signals are sampled at 496 and 15.5 Hz, respectively [10].

10 of the 17 drivers’ bio-signals are used in this paper because of missing signals and non-clear markers
of other drivers’. The list of these 10 drivers is given in Table 1.

Table 1. List of bio-signals’-used drivers.

Record Names

drive5 drive6 drive7 drive8 drive9

drivel0  drivell drivel2  drivel5  drivel6

B. Feature Extraction

1) ECG Features: Initially, a pre-processing is realized on ECG signals for time-domain feature
extraction in order to remove baseline wander and muscle noise by applying a bandpass filter with cut-off
frequencies of 0.5 Hz and 4 Hz. The time-domain ECG features in the literature related to HR and HRV are
driven by the R-peaks of the ECG signal. Hence, R-peak detection is realized on the pre-processed ECG signals
using inverted second derivative method [30]. In addition to the time-domain feature extraction, frequency-
domain feature extraction on ECG signals is also realized for analyzing the energy distributions. The ECG
features extracted in this paper are given in Table 2.

2) GSR Features: A Butterworth bandpass filter with cut-off frequencies of 0.1 Hz and 1 Hz is applied
to hand GSR and foot GSR signals to remove baseline wander in these signals. The GSR features extracted from
both hand GSR and foot GSR in this paper are given in Table 3.

3) Respiration Features: A pre-processing operation is performed on respiration signals to remove
baseline wander and body movements related noises as given in [23]. This operation is realized by concatenating
a moving-average filter and a 10" order low pass filter with a cut-off frequency of 1 Hz [23]. The respiration
features extracted in this paper are given in Table 4.

4) EMG Features: A Butterworth low pass filter with a cut-off frequency of 500 Hz is applied to EMG
signals for removing noises caused by sudden body movements. The EMG features extracted in this paper are

given in Table 5.
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Table 2. The ECG features extracted for drivers' stress analysis.

Time-Domain ECG Features

Frequency-Domain ECG Features

Features Related to HR

Features Related to HRV

MHR

SDHR

MNN

SDNN

RMSSD of NN intervals (RMSSD_NN)
NN50

pNN50

NN20

pNN20

MRR

SDRR

RMSSD of RR intervals (RMSSD_RR)

TP
power of ultra-low frequency (ULF) (< 0.003 Hz)
VLF (0.003 Hz — 0.04 Hz)

LF (0.04 Hz - 0.15 Hz)

HF (0.15 Hz - 0.4 Hz)

VHF (> 0.4 Hz)

LF/HF

Table 3. The GSR features extracted for drivers' stress analysis.

Time-Domain GSR Features

 MFD of GSR (MFD_GSR)

HalfRecSum

mean half recovery (HalfRecMean)

o MAmMp

e PAmpSum e MSC

e AmpSum e VarSC

e MaxPhAmp e SDSC

e NSCR .

e RSCR .

e MSCR o Lat

e VarSCR e PRTSum
e MSCL e MRT

e VarSCL e PEngSum




Idil ISIKLI ESENER / BSEU Fen Bilimleri, 6 (1), 12-23, 2019

Table 4. The respiration features extracted for drivers' stress analysis.

Time-Domain Respiration Features Frequency-Domain Respiration Features

¢ MRESP ¢ MaxBA-MinBA
o SDDRESP e range
e SEM e MFD of RESP (MFD_RESP)
e skewness e SDFD

e RESP power (0-0.1)
o kurtosis e MSD

o RESP power (0.1-0.2)
e entropy e SDSD

e RESP power (0.2-0.3)
e RESPR e MSD of BA (MSD_BA)

e RESP power (0.3-0.4)
¢ HR/RESPR e SDSD of BA (SDSD_BA)
o MaxBA
¢ MinBA
¢ MBA

Table 5. The EMG features extracted for drivers' stress analysis.

Time-Domain EMG Features

* MEMG
¢ RMS
¢ RMQ
e ZCR

The 86-dimensional feature vector of each driver is constructed by concatenating the features given in
Tables 2-5 as given in the following.

[ Time - Domain ECG Features
Frequency - Domain ECG Features
Time - Domain Hand GSR Features

Feature Vector =| Time - Domain Foot GSR Features Q)

Time - Domain RESP Features

Frequency - Domain RESP Features

Time - Domain EMG Features

C. Correlation Analysis

Pearson’s correlation analysis of the extracted features with each other and with the stress levels is
made. The Pearson’s correlation ryy between the n - dimensional signals X and Y is computed as:

£ (x50 -9)
Fxy = nlzl . 2
JE 0 -xp - So- 97

where X and y are the means of X and Y, and X; and Y, are the i™ samples of X and Y,
respectively. The correlation coefficient has a value in the [—1,1] interval. Full correlation (ryy =1) shows that

the signals X and Y are identical while negative full correlation (ry, =—1) indicates that there is a 180° phase
shift between identical signals X and Y , and zero correlation (ryy, =0) means that X and Y are completely
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different signals. Strength of correlation between the features and between each feature and each stress level are
analyzed based on the range given by [16] and shown in Table 6.

Table 6. Interpretation of the strength of correlation results [16].

Correlation Coefficient Range Strength of Correlation
[0.00 -0.30| Weak
[0.31-0.50]| Moderate
[0.51-0.80] Strong
[0.81 -1.00] Very strong

IV. RESULTS AND DISCUSSION

Pearson’s correlation analysis of the features given in (1) with each other and with the stress levels is
realized in this paper. A-dimension-reduced feature set for stress level recognition is constructed by
concatenating the very strongly features of each stress level. Table 7 shows the features to be found as very
strongly correlated with the low stress level. The absolute correlation values of these features with each other as
well as with all stress levels are given in this table.

It is seen that the SDHR and the NN50 of ECG signals are full correlated. Hence, it is not necessary to
use both of them for classification. Since the SDHR is more correlated with low stress level, the NN50 is
eliminated from the feature set. Besides, the NSCR in hand GSR signals and the RESP powers between 0.1 Hz —
0.2 Hz and 0.2 Hz — 0.3 Hz are also full correlated with each other. On the score of stronger correlation of the
RESP power between 0.2 Hz and 0.3 Hz with low stress level, it is kept in the feature set. Although the RESP
power between 0.3 Hz — 0.4 Hz and the RMS of the EMG signals are not full correlated with any of the other
features, they are very strongly and strongly correlated with the SDHR, respectively and not much correlated as
the SDHR does with the low stress level. Hence, they are also excluded from the feature set.

Table 7. Correlation matrix obtained for features found to be very strongly correlated with the low stress level, including all stress levels.

RESP RESP RESP

SDHR NN50 (’|\1—|Sa(;§) power power power RMS LS MS HS
(01-02) (02-03) (0.3-0.4)

SDHR TO00 1000 0194 0208 019 0998 0782 0924 0164 0536
NN50 1000 1000 0194 0208 0195 0998 0782 0918 0140 0534
NSCR (Hand) ~ 0194 0194 1,000 1000 1000 0239 0722 0851 0643 0,689
oL ~ 028 028 1000 1000 LW 025 073 0872 0704 0147
R?OSE_%O;")’” 0195 0195 1000 4000 1000 0240 0723 0886 0623 0185
R?()Sg_%OX‘)’er 0998 0998 0239 0254 0,240 1000 0813 0880 0433 0241
RMS o782 o782 0722 0738 0723 0813 1000 0887 0548 0,774

LS 0924 0918 0851 0872 086 080 087 1000 0412 0416

MS 0164 0140 0643 0704 0623 0433 0548 0412 1000 0592

HS 053 0534 0689 0147 0185 0241 0774 0416 0592 1,000

The features to be detected as very strongly correlated with the moderate stress level and their
corresponding |rXY| values including all stress levels are given in Table 8. The TP of the ECG signals is
included in the feature set since it is full correlated with the moderate stress level. Resulting from the high
correlation of the ULF and the TP features of ECG signals and lower correlation of the ULF with moderate stress
level, the ULF is removed from the feature set. The VarSCR within and the HalfRecSum of the hand GSR and
the MaxPhAmp of the foot GSR signals are full correlated and they are also very strongly correlated with the LF
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of the ECG signals and the MFD of the foot GSR signals. Among these features, due to the highest correlation
with moderate stress level, only the MaxPhAmp of the foot GSR signals is remained in the feature set.

Table 8. Correlation matrix obtained for features found to be very strongly correlated with the moderate stress level, including all stress
levels.

HalfRecSum MaxPhAmp MFD_GSR

TP ULF LF  VarSCR LS MS HS

(Hand) (Foot) (Foot)
TP 1000 0955 0696 0230 0,244 0231 0203 0137 1000 0118
ULF 0955 1000 0843 0452 0,466 0,454 0426 0087 0937 0062
LF 0696 0843 1,000 0,851 0,859 0,851 083 0320 0876 0113
VarSCR 0230 0452 0851 1,000 1,000 1,000 0999 0785 0842 0793
Ha('LF;erfg)“m 0244 0466 0859 1,000 1,000 1,000 0999 0568 0806 0,298
Mag;’t'\)mp 0231 0454 0851 1,000 1,000 1,000 0,999 0152 0885 0,637
M'EEO—O%SR 0203 0426 0834 0,999 0,099 0,099 1000 0537 0829 0735
LS 0137 0087 0320 0,785 0,568 0,152 0537 1,000 0412 0416
MS 1000 0937 0876 0842 0,806 0,885 0829 0412 1,000 0592
HS 0118 0062 0113 0,793 0,298 0,637 0735 0416 0592 1,000

The in between absolute correlation values of very strongly correlated features with the high stress level
are indicated in Table 9, and the absolute correlation values of these features are given in Table 10. None of the
features are full correlated but there exist very strongly correlated features. The MSCR in the hand GSR signals
is highly correlated with the MinBA and the SDFD of the respiration signals. It is visible to use just the SDFD of
respiration signals through these features since it is almost full correlated with the moderate stress level. In
addition, the MFD and the HalfRecMean of the hand GSR signals are highly correlated and the HalfRecMean of
the hand GSR signals is excluded from the feature set since the MFD of the hand GSR signals has a stronger
correlation with this level of stress. Moreover, because the SDSD of the respiration signals is more correlated
with the moderate stress level than the MaxBA-MinBA of which it is highly correlated, the MaxBA-MinBA is
excluded from the feature set. Among these features in the feature set, all the features except the SDFD and the
SDSD of the respiration signals due to their weaker correlations with high stress level are removed from the set.
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Table 9. Correlation matrix obtained for features found to be very strongly correlated with the high stress level.

AmpSum MSCR MFD_GSR HalfRecMean PEngSum  MRT MaxBA
MBA R SDFD SDSD SDSD_BA
(Hand) (Hand) (Hand) (Hand) (Hand) (Foot) MinBA
AmpSum
1,000 0,026 0,218 0,224 0,223 0,331 0,155 0,319 0,147 0,015 0,011
(Hand)
MSCR
0,026 1,000 0,587 0,405 0,519 0,377 0,895 0,614 0,822 0,504 0,177
(Hand)
MFD_GSR
0,218 0,587 1,000 0,907 0,655 0,359 0,530 0,261 0,477 0,292 0,028
(Hand)
HalfRecMean
0,224 0,405 0,907 1,000 0,801 0,506 0,291 0,111 0,260 0,186 0,037
(Hand)
PEngSum
0,223 0,519 0,655 0,801 1,000 0,733 0,315 0,113 0,380 0,197 0,316
(Hand)
MRT (Foot) 0,331 0,377 0,359 0,506 0,733 1,000 0,313 0,263 0,511 0,352 0,562
MBA 0,155 0,895 0,530 0,291 0,315 0,313 1,000 0,518 0,859 0,472 0,069
MaxBA
- 0,319 0,614 0,261 0,111 0,113 0,263 0,518 1,000 0,754 0,920 0,611
MinBA
SDFD 0,147 0,822 0,477 0,260 0,380 0511 0,859 0,754 1,000 0,772 0,560
SDSD 0,015 0,504 0,292 0,186 0,197 0,352 0,472 0,920 0,772 1,000 0,725
SDSD_BA 0,011 0,177 0,028 0,037 0,316 0,562 0,069 0,611 0,560 0,725 1,000

Table 10. Correlation matrix of features, found to be very strongly correlated with the high stress level, with all stress levels.

LS MS HS

AmpSum (Hand) 0,748 0,785 0,915
MSCR (Hand) 0,672 0,725 0,844
MFD_GSR (Hand) 0,609 0,780 0,962
HalfRecMean (Hand) 0,029 0,758 0,948
PEngSum (Hand) 0,365 0,699 0,939

MRT (Foot) 0620 0628 0877
MBA 0336 0500 0,975
MaxBA-MinBA 0197 0348 0,969
SDFD 0027 0654 0,991
SDSD 0577 0224 0,984
SDSD_BA 0045 0599 0,975
LS 1,000 0412 0.416

MS 0412 1,000 0592

HS 0416 0592 1,000

The resultant 6-dimensional feature set constructed by selecting almost uncorrelated features that are
very strongly correlated with each of the stress levels, are given in Table 11.
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Table 11. Selected features by correlation analysis.

Related Signal Feature Shows Very Strongly Correlation with
SDHR ECG Low stress
RESP power (0.2-0.3) RESP Low stress
TP ECG Moderate stress
MaxPhAmp Foot GSR Moderate stress
SDFD RESP High stress
SDSD RESP High stress

The stress level discriminating power of the selected features, given in Table 10, is measured by the
Accuracy (ACC) and the False Positive Rate (FPR) metrics succeeded by the KNN (k=5), random forest,
decision tree, LLC, and SVM classifiers. The classification procedure is realized by 5-fold cross-validation
technique. These metrics are computed by using the following relations,

%ACC = P+TN 100
TP+TN +FP+FN 3
% FPR = _FP -100 4)
FP+TN

where TP, TN, FP, and FN refer to the numbers of true positives, true negatives, false positives, and
false negatives, respectively. These metrics are computed for each of the five folds, and the mean and the
standard deviations of the computations are evaluated. The same classification process is also executed by the
full feature set given in (1) for comparison. The classification results of both full and selected feature sets are
shown in Figure 1. An average increment of 24.85% in mean ACC and an average decrement of 88.01% in mean
FPR are satisfied by using the selected feature set for drivers’ stress level recognition. Besides the classification
success, the decrement in standard deviations of the performance metrics indicates the data independency of the
selected feature set.

Although an overall classification accuracy of 100% is achieved by most of the classifiers using the
selected feature set, the SVM and the LLC classifiers succeeded an accuracy of 95.56% and a FPR of 3.33%.

100 - 9556  95.56 100.00 12.00 -
100.00 100.00 |
%0 - 95,56 10
%0 - 10,00 -
9,00 -
701 7778 =4=Mean ACC of Full | =4=5D of ACC of Full
6 Feature Set (%) 8,00 Feature Set
1 7,00 -
6223 Mean ACC %fSelected SD of ACC of Selected
50 - Feature Set (%) 6,00 - Feature Set
0 ==Mean FPR of Full 500 - °
2833 Feature Set (%) 100 =4=3D of FPR of Full
30 1 1667 ===Mean FPR of Selected 3‘00 | Feafure Set
04 Feature Set (%) 7'00 ===3D of FPR of Selected
00BN 0 oo DN i 0.00 000 000 o
0 e 0,00 - —
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(=5) Tree Forest (=5) Tree Forest

Figure 1. Classification results of drivers' stress level recognition

Analyzing the total confusion matrices of these classifiers given in Table 12, it is seen that although
high stress level is perfectly detected, the non-100% accuracies are because of the inter-belonged FPs and FNs of
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low and moderate stress levels. These misclassifications are thought to be caused by the closeness of correlation
strength of the RESP power (0.2-0.3) with low and moderate stress levels.

Table 12. The total confusion matrices achieved by classifying the selected feature set via SVM and LLC classifiers.

Classified Stress Levels by

SVM Classifier LLC Classifier
Low Moderate High Low Moderate High
Stress Stress Stress Stress Stress Stress
Low Stress 9 1 0 9 1 0
Actual Stress Moderate Stress 1 9 0 1 9 0
Levels
High Stress 0 0 10 0 0 10

In conclusion, low, moderate, and high stress levels are recognized by 93.33%, 93.33%, and 100%
accuracies, respectively.

V. CONCLUSIONS

A correlation analysis of frequently used physiological measurements, computed from the ECG, hand
GSR, foot GSR, RESP, and EMG signals for drivers’ stress level recognition, is realized in this paper. The
experimental study is executed on the publicly available MIT-BIH PhysioNet Multi-parameter Database [10].
The correlation analysis is concluded in proposal of almost uncorrelated feature pairs for each stress level with
very strong intra-level and relatively weak inter-level correlations. These feature pairs indicate that the SDHR
and the RESP power within the band 0.2-0.3 Hz shows a significant difference in low stress level while the TP
of the ECG signal and the MaxPhAmp of the foot GSR have high significance for moderate stress level and
SDFD and SDSD are discriminators for high stress level. The strength of these features are verified by a
classification procedure using KNN (k=5), random forest, decision tree, LLC, and SVM classifiers with by 5-fold
cross-validation technique. The recognition ACC is raised up to 100% with an average increment of 24.85%, and
the FPR is decreased up to 0% by providing a reduction rate of 88.01% on average when the proposed feature set
is used instead of the full feature set. Besides, the proposed feature set satisfies these results in less time
consumption which is extremely important for real-time applications. In addition, the data independency of these
features is approved by the reduced and mostly zeroed standard deviations of both ACC and FPR. These
outcomes clearly show that the proposed feature set can confidently be integrated into the driving assistance
systems in new generation vehicles.
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substrates at varying temperatures (75°C-90°C). Influence of bath temperature on c-axis preferred

orientations of ZnO thin films were examined. X-ray diffraction (XRD) results proved that thin films
deposited at 80°C and 85°C bath temperature have a preferred orientation towards (011) peak. The preferred
orientation changed towards (010) peak when the bath temperature increased to 90°C. Field Emission Scanning
Electron Microscope (FESEM) images proved that ZnO thin film structure was formed by flower-like nanorods. In
the thin films produced at 80°C and 85°C, the alignment of the nanorods was vertical, while in the films produced at
90°C, the nanorods mostly formed horizontally. These FESEM images also proved that the preferential orientation
has changed from (011) to (010). Effects of bath temperature on band gap of semiconductor ZnO thin films were
investigated by UV-Visible Spectrophotometer. ZnO thin films band gap value increased to 3.37 eV as the bath
temperature increased to 85°C. When the bath temperature increased to 90°C the band gap value strongly decreased
t03.24 eV.

A bstract- Semiconductor ZnO thin films were deposited via chemical bath deposition technique (CBD) on glass

Keywords- Zno Thin Films, Chemical Bath Deposition, Bath Temperature Effect, Preferred Orientations, Band Gap.
I. INTRODUCTION

Lately, interest in metal oxides such as ZnO, MgO, TiO, and CuO has been increasing. Transistors [1],
water purification [2], optoelectronic devices [3] are some of the application areas of metal oxides. Owing to its
various structures such as nanorods, nanoflowers, nanorings and nanobelts, ZnO is one of the most preferred and
investigated materials [4].

ZnO metal semiconductor oxides have a wide direct band gap of about 3.3 eV. ZnO is also low-cost,
nontoxic and chemically-inert material. Additionally, ZnO has hexagonal structure [5]. It has been widely
utilized in optoelectronic applications such as sensors, LCDs, UV laser diodes, solar cells and plasma displays

[6].

There are many publications in literature about ZnO thin film production by using several techniques
such as PLD [7], laser ablation [8], sol—gel [9], sputtering [10], MBE [11] and CBD [12].

CBD technique is very low cost. It does not require vacuum and complicated procedures. In addition,
the low working temperature and fast thin film deposition times are advantageous over other thin film deposition
techniques. [13]. In this work, thin films were prepared via CBD technique. Deposition of ZnO thin film
completed only 30 min and no annealing required to crystallize the produced thin film. Effects of bath
temperature on c-axis preferred orientations and band gap of semiconductor ZnO films were examined.

Il.  EXPERIMENTAL STUDY

Thin films were prepared via CBD technique at varying bath temperatures on glass substrates. 100 ml
of 0.1M Zinc nitrate hexahydrate solution was prepared. The pH was fixed to 10 by adding ammonia to the
solution. Prior to thin film deposition, aceton, methanol and distilled water were used to clean glass substrates.
Clean substrates were dipped in the bath solution and it was heated on magnetic stirrer with a temperature-
controller. The bath solution was set to 75°C-90°C for A, B, and D series, respectively (Table 1).

1*Sorumlu yazar iletisim: sinan.temel@bilecik.edu.tr (https://orcid.org/0000-0002-0889-9490)
Bilecik Seyh Edebali University, Central Research Laboratory, Bilecik, Turkey.
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Thin film deposition was performed in 30 minutes for each series. After the deposited thin films were
removed from the bath solution, distilled water were used to wash the films. Produced thin films were dried at
room temperature. Annealing process was not required to crystallize the thin films.

Table 1. Label of ZnO thin films

Bath temperature Label
75°C A
80°C B
85°C C
90°C D

The structural, surface and optical properties of the samples were characterized and the results were
examined comparatively.

I1l. RESULTS AND DISCUSSION

Semiconductor ZnO thin films’ crystal structure was determined via XRD measurements. (X-ray
diffractometer: Panalytical Empyrean). CuKa radiation was used and the measurement was performed in the
30°-60° 20 range at the room temperature. In Figure 1, XRD spectra of ZnO semiconductor thin films were
shown. All obtained ZnO semiconductor thin films have hexagonal structure. The diffraction patterns were
matched with ZnO (hexagonal structure, ICDD:98-003-1052). Also thin films were in polycrystalline nature. In
A series, (010) and (011) peaks of hexagonal ZnO structure in poor intensity were started to be observed at 75°C
bath temperature. There is no preferred orientation for A series. B and C series deposited at 80°C and 85°C bath
temperature have a preferred orientation towards (011) peak. C series have a strong preferred orientation towards
(011) peak. When the bath temperature increased to 90°C, the preferred orientation changed towards (010) peak.
The increase in bath temperature has changed the preferential orientation.
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Figure 1. XRD spectra of ZnO semiconductor thin films.

The crystallite sizes of all samples were calculated by Scherrer’s equation [14];

I E:T!
- Beozd (1)

Where A; the wavelength of X-rays, B; the full width at half maximum value and 0 is the angle of
diffraction. The crystallite size values were given in Table 2. As seen from the table, the crystallite size values
increase as the bath temperature increases.
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Table 2. The crystallite size values of ZnO thin films

Series D (nm)
A 30
B 38
C 47
D 62

The morphological properties of ZnO semiconductor thin films were determined by Zeiss Supra 40 VP
FESEM. FESEM images showed that ZnO thin film structure was occured by flower-like nanorods. FESEM
images of ZnO semiconductor thin films were shown in Figure 2. As it seen in the series A, the flower-like
nanorod structure was not fully developed. In the thin films deposited at 80°C and 85°C (B and C series), the
alignment of the nanorods was usually vertical, while in the films deposited at 90°C (D series), the nanorods
mostly formed horizontally. These FESEM images also proved that the preferential orientation has changed from
(011) to (010). FESEM images are in agreement with XRD results.

Figure 3. Elemental mapping image of ZnO nanoflower.
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Elemental mapping results of ZnO nanoflower taken by the EDX detector was given in Figure 3. The
green dots show the oxygen (O) atoms, and the red dots show the zinc (Zn) atoms. This image indicates that the
nanoflower is zinc oxide (ZnO).

The band gap values of ZnO semiconductor thin films was specified by absorption spectra which were
measured by Perkin Elmer Lambda 25 UV-Vis. Spectrophotometer (Wavelength: 300-1100 nm). Tauc method
[15] was used to find out the band gap values. Due to Tauc method, the band gap energy value of the material is
the point at which the linear part of the graph cuts the energy axis. In Figure 4, the of plots of (¢hv)2 versus
energy and band gap values of ZnO semiconductor thin films were presented. The band gap values of ZnO films
determined between 3.20 to 3.37 eV. The band gap value of ZnO thin films increased to 3.37 eV as the bath
temperature increased to 85°C. When the bath temperature increased to 90°C the band gap value strongly
decreased to 3.24 eV. The decrease in the band gap value is due to the dramatic increase in the crystallite size
value at 90°C of bath temperature and the change in preferential orientation. This results showed that the band
gap values of ZnO semiconductor thin films depend on the bath temperature.
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Figure 4. The plots of (chv)? vs. energy and band gap values of ZnO semiconductor thin films.

I\VV.CONCLUSION

ZnO semiconductor thin films were produced via CBD technique at varying bath temperatures to
investigate effects of varying temperature on c-axis preferred orientations and band gap values. In this technique,
deposition of ZnO thin film completed only 30 min and no annealing required to crystallize the produced thin
film. All obtained ZnO semiconductor thin films have hexagonal structure and polycrystalline nature. Although
hexagonal ZnO structure in a very small intensity were started to be observed at 75°C bath temperature, there is
no preferred orientation in A series. B and C series deposited at 80°C and 85°C bath temperature have a
preferred orientation towards (011) peak. When the bath temperature increased to 90°C, the preferred orientation
changed towards (010) peak. It was showed that the increase in bath temperature has changed the preferential
orientation. It was seen from FESEM images that that ZnO structure was formed by flower-like nanorods. In the
series A, the structure was not fully formed. In B and C series, the alignment of the nanorods was usually
vertical, while in the films deposited at 90°C (D series), the nanorods mostly formed horizontally. These FESEM
images also proved that the preferential orientation has changed from (011) to (010). These structural and
morphological characterizations indicated that preferred orientation of ZnO thin films can be easily changed by
increasing the bath temperature in chemical bath deposition technique. The band gap values of ZnO thin films
varied from 3.20 to 3.37 eV. The band gap value of ZnO thin films increased to 3.37 eV as the bath temperature
increased to 85°C. When the bath temperature increased to 90°C the band gap value strongly decreased to 3.24
eV. This results showed that the band gap values of ZnO semiconductor thin films depend on the bath
temperature. In ZnO semiconductor thin film applications that require lower band gap, the band gap value can be
reduced by increasing the bath temperature in chemical bath deposition technique.
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ORC power plant have analytically conducted. In the designs, Simav geothermal resources

have been taken into consideration as the source of the plant. Then, the best design has been
determined using EATWOS in the viewpoint of the working conditions. As a conclusion, the available
models of bl-type, b2-type and b3-type were determined as Model 12, Model 10 and Model 31,
respectively for energy efficiency, net yearly electricity generation and integrated-based values.
Amongst these, the best model was determined as Model 10 with the design parameters of 353.15 K,
413.15 K, 295.15 K, 656.37 MWh and 18.08 for T, T2d, T2c, Enet and #, respectively.

Q bstract- In this study, taking the different parameters into account, different designs of b-type

Keywords- EATWOS, Geothermal Energy, B-Type ORC
I. INTRODUCTION

Geothermal energy is one of the prominent renewable energy sources in reducing fossil fuel
consumption due to its continuity and thus reducing the emission of waste gas which causes environmental
pollution. The use of geothermal energy for electricity generation is one of the indirect ways of evaluating
these resources. In the use of geothermal energy for electricity generation, the most common application for
the evaluation of medium enthalpy resources is the Organic Rankine Cycle (ORC) power plants. The designs
of these plants are depending on several parameters such as thermophysical properties of the geothermal
resources and the working parameters of plants. However, the decision on the most effective system design is
a very complex problem if the number of parameters or criteria is taken into account.

The people, who need to make an individual, institutional or global decision, have to take into
account multiple criteria such as cost, sustainability, time, relationships and environmental issues in each
other. From this point of view, Multi-Criteria Decision-Making (MCDM) techniques is an advantageous tool
since it propounds a multidimensional sight for the solution of the problem including mathematics, social
issues, economics and act of operations. MCDM techniques are the techniques in which the multiple
problems are optimized and the best one is chosen. So, it is widely used for problems withmulti-criteria. Data
Enveloping Analysis (DEA), Efficiency Analysis Technique with Output Satisficing (EATWOS), Analytical
Hierarchy Process (AHP), and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) are
the commonly used MCMD techniques [1-2]. These techniques are used in many areas such as performance
evaluation of corporations and universities, financial evaluations of the corporations and so on [3-7].

Energy topics and environmental topics related to energy are the complicated issues in which several
purposes are mutually contradictory. So, they have a structure including more than single criteria, aim and
quantity since they include maximum uncertainty, intensive investments and maximum time. For this reason,
energy and environment decisions are in the scope of application of decision analysis [1, 8].
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If someone searches about the studies on decision analysis, electrical energy issues come into [8].
Beside this, the studies on renewable energy types (hydropower, solar energy, wind energy and geothermal
energy) get increase in the last decade [1].

A new efficiency analysis technique, which determines the potential of recruitment of efficiency by
considering satisfying levels for output amounts, was earned to literature by Peters and Zelewski (2006) [9].
This analysis technique, named EATWOS, is one of the most preferred methods of multivariate statistical
analysis techniques. This technique puts on some advantages since it includes a calculation based on the
weights of evaluating criteria(s). In this technique, the decision maker predicates satisfying results rather
than the optimum ones [9, 10]. According to this, the decision maker avoids deceptive decisions since
EATWOS allows a different grading in comparison to other techniques with its defined level of satisfying for
one output at least. EATWOS is successfully used in a large area such as performance of industrial
corporations, sportive players, suppliers, education, civil associations, energy systems [9-15] However in the
literature, there is no or limited study on decision making of designing of energy systems such as power
generation.

In this study, it is aimed to determine the best configuration of the geothermal power plant. In this
purpose, conducting the different operating parameters, different designs of b-type Organic Rankine Cycle
(ORC) were performed taking the properties of Simav geothermal field into account. The energy efficiencies
and net power outputs of the designs were calculated by means of thermodynamic laws. Then, the optimum
design parameters of the system determined with EATWOS method by using the results of the energy
analysis.

Il. DESIGN OF ORC-BINARY POWER PLANT

The flow diagram of the designed ORC power plant was given in Figure 1. The ORC power plant
consists of separator (S), preheater (PH), evaporator (E), circulation pump (CP), condenser (C), control valve
(CV) and turbine-generator (T/G) [16, 17].

o

E) 3 E——
EJ 4 ——
EJ & @ —p—
R
EB
E9 @ ——
Elli®

@ Production well =
—— Steam line H p
=== Liguid line L. — 0
Refrigerant Re-injeciion CP
| Cooling water

Figure 1. The flow diagram of the geothermal powered ORC-Binary power plant [16, 17]

According to Figure 1, the liquid and vapor phases of the geothermal fluid are divided into two
flows in the separator. The liquid phase of the geothermal fluid enters to PH and gives its heat energy to the
working fluid and vapor phase of the geothermal fluid enters to E and gives its heat energy to the preheated
working fluid. At the end of these procedures both vapor and liquid phase of geothermal fluid compose and
re-injected to the well. Superheated working fluid enters T/G (2a) and then expanded working fluid enters C
(2b) at condensation pressure. The working fluid is compressed to the inlet pressure of the turbine at CP.

The type of working fluid is important for determining the operating conditions of the system. The
thermodynamical properties of the working fluid effect the system operating parameters and the outputs of
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the system (net power output, energy efficiency, condensation temperature). In this study, R-134a and R-
141b are used as a working fluid. T-s diagrams of the cycles were given in Figure 2 [16,17].

a) b) c)

Figure 2. T-s diagram of B-Type ORC-Binary Power Plant a) b1-type, b) b2-type, c) b3-type [16]

According to Figure 2., the B- type cycle design consists of b1, b2 and b3 models depending on the
characteristics of the working fluid at the inlet and outlet of the turbine. At the bl-type, the working fluid
enters the turbine as a saturated vapor and exits the turbine as a saturated liquid-vapor mixture. The
difference of type b2-type from bl-type is that the working fluid exits the turbine as a superheated vapor. At
the b3-type, the working fluid enters and exits the turbine as a superheated vapor. The temperatures of the
geothermal fluids at the exit of preheater (T1p) and evaporator (Tib), the temperature of the working fluid at
the exit of condenser (Tx), the pressure and the temperature of the working fluid at the exit of pump (P24 and
Taq, respectively) are the design parameters of the power plant.

The efficiency values of the heat exchanger, turbine, generator and pump were accepted as 98%,
85%, 99% and 90%, respectively. The net power output and the energy efficiencies of the systems were
calculated by using the efficiency values of these components. The detailed information about the technical
data and mathematical modeling of the designed plant could be reached from the study of Ref [16-18]. The
results of designed plants can be seen in App. 1-4.

I1l. EATWOS ANALYSIS

EATWOS is a new technique developed in 2006 in order to obtain satisfactory solutions based on
output. Depending on input values, it is a technique that can be used to give relative results in outputs and to
compare these results with each other and to decide the optimum result in energy system design problems.
The EATWOS implementation steps are summarized below [9]. Depending on the input and output values,
the input and output matrices are respectively as follows;

[X11 "0 X1k

K = : : : l Xik € RZO Vi= 1, ,I Vk= 1, ,K (1)
L X1 Xk
Y11 0 Y1

X = : e : yl] € ]REO Vi: 1, ,I V]: 1, ,] (2)
LVin Vi

As a second step, these matrices are normalized using the following equations;

Sik M (3)
YVij
Tij = . (4)

I 2
JZi=1Yik

As the third step, the distance matrices are calculated for the input and output values. In this context,
the following distance measurement expressions are used for input and output values respectively.
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Py =1+ Sy — S (5)
opy =1+m;—1 (6)

sg and r;" are normalized maximum input and output values, respectively. These values are given
as follows.

Sp = miin{sk} @)

= mlax{rj} (8)

The efficiency values of the designs in the decision-making mechanisms are based on the weight
values of the input (wx) and output (v;) parameters. The last step, the efficiency values are calculated by the
following equation;

Z§=1Vj'0pij

- Zlk(=1 Wi iDik
IV.RESULTS AND DISCUSSION

In this study, 48 designs for b1-Type, 48 designs for b2-Type and 288 designs for b3-Type were
designed for two different working fluid (R-141b, R-134a), pressure and temperature values of the
geothermal energy powered ORC cycle. Tip, T2d T2c and P2q values are the input parameters of the EATWOS
analysis. Also, the output parameters of this analysis are energy efficiency (y) and the net power output
values. The weights used in the modeling of inputs and outputs are calculated as the ratio of the sum of the
normalized distance within each input and output to the total weight of all parameters as given in Table 1-3.
The efficiency values of EATWOS analysis which were calculated according to the weight values were given

in Figure 3 for b1-type (R-134a), Figure 4 for b2-type (R-141b) and Figure 5 for b3-type (R-134a, R-141b).

Table 1. The weights for b1-type models

Weight values W Vi
T (K) T2 (K) Tac (K) Whet (MW) n
Parameters Total 49.086 48.385 49.555 46.641 47.125
Overall Total 147.026 93.766
Weight 0.333863 | 0.329089 | 0.337048 0497419 [ 0502581
Table 2. The weights for b2-type models
Weight values W Vi
T (K) T24(K) T2 (K) Wret (MW) i
Parameters Total 49.086 48.532 49.555 46.784 47.261
Overall Total 147.173 94.045
Weight 0333529 | 0.329761 | 0336711 0497469 | 0502531
Table 3. The weights for b3-type models
R-134a
Weight values W Vi
T (K) T2 (K) T2 (K) P24 (kPa) Whet (MW) [l
Parameters Total 145.882 144.666 146.693 145.958 139.575 140.506
Overall Total 583.198 280.082
Weight 0.250141 0248056 [ 0251532 |  0.250271 0498338 [ 0501662
R-141b
Weight values W Vi
T (K) Tad (K) Tac (K) P24 (kPa) Whet (MW) 3
Parameters Total 145.882 144,921 146.693 149.306 139.307 140.351
Overall Total 586.802 279.659
Weight 0.248605 0246968 | 0249987 [  0.25444 0.498133 |  0.501867
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Figure 3. Wy based efficiency values of b1-type models (R-134a)

According to Figure 3, the efficiency values of the models are determined between 0.90 and 1.00. In
this case, the most effective design in terms of decision-making is determined as Model 12 depending on its
highest efficiency value. Whe based efficiency values of b2-type models and b3-type models are given in
Figure 4 and Figure 5, respectively.
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Figure 4. Wy based efficiency values of b2-type models (R-141b)
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Figure 5. Wq; based efficiency values of b3-type models a) R-134a, b) R-141b
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According to Figure 4 and Figure 5a, Wre based efficiency values of b2-type models and b3-type
models for R-134a are determined between 0.91 and 0.99. The most effective design in terms of decision-
making is determined as Model 10 for b2-type models and Model 31 for b3-type (R-134a). According to
Figure 5b, Whe based efficiency values of b3-type models are determined between 0.92 and 0.97 for R-141b.
In this case, the most effective design in terms of decision-making is determined as Model 31. # based
efficiency values of b1-type models and b2-type models are given in Figure 6 and Figure 7, respectively.

0,88 0,9 0,92 0,94 0,96 0,98 1
Efficiency

Figure 6. 5 based efficiency values of b1-type models (R-134a)

0,88 0,9 0,92 0,94 0,96 0,98 1
Efficiency

Figure 7. 5 based efficiency values of b2-type models (R-141b)

As seen in Figure 6, # based efficiency values of bl-type models are calculated between 0.92 and
1.00. Under the same circumstances, the most effective design in terms of decision-making is determined as
model 12. According to Figure 7, 5 based efficiency values of b2-type models are determined between 0.93
and 0.99. In this case, the most effective design in terms of decision-making is determined as Model 10. 5
based efficiency values of b3-type models for R-134a and R-141b are given in Figure 8a and Figure 8b,
respectively.
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Figure 8. 5 based efficiency values of b3-type models a) R-134a, b) R-141b

As seen in Figure 8a and Figure 8b, » based efficiency values of b3-type models are calculated
between 0.92 and 1.00 for R-134a and 0.93 and 0.97 for R-141b. Under the same circumstances, the most
effective design in terms of decision-making is determined as Model 31 for both working fluids. Wy and #
integrated-based efficiency values of b1-type models and b2-type models are given in Figure 9 and Figure 10,
respectively.

0,85 0,9 0,95 1
Efficiency

Figure 9. Wy and 5 integrated-based efficiency values of b1-type models (R-134a)
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Figure 10. Wy and 7 integrated-based efficiency values of b2-type models (R-141b)

As seen in Figure 9, Whet and 7 integrated-based efficiency values of b1-type models are calculated
between 0,91 and 1.00. Under the same circumstances, the most effective design in terms of decision-making
is determined as model 12. According to Figure 10., Whe: and # integrated-based efficiency values of b2-type
models are determined between 0.92 and 0.99. In this case, the most effective design in terms of decision-
making is determined as Model 10. W, and 5 integrated-based efficiency values of b3-type models for R-

134a and R-141b are given in Figure 11a and Figure 11b, respectively

Figure 11. Wy and 5 integrated-based efficiency values of b3-type models a) R-134a, b) R-141b
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As seen in Figure 11a and Figure 11b, Wy and 7 integrated-based efficiency values of b3-type
models are calculated between 0.91 and 0.99 for R-134a and 0.92 and 0.97 for R-141b. Under the same
circumstances, the most effective design in terms of decision-making is determined as model 31 for both

working fluids.

The efficiency values increase with the decrease of the Ty, and Tag. With the increase of Ty, the
efficiency values decrease. The effect of pressure on efficiency is negative since the efficiency decrease with
the increase of pressure.
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V. CONCLUSION

In this study, b-type ORC geothermal power plants have been analytically examined considering
various design parameters. Then, obtained energy efficiency and net power output values were evaluated
with EATWOS multi-criteria decision-making model and the most effective design was determined.

As a result, the most effective models of b1-type, b2-type and b3-type were determined as Model 12,
Model 10 and Model 31, respectively for energy efficiency, net yearly electricity generation and integrated-
based values. The system parameters of Model 12 for bl-type were determined as 353.15 K. 358.15 K,
295.15 K, 410.92 MWh and 11.32 for T, T2g, Tac, Enet and 7, respectively. The system parameters of Model
10 for b2-type were determined as 353.15 K, 413.15 K, 295.15 K, 656.37 MWh and 18.08 for Tip, T2d, Toc,
Enet and 7, respectively. The system parameters of Model 31 for b3-type (R-141b) were determined as
353.15 K, 403.15 K, 295.15 K, 1000 kPa, 601.10 MWh and 16.29 for Tip, T4, T2c, P2d, Enet and 7,
respectively. The system parameters of model 31 for b3-type (R-134a) were determined as 353.15 K, 363.15
K, 295.15 K, 2750 kPa, 439.99 MWh and 11.22 for Tip, T2d, T2c, P24, Enet and #, respectively.

In decision making for the optimum design, it is still needed an expert view. From this point, Model
10 seems as the best configuration taking the highest energy generation rate, relatively higher thermal
efficiency and lower pressure ratios into account.
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APP. 1. Design parameters of b1-type model for R-134a as a working fluid

APPENDIX

Design No | Tus (K) | Taa (K) | Tac(K) | Enee (MWh) | | No | Tas (K) | Toa (K) | Tzc (K) | Enec(MWh) | q
1 383.15 | 368.15 | 295.15 | 34758 |10.85| 25 | 383.15 | 368.15 | 303.15 | 31329 | 9.78
2 383.15 | 363.15 | 295.15 | 33579 |10.48| 26 | 383.15 | 363.15 | 303.15 | 299.75 | 9.35
3 383.15 | 358.15 | 29515 | 362.62 |11.32| 27 | 383.15 | 358.15 |303.15 | 328.17 |10.24
4 37315 | 368.15 | 29515 | 363.06 |10.85| 28 | 373.15 | 368.15 | 303.15 | 327.24 | 9.78
5 37315 | 363.15 | 29515 | 350.75 |10.48| 29 | 373.15 | 363.15 | 303.15 | 31310 | 9.35
6 37315 | 358.15 | 29515 | 378.77 |11.32| 30 | 373.15 | 358.15 | 303.15 | 342.79 |10.24
7 363.15 | 368.15 | 29515 | 378.49 |10.85| 31 | 363.15 | 368.15 | 303.15 | 34114 | 9.78
8 363.15 | 363.15 | 295.15 | 365.65 |10.48| 32 | 363.15 | 363.15 | 303.15 | 32640 | 9.35
9 363.15 | 358.15 | 295.15 | 394.86 |11.32| 33 | 363.15 | 358.15 | 303.15 | 357.35 |10.24
10 353.15 | 368.15 | 295.15 | 393.88 | 10.85| 34 | 353.15 | 368.15 | 303.15 | 355.02 | 9.78
11 353.15 | 363.15 | 295.15 | 38052 | 10.48 | 35 | 353.15 | 363.15 | 303.15 | 339.67 | 9.35
12 353.15 | 358.15 | 295.15 | 41092 |[11.32| 36 | 353.15 | 358.15 | 303.15 | 371.88 | 10.24
13 383.15 | 368.15 | 299.15 | 33157 [10.35| 37 | 383.15 | 368.15 | 309.15 | 292.01 | 9.11
14 383.15 | 363.15 | 299.15 | 317.88 | 9.92 | 38 | 383.15 | 363.15 | 309.15 | 278.54 | 8.69
15 383.15 | 358.15 | 299.15 | 347.16 |10.83| 39 | 383.15 | 358.15 | 309.15 | 308.06 | 9.61
16 37315 | 368.15 | 299.15 | 34634 |10.35| 40 | 373.15 | 368.15 | 309.15 | 305.02 | 9.1
17 37315 | 363.15 | 299.15 | 332.03 | 9.92 | 41 | 373.15 | 363.15 | 309.15 | 290.94 | 8.69
18 37315 | 358.15 | 299.15 | 362.62 |10.83| 42 | 373.15 | 358.15 | 309.15 | 321.78 | 9.61
19 363.15 | 368.15 | 299.15 | 361.05 |10.35| 43 | 363.15 | 368.15 | 309.15 | 317.98 | 9.11
20 363.15 | 363.15 | 299.15 | 346.14 | 9.92 | 44 | 363.15 | 363.15 | 309.15 | 30331 | 8.69
21 363.15 | 358.15 | 299.15 | 378.02 [ 10.83 | 45 | 363.15 | 358.15 | 309.15 | 33546 | 9.61
22 353.15 | 368.15 | 299.15 | 375.74 | 10.35| 46 | 353.15 | 368.15 | 309.15 | 330.91 | 9.11
23 353.15 | 363.15 | 299.15 | 36022 | 9.92 | 47 | 353.15 | 363.15 | 309.15 | 315.64 | 8.69
24 353.15 | 358.15 | 299.15 | 393.40 [ 10.83 | 48 | 353.15 | 358.15 | 309.15 | 349.10 | 9.61
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APP. 2. Design parameters of b2-type model for R-141b as a working fluid

Design No | Tus (K) | Toa (K) | Toc(K) | Ene MWH) | | No | Tan (K) | Toa (K) | Toc (K) | Enee (MWH) | q
1 383.15 | 413.15 | 295.15 | 579.22 |18.08| 25 | 383.15 | 413.15 | 303.15 | 54754 | 17.09
2 383.15 | 403.15 | 295.15 | 552.68 | 17.25| 26 | 383.15 | 403.15 | 303.15 | 518.72 | 16.19
3 383.15 | 393.15 | 295.15 | 516.07 |16.10| 27 | 383.15 | 393.15 | 303.15 | 480.26 | 14.99
4 373.15 | 413.15 | 295.15 | 605.02 | 18.08 | 28 | 373.15 | 413.15 | 303.15 | 571.92 | 17.09
5 373.15 | 403.15 | 295.15 | 577.29 |17.25| 29 | 373.15 | 403.15 | 303.15 | 541.81 | 16.19
6 373.15 | 393.15 | 295.15 | 539.05 |16.10| 30 | 373.15 | 393.15 | 303.15 | 501.65 | 14.99
7 363.15 | 413.15 | 295.15 | 630.73 | 18.08| 31 | 363.15 | 413.15 | 303.15 | 596.23 | 17.09
8 363.15 | 403.15 | 295.15 | 601.82 | 17.25| 32 | 363.15 | 403.15 | 303.15 | 564.84 |16.19
9 363.15 | 393.15 | 295.15 | 561.95 |16.10| 33 | 363.15 | 393.15 | 303.15 | 522.96 | 14.99
10 | 353.15|413.15|295.15 | 656.37 | 18.08 | 34 | 353.15 | 413.15 | 303.15 | 620.47 | 17.09
11 353.15 | 403.15 | 29515 | 626.29 | 17.25| 35 | 353.15 | 403.15 | 303.15 | 587.81 | 16.19
12 353.15 | 393.15 | 295.15 | 584.80 |16.10 | 36 | 353.15 | 393.15 | 303.15 | 544.23 | 14.99
13 |383.15|413.15[299.15 | 564.90 |17.63 | 37 | 383.15 | 413.15 | 309.15 | 527.70 | 16.47
14 | 383.15 | 403.15|299.15 | 536.83 | 16.75 | 38 | 383.15 | 403.15 | 309.15 | 496.91 | 15.51
15 | 383.15|393.15|299.15 | 499.33 | 1558 | 39 | 383.15 | 393.15 | 309.15 | 458.92 | 14.32
16 |373.15|413.15[299.15 | 590.06 |17.63 | 40 | 373.15 | 413.15 | 309.15 | 551.20 | 16.47
17 373.15 | 403.15 | 299.15 | 560.73 | 16.75| 41 | 373.15 | 403.15 | 309.15 | 519.04 | 1551
18 | 3731539315 |299.15 | 52156 | 1558 | 42 | 373.15 | 393.15 [ 309.15 | 479.36 [ 14.32
19 363.15 | 413.15 | 299.15 | 615.13 | 17.63 | 43 | 363.15 | 413.15 | 309.15 | 574.62 | 16.47
20 | 363.15403.15|299.15 | 58456 |16.75| 44 | 363.15 | 403.15 [ 309.15 | 541.09 |[1551
21 363.15 | 393.15 | 299.15 | 543.73 | 1558 | 45 | 363.15 | 393.15 | 309.15 | 499.73 |14.32
22 353.15 | 41315 | 299.15 | 640.15 | 17.63 | 46 | 353.15 | 413.15 | 309.15 | 597.99 | 16.47
23 | 353.15403.15|299.15 | 608.33 | 16.75| 47 | 353.15 | 403.15 [ 309.15 | 563.09 [ 1551
24 | 353.15393.15|299.15 | 565.84 | 1558 | 48 | 353.15 | 393.15 | 309.15 | 520.05 | 14.32
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APP. 3. Design parameters of b3-type model for R-134a as a working fluid

Design No | T (K) | T2d(K) | Tac (K) | P2d (kPa) | Enet (MWh) n
1 383.15 | 368.15 | 295.15 | 3000 383.16 10.97
2 383.15 | 368.15 | 295.15 | 2500 356.02 10.37
3 383.15 | 368.15 | 295.15 | 2000 315.35 9.32
4 383.15 | 363.15 | 295.15 2750 388.27 11.22
5 383.15 | 363.15 | 295.15 2500 364.18 10.61
6 383.15 | 363.15 | 295.15 2000 311.01 9.17
7 383.15 | 358.15 | 295.15 2500 281.83 8.01
8 383.15 | 358.15 | 295.15 2300 331.71 9.67
9 383.15 | 358.15 | 295.15 2000 348.51 10.33
10 373.15 | 368.15 | 295.15 | 3000 400.22 10.97
11 373.15 | 368.15 | 295.15 | 2500 371.88 10.37
12 373.15 | 368.15 | 295.15 | 2000 329.40 9.32
13 373.15 | 363.15 | 295.15 2750 405.56 11.22
14 373.15 | 363.15 | 295.15 | 2500 380.40 10.61
15 373.15 | 363.15 | 295.15 | 2000 324.86 9.17
16 373.15 | 358.15 | 295.15 | 2500 294.38 8.01
17 373.15 | 358.15 | 295.15| 2300 346.48 9.67
18 373.15 | 358.15 | 295.15| 2000 364.03 10.33
19 363.15 | 368.15 | 295.15 | 3000 417.23 10.97
20 363.15 | 368.15 | 295.15 | 2500 387.68 10.37
21 363.15 | 368.15 | 295.15 | 2000 343.39 9.32
22 363.15 | 363.15 | 295.15 | 2750 422.79 11.22
23 363.15 | 363.15 | 295.15 | 2500 396.57 10.61
24 363.15 | 363.15 | 295.15 | 2000 338.66 9.17
25 363.15 | 358.15 | 295.15 | 2500 306.89 8.01
26 363.15 | 358.15 | 295.15 | 2300 361.20 9.67
27 363.15 | 358.15 | 295.15 | 2000 379.50 10.33
28 353.15 | 368.15 | 295.15 | 3000 434.19 10.97
29 353.15 | 368.15 | 295.15 | 2500 403.44 10.37
30 353.15 | 368.15 | 295.15 | 2000 357.36 9.32
31 353.15 | 363.15|295.15 | 2750 439.99 11.22
32 353.15 | 363.15 | 295.15 | 2500 412.69 10.61
33 353.15 | 363.15 | 295.15 | 2000 352.43 9.17
34 353.15 | 358.15 | 295.15 2500 319.37 8.01
35 353.15 | 358.15 | 295.15 | 2300 375.89 9.67
36 353.15 | 358.15 | 295.15 | 2000 394.93 10.33
37 383.15 | 368.15 | 299.15 | 3000 362.47 10.32
38 383.15 | 368.15 | 299.15 | 2500 332.26 9.64
39 383.15 | 368.15 | 299.15 | 2000 289.20 8.51
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APP. 3. (continued)

Design No | T (K) | Taa(K) | Tc(K) | P2a(kPa) | Enet (MWh) n
40 383.15 | 363.15 | 299.15 2750 367.43 10.57
41 383.15 | 363.15 | 299.15 2500 340.09 9.86
42 383.15 | 363.15 | 299.15 2000 284.14 8.34
43 383.15 | 358.15 | 299.15 2500 258.16 7.27
44 383.15 | 358.15 | 299.15 2300 304.09 8.82
45 383.15 | 358.15 | 299.15 2000 321.88 9.51
46 373.15 | 368.15 | 299.15 3000 378.61 10.32
47 373.15 | 368.15 | 299.15 2500 347.06 9.64
48 373.15 | 368.15 | 299.15 2000 302.07 8.51
49 373.15 | 363.15 | 299.15 2750 383.79 10.57
50 373.15 | 363.15 | 299.15 2500 355.23 9.86
51 373.15 | 363.15 | 299.15 2000 296.80 8.34
52 373.15 | 358.15 | 299.15 2500 269.66 7.27
53 373.15 | 358.15 | 299.15 2300 317.63 8.82
54 373.15 | 358.15 | 299.15 2000 336.22 9.51
55 363.15 | 368.15 | 299.15 3000 394.69 10.32
56 363.15 | 368.15 | 299.15 2500 361.81 9.64
57 363.15 | 368.15 | 299.15 2000 314.91 8.51
58 363.15 | 363.15 | 299.15 2750 400.10 10.57
59 363.15 | 363.15 | 299.15 2500 370.32 9.86
60 363.15 | 363.15 | 299.15 2000 309.41 8.34
61 363.15 | 358.15 | 299.15 2500 281.12 7.27
62 363.15 | 358.15 | 299.15 2300 331.13 8.82
63 363.15 | 358.15 | 299.15 2000 350.50 9.51
64 353.15 | 368.15 | 299.15 3000 410.74 10.32
65 353.15 | 368.15 | 299.15 2500 376.52 9.64
66 353.15 | 368.15 | 299.15 2000 327.72 8.51
67 353.15 | 363.15 | 299.15 2750 416.37 10.57
68 353.15 | 363.15 | 299.15 2500 385.38 9.86
69 353.15 | 363.15 | 299.15 2000 321.99 8.34
70 353.15 | 358.15 | 299.15 2500 292.55 7.27
71 353.15 | 358.15 | 299.15 2300 344.60 8.82
72 353.15 | 358.15 | 299.15 2000 364.76 9.51
73 383.15 | 368.15 | 303.15 3000 340.69 9.64
74 383.15 | 368.15 | 303.15 2500 302.48 8.71
75 383.15 | 368.15 | 303.15 2000 255.95 7.49
76 383.15 | 363.15 | 303.15 2750 345.49 9.89
77 383.15 | 363.15 | 303.15 2500 309.80 8.92
78 383.15 | 363.15 | 303.15 2000 249.99 7.29
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APP. 3. (continued)

Design No | T (K) | T2d(K) | T (K) | Pada(kPa) | Enet (MWh) n
79 383.15 | 358.15 | 303.15 2500 226.73 6.30
80 383.15 | 358.15 | 303.15 2300 275.03 7.92
81 383.15 | 358.15 | 303.15 2000 290.22 8.53
82 373.15 | 368.15 | 303.15 3000 355.86 9.64
83 373.15 | 368.15 | 303.15 2500 315.95 8.71
84 373.15 | 368.15 | 303.15 2000 267.34 7.49
85 373.15 | 363.15 | 303.15 2750 360.87 9.89
86 373.15 | 363.15 | 303.15 2500 323.59 8.92
87 373.15 | 363.15 | 303.15 2000 261.12 7.29
88 373.15 | 358.15 | 303.15 2500 236.82 6.30
89 373.15 | 358.15 | 303.15 2300 287.28 7.92
90 373.15 | 358.15 | 303.15 2000 303.15 8.53
91 363.15 | 368.15 | 303.15 3000 370.98 9.64
92 363.15 | 368.15 | 303.15 2500 329.37 8.71
93 363.15 | 368.15 | 303.15 2000 278.70 7.49
94 363.15 | 363.15 | 303.15 2750 376.21 9.89
95 363.15 | 363.15 | 303.15 2500 337.34 8.92
96 363.15 | 363.15 | 303.15 2000 272.22 7.29
97 363.15 | 358.15 | 303.15 2500 246.89 6.30
98 363.15 | 358.15 | 303.15 2300 299.49 7.92
99 363.15 | 358.15 | 303.15 2000 316.03 8.53
100 353.15 | 368.15 | 303.15 3000 386.07 9.64
101 353.15 | 368.15 | 303.15 2500 342.77 8.71
102 353.15 | 368.15 | 303.15 2000 290.04 7.49
103 353.15 | 363.15 | 303.15 2750 391.50 9.89
104 353.15 | 363.15 | 303.15 2500 351.06 8.92
105 353.15 | 363.15 | 303.15 2000 283.29 7.29
106 353.15 | 358.15 | 303.15 2500 256.93 6.30
107 353.15 | 358.15 | 303.15 2300 311.66 7.92
108 353.15 | 358.15 | 303.15 2000 328.88 8.53
109 383.15 | 368.15 | 309.15 3000 309.14 8.65
110 383.15 | 368.15 | 309.15 2500 264.92 7.56
111 383.15 | 368.15 | 309.15 2000 217.97 6.34
112 383.15 | 363.15 | 309.15 2750 317.78 9.03
113 383.15 | 363.15 | 309.15 2500 271.60 7.75
114 383.15 | 363.15 | 309.15 2000 210.84 6.10
115 383.15 | 358.15 | 309.15 2500 189.69 5.16
116 383.15 | 358.15 | 309.15 2300 234.95 6.69
117 383.15 | 358.15 | 309.15 2000 252.92 7.40
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APP. 3. (continued)

Design No | T (K) | Taa(K) | T2 (K) | P (kPa) | Enet (MWh) n
118 373.15 | 368.15 | 309.15 3000 322.91 8.65
119 373.15 | 368.15 | 309.15 2500 276.71 7.56
120 373.15 | 368.15 | 309.15 2000 227.68 6.34
121 373.15 | 363.15 | 309.15 2750 331.93 9.03
122 373.15 | 363.15 | 309.15 2500 283.70 7.75
123 373.15 | 363.15 | 309.15 2000 220.23 6.10
124 373.15 | 358.15 | 309.15 2500 198.13 5.16
125 373.15 | 358.15 | 309.15 2300 24541 6.69
126 373.15 | 358.15 | 309.15 2000 264.18 7.40
127 363.15 | 368.15 | 309.15 3000 336.63 8.65
128 363.15 | 368.15 | 309.15 2500 288.47 7.56
129 363.15 | 368.15 | 309.15 2000 237.35 6.34
130 363.15 | 363.15 | 309.15 2750 346.03 9.03
131 363.15 | 363.15 | 309.15 2500 295.75 7.75
132 363.15 | 363.15 | 309.15 2000 229.59 6.10
133 363.15 | 358.15 | 309.15 2500 206.55 5.16
134 363.15 | 358.15 | 309.15 2300 255.84 6.69
135 363.15 | 358.15 | 309.15 2000 275.41 7.40
136 353.15 | 368.15 | 309.15 3000 350.32 8.65
137 353.15 | 368.15 | 309.15 2500 300.20 7.56
138 353.15 | 368.15 | 309.15 2000 247.00 6.34
139 353.15 | 363.15 | 309.15 2750 360.10 9.03
140 353.15 | 363.15 | 309.15 2500 307.78 7.75
141 353.15 | 363.15 | 309.15 2000 238.93 6.10
142 353.15 | 358.15 | 309.15 2500 214.95 5.16
143 353.15 | 358.15 | 309.15 2300 266.24 6.69
144 353.15 | 358.15 | 309.15 2000 286.61 7.40
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APP. 4. Design parameters of b3-type model for R-141b as a working fluid

Design No | Tin (K) | T2d (K) | Tac (K) | P2d (kPa) | Enet (MWh) | n
1 383.15 | 413.15 | 295.15 1300 576.57 17.65
2 383.15 | 413.15 | 295.15 1000 525.76 16.15
3 383.15 | 413.15 | 295.15 700 476.63 14.70
4 383.15 | 403.15 | 295.15 1000 530.44 16.29
5 383.15 | 403.15 | 295.15 700 462.95 14.27
6 383.15 | 403.15 | 295.15 500 427.93 13.24
7 383.15 | 393.15 | 295.15 700 469.91 14.48
8 383.15 | 393.15 | 295.15 500 416.63 12.88
9 383.15 | 393.15 | 295.15 400 365.63 11.32
10 373.15 | 413.15 | 295.15 1300 602.25 17.65
11 373.15 | 413.15 | 295.15 1000 549.17 16.15
12 373.15 | 413.15 | 295.15 700 497.85 14.70
13 373.15 | 403.15 | 295.15 1000 554.07 16.29
14 373.15 | 403.15 | 295.15 700 483.57 14.27
15 373.15 | 403.15 | 295.15 500 446.99 13.24
16 373.15 | 393.15 | 295.15 700 490.84 14.48
17 373.15 | 393.15 | 295.15 500 435.18 12.88
18 373.15 | 393.15 | 295.15 400 381.91 11.32
19 363.15 | 413.15 | 295.15 1300 627.84 17.65
20 363.15 | 413.15 | 295.15 1000 572.50 16.15
21 363.15 | 413.15 | 295.15 700 519.01 14.70
22 363.15 | 403.15 | 295.15 1000 577.61 16.29
23 363.15 | 403.15 | 295.15 700 504.11 14.27
24 363.15 | 403.15 | 295.15 500 465.98 13.24
25 363.15 | 393.15 | 295.15 700 511.69 14.48
26 363.15 | 393.15 | 295.15 500 453.67 12.88
27 363.15 | 393.15 | 295.15 400 398.14 11.32
28 353.15 | 413.15 | 295.15 1300 653.37 17.65
29 353.15 | 413.15 | 295.15 1000 595.78 16.15
30 353.15 | 413.15 | 295.15 700 540.11 14.70
31 353.15 | 403.15 | 295.15 1000 601.10 16.29
32 353.15 | 403.15 | 295.15 700 524.61 14.27
33 353.15 | 403.15 | 295.15 500 484.93 13.24
34 353.15 | 393.15 | 295.15 700 532.50 14.48
35 353.15 | 393.15 | 295.15 500 472.12 12.88
36 353.15 | 393.15 | 295.15 400 414.33 11.32
37 383.15 | 413.15 | 299.15 1300 559.88 17.12
38 383.15 | 413.15 | 299.15 1000 508.59 15.61
39 383.15 | 413.15 | 299.15 700 454.93 14.03
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APP. 4. (continued)

Design No | Tw(K) | Ta(K) | T (K)| Pa(kPa) | Enet (MWh) n
40 383.15 403.15 |299.15 1000 512.77 15.74
41 383.15 403.15 |299.15 700 444 .56 13.70
42 383.15 403.15 |299.15 500 400.92 12.39
43 383.15 393.15 |299.15 700 451.00 13.89
44 383.15 393.15 |299.15 500 392.84 12.14
45 383.15 393.15 |299.15 400 342.94 10.61
46 373.15 413.15 | 299.15 1300 584.82 17.12
47 373.15 413.15 |299.15 1000 531.24 15.61
48 373.15 413.15 |299.15 700 475.19 14.03
49 373.15 403.15 |299.15 1000 535.61 15.74
50 373.15 403.15 |299.15 700 464.36 13.70
51 373.15 403.15 |299.15 500 418.77 12.39
52 373.15 393.15 |299.15 700 471.09 13.89
53 373.15 393.15 |299.15 500 410.34 12.14
54 373.15 393.15 |299.15 400 358.21 10.61
55 363.15 413.15 | 299.15 1300 609.67 17.12
56 363.15 413.15 | 299.15 1000 553.81 15.61
57 363.15 413.15 | 299.15 700 495.38 14.03
58 363.15 403.15 | 299.15 1000 558.37 15.74
59 363.15 403.15 | 299.15 700 484.09 13.70
60 363.15 403.15 | 299.15 500 436.56 12.39
61 363.15 393.15 |299.15 700 491.10 13.89
62 363.15 393.15 |299.15 500 427.77 12.14
63 363.15 393.15 |299.15 400 373.43 10.61
64 353.15 413.15 | 299.15 1300 634.46 17.12
65 353.15 413.15 | 299.15 1000 576.33 15.61
66 353.15 413.15 | 299.15 700 515.52 14.03
67 353.15 403.15 | 299.15 1000 581.07 15.74
68 353.15 403.15 | 299.15 700 503.78 13.70
69 353.15 403.15 | 299.15 500 454.32 12.39
70 353.15 393.15 | 299.15 700 511.07 13.89
71 353.15 393.15 | 299.15 500 44517 12.14
72 353.15 393.15 | 299.15 400 388.62 10.61
73 383.15 413.15 | 303.15 1300 540.11 16.50
74 383.15 413.15 | 303.15 1000 486.68 14.93
75 383.15 413.15 | 303.15 700 432.59 13.33
76 383.15 403.15 | 303.15 1000 494.56 15.17
77 383.15 403.15 | 303.15 700 421.32 12.97
78 383.15 403.15 | 303.15 500 373.09 11.53
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APP. 4. (continued)

Design No | T (K) | Taa(K) | Tc(K) | Pa(kPa) | Enet (MWh) n
79 383.15 | 393.15 | 303.15 700 427.05 13.14
80 383.15 | 393.15 | 303.15 500 364.81 11.26
81 383.15 | 393.15 | 303.15 400 313.46 9.69
82 373.15 | 413.15 | 303.15 1300 564.16 16.50
83 373.15 | 413.15 | 303.15 1000 508.36 14.93
84 373.15 | 413.15 | 303.15 700 451.86 13.33
85 373.15 | 403.15 | 303.15 1000 516.58 15.17
86 373.15 | 403.15 | 303.15 700 440.08 12.97
87 373.15 | 403.15 | 303.15 500 389.70 11.53
88 373.15 | 393.15 | 303.15 700 446.07 13.14
89 373.15 | 393.15 | 303.15 500 381.06 11.26
90 373.15 | 393.15 | 303.15 400 327.42 9.69
91 363.15 | 413.15 | 303.15 1300 588.13 16.50
92 363.15 | 413.15 | 303.15 1000 529.96 14.93
93 363.15 | 413.15 | 303.15 700 471.06 13.33
94 363.15 | 403.15 | 303.15 1000 538.53 15.17
95 363.15 | 403.15 | 303.15 700 458.78 12.97
96 363.15 | 403.15 | 303.15 500 406.26 11.53
97 363.15 | 393.15 | 303.15 700 465.03 13.14
98 363.15 | 393.15 | 303.15 500 397.25 11.26
99 363.15 | 393.15 | 303.15 400 341.33 9.69
100 353.15 | 413.15 | 303.15 1300 612.05 16.50
101 353.15 | 413.15 | 303.15 1000 551.51 14.93
102 353.15 | 413.15 | 303.15 700 490.21 13.33
103 353.15 | 403.15 | 303.15 1000 560.43 15.17
104 353.15 | 403.15 | 303.15 700 477.44 12.97
105 353.15 | 403.15 | 303.15 500 422.78 11.53
106 353.15 | 393.15 | 303.15 700 483.94 13.14
107 353.15 | 393.15 | 303.15 500 413.41 11.26
108 353.15 | 393.15 | 303.15 400 355.21 9.69
109 383.15 | 413.15 | 309.15 1300 520.34 15.88
110 383.15 | 413.15 | 309.15 1000 463.42 14.20
111 383.15 | 413.15 | 309.15 700 404.24 12.44
112 383.15 | 403.15 | 309.15 1000 470.67 14.42
113 383.15 | 403.15 | 309.15 700 391.72 12.05
114 383.15 | 403.15 | 309.15 500 342.78 10.58
115 383.15 | 393.15 | 309.15 700 401.10 12.34
116 383.15 | 393.15 | 309.15 500 335.93 10.37
117 383.15 | 393.15 | 309.15 400 285.34 8.82
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APP. 4. (continued)

Design No T (K) Ta(K) | T2c(K) | Paa(kPa) | Enet (MWh) n
118 373.15 413.15 | 309.15 1300 543.52 15.88
119 373.15 413.15 | 309.15 1000 484.06 14.20
120 373.15 413.15 | 309.15 700 422.24 12.44
121 373.15 403.15 | 309.15 1000 491.63 14.42
122 373.15 403.15 | 309.15 700 409.16 12.05
123 373.15 403.15 | 309.15 500 358.04 10.58
124 373.15 393.15 | 309.15 700 418.96 12.34
125 373.15 393.15 | 309.15 500 350.89 10.37
126 373.15 393.15 | 309.15 400 298.04 8.82
127 363.15 413.15 | 309.15 1300 566.61 15.88
128 363.15 413.15 | 309.15 1000 504.63 14.20
129 363.15 413.15 | 309.15 700 440.18 12.44
130 363.15 403.15 | 309.15 1000 512.52 14.42
131 363.15 403.15 | 309.15 700 426.55 12.05
132 363.15 403.15 | 309.15 500 373.26 10.58
133 363.15 393.15 | 309.15 700 436.76 12.34
134 363.15 393.15 | 309.15 500 365.80 10.37
135 363.15 393.15 | 309.15 400 310.71 8.82
136 353.15 413.15 | 309.15 1300 589.65 15.88
137 353.15 413.15 | 309.15 1000 525.14 14.20
138 353.15 413.15 | 309.15 700 458.08 12.44
139 353.15 403.15 | 309.15 1000 533.36 14.42
140 353.15 403.15 | 309.15 700 443.89 12.05
141 353.15 403.15 | 309.15 500 388.43 10.58
142 353.15 393.15 | 309.15 700 454.52 12.34
143 353.15 393.15 | 309.15 500 380.68 10.37
144 353.15 393.15 | 309.15 400 323.34 8.82
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z- Endiistride; benzin, mazot, kimyasallar ve farkh tip yaglarin aktarilmasi icin cesitli tipte pozitif
0 deplasmanh disli pompalar yaygin olarak kullamlmaktadir. Disli pompalar transfer setlerinde asenkron

motordan tahrik alarak yakit transferini saglamakta olup, bu islem sirasinda bir enerji sarfiyatinda
bulunmaktadirlar. Bu pompalarin, i¢ten disli, paletli ve helis disli pompalar olmak iizere farkh tipte iiretimi
yapilabilmektedir. Bunlarin ortak 6zelligi, akaryakiti, zemin seviyesinin altina yerlestirilen depodan emerek yiiksek
seviyelere aktartabilmesidir. Pompalar endiistride harcanan enerji sarfiyatinin 6nemli bir kismini kapsamaktadirlar.
Siirdiiriilebilir iiretim uygulamalarmin gelistirilmesi i¢in optimum seviyede enerji tiiketimiyle akaryakit transferi,
sektoriin baslica misyonudur. Bu kapsamda yurt disinda iiretim yapan bir disli pompa, tersine miihendislik yontemi
ile modellenmistir. Elde edilen bu tasarimin imalati dis icerisinde bulunan palet montaji yiiziinden ¢ok zordur.
Uretim maliyetleri piyasada rekabet giiciinii diisiirmektedir. Bu yiizden yazarlar bu disli geometrisini temel hareket
analizi yontemi ile gelistirerek yeni bir endiistriyel tasarim ortaya koymuslardir. Gelistirilen bu tasarim diisiik enerji
tiikketimi ile maksimum miktarda yakit transferi ve emis giiciine sahip oldugu belirlenmistir. Giinliik 100 ton
kapasitesi olan bir akaryakit transfer sisteminde belirlenen devir sayisinda ve disli tasarim ile yillik 3506 kWh enerji
tasarrufu saglanabilecektir. Anova Varyans analizi sonucunda, motor devir sayisindaki degisimlerinin, enerji
tilkketimi ve debi miktarinm %94-95 oraninda etkiledigi gézlemlenmistir. Disli pompa icin ise minimum enerji
tiiketiminin, asenkron motorda 500-600 RPM aralhiginda oldugu belirlenmistir.

Anahtar Kelimeler- Disli Pompa, Temel Hareket Analizi, Endiistriyel Tasarim, Enerji Tiiketimi

chemicals and different types of liquid. The gear pump provides transfer of the fuel by transferring the

asynchronous motor on the transfer kits, and it is in an energy expenditure during this process. These pumps
can be produced in different types including internal gear, pellet and helical gear pumps. Their common feature is
that the fuel can be transported to higher levels by sucking the reservoir placed below the ground level. Achieving
energy consumption and fuel transfer at the optimum level for the development of sustainable production practices is
the industry's main mission. In this context, a gear pump which is produced abroad is modeled by reverse engineering
method. The manufacturing of this design is very difficult because of the pallet assembly in the tooth. Production costs
reduce competitive power in the market. Therefore, the authors have developed a new industrial design by developing
this gear geometry through basic motion analysis method. This design has been determined to have the maximum
amount of fuel transfer and suction power with low energy consumption. A fuel-transfer system with a daily capacity
of 100 tonnes will provide 3506 kWh of annual energy savings with the specified speed and gear design. Anova
variance analysis applied on the calculated frame rate of 94-95% effect considering the energy consumption rate has
been observed that the act of changing the engine speed and the amount of flow. Gear pump is determined that the
minimum energy consumption at 500-600 RPM induction motor speed range.

A bstract- Various types of positive displacement gear pumps are widely used for the transfer of petrol, diesel,

Keywords- Gear Pump, Basic Motion Analysis, Industrial Design, Energy Consumption
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l. GIRiS

Disli pompalar, akaryakiti, endiistriyel yaglari ve gesitli akigkan iiriinleri transfer etmek i¢in endiistride
kullanmlir [1]. Kavitasyon etkisi nedeniyle gévde ve disliler yiiksek basing altinda olabilir. Glivenlik katsayilari
ve pompanin ekonomik omrii tasarimda onemli kriterler olup, iiretim maliyetlerini minimize etmek, iiretim
endiistrileri i¢in vazgecilmezdir. Govde genisligi, vida cap1 ve disli pompanin agirlifi, tasarim parametrelerini
optimize etmek i¢in ¢alisilmustir [2]. Bir ¢aligmada, bir digli pompasinin debisini hesaplamak i¢in bir denklem
pozitif deplasman pompalar1 degerlendirilmis ve disli pompalarin avantaj ve dezavantajlari analiz edilmistir [4].
Yakit ve yag transfer etmek icin kullanilan pompalar ¢esitli baglant1 tipleri ile uygulanir. Yakit tankerlerinde
kullanilan pompalar, motordan gii¢ alan bir safttan beslenir. Bu tip uygulamada, pompanin agirligi ve boyutlari
¢ok dnemlidir. Transfer setlerinde ise, gii¢ asenkron motorla iiretilir. Bir litre siv1 transfer etmek i¢in pompanin
harcadig1 enerji biiyilk 6nem tagimaktadir. Pompalarin enerji tiikketimlerin azaltilmasina yonelik yapilan
aragtirmalar, literatiirde enerji tasarrufu ¢alismalarmin 6nemli bir kismini olusturmaktadir. Amerikan hidrolik
enstitlisii'niin arastirmasina gore gelismis lilkelerde pompalarin tiikettigi enerji, toplam tiiketimin % 20'sidir. Bu
enerjinin% 30'unun uygun pompa se¢imi ve iyi bir sistem tasarimu ile tasarruf edilebilecegi belirtilmektedir [5].
Yumurtac1 ve Sarigiil 2011'de yaptiklar1 calismalarinda, enerji tasarrufunun, elektrik enerjisini yogun olarak
kullanan pompa sistemlerinde nasil yapilabilecegini aciklamaya calismiglardir [6]. Saqib ve Khan'im (1993)
calismasi, kapsamli bir retrofit ve onarim programi ile toplam verimliligin ortalama % 65'e yiikseltilmesi ile
ilgilidir. Tahmini enerji kullaniminda yaklagik 4-8 milyon kWh'lik toplam enerji tasarrufu yapilabilir [7].
Uretimde maliyetlerin azaltilmasi ve siirdiirebilirlik i¢in enerji tasarrufu ile ilgili yapilan arastirmalarin
giiniimiizde 6nemi artmustir [8,9]. Enerji ihtiyacimin giin gectikce artis gdstermesi ve enerji liretiminin yeterli
diizeyde saglanamamasi giiniimiizde biiyiik bir sorun haline gelmistir [9-10]. Bununla birlikte 6nemli oranda
artan {iretim ve ortaya ¢ikan enerji ihtiyaci; ¢evre kirliligini arttirarak iklim degisikliklerini ortaya ¢ikarmustir
[10-11]. Sirdiiriilebilir iiretim uygulamalarimin gelistirilmesi sanayi kuruluglarinin ekonomik olarak ve gevresel
performanslarini artirmalarina imkan saglamaktadir. Endistri iiriinlerinin elektrik sarfiyatlarini azaltmak ve
cevre dostu iiretimi gergeklestirmek i¢in tedbirlerin arastirilmasi iiretim siiregleri i¢in biiyiik dnem tagimaktadir.
Bu kapsamda minimum elektrik sarfiyati ile maksimum debide yakit transferi yapabilen pompalarin
gelistirilmesiyle siirdiirebilirlik saglanabilecektir. Bu amag¢ dogrultusunda, yurt disinda diretim yapan bir disli
pompa iiretim kurulusuna ait olan disli tasarimi, katalog iizerinden resim taramasi ile tersine miihendislik
yontemi ile modellenmistir. Elde edilen bu tasarimin imalati dis icerisinde bulunan palet montaj1 yiiziinden ¢ok
zordur. Uretim maliyetleri piyasada rekabet giiciinii diisiirmektedir. Bu ¢alismada yazarlar, temel hareket analizi
yontemi ile bu tasarimin kinematik c¢aligma modelini olusturmuslardir. Sonrasinda yeni bir paletsiz Sistem
gelistirmiglerdir. Son olarak ise disli, daha 6nce yazarlarin gelistirdikleri bir pompa govdesi tasarim oSlgiilerinde
retilmistir [1]. Yazarlar daha 6nce gelistirdikleri bu pompa dislisi ile gelistirilen disli tasariminin enerji tiiketim
ve debi degisimlerini; Ar-Ge faaliyetlerini destekleyen kurulusun test diizeneginde karsilagtirmali olarak
incelemislerdir.

Il. HELIS DISLi POMPALARDA KIYASLAMA ANALIZi SONUCUNDA YENI BiR URUN TASARIMI (LK PROTATIP)

Yazarlar akaryakit transfer sistemlerinin {iretimini yapan bir endiistriyel kurulusun Ar-Ge ekibiyle
birlikte daha dnce yaptiklar1 ¢caligmada optimum tasarim 6zelliklerine sahip bir helis digli pompa gelistirmislerdir
[1]. Bu igten disli pompanin, hacmi tanker sasesi baglantisina sigacak Olgiilerde ve montaj kolayligt igin
minimum agirlikta tasarimi gelistirilmistir. Caligmada yapilan analizlere gore, ayni enerji tiiketimi ile dolum
kapasitesi 400 litre/dk debiden 600 litre/dk debiye ¢iktigr gdzlemlenmistir (Sekil 1.).

Sekil 1. Kiyaslama sonunda tasarlanan pompa (solda) ve Er 1214-D tasarimi (sagda)
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Yazarlar tarafindan endiistriyel kurulusun test diizeneginde 1 ton yakit aktarimi i¢in gerekli olan enerji
tilketimi diger {irlinler ile karsilastirmali olarak incelenerek enerji verimliligi 6l¢iilmiis ve Tablo 1° deki sonuglar
alinmustir [12-15]. Yazarlar, Sekil 1°deki (solda) tasarimin digli sistemini gelistirerek daha yiiksek debide ve
daha diisiik enerji tiiketimi ile yakit transferini saglamiglardir (Ilk Protatip).

Tablo 1. Cesitli pompa enerji tilketimlerinin karsilastiriimasi [1]

Pompa Tipi Debi Gii¢ Enerji Tiiketimi
(L/dKk) (kW) (Wh/Ton)

Z11 18,720 4,3 229,70
Z17 28,920 71 245,50
YHL 32,400 11,0 339,50
SG-1436 23,520 15,0 637,75
Er 1214D 24,000 75 312,50
i1k Protatip 36,000 7,9 219,44

[1l. TEMEL HAREKET ANALIZI iLE TASARIM GELISTIRME (YENi PROTATIP)

Yazarlarin daha once gelistirdigi sessiz ¢alisan ve kavitasyon orami diisiik olan bir pompa govdesi
kullanilarak bu makalede enerji tiiketim verimliligi i¢in yeni bir disli sistemi gelistirilmek istenmistir. Bu nedenle
Amerika’da seri tretimi yapilan bir digli sistemi incelenmistir (Sekil 2) [16]. Bu uluslararasi patente sahip
tasarim geometrisinin imalat1 ¢ok zor ve maliyetlidir. Ayrica bu sistemin 6zelligi palet sistemine sahip i¢ disin
emme Ozelligini artirmak i¢in yaylanma 6zelligidir. Bu tiretim maliyetlerini azaltmak ve yeni bir endiistriyel
tasarim gelistirmek icin palet tasarimi yerine kinematik analiz ile revize edilen yeni bir tip endiistriyel tasarim bu
makalede modellenmistir. Disliler evolvent egrilerine gore tasarim yapilan makine elemanlaridir. Evolvent
egrileri ile dislilerin; siirtiinme miktar1 minimum olmasi i¢in belirlenen bazi unsurlara gore tasarimi yapilir. On
disin altinda bu egrilerin kullanimi uygun degildir. Dixon Pompa tasarim modeli dort dise sahiptir. Bu tasarimin
yapilmasi i¢in kinematik c¢alisma modeli olusturulan dislilerin minimum siirtinme miktart igin ideal dis
formunun ¢izimi gereklidir. Boylelikle bu tasarim bir palet olmadan galisabilecegi diisiiniilmiistiir. Yazarlar ilk
olarak iriin katalog resmini tersine milhendislik yontemi ile Solid Works 2018 programinda kati modele
doniistiirmislerdir (Sekil 2).

gyaze 1y
gy
e lJ

i
lw l’ Do Flse

'},Izs s
Hisg 25

- 5

Sekil 2. Dixon Pompa disli ¢ifti teknik resmi (solda) tasarim geometrisinin kopyalanmasi (sagda) [16].

Bu kati modele doniistiiriilen tasarimin kinematik ¢alisma modeli Solid Works temel hareket analizi
sekmesinde olusturulmustur. Her iki disli birbirine kontakli olarak programda tanimlanmistir. 3 farkli adim i¢in
temel hareket incelenmistir. 1.Adimda pompa akaryakiti emis yapmaya baslamigtir. Tasarlanan yeni digli
sisteminde digerinden farkli olarak disli yanak yiizeylerinden kavrayacak bir radiis tasarimi olusturulmustur. Bu
tasarim sekli sayesinde pompada vakum 6zelligi artirilmak istemistir. Ayrica disliler donme hareketini yaparken
minimum alan temasi ile digliler arasindaki siirtiinme azaltilmak istenmistir. 2.Adimda disli Gist yiizeyi diger disli
ile doniis hareketini tamamlarken, vakum o6zelligini devam ettirmektedir. Ayn1 zamanda disli akaryakiti bu
agsmada pompalamaya ve basing olusturmaya baglamaktadir. 3.Asamada sirasi ile dislinin alt kavrama radiisii
diger disli iist yiizeyi ile birlikte kontak kurarak akaryakitin transferini tamamlar ve sonrasinda alt kavrama
radiisleri disli yanak yiizeyinde vakum yaparak emise baslar.
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Sekil 3. Farkli eme basma konumlarinda temel hareket analizi ile disli egrilerin sekillendirilmesi

Bu asamada ¢ok sayida farkli geometriye sahip disli tarsimi yapilmigtir ve temel hareket analizi
uygulanarak temas yiizeyleri incelenmistir. ideal tasarim geometrisi belirlenirken bu radiislerin diiz yanak
yiizeyleri ile yaptigi siirtiinme hareketinin minimum yiizey kontagi ile yapilmasina dikkat edilmistir.
Amerika’da tiretimi yapilan bir disli takimindan esinlenerek imalati kolay ve emis giicii yiiksek yeni bir tiir digli
tasarimi elde edilmistir. Yazarlarin daha 6nce gelistirdikleri helis digli ile birlikte kargilagtirmali olarak bu disli
setinin; yakit transferi sirasinda debi miktar1 ve enerji tiiketimi 6l¢iimii yapilmustir.

IV. MATERYAL v METOT
Farklt motor devir sayilart i¢in (100-800 RPM) her iki disli tipi montajinda debi ve akim indeksleri

Olciimii toplam on alt1 farkli deney ile yapilmistir (Tablo 2.). Her deney iki kez tekrarlanmig ve sonuglarin
ortalamasi alinarak hesaplanmistir.

Tablo 2. Deney tasarimi

'3?\"‘; 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Devir | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800
Disli Diiz Diiz Diiz Diiz Diiz Diiz Diiz Diiz Helis Helis Helis Helis Helis Helis Helis Helis
Tipi | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli | Disli

IPT Akaryakit kurulusuna ait transfer {initesi 6l¢iim seti ile pompalarin farkli devirler igin toplam
transfer debisi Ol¢limil enerji tikketimi degerleri ile birlikte karsilagtirmali olarak incelenebilmektedir. Ayrica
hareketin saglandig1 inverter ve ampermetre montajli asenkron motor test diizeneginde yer almaktadir.
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Belirlenen deney tasarimi sartlart altinda mazot transferi gerceklestirilerek anlik akim indeksleri (PI) ve dakikada
transfer edilen mazot miktar1 6l¢iilmiistiir.
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Sekil 4. Akaryakit transfer seti debi ve enerji tilketimi 6l¢iim test diizenegi

Akaryakit transferi sirasinda ampermetre ile asenkron motor inverterinin g¢ektigi giic indeksi (PI)
Olglimii 1 numarali 3 fazli motor enerji gii¢ doniisiim denklemiyle gii¢ tiiketimine doniistiirilmektedir [17]. Cos o
degeri test iinitesi asenkron motoru igin 0,85°dir. Bir saat siire i¢inde toplam enerji tiiketimi, toplam transfer
edilen akaryakit miktaria boliinerek 1 litre akaryakit transferi igin gerekli olan enerji tiiketimi bulunmaktadir
(Esitlik 2.). Bu hesaplamalar pompalar i¢in 1 ton akaryakit transferi i¢in gerekli enerji tiikketimi olarak ifade
edilmektedir [1].

P transfer = v/3.V.1.Coso Q)

P transfer (Wh)
= - - LIT@
SEC = ——— e ] ()

weEar

V. SONUCLAR

Deney setinde helis digli ve diiz disli ¢ifti ayn1 gévde icerisinde akaryakit transferi, farkli motor devir
sayilar1 i¢in uygulanmstir. Tablo 3’de bu farkli devir sayilar igin 1 dakikada toplam transfer edilen akaryakit
miktarlart yer almaktadir. Sekil 5’ de ise her iki disli ¢iftinin saatlik akaryakit transfer miktar1 degisim grafigi
verilmigtir.

Tablo 3. Akaryakit transfer seti farkli devir sayilari igin debi degigimleri

Dene e e Devir Debi Dene e e s Devir Debi
No | Disti Tipi (Devir/dk) | (L/dK) No_ | Disli Tipi (Devir/dk) | (L/dK)
01 Diiz Digh | _100,0 97,0 09 | HelisDish | 100,0 97,0
02 Diiz Dishi | 200,0 193,0 10 | Helis Digli | 200,0 196,0
03 Diiz Disli | 300,0 292,0 11 | Helis Disli | 300,0 295,0
04 Diiz Disli | 400,0 374,0 12 | Helis Disli | 400,0 385,0
05 Diiz Disli | _500,0 514,0 13 | Helis Disli | 500,0 450,0
06 Diiz Disli | _600,0 612,0 14 | Helis Disli | 600,0 525,0
07 Diiz Dishi | 700,0 656,0 15 | Helis Digli | 700,0 580,0
08 Diiz Disli | 800,0 730,0 16 | Helis Disli | 800,0 661,0




Burak OZTURK, Ozkan KUCUK / BSEU Fen Bilimleri, 6 (1), 49-57, 2019

45000 4 Variable
—@— Dz Digli (Yeni Protatip)
—m— Helis Digli (ilk Protatip)

40000 4

35000

30000 ~

25000

Iph

20000

15000 4

10000 4

5000 4

100 200 300 400 500 600 700 800
Devir (RPM)

Sekil 5. Akaryakit transfer seti saatlik debi 6l¢timil

Diiz digli ciftinin helis disli pompa tasarimindan daha fazla miktarda akaryakit transferi sagladigi
gozlemlenmistir. Helis dislide 6zellikle 400-500 RPM araligindaki motor devir sayisindan sonra debi miktari
azalmigtir. Diiz dislide ise ayni1 performansi sergileyerek bu devir araligindan sonra helis disli ¢iftinden daha
fazla miktarda akaryakit transferi saglamistir. Yiiksek devir sayilarinda diiz disli ¢iftinin daha hizli hareketinden
dolay1 emis miktarinin artigi diislinilmektedir. Diiz disli pompa geometrisinde ii¢ farkli bolgede yer alan radiislii
tasarim gelistirilerek pompa emis giicli ve transfer kapasitesi artirilmistir. Akaryakit transferi sirasinda gerekli
olan gii¢; 3 fazli enerji - gli¢ doniisiim denklemleri kullanilarak Minitap 18 programinda line plot 6zelligi ile
karsilagtirmali olarak grafik haline getirilmistir (Sekil 6.). Bu sonuglara gore yeni gelistirilen diiz disli; helis disli
ciftine gore tiim devirler igin, ¢ok daha diisiik enerji tiiketimi ile akaryakit transferini saglayabildigi
belirlenmistir. 300-700 RPM devir sayist araliginda her iki disli ¢ifti gii¢ ihtiyacinda azalma gézlemlenmistir.
Bu devir aralifinda her iki pompanin emis giicliniin arttig1 ve kavitasyon miktarinin yiiksek devirlere gore daha
az oldugu diisiiniilmektedir.

9000 A

Variable
—@— Duz Disli (Yeni Protatip)
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7000 4
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kWh

4000

3000 +

2000 |

1000

100 200 300 400 500 600 700 800
Devir (RPM)

Sekil 6. Akaryakit transferi sirasinda gerekli olan gii¢

1 ton akaryakit transferi i¢in harcanan enerji tiiketimi miktar1 ¢ok onemlidir. Sekil 7°de bu transfer icin
gerekli olan enerji miktart Wh/Ton olarak yer almaktadir. 500-600 RPM motor devri igin tiiketim miktar1 her iki
disli ¢ifti icin en az degerlere ulasirken 500 RPM’ den sonra artis gosterdigi sdylenebilir. Ayrica yeni gelistirilen
disli tasarimi ¢ok daha az bir enerji sarfiyat: sergilemistir.
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Sekil 7. 1 ton akaryakit transferi igin gerekli enerji tiiketimi

Farkli devir sayilarinin ve her iki disli tipinin debi ve gii¢ ihtiyacina % etkilerini hesaplamak igin
Minitap 18 programi kullanilmistir (Tablo 4). Debi ve gii¢ ihtiyac1 degisimine en fazla etkili olan parametre
devir sayisidir.

Tablo 4. Anova Varyans analizi sonuglari

Source | DF | SeqSS | AdjSS | AdjMS | F | P
A 7 608013 608013 86859 1668,36 0,000
Debi B 1 30189 30189 30189 579,86 0,000
(L/dk) Error 7 364 364 52
Total 15 638567
A 7 67263033 67263033 9609005 96,40 0,000
Ptransfer B 1 3327888 3327888 3327888 33,38 0,001
(KW) Error 7 697778 697778 99683
Total 15 71288700

VI. SONUCLARIN DEGERLENDIRILMESI

Giliniimiizde enerji kaynaklarinin artirilmasi, imalat, enerji iiretimi ve enerji tilkketiminde optimizasyon
6nemli konu baglhlarini olusturmaktadir [18-23]. Enerjinin iiretimi ne kadar 6nemli bir konu ise enerjinin verimli
kullanim1 da ayni oranda 6nemlidir. Literatiirde farkli tip pompalar igin yapilan aragtirmalarda optimum enerji
tilketimi arastirilmigtir [5,6]. Bizde bu makalede, akaryakit transfer sistemlerinde kullanilan pozitif deplasmanli
pompalardan olan disli pompalarin enerji verimliligini arastirdik. Akaryakit transfer sistemleri i¢in bu makalede
Onerilen spesifik enerji tiiketim modeli 1 ton yakit transferi bagina harcanan toplam enerjiyi ifade etmektedir.
Her iki pompada da 500 RPM motor devrine kadar enerji tiiketiminde bir azalma gézlemlenmistir. 500-600 RPM
motor devrinden sonra bu tiiketim artis gostermistir. Akaryakit sistemleri i¢in minimum enerji tiiketimi ile
maksimum debide yakit transferi i¢in ideal asenkron motor devri 500 RPM oldugu belirlenmistir. Akaryakit test
diizeneginde 114,6 Wh/Ton olarak minimum enerji gereksinimi hesaplanirken 212 Wh/Ton en yiiksek enerji
sarfiyat1 gdzlemlenmistir. Her iki deger arasinda %54°liik bir biiyiik oransal fark bulunmaktadir.

Giinliik 100 ton kapasitesi olan bir akaryakit transfer sisteminde belirlenen devir sayisinda ve disli
tasarimu i¢in aylik 292,2 kWh enerji tasarrufu saglanabilecektir. Anova Varyans analizi %1’ den daha az bir hata
orantyla yapilmistir. Parametrelerin % etki oran1 dikkate alindiginda %94-95 oranlarinda enerji tiiketimi ve debi
miktarina devir degisimlerinin etki ettigi gozlemlenmistir. Roper Pompa 229,7-245,5 Wh/Ton ve Viking
Pompada ise 637,7 Wh/Ton enerji sarfiyat: yapmaktadir. Ilk prototip olarak gelistirilen helis disli pompa ise
219,4 Wh/Ton enerji sarfiyat: ile akaryakit transferi yapmaktadir. Bu ¢aligmada tasarladigimiz, Diiz disli pompa
ise 145Wh/Ton enerji sarfiyat1 ile dakikada 695 L/s akaryakit transferi saglamaktadir. Bu makalede yurt disinda
iiretimi yapilan bir disli tasarim geometrisinden esinlenerek tersine miihendislik ve temel hareket analizi ile yeni
bir digli tasarimi gelistirilmistir. Bu tasarim geometrisi ile pompa emis giicii ve saatlik debi kapasitesi artirilirken
enerji tiiketiminde optimizasyon saglanmigtir.
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®® - Bu ¢ahiymada IEC62305-2 standart kullanilarak risk analizi ve koruma sisteminin risk degeri iizerine

O etkisi arastinlmistir. Ornek model olarak niifus yogunlugu acisindan yiikselen potansiyele sahip olan

Hakkari Universitesi modeli ele ahnmistir. Korunma sisteminin bulunmasi1 durumunda risk degerinin,
koruma sistemlerinin bulunmadi1 duruma gore 6nemli oranda azaldif gézlenmistir. LPD (Yildirim koruma sistemi)
ve SPD (Parafudr) sistemlerinin insanlarin hayat giivenligi i¢in son derece 6nemli oldugu sonucuna varilmstir.

Anahtar Kelimeler- IEC62305-2, Yildirim, Risk Analizi
IEC62305-2. Hakkari University was used as a case study for risk analysis due to potential on increasing

population growth. It was shown that protection system (LPD and SPD) is significantly reduced risk value.
Consequently, it is understand that protective system are important system to reduces risk of human life.

n bstract- This paper studies the risk analysis and effects of protection systems on risk management based on

Keywords- IEC62305-2, Lightning, Risk Analysis
I. GIRIS

Yildirim kaynakli liimler ve ciddi yaralanmalar diinyada iizerinde sik¢a rastlanmaktadir. Olim ve
yaralanmalara ek olarak ekonomik olarak da zarara sebep olmaktadir [1]-[3]. Tiirkiye’deki yildirim kaynaklh
zararlar g6z 6niinde bulunduruldugunda her yi1l 400 kisinin yildirimdan dolay1 61diigii tahmin edilmektedir [3]-
[5]. Franklin ¢ubugu ve Faraday kafesi yontemleri uzun yillardan beri insan niifus yogunlugunun fazla oldugu
binalari, hastaneleri, okullar1 vb. yapilar1 yildirnmdan korumak i¢in kullanilmaktadir [6], [7]. Bu tip yapilarin
icinde ve yapiya disaridan giren (Ornegin Telekom kablolar1) karmasik elektronik sistemlerinde yildirimdan
korunmas: gerekmektedir. Kapali alanlara ek olarak, askerler, ciftciler ve ¢obanlar agik alanda bir ¢ok kez
yildirima maruz kalmaktadirlar. Yildirimin olusturdugu zarar niifus yogunluguna, bdlgeye, sezona vb. etkilere
bagli olmasina ragmen, giiniimiiz teknolojisi yildirimin tespiti ve olusan zararlari azaltma konusunda yetersiz
kalmaktadir [5], [8]. Bu yiizden yildirimin sebep oldugu dogrudan veya dolayl etkileri azaltmak igin risk
degerlendirme ve yildirim korunma standartlar1 géz oniinde bulundurulmalidir. Bunlarin yapilmasi kayiplarin
azaltilmasi, insan, hayvan, binalar ve cihazlarin giivenligi agisindan son derece 6nemlidir.

Yildirim riskinin degerlendirilmesinde ve korunma yontemlerin belirlenmesinde 4 adet standart
kullanilmaktadir. Bunlar; IEC 62305-1, IEC 62305-2, IEC 62305-3 ve IEC 62305-4 [2], [9]-[12] olarak
siralanmaktadir. Bu dort standart kisaca 6zetlenirse; IEC 62305-1 yildirma karsi insan ve yapilar igin genel
kurallar1 tanimlar.
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Ayrica, yildinmdan korunma sistemlerinin tasarimi hakkinda da bilgi verir. IEC 62305-2 insan
kayiplarini, toplum i¢in yapilan hizmet kayiplarin, kiiltiirel miras kayiplarini ve ekonomik kayiplar1 géz oniinde
bulundurarak risk yonetiminden bahsetmektedir. IEC 62305-3 ise yapi iginde olusan fiziksel hasarlar1 azaltmak
icin gerekli korunma yontemlerini kapsamaktadir. Son olarak, IEC 62305-4 da yap1 iginde bulunan elektrik ve
elektronik sistemlerde olusan zararlar1 azaltmak igin gerekli koruyucu sistemlerin tasarimi, tamiri ve testlerini
kapsamaktadir.

Universite niifus sayisi her yil bir dnceki yila gore artma egilimi gostermektedir [13]. 1974-2019 yillar1
arasinda Tirkiye’deki yiliksekdgretim kurumlarindaki 6grenci sayilarmin degisimi Sekil 1°de gosterilmistir
[14],[15]. Yogun bir insan potansiyeline ve bir¢ok yapiya ev sahipligi yapan iiniversite kampiislerinde yildirimin
zarar verebilecegi riskli alanlardandir. Bu nedenle iiniversite kampiislerinin risk analizinin yapilmasi insanlarin
ve yapilarin korunmasi i¢in bir zorunluluk haline gelmektedir.
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Sekil 1. Yillara gore tiniversite 6grenci sayisi degisimi [14,15]

Bu caligmada Hakkari bolgesinde olusan yillik yildinm olaylart g6z Oniine alinarak risk
degerlendirilmesi yapilmistir. Meteoroloji Genel Miidiirligiinden alinan verilere gére Hakkari Bolgesinde yillik
yildirim diigme olasihigr diisiiktiir [5], [16]. Ancak km?’ye diisen yildirim orani diisiiniildiigiinde ciddi sonuglar
ortaya c¢ikarabilir. Hakkari Bolgesi daglik bir yapiya sahip ve denizden yiiksekligi de Tirkiye ortalamasinin
istiindedir. Hakkari ilindeki yapilar genellikle yildirimdan koruma tesisatina sahip degil ya da standartlara uygun
korunamamaktadirlar. Bu da yildirim diismesi durumunda olusacak zararin boyutunu arttirabilmektedir. . Tiim
bu nedenlerden dolay1, 6grenci ve calisan personel sayisi giin gectikge artan Hakkari Universitesi’nin farkli
koordinatlardaki Rektorliik ve Colemerik Meslek Yiiksekokulu binalari i¢in yildirnm diismesine karst mevcut
durumunun IEC 62305-2 ye gore risk analizi yapilmigs ve on goriilen riskli ananlar igin gerekli koruyucu
sistemler Onerilmistir.

Il. MATERYAL ve METOD

IEC62305 standardi sematik olarak Sekil 2’de gdsterilmigtir. Dort bolgeden olusan standart; birinci
olarak IEC62305-1 yildirimdan korunmanin igin genel kurallar1, ikinci olarak TEC62305-2 risk yonetimi, ti¢lincii
olarak IEC62305-3 yapilardaki fiziksel hasar1 ve hayati tehlikeleri, son olarak IEC62305-4’de yapilarda bulunan
elektrik ve elektronik sistemlerin yildirima karst korunmasimin tanimlar. Bu ¢aligmada sadece IEC62305-2
standard1 kullanilarak risk analizi yapilmistir ve koruyucu sistemler igin bir dneride bulunulmustur. Yildirim
riski, yapilarin zarar gérme olasilifit ve yildirim carpmast sonucu olusan kayip oraninin c¢arpilmasi ile
hesaplanabilir. IEC62305-2’ye gore 4 ¢esit risk ve risk tolerans tanimlamasi yapmaktadir. Bunlar Tablol‘de
verilmigtir.

Yildirim risk gesitleri: (a) yapi iginde bulunan insan kayip riski (R1), (b) yapr igindeki topluma hizmet
i¢in yapilan hizmetlerin kayip riski (R2), (c) yap1 i¢indeki kiiltiirel miras deger kayip riski (R3), (d) yapr i¢indeki
ekonomik kayip riski (R4) olarak tanimlanir. Bu risklere karsilik gelen kayip oranlari da asagidaki gibi
tanimlanmigtir: (e) insan kayb1 (L1), (f) Topluma yapilan hizmet kayb1 (L2), (g) Kiiltiirel miras kayb1 (L3), (h)
Ekonomik kayip (L4) seklindedir. Yildirim riskinin tanimlanmasi da agagida verilmistir.
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L. Yildirim yapiya diistiigiinde olusan yildirim riski (S1):
(@) Ra: Yasayan canlilarin dokunmasi ve adim voltajlarindan dolay1 soklanmasi
(b) Re: Yapi igindeki yangin veya patlama etkisi
(c) Rc: Elektrik ve elektronik sistemdeki aksamalar

II. Yildirimin yapiin yanina diismesi sonucu olusan yildirim riski (S2):
(@) Rm: Elektrik ve elektronik sistemdeki aksamalar

II1. Yildirimin yapiyla baglantili bir noktaya diismesi sonucu olusan yildirim riski (S3):
(a) Ru: Canlilarin dokunmasi sonucu yaralanmasi
(b) Rv: Yapr i¢indeki yangin etkisi

(c) Rw: Yapmin i¢inde bulunan sistemlerin aksamasi

IV. Yildirimin yapiyla baglantili olan noktaya yakin diigsmesi sonucu olusan yildirim riski (S4):

(2) Rz: Yiiksek voltajdan dolay1 elektrik ve elektronik sistemde olusan aksamalar

Yildirim Xliﬁ-l

Yildirim Riski Q_iﬁidzdnfii,)
Yildirimdan
korunma

Korunma -
P . [EC 63305-3 IEC 62305-4
Olgtimleri =20

Sekil 2. Iec62305 standardinin tanimlanmasi

Tablo 1.Yildirim risk degerlendirilmesi

Yildirim Diisme | S1 S2 S3 S4
Nokta:
Risk Tiirii ™ Ra Rs Rc R Ry | Rv Rw | Rz Tolerans
M
R1 * * * * * * * * 1 0_5
R2 * * * = 5 107
R3 * * 07
R4 * * * * * * * * 10-3

Risk yonetim formiilii de asagida tanimlandig1 gibidir.

RX:NX X Px X Lx

)
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Burada Ry: yildirim riskini, Ny: yillik yildirim risk sayisini, Py: yapida zarar olusma olasiligini ve Ly:
yildirim ¢arpmasi sonucu olusan kayiplarin oranini tanimlar. Formiilde verilen her bir katsayinin altindaki X alt
indisine ait detaylar IEC62305-2 standardinda agiklanmustir. Burada ilgili detaylar tekrara deginilmemistir.

Calismada 6rnek model olarak alinmis olan Rektorliik (Sekil-3) ve Colemerik Meslek Yiiksekokulu
(Sekil-4) binalar1 bes farkli bolgeye (Z1, Z2, Z3, Z4 ve Z5) ayrilmigtir. Risk degerlendirilmesi i¢in kisi sayisi,
binada bulunma siireleri, yap1 bilgileri ve bolge bilgileri giris parametresi olarak kabul edilmistir. Bolge
bilgilerine 6rnek olarak, Meteoroloji Genel Miidiirliigiiniin yayinladigi orajli giin haritasindaki en yiiksek
yildirim diisme yogunlugu degeri 10 (1/km?/y1l) olarak kabul edilmistir [17]. IEC62305-2 standartlar1 altinda
risk degerlendirilmesi yapilmistir. Bu binalar ile ilgili gerekli bilgiler Tablo 2, Tablo 3, Tablo 4 ve Tablo 5°te

verilmigtir.
Tablo 2. Rektorliik binasi: kisilerin bolgelere gore dagilimi
Bolge Tanim Kisi sayis1 Bulunma siiresi
(Saat/Kkisi)
Z1 Dis Giris Alani 4 8760
Z2 Dis Bahge 2 8760
Z3 Arsiv 56 8760
Z4 Ofisler 110 2088
Z5 Bilgisayar Merkezi 0 8760

Tablo 3. Rektorliik binasi bolge bilgileri

Yildirim diisme yogunlugu (Km?) Ng (1/km?/yil)
Yap1 Uzunlugu (L)
Yap1 Genisligi (W)

Yap1 Yiksekligi (H)
Yapinin yerlesim faktorii (Cd)
LPS (Yildirim koruma sistemi) (Pb)
(Pta)

Es potansiyel kusaklama (Peb)
Dis uzaysal zirh (Ksl)
Zemin ylizeyi (rt)

Yangn riski (rf)

Yangina kars1 korunma(rp)

L1: insan hayatinin kaybi (hz)
L1: insan hayatinin kaybi (Lt)
L1: Insan hayatinin kaybi (Lf)

L1: insan hayatinin kayb1 (Lo)

10 (L/km?/y1l)
99,66 m
345m
171m
Ayrik yapi: yakininda baska cisimler olmamasi
Yapi LPS ile korunmuyor
Korunma tedbiri yok
SPD (Parafodur) yok
1

Mermer
Risk yok
Otomatik sabit yangin sondiirme tesisleri,
Ozel tehlike yok
D1 yaralanmalar (Lt)
D2 fiziksel hasar (Hastane, otel, okul, kamu binasi)
D3 ig sistemlerin arizalanmast

(Hastanenin yogun bakim iinitesi ve ameliyathane)
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Sekil 3. Hakkari iiniversitesi rektorliik vaziyet plani

Tablo 4. Colemerik meslek yiiksekokulu bolge bilgileri

Yidirim diisme yogunlugu (Km?) Ng (1/km?/y1l)
Yap1 Uzunlugu (L)

Yap1 Genisligi (W)

Yap1 Yiiksekligi (H)

Yapinin yerlesim faktorii (Cd)
LPS (Pb)

(Pta)

Es potansiyel kusaklama (Peb)
Dis uzaysal zirh (Ksl)
Zemin ylizeyi (rt)
Yangin riski (rf)
Yangina karg1 korunma(rp)
L1: Insan hayatinin kaybi (hz)
L1: Insan hayatinin kayb1 (Lt)
L1: Insan hayatinin kayb1 (Lf)

L1: insan hayatinin kayb1 (Lo)

10 (L/km?/y1l)

71m

41m

16m

Tepe veya tepecik tizerinde ayrik yap1

Yap1 LPS ile korunmuyor

Korunma tedbiri yok

SPD yok

1

Tarimsal

Yangin (Disiik)

Tedbir yok

Ozel tehlike yok

D1 yaralanmalar (Lt)

D2 fiziksel hasar (Hastane, otel, okul, kamu binasi)
D3 ig sistemlerin arizalanmasi

(Hastanenin yogun bakim tinitesi ve ameliyathane)
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Tablo 5. Colemerik meslek yiiksekokulu binast: kisilerin bolgelere dagilimi

Bolge Tanimi Kisi sayisi Bulunma siiresi
(Saat/Kkisi)

Z1 Dis Giris Alani 1 2088

z2 Dis Bahge 7 8760

Z3 Arsiv 2 8760

Z4 Ofisler 1141 2088

Z5 Bilgisayar Merkezi 1 2088

I1l. BULGULARIN DEGERLENDIRILMESI]

Girig parametreleri (kisi sayisi, bina bulunma siiresi vb) IEC62305-2 standardinda islenerek sonug

bulgularina ulasilmisgtir.

Gerekli standart hesaplamalar1 excell ortaminda gergeklestirilmistir. Bu sayede

herhangi bir parametre degisikliginin risk analiz sonuglarina nasil etki ettigini hizlica degerlendirip yorum
yapmamiza imkan saglamstir. Ornek model olarak kullanilan Hakkari Universitesi rektorliik binasi (Tablo 6) ve
Colemerik Meslek Yiiksekokulu binasinda (Tablo 7) herhangi bir yildirnm koruma sistemi (LPD) ve SPD
(parafudr), mevcut degildir. Sinif II tipi LPs ve SPD Kullanilmast durumunda mevcut durumdaki risk degerleri
Tablo-8’de gosterildigi gibi 0,0051 x 10 degerine diismiistiir. Benzer olarak Tablo 9°da Colemerik Meslek
Yiiksekokulu i¢in gerekli LPS ve SPD sistemlerinin kurulmasi sayesinde R1 degeri 5,140 degerinden 0,0303
degerine diisiiriilebilmektedir. Bu degerler Tablo 1’de verilen tolerans degerlerinin altindadir ve standartlara

uygundur.
Tablo 6. Rektorliik binasi: koruma olmamasi durumunda r1 degerinin hesaplanmasi (degerler x 10-5)
Hasar tipi Sembol Z1 z2 Z3 Z4 Z5 Yap1
D1 Ra 0,006 0 0,008 0,039 0 0,053
Elektrik
garpmasindan RU 0,000 0 0,082 0,000 0 0,082
dolay1 yaralanma
D2 RB 0,000 0 0,166 0,155 0 0,321
Fiziksel hasar
Rv 0,000 0 1,636 0,163 0 1,799
Toplam 0,006 0 1,892 0,358 0 2,255
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Tablo 7. Colemerik meslek yiiksekokulu binasi: koruma olmamasi durumunda rl degerinin hesaplanmasi (degerler x 10-5)

Hasar tipi Sembol Z1 z2 Z3 Z4 z5 Yapi
D1 Ra
Elektrik 0,001 0,000 0,001 0,098 0,005 0,104
carpmasindan RU
dolay1 yaralanma
0,000 0,000 0,001 0,001 0,000 0,002
D2 RB
Fiziksel hasar
0,001 0,000 0,007 4,878 0,100 4,987
Rv
0,000 0,000 0,000 0,047 0,001 0,048
Toplam
0,002 0,000 0,009 5,024 0,106 5,140

Tablo 8. Rektorliik binasi: koruma olmast durumunda r1 degerinin hesaplanmasi (degerler x 10-5)

D1
Elektrik Ra 0,000 0 0,000 0,002 0 0,002
¢arpmasindan
dolayi yaralanma | RU 0,000 0 0,002 0,000 0 0,002
D2 RB 0,000 0 0,003 0,008 0 0,011
Fiziksel hasar
Rv 0,000 0 0,033 0,003 0 0,036
Toplam
0,000 0 0,038 0,013 0 0,051

Tablo 9. Colemerik meslek yiiksekokulu binasi: koruma olmasi durumunda r1 degerinin hesaplanmast (degerler x 10-5)

D1
Elektrik Ra 0,000 0,000 0,000 0,005 0,000 0,005
¢arpmasindan
dolay1 yaralanma
RU 0,000 0,000 0,000 0,001 0,000 0,001
D2 RB 0,000 0,000 0,000 0,244 0,005 0,249
Fiziksel hasar
Rv 0,000 0,000 0,000 0,047 0,001 0,048
Toplam
0,000 0,000 0,000 0,296 0,006 0,303

IV. SONUCLAR

Hakkari Universitesi rektorliik binasi ve Colemerik Meslek Yiiksekokulu binalar1 icin IEC62305-2
standartlar1 altinda risk degerlendirilmesi yapilmistir. Ornek yapilarin koruma sistemi bulunmasi ve
bulunmamasi durumundaki risk degerleri hesaplanmis ve karsilastirilmigtir. Rektorliik binasinda koruma
sistemleri kullanilmas1 durumunda risk degerinin 2,225x107 degerinden 0,051x10° degerine kadar diistiigii
goriilmiistiir. Benzer olarak Colemerik Meslek Yiiksekokulu binasi i¢inde risk degerinin 5,140x10°°ten
0,303x10°® degerine diistiigii goriilmiistiir. Elde edilen sonuglar altinda yildirim diismesi sonucu korumasiz
bir yapmin insan ve ekonomik kayiplari yiiksek olabilmektedir. IEC62305-2 standardinin uygulanmasi
sonucunda risk degerinin azaldig1, o6nerilen korunma yontemlerinin, insan ve maddi kayiplarin azaltilmasina
katki saglayacag diistiniilmektedir.
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®® z- Giines enerjisinden elektrik iiretmekte kullamlan PV panellerin verim artirma g¢alismalar1 devam

O etmektedir. Verimi etkileyen unsurlarin basinda MGNT algoritmalar1 gelmektedir. Bu ¢calismada sezgisel

(BM, YSA) ve D&G tabanli MGNT algoritmalari incelenmistir. Sezgisel algoritmalarin uygulanabilmesi i¢in
Cuk doniistiiriiciiye ait denetle¢ tasarimi Matlab aracihigiyla yapilmistir. Yapilan benzetim ¢alismalari sonucunda, ii¢
farkli MGNT algoritmasimin performans analizleri gosterilmistir.

Anahtar Kelimeler - Maksimum Gii¢ Noktasi Takibi, Bulanik Mantik, Yapay Sinir Aglari, Cuk Déniistiiriicii

bstract- Efforts to increase the efficiency of PV panels used in electricity generation from solar energy

continue. MPPT algorithms are at the forefront of the factors affecting efficiency. In this work, heuristic

(FL, ANN) and P&O based MPPT algorithms have been investigated. In order to apply heuristic

algorithms, controller design of Cuk converter have been done by using Matlab. As a result of the
simulation studies, performance analyzes of three different MGNT algorithms have been shown.

Keywords - Maximum Power Point Tracking, Fuzzy Logic, Artificial Neural Networks, Cuk Converter
I. GIRIS

Giines 1518101 elektrik enerjisine doniistiiren fotovoltaik hiicrelerin verim artirma g¢aligmalart giincel
olarak devam etmektedir [1]. Verim, hiicrelerden olusan modiil i¢in doniistiiriicii tercihinden, segilen MGNT
(Maksimum Gii¢ Noktasi Takibi) algoritmalarinin degigsken sartlardaki (radyasyon degisimi, yiik degisimi, vs.)
performansindan etkilenmektedir. Bu sebeple literatiirde, giines panellerinden maksimum giicii elde etmek igin
pek ¢ok doniistiiriicii ve algoritma odakli ¢alisma yapilmaktadir [2-4].

Giines panellerinde MGNT uygulamalar1 igin donustiiriici odakli ¢aligsmalarda ¢esitli tiirlerde
dontstiiriiciiler kullanilmustir [5-7]. Yapilan ¢alismalarda Buck doniistiiriictiniin panel i¢ direncinden biiylk bir
resistif yiik baglanmasi durumunda MGN’yi (Maksimum Gii¢ Noktasi) bulamadigi ortaya koyulmustur. Boost
doniistiiriiciiniin ise panel i¢ direncinden kii¢iik bir resistif yilik baglanmast durumunda MGN’yi takip edemedigi
gosterilmistir [8]. Bu sebeplerden dolayr bu calismada panel ve baglanan yiikleri dikkate almaksizin MGN
yapabilmesi nedeniyle Cuk doniistiiriicii tercih edilmistir [9].

Giines panellerinde MGNT uygulamalart i¢in algoritmik olarak yapilan ¢alismalar ¢evrim igi ve ¢evrim
dis1 olarak ikiye ayrilmaktadir [10]. Cevrim i¢i algoritmalar, panelin ¢ikisa aktardigi giicii eski panel ¢ikis
giicliyle kiyaslayarak referans sinyalini maksimum gii¢ noktasina dogru yonlendirmektedir.

*Sorumlu yazar iletisim: okangungor@bayburt.edu.tr (https://orcid.org/0000-0001-5258-1765)
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Bu teknikte yer alan D&G (Degistir ve Gozle), Al (Artimsal iletkenlik) ve PSO (Parcacik Siirii
Optimizasyonu) algoritmalari literatiirde yaygin olarak kullanilmaktadir. Cevrim dis1 algoritmalar ise panellerin
parametrelerinin (panel radyasyon seviyesi, panel sicakligi, panel kisa devre akimi ve panel agik devre gerilimi)
detayl bir sekilde dnceden tespiti odakl1 calisir. Baz1 yapay zeka teknikleri de (YSA, BM, ANFIS) yaygin olarak
bu baglik altinda yer almaktadir.

Yapilan ¢aligmada algoritmik olarak ise maksimum giicii takip etmek i¢in ¢evrim i¢i algoritmalardan
D&G, cevrim dist algoritmalardan BM (Bulanik Mantik) ve YSA (Yapay Sinir Aglari) tabanli MGNT
algoritmalar1 incelenmistir. Yapilan bu ¢aligmanin odak noktasi iki farkli sinifta bulunan MGNT algoritmalarin
performansini farkli kosullar (radyasyon, yiik) altinda analiz etmektir. Bu sebeple doniistiiriiciilerin panel giiciinii
yike aktarirken olusan gii¢ kaybim1i goéz ardi ederek, sadece MGNT algoritmalarinin performanslarini
inceleyebilmek icin gii¢ 6l¢timii panel ¢ikigindan yapilmustir.

Il. D&G YARDIMIYLA MGNT

Literatiirde D&G algoritmasinda referans olarak secilecek denetim degiskeni gerilim, akim veya gorev
stiresidir [10]. Eger denetim degiskeni olarak goérev siiresi segilirse matematiksel bir modelleme islemi
yapilmadan doniistiiriicii dogrudan denetlenebilir [11, 12]. Denetim degiskeni olarak akim veya gerilim segilirse
denetle¢ tasarimina ihtiya¢ duyulmaktadir. Bu sekildeki denetime de dolayli denetim denilmektedir [13].

Calismamizda gozlem degiskeni olarak gorev siiresi segilmistir. D&G algoritmasinin ¢alisma prensibi:
Panel ¢ikis giiciinii ve panel ¢ikis gerilimini takip ederek gorev siiresini belirlemektir. Asagida akis tablosu
(Sekil 2) ve panel karakteristik egrilerinde (Sekil 1) bu durum gorsel olarak anlatilmis olup, benzetim ¢aligmalar
kisminda uygulanmustir.

| Ol¢
PV Gerilim(V,,)

* Akim(l,)
dPn*dVn >0 Guc(P,)

Olg
vn+1’|n¢1
Hesapla
av,=Vy.-V,
dP, =P .,-P,
pPV | dP, + dV,
F 3 |
dPn*dVn >0 »
/’
'\ dPn*dVn < 0
'
I
»Vpy
oc Gozlem Sakla Goézlem
(b) Adimini Artir Vi Il Adimini Azalt
Sekil 1. PV panel P-V Sekil 2. D&G algoritmasi akis semasi [11]

a) ve |-V (b) karakteristik egrileri

I1l. BM YARDIMIYLA MGNT
Bulanik mantik s6zel ifadeler yardimiyla belirsizlikler {izerinden hedefe ulagsmaya calisir. Kesinliklerin

yerine belirsizlikleri kullanarak hedefe ulasan bulanik mantik bu yoniiyle diger yapay zeka yontemlerinden
ayrisir. Bu calismada bulanik mantik yardimiyla maksimum gii¢ noktasindaki akimi belirlenmektedir. Sekil 3’de

bulanik mantik genel yapisi sunulmustur.




Okan GUNGOR / BSEU Fen Bilimleri, 6 (1), 66-76, 2019

Bulanik
Bilgi Taban1

Radyasyon,
J—Z—» IMPP
s calklik Bulaniklastirm Durulastirma
icakli
—_>
1ikarim |
- e Cgirimi :
Bulanik Giris Seti Bulanik Cikis Seti

Sekil 3. Bulanik mantik genel semast

MGN’deki akim degerini, sicaklik ve radyasyon degerlerini sozel ifadelere doniistiirmek ve bu ifadeleri
bulaniklastirmak icin ticgen iiyelik fonksiyonlari yardimiyla bulaniklastirma islemi yapilmistir. Asagida bu
calismada kullanilan bulanik mantik iiyelik fonksiyonlar1 sunulmustur.

g K CCK~ CK K B CCB CGGHl , Igso S0 Asi si csil
0.5 0.5
O =3% 460 500 ed0 700 800 000 1000 |25 30 35 20 a5
Sekil 4. Radyasyon giris degiskeni tiyelik fonksiyonlar Sekil 5. Sicaklik giris degiskeni tliyelik fonksiyonlari

K | ‘0K 00K 000K 77 B 0B CB CCB

05 i 2 3 7] 5
Sekil 6. Akim referansi ¢ikis degiskeni iiyelik fonksiyonlar

Bulanik mantik denetlegine radyasyon ve sicaklik girig olarak alinmistir. Cikig olarak ise referans akim
elde edilmigtir. Sekiz adete tiyelik fonksiyonu ile radyason i¢in bulaniklagtirma yapilmistir (CCCK: Cok ¢ok ¢ok
kiigiik radyasyon, CCK:Cok ¢ok kii¢lik radyasyon, CK:Cok kii¢iik radyasyon, K:Kii¢iik radyasyon, B:Biiyiik
radyasyon, CB: Cok biiylik radyasyon, CCB: Cok ¢ok biiyiik radyasyon, CCCB: Cok ¢ok ¢ok biiyiik radyasyon).
Bes adete iiyelik fonksiyonu ile de sicaklik i¢in bulaniklastirma yapilmistir (CSO: Cok soguk, SO: Soguk, ASI:
Az sicak, SI: Sicak, CSI: Cok sicak). Cikis olarak MGN’deki referans akim degeri icin ise dokuz adet iiyelik
fonksiyonu secilmistir (CCK:Cok ¢ok kii¢iik akim, OK:Ortalama kii¢iik akim , OOK: Ortalama orta kii¢iik akim
,OOOK: Orta orta ortalama kiigiik akim , ZZ:Ortalama akim ,B:Biiyiik akim,OB:Ortalama biiyiik akim, CB:Cok
biiyiik akim,CCB:Cok ¢ok biiyiik akim ).




degerlerde panele ait maksimum gii¢ noktasindaki akim degeri ag1 egitmek i¢in secilmistir.
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Asagida verilen kural tablosu yardimiyla, Mamdani bulanik ¢ikarim yontemi kullanilmistir.

Tablo 1. Kural tablosu

Rad/Sic | CSO SO ASI Si CSi
CCCK | OK CCK | CCK | CCK | CCK
CCK | ook | ook OK OK | CCK
CK | OOOK | OOOK | OOOK | OOK | OK
K zZ 77 ZZ | OOOK | OOK
B B B B zZ zZ
CB OB OB OB OB B
CCB CB CB CB CB CB
CCCB | CCB | ¢CB | CCB | CCB | CB

Agirlikli ortalama yontemi yardimiyla, bulanik ifadelerden olugan sozel ifadeleri sayisal degerlere
dontistiirerek durulastirma igslemi gerceklestirilmistir. Matlab ortaminda yapilan bu islemler sonucunda MGN’de

panele ait akim degeri elde edilmistir.

IV. YSAYARDIMIYLA MGNT

Insan beyni milyarlarca birbiriyle baglantili nronlarin olusturdugu karmasik bir ag yapisindan olusur.
Her bir noron elektriksel sinyaller sayesinde birbiriyle haberleserek gereken islemleri yerine getirmektedir.
YSA, insan beyninin bilgi islem yapisindan esinlenerek gelistirilmis bir genel hesaplama yontemidir.

Bu caligmada maksimum gii¢ noktasindaki akim degerini tespit etmek amaciyla YSA kullanilmistir.
YSA ile MGNT ig¢in ilk olarak problemle ilgili KC85t-Kyocera marka panele ait katalog verileri (Tablo 2)
Matlab ortaminda hazirlanmis olan arayiiz yardimiyla elde edilmistir. Calismada radyasyon, sicaklik ve bu

Tablo 2. Ag1 egitmek i¢in kullanilan veri seti

En iyi dogrulama performansi=0.00040405
(56. epokta)

-
(=]
o

Ortalam Karesel Hata

=
o
&

—Train — Validation — Test

Best Goal

20 40 60

96 Epok

80

Sekil 7. YSA egitim seyri

Veri GIiRDI CIKTI(GERCEK) | AGIN CIKTISI | CIKTI-AGIN CIKTISI
NO
Radyasyon(W/m?) | Sicaklik(C°) | MGN'de akim (A) MGN'de akim (A) Agin hatasi (e)
1 50 25 0,244719592 0,242011348 0,002708244
25 250 45 0,038616251 0,086159906 -0,047543655
57 600 30 2,805988771 2,801526469 0,004462302
100 1000 45 4,876340243 4,864291692 0,012048551
Gizli katman

Cikis katmani

Sekil 8. MGNT igin galisilan ag yapisi

Hangi egitim algoritmasimin kullanilacagi ve ka¢ katmanli bir ag olusturulacagi tecriibe ile
belirlenmektedir. Toplanan verilerin bir kismi egitim igin bir kismu agin testi i¢in ayrilmaktadir. Caligmada
toplanan verilerin %70 egitim igin %30 test ve dogrulama i¢in ayrilmistir. Bu veriler, sira disinda rastgele olarak
ag egitiminde kullanilmigtir. Ortalama karesel hata belirlenen hatanimn altinda oluncaya kadar agirlik ve biaslarin
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giincellenmesiyle ag egitilmektedir. Bu islemler sonucunda, egitilmis ag yardimyla farkli ortam sartlar1 icin
MGN?” deki akim degerleri elde edilmektedir.

V. CUKDONUSTURUCU MATEMATIKSEL MODELI

Bu bolimde PV uygulamalarinda c¢ok sik kullanilan Cuk doniigtiiriicliniin  matematiksel modeli
cikartilmaktadir. Sonrasinda modelle dayali siirekli durum igin PID denetleg tasarimi yapilmistir. Cuk
doniistiiriicii, ¢ikig gerilimini giris geriliminin polaritesine gore ters cevirerek ¢ikisa iletir. Devre semasi
asagidaki sekilde gosterilmistir.

LS

A

Sekil 9. Cuk doniistiiriiciilerin devre semasi

Cuk dondstiiriiciiler temel olarak ikiser adet bobin ve kondansator, bir adet diyot ve bir anahtarlama
elemanmnin bir araya gelmesiyle olusmaktadir. Bobin, kondansatér ve diren¢ akimi, uygulanan gerilim ile
orantili bir sekilde degistigi i¢in lineer elemanlardir. Ancak devrede dogrusal olmayan devre elemanlart diyot ve
anahtar olmasi sebebiyle, doniistiiriiciiniin denetlenebilmesi i¢in lineerlestirme yapilmak zorundadir.

Sirasiyla Cuk doniistiiriicliniin iki farkli anahtarlama durumuna goére diferansiyel denklemleri yazilir.
Siirekli hal ortalama deger yaklasimi kullanilarak Cuk doniistiiriici matematiksel modeli elde edilir [14]. Son
asamada da elde edilen denetle¢ tasariminda kullanilacak olan Cuk dondstiiriictiniin kiigiik isaret modeli
denklem 2’de verilmistir.

- D-1 _ _
(1o o == o Vo 1 0
1 i ~ e s
. 0 O _E _i IL| I\_/l Li R O ) (2)
i L L |, ci . 0 |:Vg:|+ 0 l:lz:l
L= 1-D D R + LO d |+ 0 1
Cll—=— = o 0 [ Vel |-t +1 -
Vei C, C . LIC Lo 0 RC,
N 1 1 Veo i 4 4
0 — 0 - 0 B,U 8,0
V,
Leed | C, RC, < -
BU

Cuk déniistiiriiciiye ait model X = Ax+Bu formunda elde edildi. Gorev siiresi panel ¢ikis gerilimi,
bozucu yiik akimi olmak {izere ii¢ adet giris igareti vardir. Denetle¢ tasariminda ¢aligma noktasi i¢in panel ¢ikis
gerilimi ve yiik akim degisimleri sifir alinir.

Cikis denklemi:

y=Cx+Du ®)
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Giris isaretinin dogrudan ¢ikisa etkisi olmamasi nedeniyle: D=0

iLi
. i
M:[l 0 0 0] *° |+[0] @
Vi Du
9 A
VCO_
- Lol

PID denetle¢ tasarimi transfer fonksiyonuna dayali yapilacagindan Cuk doniistiiriiciiniin transfer
fonksiyonu durum denklemlerinin katsayilar matrisleri kullanilarak elde edilmistir.

92005° + 9.2326085? + 2.185¢125 + 3.103¢15 5)

i 1
:C[SlfA] [B]: 7 3 2
s* +1e05s° + 2.023e08s” + 2.269¢11s +1.171e14

> =

o

PID tasarimi yontemleri bu ¢aligmanin kapsami diginda oldugundan Matlab ara yiiz tasarimlari
kullanilarak PID katsayilari elde edilmis ve agagida verilmistir.

Kp = 0.074, Ki = 39.9, Kd = 4.19e—06 (6)

Panelden maksimum giiciin ¢ekilebilmesi igin Onerilen yontemlerin benzetim caligmasi asagida
sunulmustur.

VI. BENZETIM CALISMASI

Bu boliimde KC85t-Kyocera marka fotovoltaik modiil kullanilarak, YSA, BM ve D&G tabanli MGNT
algoritmalarmin degisken radyasyon(400W/m?-1000W/m?- 600W/m?-800W/m?-400W/m?), farkli yiikler (20ohm
- 50ohm) altinda ve sabit sicaklikta (25C°) karsilastirmali benzetim ¢aligmalar1 yapilmistir. PV panel ¢ikisindan
alinan gii¢ 6l¢limleri de asagida sunulmustur. Sekil 10’ da ¢alismadaki radyasyon degisimi ve Tablo 3, Tablo
4’de kullanilan PV panel karakteristigi gosterilmektedir.

Tablo 3. Kullanilan PV panel karakteristigi

Standart sartlarda fotovoltaik modiiliin Deger
elektriksel performansi (KC85T)
Maksimum Gilig(Pmax) 87.35 W
MGN’deki gerilim(Vmgn) 174V
MGN’deki akim(Imgn) 5.02A
Acik devre gerilim(Voc) 217V
Kisa devre akimi(Isc) 535A
Modiil bagina hiicre sayisi 36
N51000 —
% 800
S
@ 600
)
§ 400
0 0.05 0.1 0.15 0.2
t(sn)

Sekil 10. Basamak radyasyon degisimi
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Tablo 4. Kullanilan PV panelin farkli radyasyonlar i¢in MGN’deki gii¢ degerleri (25C°)

Radyasyon (W/m?) 400 1000 600 800
MPP'de Gii¢ (W) 32.59 87.35 50.36 68.4

T=25C°

Bu ¢alismada kullanilan D&G, BM ve YSA tabanli MGNT uygulamalarimin benzetim semasi asagida

sunulmustur.
B PNO]
X A
Product6 _\
. oo
Subtracté II'_'_“ Rroduo2 Subtract?
Switch2 =
L1 L2
N YR L — — 000
%
G' Signal 1 _’|§| O/o. ’ , “ l i

i Switch5PWM Generator | &
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Sekil 11. MGNT benzetim semasi

Sekil 12’de sabit sicaklik (25C°),degisken radyasyonda (400W/m2-1000W/m?-600W/m?-800W/m?-
400W/m?) ve sabit yiik (20ohm) altinda, Cuk doniistiiriicii kullanilarak BM ve 4e-4 adim araligina sahip olan
D&G tabanli takip algoritmalartyla panel ¢ikisindaki giic egrisi goriilmektedir. Sekil 13” de ise sabit sicaklik
(25C°),degisken radyasyonda (400W/m?-1000W/m?- 600W/m?-800W/m?-400W/m?) ve sabit yiik (20ohm)
altinda, Cuk dondstiiriicii kullanilarak BM ve YSA tabanli takip algoritmalariyla panel ¢ikisindaki gii¢ egrisi
gorilmektedir.
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Sekil 12. BM ve D&G algoritmalarmim MGN takibi
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Tablo 5. BM ve D&G algoritmalarinin MGN performanslart

Radyasyon Yiik=20 Q D&G(4e-4) BM Radyasyon Yiik=20 Q D&G(4e-4) BM
MPP (W) 32.55 32.57 MPP (W) 50.35 49.81
400 W/m* | Y.Zamam (sn) 0.042 0.017 600 W/m? | Y.Zamam (sn) 0.1117 0.1265
Salimim (W) 2.15 0.69 Salinim (W) 2.9 0.69
MPP (W) 86.26 86.62 MPP (W) 68.255 68.18
1000 W/m? | Y.Zamani (sn) 0.075 0.06 800 W/m? | Y.Zamam (Sn) 0.1583 0.1575
Salimim (W) 2.89 0.88 Salinim (W) 2.83 0.74
100 -
80 - v
Av
g 60
& A -+
@ 401
20 -
—MPP —YSA,200hm BM,200hm
0 | | | | | | |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
t(sn)
Sekil 13. BM ve YSA algoritmalari ile MGNT
Tablo 6. BM ve YSA algoritmalar1 ile MGNT performanslari
Radyasyon Yiik=20 Q YSA BM Radyasyon Yiik=20 Q YSA BM
MPP (W) 32.57 32.57 MPP (W) 50.33 49.81
400 W/m? | Y.Zamam (sn) 0.017 0.017 600 W/m? | Y.Zamam (sn) 0.107 0.1265
Salimm (W) 0.65 0.69 Salinim (W) 0.75 0.69
MPP (W) 86.66 86.62 MPP (W) 68.42 68.18
1000 W/m? | Y.Zaman (sn) 0.05 0.06 800 W/m? | Y.Zamam (Sn) 0.1555 0.1575
Salimm (W) 0.7 0.88 Salinim (W) 0.77 0.74

Sekil 14’ de sabit sicaklik (25C°) , degisken radyasyonda (400W/m2-1000W/m?- 600W/m>?-800W/m?-
400W/m?) ve farkli yiikler (200hm-500hm) altinda, Cuk doniistiiriicii kullanilarak 4e-4 ve 2e-4 adim araliklarina
sahip olan D&G tabanli takip algoritmalariyla panel ¢ikisindaki giic egrisi goriilmektedir. Sekil 15° de ise sabit
sicaklik ( 25C°) , degisken radyasyonda (400W/m2-1000W/m?-600W/m?-800W/m?-400W/m?) ve farkli yiikler

(200hm-500ohm) altinda, Cuk doniistiiriicii kullanilarak BM ve YSA tabanli takip algoritmalariyla panel
cikigindaki gii¢ egrisi goriilmektedir.
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Sekil 14. D&G algoritmasinin MGN takibi
Tablo 7. D&G algoritmasinin MGNT performanslari
Radyasyon Yiik=20 Q D&G(4e-4) | D&G(2e-4) | Radyasyon| Yiik=20 Q D&G(4e-4) | D&G(2e-4)
MPP(W) 32.55 - MPP(W) 50.35 50.36
400 W/m? | Y.Zamani(sn) 0.042 - 600 W/m? | Y.Zamani(sn) 0.1117 0.1108
Salimm(W) 2.15 - Salimm(W) 2.9 1.09
MPP(W) 86.26 - MPP(W) 68.255 68.37
1000 W/m? | Y.Zamani(Sn) 0.075 - 800 W/m? | Y.Zamani(sn) 0.1583 0.1683
Salimm(W) 2.89 - Salimm(W) 2.83 1.43
Yiik=50 Q D&G(4e-4) Radyasyon | Yiik=50 Q D&G(4e-4)
MPP(W) - MPP(W) 50.33
400 W/m* | Y.Zamani(sn) - 600 W/m?> | Y.Zamamy(sn) 0.1188
Salinim(W) - Salinim(W) 4.04
MPP(W) 86.4 MPP(W) 68.18
1000 W/m? | Y.Zamani(sn) 0.087 800 W/m? | Y.Zamani(sn) 0.1592
Salinim(W) 3.62 Salinim(W) 3.71
100
80F v
g 60f
3
® 40F
20 -
g —MPP BM,20ohm —YSA,20ohm —BM,500hm YSA,500hm
0 | | | | | | » | | |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

t(sn)
Sekil 15. BM ve YSA algoritmalarinin MGN takibi
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Tablo 8. BM ve YSA algoritmalarmin MGNT performanslart

Radyasyon Yiik=50 Q BM YSA Radyasyon Yiik=50 Q BM YSA
MPP(W) 32.56 32.58 MPP(W) 49.84 50.42

400 W/m*> | Y.Zamani(sn) 0.019 0.018 600 W/m*> | Y.Zamani(sn) 0.1271 0.108
Salimim(W) 0.75 0.78 Salinim(W) 0.79 0.72
MPP(W) 86.41 86.62 MPP(W) 68.11 68.42

1000 W/m?* | Y.Zamani(sn) 0.055 0.055 800 W/m*> | Y.Zamani(sn) 0.1561 0.1557
Salimm(W) 0.61 0.81 Salimm(W) 0.87 0.73

Karsilagtirmali olarak yapilan benzetim calismalarinda yiik degisiminin D&G tabanli gii¢ takip
algoritmasim etkiledigi ve yiiksek adim araliklarinda D&G’nin MGN’ye ¢abuk ulagirken, siirekli durumda
salimim yaptig1 goriilmiigtiir (Tablo 7). D&G algoritmasinda kiigiik adim araliklar1 kullanilir ise, MGN’ye
ulagsmada gecikildigi ancak MGN’de az salimm yapildigi Sekil 14°de goriilmektedir (Tablo 7). Bu nedenle D&G
algoritmasinda gozlem degiskeninin adim araliginin belirlenmesi ¢ok 6nemlidir.

Bulanik mantik tabanli yapilan gii¢ takibinin D&G ile yapilan gii¢ takibinden daha basarili oldugu
Sekil 12 ve Tablo 5’de goriilmektedir. Ancak BM tabanli MGNT algoritmasimin uygulanabilmesi i¢in, Cuk
doniistiiriiciiniin matematiksel modelinin ¢ikartilarak bir denetle¢ tasarlanmasi gerektigi icin BM tabanli MGNT
algoritmas1 D&G tabanlt MGNT algoritmasindan daha karmasiktir.

YSA tabanli yapilan gii¢ takibi ise diger iki uygulanan algoritmadan daha basarilidir (Tablo 6,8). Ancak
YSA tabanlt gii¢ takibi yapilabilmesi i¢in doniistiiriiciiniin modellenmesine ilave olarak panele ait eski verilere
de ihtiya¢ duyulmaktadir. Calismamizda panele ait veriler Matlab ortaminda elde edilmistir. Ancak gercek
uygulamalarda panel kirlenmesi, kismi goélgelenme ve panellerin yillar icerisindeki verimlerinin azalmasi gibi
bozucu etmenlerde var olacaktir. Ger¢ek uygulamalarda MGNT nin performansini artirmak i¢in, YSA’ya veri
seti olustururken bu durumlarda g6z 6niine alinmalidir.

VIl. SONUCLAR

Yapilan benzetim ¢alismalarinda panel i¢ direncinin altinda ve Ustiinde olabilecek biitiin direnglerde
MGN takibi yapabilen Cuk doniigtiriici kullanarak, sadece MGNT algoritmalarinin MGNT’ye etkisi
sunulmugtur. Yukarida yapilan caligmalar 1s1ginda D&G algoritmasinin adim araliginin belirlenmesinin ¢ok
onemli oldugu ve de yik degisiminin D&G tabanli yapilan MGNT performansini etkiledigi goriilmiistiir
(Sekil 14,Tablo 7). YSA ve BM tabanli yapilan MGNT nin yiik degisiminden etkilenmedigi ortaya koyulmustur
(Sekil 15,Tablo 8). Ancak BM uygulamalarinda ilgili parametrelerin belirlenmesinde uzman bilgisine asir1
gereksinim duyulmasindan dolay: sistem veriminin diisiik olabilecegi gosterilmistir (Sekil 13,Tablo 6). YSA
tabanli yapilan gili¢ takibinde ise eski verilerin toplanmasi nedeni ile maliyetli ve denetle¢ tasarimi
gerektirmesinden dolay1 karmasik bir yapida olsa da, en iyi performans: sergiledigi goriilmiistiir. Ancak sezgisel
yontemleri kullanarak yapmis oldugumuz MGNT uygulamalarini gergek uygulamalara aktarilirken ortam sartlari
gozetilerek (panel kirlenmesi ve verim kaybi vb.) veri seti ve iiyelik fonksiyonlari yeniden olusturulmasi
gerekecektir. Klasik D&G tabanli MGNT algoritmasi gibi akim ve gerilim girisli MGNT algoritmalar1 gevre
sartlarindan daha az etkilenerek MGNT yapabilmektedir.

Bu caligma, doniistiiriicii katmaninin etkisi goz ardi edilerek (PV panel cikisindan gii¢ Sl¢limii
yapilarak) dogrudan (D&G) ve dolayli (BM, YSA) MGNT algoritmalarinin performans analizlerini yaparak,
gelecek calismalarda aragtirmacilarin MGNT algoritmalarini segmelerine yardimci olacaktir.
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®® 7z- Bu ¢ahsmada, kritik alti olan 5000 Reynolds sayisinda silindir etrafindaki kararsiz akis farkh tiirbiilans

O modelleri ile sayisal olarak incelenmis ve bu modellerin performanslar: test edilmistir. Calismada, aymi

sartlarda aym ag yapisinda tiirbiilans modelleri olarak LES, k-o tabanli DES, k-¢ Realizable ve k-ki-®
transition modelleri kullanilmistir. Benzesimlerden elde edilen sayisal ortalama akis yapis, siiriikleme kuvvet katsayisi
ve Strouhal sayis1 sonuglar, literatiirden benzer sartlarda yapilan bir deneysel ¢calismanin sonuclariyla kiyaslanmistir.
incelenen parametreleri LES ve DES modelleri diisiik hata ile tahmin etmistir. Diger modellerden k-K_-» transition
modeli sadece Strouhal sayisini iyi sonu¢ verirken, k-g Realizable modeli akis yapisimi k-k_-o transition modeline gore
daha iyi verse de Strouhal sayisi ve siiriilklenme katsayisi degerini daha yiiksek hata ile vermistir.

Anahtar Kelimeler- Kararsiz Akis; Kiit Cisim; Kritik alti Reynolds Sayisi; Tiirbiilans Modeli

turbulence models at a sub-critical Reynolds number 5000 were conducted and performances of those models

were assessed. The LES, k-o based DES, k-¢ Realizable and k-ki-o transition models were used as the same
grid structure and turbulence models under the same flow conditions. Numerical results on the mean flow structures,
drag force coefficients, Strouhal numbers were compared with an experimental study in the literature which performed
at similar flow conditions. The LES and DES models were predicted these parameters with very low errors. While the
prediction of k-kL-@ transition model on the Strouhal number agrees well with experiments, predictions on the other
parameters do not agree well. However, prediction of the k-¢ Realizable model on the mean flow structure is better than
k-KL- transition model, this model predicted drag coefficient and Strouhal number with high error.

E bstract- In this study, a numerical investigation on the unsteady flow over a circular cylinder using various

Keywords- Unsteady Flow; Bluff Body; Subcritical Reynolds Number, Turbulence Model
I.GIRIS

Kiit cisim aerodinamigi aragtirmalari i¢in en ¢ok kullanilan geometri silindirdir ve birgok mithendislik
uygulamasinda da silindir etrafindaki akisla karsilagilir [1]. Calisilan Reynolds sayisinda deneysel olarak silindir
etrafindaki akis birgok arastirmaci tarafindan ¢alisilmis ve fizigi ortaya konulmustur. Silindir etrafindaki anlik akis
yapisi incelendiginde silindir iizerinde akis ayrildiktan sonra girdap kopmalarinin oldugu ve c¢alkantili bir akig
yapisinin oldugu gosterilmistir. Periyodik girdapli akis yapist ve 6lii akis bolgesindeki yiiksek calkantilar giiriiltii
veya titresime neden olabilir [2,3]. Silindir etrafindaki ortalama akis yapisi, ters akig bolgesinde birbirine ters
yonde donen bir ¢ift girdap, bir adet ayrilma noktasindan olusur. Najafi vd. [4] tarafindan belirtildigi gibi
literatlirde ayn1 Reynolds sayisinda siiriiklenme katsayisi ve ters akis bdlgesinin uzunlugu gibi degerler, blokaj
orani, serbest akigin tlirbiilans seviyesi, yiizey piriizliiligii gibi etkenlerden dolay ¢aligmalarda farkliliklar
gostermektedir.

*Sorumlu yazar iletisim: ikarasu@atu.edu.tr_(_https://orcid.org/0000-0003-3138-6236)
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Deneysel ¢alismalarin yam sira kiit cisimler etrafindaki akisi inceleyen sayisal ¢alismalar artmaktadir.
Young ve Ooi [5], 3900 Reynolds sayisinda iki boyutlu (2D) ve ii¢ boyutlu (3D) URANS (Unsteady Reynolds
Averaged Navier-Stokes-Kararsiz Reynolds Ortalamali Navier-Stokes) sonuglarini LES (Large Eddy Simulation-
Biiyiik Girdap Simiilasyonu) ile kiyaslamigtir. 3D URANS sonuglart 2D’ye nazaran daha tutarli olmasina ragmen,
LES sonuglart hem 2D hem de 3D URANS sonuglarindan daha iyi ¢ikmistir. Palkin vd. [6] LEVM (linear eddy-
viscosity model- lineer girdap-viskozite model) ve RSM (Reynolds Stress Model-Reynolds Stress Modeli)
yaklagimlartyla Re=3900 ve Re=140000 i¢in URAN ¢o6ziimleri yapmustir. 140000 Reynolds sayisinda, sinir tabaka
icerisinde tiirbiilansa gecisin kisa olmasindan dolay: akis daha kararli oldugundan daha tutarli sonuglar elde
edilmistir. Prsic vd. [7] silindir etrafindaki akis1 3900 ve 13100 Reynolds sayisinda ¢6zmiis ve DNS (Direct
Numerical Simulation- Dogrudan Sayisal Simiilasyon) sonuglari ile kiyaslamistir ve LES sonuglarinin DNS ile
olduk¢a uyumlu oldugunu gdstermislerdir. Rosetti vd. [8] 2D URANS modellerinin Reynolds gerilmelerini dogru
tahmin etmesinden kaynakli olarak 6lii akis bolgesini daha kisa ve siiriikleme kuvvetini ise yiliksek tahmin ettigini
gostermislerdir. Mannini [9] Re= 21600’de dikdortgen ve kdprii kesiti etrafindaki akist URANS ve DES ile
kiyaslamislardir. DES her zaman deneye daha yakin sonuglar vermis ve dikdortgenin kenar oranlari 5:1 oraninda
iken 2D URANS kismen iyi sonu¢ verse de 1:5 oraninda ne 2D ne de 3D URANS 3D DES kadar iyi sonug
verebilmigtir. Kim vd. [10] silindir etrafindaki akis1 5500 ve 41300 Reynolds sayilarinda LES kullanarak analiz
etmistir. Diisiik olan Reynolds sayisinda SGS (Sub Grid Scale-Alt Grid) modeli kullanilirken yiiksek Reynolds
sayisinda hem ag sayisi arttirilmis hem de k-SGS modeli kullanilmistir. Her iki Reynolds sayisinda da deneysel
verilere yakin sonuglar elde edilmistir. Sidebottom vd. [11], 3900 Reynolds sayisinda alt grid dlgegi (SGS)
tirblilans modeli, duvar modeli, ayriklastirma metodu ve ag ¢oziiniirliigiiniin etkisini arastirmistir. Merkezi
ayriklagtirma yukar1 yonli gemadan daha iyi sonug¢ vermistir. Smagorinsky modeli ile tek denklemli girdap
viskozite modeli arasinda ¢ok kiigiikk farklar bulunmustur. Kullanilan duvar modelinin 6zellikle silindirin
arkasindaki akis yapisi lizerinde oldukca etkili oldugu goriilmiistiir. You ve Kwon [12] 3000000 Reynolds
sayisinda silindir etrafindaki akist RANS modeli olan Spalarat-Allmaras (S-A) modeli, S-A tabanli DES
(Dettached Eddy Simulation-Bagimsiz Girdap Simiilasyonu) ve k-o SST tabanhi SAS (Scale-Adaptive
Simulation-Olcek Adaptif Simiilasyon) modelleri ile akis yapisini incelemis ve DES yaklasiminda yikim terimini
aktive edildiginde ve SAS yaklasiminda da 6zgiil dagilma hiz1 arttirildiginda RANS sonuglarina gore daha iyi
sonuglar elde etmislerdir. Tian vd. [13] farkli agiklik oranlarinda dikdortgen etrafindaki akist 21400 Reynolds
sayisinda k-« SST tiirbiilans modeli kullanarak incelemislerdir. Ortalama siiriikleme katsayist Cp, agiklik orani ile
1 ile 0.6 arasinda deneysel ¢alismaya yakin olarak tahmin edilmigsken daha diisiik agiklik oranlarinda daha yiiksek
hata ile tahmin edilmistir. Tagima katsayisindaki RMS degeri Crms | agiklik oraninda deneysel sonuglara yakin
c¢ikarken digerlerinde yakin sonu¢ vermemistir. Fakat bazi durumlar farkli LES ve DES ¢aligmalarina da benzerlik
gostermistir. Agiklik oranina bagli St sayisi genel olarak deneysel ¢alismalarla benzerlik gostermistir. Soydan vd
[14] silindirik koprii ayaklar etrafindaki akist k- modelinin 3 farkl: tiiriinti de kullanarak LDA (Lazer Doppler
Anemometer-Lazer Doppler Anemometresi) sonuglari ile kiyaslamiglardir. Hiz profili tahmini konusunda
Realizable k-¢ modeli daha basarili olmus ve akigin 3D olarak degerlendirilmesinin daha dogru olacagi sonucuna
varilmgtir.

Sonug olarak, literatiirdeki ¢alismalardan da goriildiigii gibi kritik alti Reynolds sayilarinda ters basing
gradyenleri, tiirbiilansa gegis siireci etkisi ile akigin kararli bir rejimde olmamasindan dolay1 kiit cisim etrafindaki
daimi olmayan (kararsiz) akisi sayisal olarak analiz etmek zordur. Bu ¢alismada, kritik alti Reynolds sayisindaki
(5000) bu kararsiz akis1 farklt modellerle benzegimler yapilarak performanslart deneysel ¢aligma ile kiyaslanmasi
amaclanmigtir. Bu performans kiyaslamasi deneysel ve sayisal zaman ortalamali akim ¢izgileri, zaman ortalamali
stiriikleme katsayis1 (Cp) ve Strouhal sayisi (St) degerleri ile yapilmistir.

ILMATERYAL VE METOT

Tim sayisal ¢oziimlerde, GAMBIT yazilimi kullanilarak olusturulmus O tipi yapisal ag kullanilmisgtir.
Sekil 1 caligma alanin 6l¢iilerini silindirin ¢ap1 D cinsinden (8lgeksiz) gostermektedir. Tiim akis alanini olusturan
dis silindirin ¢ap1 50D, akis alanin kalinlig1 z ekseni boyunca nD olarak verilmistir. Sekil 2a ag yapisinin genel
goriiniimii ve Sekil 2b silindir etrafindaki ag yapisini gostermektedir. Silindirin ¢ap1 200, silindir disindaki bolgede
y ekseni 150 pargaya bolinmiistiir, silindir etrafindaki ag daha da siklagsmig daha sonra diizenli olarak giris ve
¢ikisa dogru giderek agilmistir. Silindire verilen 7D kadar kalinlik olusturulurken 48 esit parcaya boliinmiistiir.
Sidebottom vd [11] tarafindan da belirtildigi gibi tarafindan da belirtildigi gibi z ekseninde bu kalinlik ve diigim
noktas1 akist modellemek i¢in yeterlidir.
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- 50D -

Sekil 1. Akis alanin silindirin ¢api cinsinden olgiileri

Agda toplam 1479800 adet diigiim noktas1 bulunmaktadir. Distaki silindirin ilk yarisindaki ylizey hizi
girisi, diger yarisindaki yilizey basing ¢ikisi ve distaki silindirin iki yiizeyi de simetri olarak seg¢ilmistir. Coziimlerin
agdan bagimsizligini géstermek i¢in 4 farkli diigiim noktasina sahip aglarda ¢oziimler yapilmistir. Sekil 3 farkli
diigiim noktasina sahip aglardaki Cp degerlerini gostermektedir. Sekilden de goriildiigii iizere 4 farkli digiim
noktasina sahip ag yapisinda Cp arasindaki fark gayet diigiiktiir. Yaklagik 1.200.000 olan diigiim noktasindan sonra
Cp degeri neredeyse hi¢ degismediginden dolay1 1479800 diigiim yapili ag secilmistir.

=
tigettus!
SR

R
m‘:&:
SRR
s
RIS,
TR
R R
ML i
berts i e
e S
S
BT
Sty
At
H
i

7
s
o

bt
%7
%

~

o
)

5

AIBARY
SR
R

SREER
S

%
2

b

v

2

i
7

Sekil 2. Ag yapisinin genel goriiniimii (a) ve silindir etrafindaki ag yapisi detayi (b)
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Cozlimler sonlu hacimler metodunu kullanan ANSYS FLUENT 18.1 yazilimi kullanilarak 2 adet E3-
1240 v5 islemcili 32 GB RAM’e sahip bir bilgisayar ile yapilmigtir. Tiim tiirbiilans modellerinde hiz ve basing
eslestirmesi i¢in PISO (Pressure-Implicit with Splitting of Operators) , basing ayriklastirmasi igin PRESTO! basing
ayriklagtirmasi igin sinirlandirilmis merkezi farklar ve daimi olmayan formiilasyon i¢in de ikinci dereceden agik
formiilasyon kullanilmastir.

LES i¢cin Smagorinsky-Lilly alt ag§ modellemesi kullanilmigtir. DES i¢in RANS tabani olarak k-w SST
modeli secilmistir, k-¢ modeli icinse ayrilmali akislar icin daha uygun olan Reliazable modeli segilmistir.
Realizable k- modeli, tiirbiilans kinetik enerjisi k, dagilma (dissipation) orani € degerini ele alarak hesaplayan bir
model olup ozellikle ayrilmali akislarda basarisi daha yiiksektir. Tiirbiilans viskozitesini hesaplama yontemindeki
farkliliktan dolay1 diger k-& modellerinden ayrilir [15]. Tiirbiilansa gec¢is modeli olan ii¢ denklemli k-ki-®
Transition modelinde ise k tiirbiilans kinetik enerjiyi, k. laminer kinetik enerjiyi, @ ise ters tiirbiilans zaman
6lcegini gostermekte olup sinir tabakanin tiirbiilansa gegisinin oldugu durumlari modellemek iizere gelistirilmistir.
LES modelinde biiyiik girdaplar dogrudan c¢oziiliirken kiigiik girdaplar modellenir, bu modellemede alt ag
(subgrid) girdap viskozitesini modellemek olduk¢a Onemlidir. Mevcut ¢alismada Smagorinsky-Lilly modeli
kullanilmistir. DES yaklagimi hibrid RANS/LES yaklasimi olarak da bilinen bu modelde sinir tabaka igerisinde
secilen RANS yaklasimina gore, ayrilmis bolgede ise LES yaklagimina gére modelleme yapar. Bu calismada k-o
tabanli DES kullanilmigtir, k tiirbiilans kinetik enerjiyi, o ise 6zgiin dagilma hizin1 ele alarak modelleme yapar.
Tiirbiilans modellerinin detaylar1 ve formiilasyonlari i¢in ANSYS Fluent yaziliminin teori rehberine [15]
bagvurulabilir.
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Diigliim Sayisi

Sekil 3. Farkl diigiim noktasi sayisinsa sahip aglarda ortalama siiriikleme katsayilari

Tiim ¢oziimler Reynolds sayist Re=5000’de gerceklestirilmistir. Zaman adim At=5x10° s olarak
ayarlanmistir ve boylece CFL sayisi 1’in altinda tutulmustur. Akis rejime oturduktan sonra, 200D/V olacak sekilde
ornekleme alimmig ortalama i¢in bu 6rneklemede alinan degerler kullanilmistir, bu 6rnekleme siiresi Zhang vd.
[16] tarafindan da belirtildigi ortalama akis yapisim ¢ikarmak i¢in bu stire yeterlidir. Silindir {izerindeki akig
karakteristikleri ve kuvvet katsayilari, Reynolds sayis1 yaninda blokaj orani, serbest akis tiirbiilans siddeti, silindir
ylizey pirtizliligi gibi bir cok parametreye baglidir. Dolayisiyla bu ¢aligmada elde edilen sonuglar, ayn1 Reynolds
sayisinda yapilan deneysel ¢alisma [17] ile kiyaslanmigtir. Bu ¢alismada akis yapisi su kanalinda PIV (Particle
Image Velocimetry-Pargagik Gériintiilemeli Hiz Olgiimii) ile ¢ikarilmus, siiriikleme kuvveti ise riizgar tiinelinde
Olclilmiistiir.

Reynolds sayisi, siiriikkleme katsayisi ve Strouhal sayist asagidaki formiillere gore hesaplanmistir.

Re = pvD (1)
n
—__Fp
6 =12 @)
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se="22 @)

Bu formiillerde, p akigkanin yogunlugunu, V serbest akis hizini, D silindirin ¢apint,p akiskanin dinamik
viskozitesini, Fp siiriitklenme kuvvetini hizini, A silindirin 6n goriiniis alani olan ¢ap ve boyunun ¢arpimini (DL),
fise Cr degerlerinden alinan baskin frekansi simgelemektedir.

I11. BULGULAR VE TARTISMA

Silindir arkasinda art izindeki zaman ortalamal1 akis yapist incelendiginde ters akis olusum bolgesinde
odak noktalar1 F ile gosterilen birbirine ters donen iki girdap ve bir adet de ayrilma noktasi S oldugu goriiliir. F ve
S noktalari silindir etrafindaki akisin topolojinin belirlenmesinde kullanilan en 6nemli parametrelerdendir. Sekil
4’de sayisal zaman ortalamali akim cizgileri verilmistir. Kiyaslamanin dogru yapilabilmesi i¢cin deneysel
calismanin koordinatlar1 silindir ¢cap1 D ile boyutsuzlastirilarak verilmis ve silindir merkezi x/D= -0.5’de olacak
sekilde konumlandirilmistir. Deneysel ¢alismada S noktasi silindirin arka yilizeyinden yaklasik 1.4D mesafede
olusmus ve bu mesafe LES modelinde 1.35D, DES modelinde 1.25D olarak tahmin edilmistir. RANS modellerinde
ise fark ¢ok daha fazla ¢ikmis ve k-ki -0 Transition modelinde 0.52D, k-g Realizable modelinde ise 1.05D olarak
elde edilmistir. Deneyselde 0.8D olan F degeri ise LES modeli ile 0.76D, DES ile 0.68D, k-KL-w Transition modeli
ile 0.2D, k-¢ Realizable modeli ile de 0.57D olarak tahmin edilmistir. Deneysel ve sayisal F ve S noktalari silindirin
cap1 D cinsinden Tablo 1’de &zetlenmistir. Sekil 4’deki zaman ortalamali akim ¢izgileri detayli incelendiginde
LES ve DES modellerinde kii¢iik ayrilma kabarciklarinin olustugunu gérmek miimkiindiir. Silindir etrafindaki
akigin PIV deneylerinde lazerde parlamadan kaynakli olarak genelde deneylerde goriilemese de bu kabarciklarin
olugmasi beklenen bir durumdur. Eger k-ki-o Transition modelinde bu kabarcik ¢ok biiyiik ve iki pargali sekilde
tahmin edilmigken k-& Realizable modelinde ise kabarcik hi¢ goriillememistir.

k-e Realizable

g5 8 o5 s 2 25

Sekil 4. Sayisal zaman ortalamali akim ¢izgileri
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Tablo 1. Deneysel ve sayisal ortalama siiriikleme katsayisi (Cp) degerleri

Model F S
Deneysel [17] 0.8 14
LES 0.76 1.35
DES 0.68 1.25
k-k_-» Transition 0.2 0.52
k-¢ Realiazable 0.57 1.05

Ortalama siiriikleme katsayist Cp degerleri i¢in elde edilen sonuglar Tablo 2’de verilmistir. Deneysel
olarak elde edilen 1.07 olan Cp degeri; LES modelinde %3 fark ile 1.04, DES modelinde %4 fark ile 1.03 olarak
tahmin edilmistir. URANS modellerinde ise k-K_-o modeli yaklasik %26 fark ile 1.30 degeriyle daha yiiksek, k-¢
Realizable modelinde ise %18 fark ile 0.84 degeriyle daha diisiik olarak tahmin etmistir.

Tablo 2. Deneysel ve sayisal ortalama siiriikleme katsayisi (Cp) degerleri

Model Cp Fark (%)
Deneysel [17] 1.07 0
LES 1.04 -3.12
DES 1.03 -4.11
k-k_-» Transition 1.30 25.81
k-& Realiazable 0.84 -18.13

Kararsiz akis i¢in 6nemli olan bir diger parametre de St sayisi olup bu sayr tim modeller igin
incelenmistir. Tablo 3 elde edilen St sayilarini gostermektedir. Sayisal ¢aligmalar i¢in baskin frekans, literatiirde
de belirtildigi gibi anlik olarak kaydedilen tasima kuvveti katsayisi Cp iizerinden FFT degeri yapilarak
hesaplanmigtir. Deneysel ¢alismada 0.20 olan St sayis1 LES, DES ve k-kKL-o modelleri i¢in ¢ok iyi tahmin
edilmisken, k-¢ Realiazable modeli 0.25 ile deneysele en uzak tahmini yapmustir. Her ne kadar akis yapisi LES ve
DES modellerinden oldukga farkli ¢iksa bile St sayisinin ayni ¢ikmasi sunu gostermistir ki akista girdap kopma
frekansi veya Cp ortalama akis yapisina bagli degildir.

Tablo 3. Deneysel ve sayisal St Sayilari

Model St
Deneysel [17] 0.20
LES 0.20
DES 0.20
k-ki-® 0.20
k-¢ Realiazable 0.25

Sonuglarin bazilarinin farkli olmasinin en temel sebebi RANS modellerinin olusan kiigiik girdapgiklari

modelleyememesidir. Eger anlik degerleri incelenirse girdap yapisinin oldukga farkli oldugu goriilecektir. Anlik
g - g—; ) kontiirleri Sekil 5’de incelenen tiim modeller igin gosterilmistir. Kesik ¢izgiler negatif, diiz
cizgiler ise pozitif ¢evrinti degerlerini vermektedir. Anlik degerlerden goriilecegi izere RANS modelleri girdaplari
daha biiyiik kiimeler halinde tahmin ederken, LES ¢ok daha kiigiik parcalar halinde karmasik sekilde sunmustur ki

bu gercek akista olan durumdur.

cevrinti (w =

Norberg [18] tarafindan da belirtildigi gibi Re=5000"de silindir etrafindaki akisin tiirbiilansa gegisi art iz
bolgesinde gerceklesmektedir. Bu da akis modellemesini daha da karisik hale getiren bir durumdur. Ozellikle tam
tiirbiilansh akislar igin gelistirilen RANS modellerinin tahmin konusundaki basarisizligini arttiran bir faktordiir.
Bunun yaninda, bu ¢aligmada kullanilan k-ki -o tiirbiilansa geg¢is modeli de silindir etrafindaki diisiik Reynolds
sayil1 akig yapisini tahmin konusunda basarisiz olmus ve bu basarisizligin sebebi tiirbiilansa gegis isleminin sinir
tabakada gerceklesmemesidir. Sonug olarak, bu ¢alismada silindir gibi 6nemli akis olaylar1 yiizey disinda gelisen
sistemlerde modelleme i¢in LES veya DES modellerini kullanmanin daha uygun oldugu goriilmustiir.

IV. SONUCLAR
Bu c¢alismada silindir etrafindaki kararsiz akis LES, DES, k-¢ Realizable ve k-k_ - modelleriyle 5000

Reynolds sayisinda incelenmis ve literatiirdeki bir deneysel ¢aligma ile kiyaslanmigtir. Daimi akis i¢in 6nemli olan
zaman ortalamali akim ¢izgileri, siiriiklenme katsayisi, Strouhal sayisi degerleri deneysel calisma ile
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kiyaslanmustir. Her 3 parametre i¢in de LES modeli en iyi sonucu vermistir, DES de LES kadar basarili olamasa
da URANS modellerine gore daha iyi performans gostermistir. URANS modellerinden k-¢ Realizable akis yapisint
LES ve DES kadar basarili olamasa da k-ki -® modelinden daha iyi tahmin etmistir. Ancak ortalama siiriikleme
katsayisini deneysele gore yaklagik %18 diisiik bulmus ayn1 zamanda St sayist konusunda deneysele gore farkli
sonug veren tek model olmustur. Anlik akig yapisin1 ¢ok bilyiik farkla tahmin eden k-ki-» modeli siiriikleme
katsayini deneyselden % 25 daha fazla bulmasina ragmen St sayisinda deneyselle gayet iyi bir uyum gdstermistir.
Sonug olarak, bu ¢alismada silindir gibi kiit cisimlerde dis akigin modellenmesinde i¢in dogrudan akig yapisini
¢ozlimleme yoluna giden LES veya DES tiirbiilans modellerinin kullanilmasinin daha uygun oldugu gériilmiistir.

3
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Sekil 5. Anlik ¢evrinti konturlar
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technique suitable for producing large scale quantities of potable water. This process involves a wide range

of technologies that yield access to different sources of water such as seawater, ground and surface water,
and wastewater. Because of the reduction in access to fresh water in recent decades and the uncertainty in availability
effected by climate change, desalination is the critical process that ensure the future of humanity for fresh water
requirement. Multi effect distillation process employs the same principles with multi-stage flash distillation but in
contrasts, it occurs in a series of vessels (effects) and uses the principles of evaporation and condensation at reduced
ambient pressure. A dual-purpose desalination plant has a process that produces both power and fresh water using
optimum thermal energy. It offers a considerable saving in energy usage. This paper focuses on the modelling and
thermodynamic analysis of the ""Multi-Effect Distillation" (MED) desalination installed in combined cycle power
plant and moreover the expected performance characteristics of the designed MED desalination plant has been
determined.

A bstract- Water is the most important substance on earth. Seawater distillation processes have a considerable

Keywords- MED Desalination Process, Combined Cycle Power Plant, Performance Analysis
ILINTRODUCTION

The fact that the use of water resources has become increasingly limited has led to the use of alternative
sources such as sea water for water supply. The rapid growth of the world population and the industrialization of
societies continuously increase water consumption. Previously sufficient clean water resources have become
insufficient. Especially in countries with dry climate, water shortage is larger. Processes aiming at obtaining
water intended for drinking, watering and using by eliminating the salt, minerals and other impurities present in
the water are generally called desalination processes [1,3].

Desalination plants are processes that produce fresh water from salt water. Thermal or membrane
processes are generally used in these facilities. Thermal processes are based on the evaporation and condensation
of salt water. Desalination, suitable for industrial or domestic use, for the purpose of producing clean water from
salty groundwater or sea water from the process of removal of water and other minerals. In 1978, the first
seawater desalination plant was established in Jeddah, Saudi Arabia. As the type of desalination technology
affects the amount and quality of the required feed water as well as the intense salty sea water (discharged
seawater) components and discharge rate, it is important that the marine and coastal engineers understand the
different desalination technologies [2].

Today, there are two main technologies used in desalination processes. These are thermal and
membrane technologies. Thermal methods include heating the sea water to produce water vapor which will then
condense and produce fresh water. During this process, intense saline sea water flow is produced which must be
discharged. Membrane technologies enable the membranes to be used in two commercial desalination processes
such as electro dialysis and reverse osmosis to remove salt from sea water. The membrane is a flat surface with
selective permeability separating salt and other impurities from seawater.
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Hybrid desalination methods are the facilities where the desalinize water requirement is operated by
providing thermal and membrane facilities together. Combined heat and power plant installations are used to
generate power, and the energy source is then used to desalinate seawater through thermal processes in general.
In addition to the cooling water, the inlet port also provides the supply of feed water for the desalination process.
These systems have enormous economic benefits because of the fact that energy is the largest operating cost in
any desalination process and the fuel consumption is significantly lower in these dual-purpose plants compared
to two separate facilities. However, the units are permanently connected and therefore cannot display the
desalination plant function if the turbine is not running for maintenance or similar reasons [5].

The most used membrane process in desalination plants is reverse osmosis. With reverse osmosis
process operated desalination systems consist of three stages. These are pre-treatment, membrane system and
final refining. Water taken with suitable water intake structure first they are being treated. Reverse osmosis
membranes are operated at high pressure and cost high materials are pre-treatment of raw water for passing
provides the long-term use of reverse osmosis membranes and hinders potential operating problems. It can be
used for human consumption purposes because it provides 99% ion removal. In order to be absolutely
conditioned and with free chlorine they must be disinfected. Water intake structures are an important element of
reverse osmosis desalination systems. Water should be supplied at stable flow and quality throughout the life of
a membrane plant. Water intake structures from sea water are in two forms. The first one is the surface water
intake structures, and the second one is the water intake structures. Submersible dewatering structures are used
especially in small and medium sized seawater treatment plants. Large capacity reverse seawater purifier
0SMOsis systems use more open water intake structures [6].

Power plants, cooling water purpose use sea water. The reverse osmosis plant is used as cooling water
and used as water as raw water and used to be discharged. Hence, the reverse osmosis plant anchorage pipe is
connected to the cooling water discharge line and there is no need to construct a separate line. The concentrate
flow from desalination is connected to the cooling water discharge line from the bottom of the dewatering line
taken to the desalination system. In reverse osmosis desalination systems, pre-treatment systems come after
water intake structure. Prior to the reverse osmosis membrane, cartridge filters are used to prevent blockages of
the membranes by particulate matter. Material selection in reverse osmosis systems so that the selected material
is not damaged by corrosion it is important. In sea water reverse osmosis systems, they usually use duplex
stainless steel for high pressure piping. Some inhibitors of reverse osmosis-treated water may also be added to
prevent water corrosion. Phosphate and silica inhibitors can shrink tubing and reduce corrosion. Control and
automation units are very important units in water treatment systems and especially in advanced treatment
systems such as membrane processes. When deciding on reverse osmosis system, other water supply systems
(inter-water transfer, wastewater recovery, etc.) should be compared with the long-term plan to work and
according to the appropriate method should be preferred [4, 6].

I.MULTI-EFFECT DISTILLATION (MED) METHOD

A thermal method encountered in practice is a Multi-Effect Distillation (MED) method. In this method,
the steam produced by a unit is concentrated at a lower temperature and pressure in the next unit; this also
provides additional heat for evaporation. Compared to the MSF technology, the MED technology does not
require additional heat for evaporation at all levels and is operated at lower temperatures (~ 70 ° C) than MSF.

In a MED plant, seawater taken into the system is first processed and sprayed on the tubes where the
pre-heated water vapor passes. That is, it is distributed over the surface of the evaporator tubes in a thin film to
support sudden evaporation. The resulting water vapor passes to the second process and is concentrated by heat
transfer. Evaporators are placed in series. Feed water is pumped and evaporated in the first section. The steam is
then transported and used as thermal energy for evaporation in the next section where some of the remaining
feed water is evaporated. This event continues as a sequential process. In the first process, only a portion of the
seawater coming into the tubes is evaporated and the remaining seawater is fed into the second process. Fig. 1
shows Simplified scheme of a MED process [7].
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Figure 1. Simplified scheme of a MED process

These tubes are heated by the vapors created in the first process, respectively. This steam is used to
vaporize a portion of the seawater supply remaining in the next process, while the other part is condensed for
fresh water production and this process continues sequentially. Three arrangements have evolved for MED
processes. They are based primarily on the arrangement of the heat exchanger tubing; horizontal tube
arrangement, vertical tube arrangement and vertically stacked tube bundles. If the feed water is taken from an
offshore inlet, the feed water is transferred to the land via a tunnel or pipeline from the seawater inlet port. The
sea water flow is transferred through the main discharge line through the emitter. The development of marine
environment life in the sea water inlet can have a great impact on the hydraulics and operation of the desalination
plant. Therefore, pipe material should be considered as durable as HDPE against marine environment life [5,7].

However, the most optimal model was chosen; the pipeline's project life, pipeline cost, special financial
requirements and local support, financial issues, design flow, hydraulic losses and appropriate reduction (pump
or gravity) based on the necessary internal diameter, pipeline installation, international acceptance, long-term
external and internal criteria such as protection requirements, maintenance, testing methods should be
considered. During the desalination process, heavy metals such as copper, lead and iron may also be mixed into
the dense salt water. This may be due to the corrosion of the desalination equipment or the can be welded. The
environmental impact of dense salt seawater removal can be reduced by hand-made or natural filtration
processes, reducing the amount of chemicals applied during pre-treatment. For example, ultrafiltration, which
removes silt and organic matter from feed water, can replace coagulants. In all these areas, it is considered to be
a good economic alternative by hybrid desalting, which combines thermal and membrane desalination processes.
Hybrid configurations are available in operation with ease, convenience, flexibility, low energy consumption,
remote construction work, high plant area, better power and convenient water.

IILANALYSIS oF COMBINED CYCLE POWER PLANT wiTH MULTI-EFFECT DISTILLATION (MED)

The main purpose of the combined cycle power plants is to generate electricity using the waste heat
gases and to increase the efficiency. Gas plants alone their yields are low but their yields are increased when
combined cycle. Contribution to national economy it is provided. Gas turbines and steam turbines are used
together in combined cycle power plants. In addition to the electrical energy obtained from gas turbines using
natural gas as fuel, the steam obtained from the steam turbines and the steam obtained from the steam turbines
which are produced by transferring the waste heat of the exhaust gases with high temperature from the turbine
exhaust. Combined cycle power plants offer high efficiency and power as well as adaptable to flexible operating
conditions, quick commissioning and easy adaptation to full load and variable load situations. They also have
high efficiency in variable load conditions [4].

A co-generation plant, which produces both electricity and good quality water, is often called a dual-
purpose plant. A dual-purpose desalination plant is a process that produces both power and desalted water with
the optimum use of thermal energy in producing the two products. It offers a considerable saving in energy
usage. For example a single-purpose power plant producing electrical production of water and power [8]. In
particular, it is desirable to operate a power plant near base load to be most economic. In parallel co-generation,
electricity is produced as co-product along with desalted water by diverting part of the steam to the turbine to
produce electricity and part of the steam to the desalination plant. This configuration allows increased flexibility
in energy usage [7].
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This study demonstrates coupling of a combined cycle plant and an MED desalination plant (Figure 2).
The desalination plant (12 MIGD) is modelled by a Thermoflow (Thermal Engineering Software). In this study,
HRSG is sized at 33 °C degree ambient, MED desalination plant is sized at 28 °C degree seawater. In order to
run the desalination plant at variable load and maintained LPT at the same extraction pressure, LPT is sized at
the maximum through flow.
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Figure 2. Combined cycle power plant with distillation process

In the MED process, sea water is sprayed onto horizontal tubes passing the water vapour in the form of
a thin film to form a spray. The thin film layer outside the tube condenses into the vapour inside the tube as the
water evaporates. The non-volatile portion of the seawater in the first process is fed into the second process in
such a way that a thin film layer is formed again. The process usually has 8-16 processors. The process is
operated between 65-70 °C. In the desalination plant, energy, membrane, wear, chemicals and maintenance are
the main costs. For the real scale design of membrane processes, input water quality values, target effluent
quality values, percentage of retention of the pollutants in the membrane (rejection), water recovery rate, water
flux, and drive power (pressure difference) values should be known. Figure 3. shows Multi-Effect Distilation
(MED) desalination cycle schematic.
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Figure 3. Multi-effect distilation (MED) desalination cycle schematic

IV.CONCLUSIONS

Water quality is a serious concern for a number of reasons. Due to unplanned and rapid urbanization,
excessive use of natural resources, untreated industrial and domestic wastewater discharge into fresh water
sources and into the sea, inadequate wastewater treatment plants and non-point agricultural pollution are among
these reasons. Significant efforts are made to increase the wastewater collection and treatment capacity for
people living in large cities. In the world and in our country, the depletion of water resources and the availability
of existing water resources make the issue of water supply more prominent. The salt content from the sea to the
sea varies greatly. Salinity generally increases as the depth increases in seas, but this increase is not much.
Density of sea water changes depending on pressure, salinity and water temperature.

Depending on the flow of fresh water to the sea, the salt content may be high or low. The main salts of
sea water are salt, chlorine, sodium, sulphates, magnesium, calcium, potassium, bicarbonate and bromine.
Desulfurization involves the removal of salts and biological materials from sea water to obtain fresh water.
Multi-process distillation has long been used for industrial distillation. In the MED process, high heat transfer
rates can be obtained depending on the thin film boiling and condensation conditions. At the same time
evaporation occurs at a uniform temperature at each effect. MED facilities that use polymer doped sediment
control are usually made for low temperature operation. Table 1. shows plant summary and heat balance results.

Table 1. Combined cycle plant design results

Plant Summary (Heat Balance Results)

Ambient pressure bar 1,038
Ambient temperature °'C 33
Ambient RH % 74
Gross electric efficiency(LHV) % 45,15
Gross heat rate(LHV) kJ/kWh 6895
Net electric efficiency(LHV) % 43,88
Net heat rate(LHV) kJ/kWh 7180
Net electric efficiency(HHV) % 38,96
Net heat rate(HHV) kJ/kWh 8186
Desalinated Water

Mass flow (per unit) kg/s 189,8
Volume flow (total, MIGD) MIGD 12
Volume flow (m®/day per unit) m3/day 51156
Seawater Discharge

Salinity % 3,22
Mass flow (per unit) kgls 2482
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As spongy particle cleaning cannot be performed, acid cleaning should be done more frequently than

MSF process. In large capacity plants, it is seen that thermal methods are more economical in terms of operation
and investment, especially in regions where energy is cheap, large capacity desalination plants are more
economical. Small-capacity membrane filtration methods are more economical in terms of operating and
investment costs from thermal systems in terms of both economic and flexible use. In the desalination plant,
investment, operating costs and plant capacity are important for process selection. The first object in the process
design is to minimize investment costs and thus reduce the amount of thermal and mechanical energy need,
equipment and materials required for construction. Modules and other parts of the plant must have structural
requirements. Pre-treatment of seawater is essential for this method to be used without any obstacles.
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bstract- In this study, firstly the synthesis of acidic catalysts was carried out by loading the active compound

silicotungstic acid(STA) with dry (W/Si:10-50%) and wet (W/Si:10%) impregnation methods into MCM-41

support material. These synthesized catalysts were used in the production of mono-di and tri laurin. The
amount of active substance in the synthesized catalysts was determined by the ratios of tungsten in STA and silicon in
MCM-41 structure. Moreover, W/Si: 10% by weight of STA was applied to the support material after the calcination
process was loaded by dry impregnation method. Brensted acid (BA) and Lewis acid (LA) regions of synthesized
catalysts were determined by DRIFT analysis. The catalytic activities of the catalysts were determined by a glycerol-
lauric acid esterification reaction in a batch reactor. The effect of calcination and active compound ratio with reaction
temperature on the lauric acid conversion and mono-di and tri laurin selectivity was investigated. Furthermore, the
esterification reaction of glycerol with lauric acid was carried out under the same conditions in the presence of a
commercial catalyst Amberlyst-21. The experimental results of the synthesized catalysts and Amberlyst-21catalyst
were compared. The synthesized catalysts after comparison were observed that have high catalytic activity. Lauric
acid conversion and monolaurin selectivity have been obtained with W/Si: 10% catalyst (dry impregnation method)
3/3/1 molar ratio at383K after 6 hours 95% and 88%, respectively. XRD analysis was conducted on calcined-
uncalcined MCM-41support material. Moreover, the structural properties of synthesized catalysts after the
esterification reaction were determined by SEM-MAPPING analysis methods.

Key Words- STA, Mono-Di And Tri Laurin, Lauric Acid, MCM-41, Dry-Wet Impregnation
. INTRODUCTION

Biodiesel is known as an important fuel alternative due to the use of renewable resources in its
production. As biodiesel production has become widespread in recent years, researches have focused on the
evaluation of glycerol as a byproduct during production. Glycerol is a byproduct occurs as 10% of biodiesel
produced. In order to make biodiesel production economical and sustainable, it has become inevitable to evaluate
the glycerol obtained [1]. When the studies about the evaluation of glycerol are examined, it is seen that glycerol
has been used as a raw material in the etherification and esterification reactions in recent years [2]. Esters are
formed by the change of the OR group in place of the OH group of carboxylic acids [3]. Homogeneous or
heterogeneous acidic catalysts are used in industrial scale ester production. The acid catalysts used in the
reactions catalyze the reaction by protonating to the carboxylic acid [4]. Homogeneous catalysts are generally
used in esterification reactions [5]. Mineral acids such as H,SO4, NaOH, HCI, and HI are conventional
homogeneous catalysts [5-8]. The interest in heterogeneous catalysts has recently increased due to the rapid
dissolution of homogeneous catalysts in the reaction medium, corrosion, environmental pollution and the need
for a separation process [5, 8, 9]. DVB (divinylbenzene), amberlyst groups [8, 10], acidic zeolites and heteropoly

acid catalysts are frequently used as solid acid(heterogeneous)catalyst [10].
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Glycerol, a wide constituent of all animal and vegetable fats, is trivalent alcohol, in which oils are
esterified with fatty acids, mostly in the form of glycerides. It is also produced in biodiesel and today plays an
important role in meeting the industrial need. In addition to the different applications for technical purposes,
especially in the processing of food materials and in the production of drugs, fat-derived glycerol is preferred
[11]. Furthermore, glycerol is a very hygroscopic (moisture-absorbing) material, it prevents drying in the
environment where it is used, especially in the cosmetic industry has become widespread usage. The most
important feature sought in glycerol, which must be of very high purity, is that it contains absolutely no water
[11]. And, glycerol esters have a common different of applications such as solvents, emulsifying, etc. The
monoglyceride obtained as the desired product has applications as oiling agents in the food industry, as
lubricants for plastics, pharmaceutical, and cosmetics industries and as emulsifiers in food [12, 13].
Monoglyceride selectivity has been obtained higher than 75% by esterification of glycerol with lauric acid and
oleic acids [14].

There are several studies of glycerol esterification using different catalysts. Glycerol conversion and
triacetylglycerol selectivity reached 97% and 13% with Amberlyst-15 at 383 K after 30 min. [15]. Another
study, on the other hand, found a glycerol conversion of 97.1% with the highest triacetylglycerol selectivity
(43.2%) over acidic Amberlyst-15, after 6 hours of at 383 K and using 9:1 acetic acid to glycerol molar ratio
[16].

Lauric acid (dodecanoic acid) is a solid powdered fatty acid, which is saturated with 12 carbon atoms
chain, is white in color, weakly laurel oil or soap smells. Lauric acid is a component of triglyceride, and about
half of the lauric acid in the industry is derived from coconut oil and laurel oil [17].

In this study, it was aimed to evaluate the high acidic silicotungstic acid (STA)based catalysts
synthesized by dry and wet impregnation method in the esterification reaction of the biodiesel by-product
glycerol with lauric acid. The impregnation synthesis method is the fast, cheap and controlled method to prepare
catalysts [18]. STA is an HPAs. Solid catalysts such as HPAs [19], metal oxides [20], zeolites [21] and ion-
exchange resins [22], and have been used in liquid phase esterification reactions. Furthermore, HPAs have high
Bransted acid sites, which allow their use in etherification and esterification reactions [23]. HPAs are known for
their high activity for esterification, etherification, etc. reactions. Although they have several disadvantages such
as low surface area and high solubility in polar solvents such as alcohol, they are preferred in esterification
reactions due to their chemical properties and their high catalytic activity [17, 24]. The STA needs support to
increase its thermal stability in liquid phase reactions. The MCM-41, is selected as a support material in this
study, since it has a large surface area, thermal stability, and very narrow pore size distribution and pore diameter
can be adjusted between 15 and 100 A. MCM-41 mesoporous, nano-structured catalysts were first synthesized
by Mobil research group in 1992 [14]. The pore shapes of MCM-41 are two-dimensional hexagonal [17, 25, 26].
Therefore, mesoporous support materials can be utilized as a catalyst carrier [27] in various applications such as
drug delivery systems[28]. However, pure MCM-41 mesoporous molecular sieves have disadvantages such as
low hydrothermal stability, low catalytic activity and poor surface acidity in oil processing. For these reasons,
researches have focus on MCM-41 modification in last two decades [16, 29].

Many catalysts with different properties are widely used to obtain industrial products. Catalysts are used
to increase the efficiency of the reactants as well as to reduce the time required to complete the reaction and to
ensure that processes are more economical and applicable. Studies with the catalysts in the literature are
generally directed to the synthesis of catalysts which exhibit high catalytic activity, and also physically and
thermally stable and reusable. Esterification reactions with equilibrium limitation are slow. Homogeneous or
heterogeneous catalysts are used to improve esterification reactions and increase productivity. Recently,
heterogeneous catalysts are preferred due to their easier removal from the reaction media and their corrosion free
nature [9, 30].

In this study, the catalytic activities of the synthesized catalysts were investigated by esterification
reaction of lauric acid with glycerol (glycerol/ lauric acid/ ethanol) in a batch reactor. The effect of temperature
on the conversion of lauric acid to mono-di and trilaurin selectivity in esterification reactions was investigated.
One of the important aims of this study is to investigate the effect of calcined and un-calcined MCM-41 support
material porosity and surface area on lauric acid conversion and mono-di- tri laurine selectivity. Another purpose
of this paper was to determine whether the catalysts synthesized by using in the same reaction conditions, since
the commercially available Amberlyst-21 catalyst has an industrial field of usage. In addition, the effect of
esterification reaction on synthesized catalysts was investigated by SEM and MAPPING analysis methods.




Veli SIMSEK, Kirali MURTEZAOGLU / BSEU Fen Bilimleri, 6 (1), 91-103, 2019

Il. MATERIAL AND METHOD
A. Synthesisof MCM-41Support Material

In this study, MCM-41 support material was first synthesized by hydrothermal method. 13.2 g of
cetyltrimethyammonium bromide (CTMABR; C19H42BrN-Merck) are dissolved in 87 ml of deionized water and
the temperature of the resulting solution is kept constant at 30°C and stirred continuously. This process is
continued until a clear solution is obtained. The silica source (Sodium silicate- Merck, Na,SiOs; containing 27%
SiOy) is then added drop wise to the solution. After adjusting the pH of the solution to around 11(H.SO.-Merck),
it is stirred for an hour. The mixture is then placed in steel autoclave with a Teflon container and left in the oven
at a temperature of 120 °C for 96 hours. After 96 hours, filtration is performed to separate the sample from the
gel. The solid sample obtained after the filtration is washed with distilled water by vacuum filtration until the pH
value is stabilized at about 7. Then the sample is dried at 30 °C for 18 hours. In the final step of the synthesis, the
calcination is carried out in a quartz reactor in a dry air environment, at 550 °C during 6 hours [30]. The STA
was loaded with dry and wet impregnation methods before and after calcination into support material.

B. Synthesis of STA/MCM-41Catalysts

The STA/IMCM-41 catalysts were synthesized by modification of the procedures of Varigh (2007). The
schematic presentation of the synthesis of STA/MCM-41 catalysts is shown in Figure 1.The active compound
ratio in the STA/MCM-41 catalysts was the mass ratio of the tungsten in the STA structure to the silicon in the
sodium silicate structure. Within the scope of the study, the active compound ratios for the STA/MCM-41
catalyst were determined as W/Si: 10, 50%. Synthesis steps are given as follows:

Synthesis Steps:

1. Calcined or non-calcined MCM-41 support material is mixed with 12 ml deionized water at 200rpm
and at 30°C.

2. Wet impregnation: STA was dissolved in distilled water before it was added to the support solution.
Then, the solution of STA was added drop wise to the support material solution.

3. Dry impregnation: STA was added directly to the support solution.

4. The solidified sample is allowed to dry for 24 hours at 70°C, 21 hours at 96°C and then at 120°C for
2 hours (to remove water in the structure of synthesis catalysts).

5. Calcination of the sample is carried out at 350°C (heat rate, 1°C/a minute) for 6 hours using a quartz
glass tube with a membrane filter [32].

Drying Drying Drying
T=70°C T=96"C T=120°C Calcination
24h 21h 2h

¥ A4 \ 4

Dry air

STA
Figurel. The synthesis procedure of catalyst STA/IMCM-41(W/Si: 10, 50% un-calcined dry impregnation, W/Si: 10% calcined dry

impregnation, W/Si:10% un-calcined wet impregnation)
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C. Characterization Studies

Surface structures characterization of the support material and catalysts, and elemental analysis of the
were carried out using the Zeiss Supra V40 SEM instrument after platinum coating, by "SEM and MAPPING"
analysis methods. In addition, BA acid and LA sites of the catalysts were investigated by using DRIFT analysis
method after catalyst loading XRD samples of calcined and un-calcined of MCM-41 support materials were
obtained by using Panalytical Empryran HT-XRD instrument. The analysis conditions of XRD were CuK,
radiation (A=1.540A) with 40 kV (current), 30V(tension), 0.066 step size and scanning angle (20) from 0° to
50°.

D. Catalytic Activity Measurement

The catalytic activities of the synthesized catalysts and the commercial catalyst Amberlyst-21 were
investigated in the esterification reaction with glycerol and lauric acid reactants. The reaction experiments were
carried out in a batch reactor system operating at autogenic pressure. The reaction time was determined to be 6
hours for glyceride production. The experimental conditions of the reactions are given in Tablel.

Table 1. Experimental conditions used in the production of glycerides.

Catalyst Amount of catalyst(g) Temperature (K) Feed molar ratio Run
Amberlyst-21 0.4 383 3/3/1 1
%10* 0.4 383 3/3/1 1
%10** 0.4 383 3/3/1 1
%50* 0.4 383 3/3/1 1
910*** 0.4 383 3/3/1 1
%10* 0.4 413 3/3/1 1

Un-calcined dry impregnation*, Calcined dry impregnation**, Un-calcined wet impregnation***

Analysis of the product and reactant mixture taken at certain time intervals during the reaction
experiments were injected into the Shimadzu GC-2010 Gas Chromatograph and the conversion and selectivity
values were determined (the operating conditions of the GC device are given in Table 2.). The esterification
reaction with lauric acid by glycerol (Eq.1-3) is affected by 3 parallel reactions.

Glycerol + Lauric acid - Monolaurin + H,0 Q)
Lauric acid + Monolaurin — Dilaurin + H,0 2
Lauric acid + Dilaurin — Trilaurin + H,0 3)

The conversion factor was calculated for the conversion of lauric acid and mono, di, and trilaurin
selectivity and the calibration factors are based on this factor. The obtained factors were used to calculate lauric
acid conversion and mono, di and trilaurin selectivity. The following equations were used for the conversion and
product selectivity calculations. (Eq.4-7) [17].

Conversion % = [(Cy + 2Cp + 3C1)/(Cy + 2Cp + 3Cr + C4)]x100 4)
Monolaurin selectivity % = [L] x100 (5)
(Cm+2Cp+3CT)
Dilaurin selectivity % = [ﬁ] x100 (6)
y (Cmq+2Cp+3CT)
Trilaurin selectivity % = [L] x100 )
(Cmq+2Cp+3CT)

Here, Cm, Cp, Cr, and Ca correspond to mono-laurin, di-laurin, tri-laurin, and lauric acid
concentrations, respectively [17]. Concentrations were calculated separately with “response factors (RF)” for
each product and reactant. In the calculation of the response factor (Eq.8) was used [17]:

RF = ((?—Z)X (ﬁ—’;)) ©)
HE
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Where:

A= Peak area of the component

Cx= concentration of the component
Ajs= Peak area of internal standard
Cis= Concentration of internal standard

The reactants and product mixture were tested using Shimadzu GC-2010 gas chromatograph. Hydrogen
(99.9%) and dry air (99.9%) were fed for the temperature adjustment (temperature program: 353K-603K) of
flame ionization detector (FID; 653K) and the column (Restek Rtx-1, 30mx0.32mmx0.1 pm capillary column).
Nitrogen (99.9%) was used as the carrier gas at constant pressure (58, 0 KPa). The liquid reactant was injected
manually (sample volume; 0.2 pl) at a split ratio of 100% and column flow rate of 1. 5 mL/ min.

I11. RESULTS AND DISCUSSION

XRD analyses were performed on the synthesized support material before and after calcination. The low-
angle and high-angle XRD samples of MCM-41(calcined- un-calcined) are given in Figure 2. The main Bragg
peaks of MCM-41 obtained at (100), (110), (200) and (210) reflections. According to the results, it was observed
that the support materials had a regular hexagonal structure before and after calcination (Figure 2 and Figure
5(a,b) [32]. However, the low angle XRD analyses showed that shifts and intensity increase of some main Bragg
peaks of MCM-41 were observed after calcination (Figure 2 b, c).
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Figure2. Low angle(b, c) and high angle(a)XRD samples of calcined and un-calcined of MCM-41 support material

In order to determine the acidic properties of the catalysts, the DRIFT analyses were performed before
esterification reactions. DRIFT analyzes of the samples covered with pyridine were carried out by FT-IR (Perkin
Elmer instrument in the range of 1000-2000 cm™) after an hour. The DRIFT analysis method was used to
determine the BA and LA sites of the catalyst. When the DRIFT analysis results were examined, increases in
acidic parts were observed due to the loading rates of the synthesized catalysts. Three distinct peaks were
observed at 1485, 1540 and 1612 cm™. The peaks at wavelengths 1612 and 1478cm™ correspond to the BA and
LA sites in the catalyst structure (Figure 3). The peak obtained at a wavelength of 1540 cm™ shows the adsorbed
pyridine in the catalyst structure [17, 24-26, 29, 33, 34].
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Figure3. Drift analyses of STA/IMCM-41 catalysts (10% C-DI, UC-DI, Calcined and un-calcined dry impregnation, 10% UC-WI: Un-
calcined wet impregnation, 50% UC-DI: un-calcined dry impregnation)

The results of SEM analyses of MCM-41 and STA /MCM-41 materials, which were synthesized before
and after calcination were examined. Although the changes in the hexagonal structure of the MCM-41 support
after the active compound loading were limited, an increase in these changes was observed after the
esterification reaction of glycerol and lauric acid (Figure 4).

Figure4. SEM images of before un-calcined MCM-41 support material (a), (b); 10-20kx) and after glycerol/lauric acid esterification reaction
of 10% STA/MCM-41 (UC-DI; un-calcined dry - impregnation) ;(c) 383K, 6 h, (d)413K, 6h).

MAPPING analyses were performed on samples obtained after glycerol/ lauric acid esterification
reactions of STA/IMCM-41 (W/Si: 10%, UC-DI). The reaction temperatures are 383, 413K and the reaction time
is 6 hours. After the reaction, the samples were washed with 300 ml of distilled water, then dried at 6 hours at
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reaction temperatures. According to the results of MAPPING analysis, it was observed that the silicon (Si)
contained in support material (MCM-41) and tungsten (W) in the active compound (STA) maintained their
homogeneous distribution (Figure 5).

Si-KA

SIHA WLA
MAG: 2027x MV, 15aV WO § Omen MAG: 2027x HV: 155V WOD: § Omm

Si-KA

S KA 8pm | WA
MAG: 2027x HV. 16V WO: 9 Omm 1 |1aG: 2027x HV: 15V WO: 5.0men

c d
Figure5. MAPPING images of 10% STA/MCM-41(UC-DI) after glycerol/lauric acid esterification reaction. a, b) 383K, 6 h, ¢, d)413K, 6h).

|
|
|
|
|

The catalytic activities of the commercial catalyst Amberlyst-21 and synthesized catalysts (STA/MCM-
41, WI/Si: 10, 50% DI and 10% WI) were investigated in the glycerol/ lauric acid/ethanol esterification reaction.
Moreover, the esterification reactions of glycerol/ lauric acid/ethanol were performed in a batch reactor at
autogenic pressure. Firstly, glycerol-lauric acid esterification reaction experiments of synthesized catalysts and a
commercial catalyst Amberlyst- 21 were carried out at 383K, in presence of 0.4g catalyst and molar ratios
3/3/1(glycerol/ lauric acid/ethanol). Conversion of the lauric acid and selectivity of mono-di and tri laurin after 6
hours were calculated as 93%, 88-4-8%, respectively (Figure 6-8).
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Figure6. Lauric acid conversion of synthesized catalysts and Amberlyst-21 (WI; Wet-impregnation, DI; Dry-impregnation, amount of
catalyst: 0. 4 g, Molar feed ratio; 3/3/1).
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Figure7. Monolaurin of selectivity synthesized catalysts and Amberlyst-21(WI; Wet- impregnation, DI; Dry-impregnation, amount of
catalyst: 0. 4 g, Molar feed ratio; 3/3/1).
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Figure8. Dilaurin selectivity of synthesized catalysts and Amberlyst-21(WI; Wet- impregnation, DI; Dry-impregnation, amount of catalyst:

0.4 g, Molar feed ratio; 3/3/1).
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The effect of active compound loading ratio and calcination temperature on the conversion of lauric
acid and mono-di and trilaurin selectivity were investigated. Lauric acid esterification reactions were carried out
with synthesized catalysts before calcination (10%, 50% load, 383K, 0.4g catalyst, and 3/3/1 feed rate, during
6 hours). It was observed that the amount of active compound did not cause significant differences in conversion
end of the 6 hours. However, significant changes in mono-di and tri laurin selectivity have been calculated
(Figure 9, 10).

On the other hand, the effect of temperature on lauric acid conversion and mono-di and trilaurin
selectivity was investigated in esterification reactions performed at 383 and 413K (0.4g catalyst and 3/3/1 feed
rate, during 6 hours). Analysis results showed no significant change in-terms of conversion. But, significant
decreases in the di-laurin selectivity have been determined. It was interesting to observe that mono-laurin
selectivity increased (Figure 11, 12). However, the increase in the selectivity of tri-laurin was limited. The
reason for this is the removal of water vapors formed in the reaction medium due to increasing temperature [12,
17, 30, 35]. Water in the reaction medium is an unavoidable, since it is a by-product in glycerol esterification.
However, unless removed from the reaction medium, the increase in water amount as reaction proceeds results in
leaching of active compounds into reaction medium and the decrease in triglyceride selectivity [36]. Its presence
in the reaction medium helps to increase the rate of reverse reaction because of decreasing the selectivity of the
end product. Competitive adsorption of water on active sites during reaction results in H3O* formation leading to
deactivation of the catalyst which is the main problem [37]. Activity decrease associated with water presence
was also reported for palm oil hydrolysis [38].
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Figure9. Effect of the amount of active compound on the glycerol / lauric acid esterification reaction (DI; Dry -impregnation, amount of
catalyst 0.4 g, molar feed ratio 3/3/1).

100

-2}
=
L

10 % ML
10% DL
10% TL
50 % ML
50% DL z
—— 50%TL

60 4

Hl-d40@

40

Mono-di-trilaurin selectivity (%o)

2y

o

¥
T
1

=
w
g
L
L=

Time (h)

Figurel0. Effect of the amount of active compound on mono-di and trilaurin selectivity (amount of catalyst: 0.4g, reaction temperature,

383K, dry impregnation before calcination).
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As a result, the effect of calcination temperature on lauric acid conversion was limited. Before
calcination under the same conditions, lauric acid conversions for calcined and un-calcined catalysts were 95%
and 88%, respectively. There were no significant differences in lauric acid conversion in terms of active
compound loading rates. Finally, there was no significant change in lauric acid conversion compared to the
Amberlyst-21 catalyst, whereas the decrease in mono-laurin and an increase in di and tri laurin selectivity were
observed.
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Figurell. Effect of the reaction temperature on mono-di and trilaurin selectivity (amount of catalyst: 0.4g, reaction temperature, 383-413K,
dry impregnation before calcination).
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Figurel2. Effect of reaction temperature on mono-di and trilaurin selectivity (amount of catalyst: 0.4g, reaction temperature, 383-413K, dry
impregnation before calcination).

IV. CONCLUSIONS

In this study, the catalytic activities of the commercial catalyst (Amberlyst-21) and synthesized catalysts
were investigated in the glycerol/lauric acid/ethanol esterification reaction. According to the experimental results
obtained catalytic activity was high. When the glycerol/lauric acid esterification reaction was carried out at the
temperature above the decomposition temperature of the Amberlyst-21 catalyst (413K), STA/MCM-41 (10%, DI
before calcination) catalyst showed significant effect on the mono-di and trilaurin product selectivity.

As a result, the effect of synthesized catalysts by different (wet-dry impregnation) methods on lauric
acid conversion and mono-di and tri laurin selectivity was determined to be limited. Similarly, the effect of the
calcination temperature applied to the support material was limited to the lauric acid conversion and the mono-di
and trilaurin selectivity (88% after calcination 95% before calcination). When the esterification reactions of
synthesized catalysts and Amberlyst-21 catalyst were compared, no significant change was observed in lauric
acid conversion, whereas mono-laurin selectivity decreased and di and tri laurin selectivity increased.
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(X
z- Ulkemizde kaynak bakimindan énemli yenilenebilir enerji kaynaklarindan bir tanesi de biyogazdir.
O Bilecik ili hayvancii@in yaygin olarak yapildig: illerden bir tanesidir. Bu calismada ilk olarak, Bilecik
ilindeki hayvanlarimin sayisi ve atiklarinin 2011- 2017 yillar1 arasindaki degisimi tespit edilmistir. Bu
veriler goz oniine alinarak hayvansal atiklardan elde edilebilecek biyogaz ve biyogazdan iiretilebilecek elektrik
enerjisi esdegeri belirlenmistir. Bilecik'in 2011 yilinda 1,017,522 tane ile en az hayvan sayisina sahip oldugu yil,
2017’nin ise 4,609,707 tane ile en fazla hayvan sayisina sahip yil oldugu goriilmiistiir. Veriler analiz edildiginde,
Bilecik ilinin 2017 yiinda en fazla biyogaz potansiyeli ve en fazla elektrik enerjisi esdegerine sahip oldugu
goriilmiistiir. Daha sonra yillik elektrik enerjisi esdegerleri yilhik elektrik tiiketimi degerleri ile karsilastirilmistir.
Sonug olarak biyogazdan elde edilen yilhik elektrik enerjisi esdegerlerinin Bilecik ilindeki toplam yilhk elektrik
tiikketimini karsiladig1 goriillmiistiir.

Anahtar Kelimeler- Biyogaz, Yenilenebilir Enerji, Hayvansal Atik, Bilecik

provinces where animal husbandry is widespread. In this study, firstly the number of animals in Bilecik

province and the change of their wastes between 2011- 2017 were determined. Based on these data, biogas
obtained from animal wastes and electrical energy equivalent produced from biogas were determined. Bilecik had the
least number of animals in 2011 with 1,017,522 and 2017 had the highest number of animals with 4,609,707. When the
data is analyzed, it is seen that Bilecik has the highest biogas potential and the highest electrical energy equivalent in
2017. Then, annual electrical energy equivalents are compared with annual consumed electrical energy values. As a
result, it is seen that the annual electrical energy equivalents obtained from biogas meet the total annual electricity
consumption in Bilecik.

Q bstract- One of the important renewable energy sources in our country is biogas. Bilecik is one of the

Keywords- Biogas, Renewable Energy, Animal Waste, Bilecik
I. GIRIS

Diinya niifusunun artmast ve buna bagli olarak sanayinin gelismesi enerji kaynaklarina olan talebi
artirmigtir. Ancak giiniimiizdeki enerji iiretiminin bu enerji talebini saglayamamasindan dolay1 enerji fiyatlari
gittikge artmaktadir. Bu da enerjinin gittikce daha pahali olmasi anlamina gelmektedir [1-2].

Diinya niifusu, kiiresel 1sinmayla miicadele, enerji agigini kapatmak ve ¢evre sorunlarinin ¢éziimii i¢in
yeni ve yenilenebilir enerji kaynaklarina ihtiyag duymaktadir. Giiniimiizde tiim iilkeler bu sorunlarin en aza
indirgenmesi i¢in ¢aligmalar yapmakta ve yenilenebilir enerji kaynaklarina yonelmektedirler [3].

Yenilenebilir enerji kaynaklari igerisindeki enerji kaynaklarindan biri de biyokiitledir. Biyokiitle
irtinlerinden bir tanesi biyogazdir. Cevresel ve saglik sorunlari meydana getiren organik atiklarin belirli
islemlerden gegerek zararsiz hale getirilmesi ve enerjiye donistiiriilmesini saglayan biyogaz teknolojisi
yenilenebilir enerji sektoriinde 6nemli bir yere sahiptir [4].
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Arastirmalar biyogaz iiretiminin, M.O. 10. yiizy1lda Asurlulara ve M.S. 16. yiizyilda Iranlilar’a kadar
geri gittigini bildirmektedir. Giinlimiizde ise, biyogaz iiretimi tarimsal atiklar, hayvansal atiklar gibi organik
atiklar1 yok etmek amaciyla yaygin olarak kullanilmaktadir [5-6].

Bu caligmada, 2011-2017 yillar1 arasindaki Bilecik iline ait hayvansal kaynakli atiklardan elde
edilebilecek biyogaz potansiyelleri ve elektrik enerjisi esdegerleri incelenmistir. Daha sonra elektrik enerjisi
esdegerleri Bilecik ilindeki yillik elektrik tiiketim miktarlari ile karsilastirilmastir.

I1. BIYOGAZ KAYNAKLARI ve OZELLIKLERI

Biyogaz iretimi i¢in kullanilan malzemeler, hayvansal atiklar, bitkisel atiklar ve endiistriyel atiklar
olmak tiizere {i¢ baglik altinda incelenebilir [7]. Bunlar; hayvansal atiklar (hayvancilik yapilarak elde edilen
atiklar ve hayvan giibreleri), bitkisel atiklar (bahge ve yemek atiklari) ve endiistriyel atiklardir (zirai faaliyetler
sonucu olusan atiklar, orman ve kagit endiistrisinden meydana gelen atiklar, deri ve tekstil endiistrisinden olusan
atiklar, gida ve yag endiistrisinden elde edilen atiklar, evsel kat1 atiklar, atik su aritma tesisi atiklari).

Biyogaz liretiminin bir¢ok amaci olmakla birlikte bunlardan bazilar1 asagida verilmistir. Bunlar; enerji
elde edilmesi, patojen giderimi saglamasi, toprak sartlandiricinin korozif etkisinin azalmasini saglamasi,
atmosferdeki metan ve amonyak miktarinin azaltilmasini saglamasi, organik maddelerin degerlendirilmesini ve
dezenfeksiyonunu saglamasi olarak verilmektedir [8-10].

Hayvanlardan elde edilen giibre miktarlar1 hayvanlarin cinsine gére degismektedir. Hayvan atiklarindan
elde edilen biyogazin potansiyelinin belirlenmesi igin ¢esitli yontemler mevcuttur. Bu caligmada, biyogaz
potansiyelini belirlemek i¢in Akbulut ve ark. [11] ve Akdeniz [12]’deki yontemler kullanilmistir. Bu ¢aligmalara
baglh olarak, 1 adet biiyiikbas hayvandan 35 kg/giin, 1 adet kiigiikbas hayvandan 2 kg/giin ve 1 adet kanath
hayvandan 0.16 kg/giin yas giibre elde edildigi kabul edilmistir. Biyogazin elektrik enerjisi olarak esdegerinin
belirlenmesi igin 1m?® biyogazin elektrik enerjisi cinsinden degeri kullamlmaktadir. 1m® biyogaz 4.70 kWh
elektrik enerjisine esdegerdir [6, 13].

I11. BILECIK ILI BITYOGAZ POTANSIYELI

Bilecik ilindeki 2011-2017 yillarindaki biiyiikbas, kiigiikbas ve kanatli hayvan sayilar1 Tablo 1°de
verilmistir. Calismada kullanilan 2011-2017 yillarina ait veriler Tiirkiye Istatistik Kurumu resmi web sitesinden
alinmustir [14]. Tablo 1’e gore Bilecik iline ait belirlenen yillar igerisinde en fazla toplam hayvan sayis1 4609707
ile 2017 yilindayken an az hayvan sayis1 1017522 ile 2011 yilinda oldugu belirlenmistir. incelenen tiim yillarda
kiimes hayvani sayilarinin diger biiyiik ve kiigiikbas hayvan sayilarina gore daha yiiksek oldugu goriilmektedir.

Tablo 1. Bilecik ilinin biiyiikbas, kiigiikbas ve kanatl hayvanlarinin sayis1 (adet)

HAYVAN 2011 2012 2013 2014 2015 2016 2017
GRUPLARI
Biiyiikbas 40,358 41,956 42,240 40,181 39,198 32,499 36,071
Kiiciikbas 107,449 | 117,350 | 120,280 | 136,363 | 117,520 | 126,810 | 140,137
Kiimes 869,715 | 1,108,221 | 1,249,082 | 1,254,876 | 1,796,283 | 2,179,332 | 4,433,499
hayvanlar
Genel toplam | 1,017,522 | 1,267,527 | 1,411,602 | 1,431,420 | 1,953,001 | 2,338,641 | 4,609,707

Bilecik ilindeki 2011- 2017 yillar1 arasindaki hayvan mevcuduna (biiyiikbas, kiigiikbag ve kanatl) bagh
olarak toplam hayvan verileri yillara gore analiz edilmis ve biyogaz potansiyeli hesaplanmistir. Daha sonra
biyogaz potansiyeline ait hesaplama sonuglari Tablo 2’de sunulmustur. Tablo incelendiginde; biiyiikbas,
kiiciikbas ve kanathi hayvan miktarina ait glibre miktar1 kullanilarak biyogaz {iretilecek olursa en yiiksek
potansiyele sahip olan y1l 2017 olarak belirlenmistir.

Bilecik ilinde yasayan biiyiikbas, kiigiikbas ve kanathi hayvanlarin, atiklarindan iiretilebilecek biyogaz
potansiyelini belirlemek i¢in yapilan bu g¢alisma gostermistir ki son yillarda il genelinde kanatli hayvan sayisinda
ciddi bir artig meydana gelmistir. Bilecik ilinin son yillardaki kanatli hayvan sayisindaki artisa bagh olarak,
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hayvan atiklar1 bakimindan 6nemli bir biyogaz potansiyeline sahip oldugu goriilmektedir. Tablo 2 incelendiginde
kanath hayvan giibrelerinden iiretilebilecek biyogazin en fazla 2017 yilinda ve 30,381,761 m®/yil oldugu
goriilmektedir.

Tablo 2. Bilecik ilinde hayvansal atiklardan elde edilebilecek biyogaz potansiyeli

vil Hayvan Cinsi | Hayvan Sayist Giil():‘oenl/r;ilic)tarl Yilhik b(ié(;g};\lzl)miktan Yilhik ii(rlt;t;I/;rl]l)biyogaz
Biiyiikbag 40,358 515,574 1,4972,253 17,966,704
Kiigiikbag 107,449 78,438 8,471,279 10,165,535

2011 Kanatli 869,715 52,061 4,966,633 5,959,959
Biiyiikbas 41,956 535,988 15,565,089 18,678,106
Kiigiikbag 117,350 85,666 9,251,874 11,102,249

2012 | Kanath 1,108,221 66,338 6,328,656 7,594,387
Biiyiikbas 42,240 539,616 15,670,449 18,804,538
Kiiciikbas 120,280 87,804 9,482,875 11,379,450

2013 Kanatlt 1,249,082 74,770 7,133,063 8,559,675
Biiyiikbag 40,181 513,312 14,906,589 17,887,906
Kiigiikbas 136,363 99,545 10,750,859 12,901,031

2014 Kanatli 1,254,876 75,117 7,166,150 8,599,380
Biiyiikbas 39,198 500,755 14,541,909 17,450,291
Kiigiikbag 117,520 857,89,6 9,265,277 11,118,332

2015 Kanath 1,796,283 107,525 10,257,933 12,309,519
Biiyiikbas 32,499 415175 1,2056,674 14,468,009
Kiigiikbag 126,810 92,571 9,997,700 11,997,240

2016 | Kanath 2,179,332 130,455 12,445,389 14,934,467
Biiyiikbag 36,071 460,807 13,381,836 16,058,203
Kiigiikbas 140,137 102,300 11,048,401 13,258,081

2017 Kanatli 4,433,499 265,389 25,318,135 30,381,761

Bilecik ili y1llik tiretilen biyogaz degerleri kullanilarak elektrik enerjisi esdegeri incelenmistir. Buna ait
hesaplamalar Tablo 3’de sunulmustur. Daha sonra elektrik enerjisi esdegerleri Bilecik ili yillik elektrik tiiketimi
degerleri ile karsilastirilmustir. Bilecik ili yillik elektrik tiiketimi degerleri Tiirkiye Istatistik Kurumu internet
sitesinden alinmigtir [15]. Bilecik ili yillik toplam elektrik enerjisi esdegeri (kWh) ve yillik elektrik tiiketimi
(kWh) karsilastirildiginda yillik tiretilen biyogaz miktarindan elde edilen yillik toplam elektrik enerjisi esdegeri
(kWh) degerinin yillik elektrik tiikketimini (kWh) karsiladigr gériilmektedir.
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Tablo 3. Bilecik ili hayvan miktarinin biyogaz ve elektrik enerjisi esdegeri

..Yll!lk Yillik toplam P, S
Yil | Hayvan Cinsi 't‘)lr;;g:‘z‘ Elektrik enerjisi esdegeri (kWh) | elektrik enerjisi Y'll'kB'le“k(‘Ev‘\’,'ﬁ;‘"‘k‘“ke"m'
(m3) esdegeri (kWh)
Biiyiikbas 17,966,704 84,443,500
2011 | Kiigiikbas 10,165,535 47,778,015 160,233,331 1,284,686,000
Kanath 5,959,959 28,011,807
Biiyiikbas 18,678,106 87,787,008
2012 | Kiigiikbas 11,102,249 52,180,570 175,661,287 1,196,465,000
Kanatl 7,504,387 35,693,619
Biiyiikbas 18,804,538 88,381,329
2013 | Kiigiikbas 11,379,450 53,483,415 182,095,216 127,446,000
Kanatl 8,559,675 40,230,473
Biiyiikbas 17,887,906 84,073,158
2014 | Kiigiikbas 12,901,031 60,634,846 185,125,090 1,371,199,000
Kanath 8,599,380 40,417,086
Biiyiikbas 17,450,201 82,016,368
2015 | Kiigiikbas 11,118,332 52,256,160 192,127,267 1,514,417,000
Kanath 12,309,519 57,854,739
Biiyiikbas 14,468,009 67,999,642
2016 | Kiigiikbas 11,997,240 56,387,028 194,578,665 1,487,989,000
Kanath 14,934,467 70,191,995
Biiyiikbas 16,058,203 75,473,554
2017 | Kiigiikbas 13,258,081 62,312,981 280,580,812 184,287,000
Kanatls 30,381,761 142,794,277

IV. SONUCLAR

Bu ¢alismada 2011-2017 yillan1 arasindaki Bilecik ilindeki hayvan (biiyiikbas, kiigiikbas ve kanatli)
atiklar1 kullanilarak, biyogaz potansiyeli ve elektrik enerjisi esdegeri incelenmistir. Buna goére biyogaz
potansiyelinin en az oldugu yil 2011, en fazla oldugu yil ise 2017 olarak belirlenmistir. Biyogaz potansiyel
miktarindan elde edilebilecek yillik toplam elektrik enerjisi esdegeri ise en fazla 2017 yilinda 280,580,812 olarak
hesaplanmistir (kWh). Bilecik ili yillik toplam elektrik enerjisi esdegeri (kWh) ve yillik elektrik tiiketimi (kWh)
karsilastirildiginda ise yillik toplam elektrik enerjisi esdegeri (kWh) degerinin, yillik elektrik tiikketimini (kWh)
kargiladig1 goriilmektedir.

Hayvan cinsi agisindan biyogaz potansiyeli incelendiginde ise son yillarda kanatli hayvan sayisinda ve
buna bagli olarak biyogaz potansiyeli ve elde edilebilecek elektrik enerjisi gelir miktarinda ciddi bir artis oldugu
gorilmektedir.

Sonug olarak, énemli bir hayvancilik potansiyeline sahip Bilecik ilinde, 6zellikle kdylerde yasayan
vatandaslarin biyogaz potansiyeli konusunda bilinglendirilmesi biiyiikk énem tasimaktadir. Ciinkii bu konuda
koylii vatandaslarin bilinglenmesinin hem kdylerde temiz bir ortam saglayacagi hem de bilingsiz olarak tezek
yakilmasinin 6niine gegerek biiylik bir potansiyelin yok olmasinin engellenecegi diisiiniilmektedir.
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O Z- Gecmisten giiniimiize, insanlarin barinma ihtiyacim karsilamakta kullandifi ahsap malzemesi

iilkemizdeki yap1 sistemlerinde son yillarda ¢ok fazla tercih edilmemektedir. Ulkemiz; ahsap iskeletli yapu,

bu tiir yapilarda kullanilan ahsap malzemesinin fiziksel ve mekanik 6zellikleri ile ahsap yapilarin avantajlari-
dezavantajlar1 konusunda yeterli bilgiye sahip degildir. Bu ¢calisma ile ahsap malzemesinin 6nemli baz fiziksel ve
mekanik ozellikleri anlatilmis; ahsap yapilarin Tiirkiye ve Diinyadaki durumu ele ahnmstir. Ahsap yapilar ile ilgili
iilkemizde ve Diinyada kullanilmakta olan standartlar ve yonetmeliklerden bahsedilmistir.

Anahtar Kelimeler- Ahsap, Ahsap Yapilar, TS 647, Ahsap Standartlari

in our country in recent years. Our country doesn’t have sufficient knowledge about timber frame

construction, wooden materials, physical and mechanical properties and advantages-disadvantages of timber
construction. This study describes some of the physical and mechanical properties of wooden material, situation of
timber structures in Turkey and in the world, standards and codes about timber structures are used in our country and
in the world.

A bstract- Timber structures construction systems which used many years for housing needs, aren’t preferred

Keywords- Timber, Timber Structures, TS 647, Codes of Timber Structures
I. GIRIS

Ahsabin yap1 malzemesi olarak kullanilmasi beton ve ¢elige kiyasla ¢ok daha eskilere dayanir. Ahgap
yapilarin, ilk ¢aglardan baglayip gliniimiiz yapim sistemlerine kadar uzanan gelisim siireci; ahsabin dogadan kolay
bir bicimde elde edilmesi ve yapim agamasinda kolaylikla uygulanabilmesine ragmen yavas bir bigimde
gerceklesmistir [1]. 19. Yiizyilda Sanayi Devrimi’nin etkisiyle teknolojik gelismelerle beraber yeni triinlerin yap1
sektoriinde kullanilmasi, 6zellikle de tas ve tugla yigma sistemlerinin yayginlagsmasi, ¢elik ve betonarme yapim
sistemlerinin ortaya ¢ikip uygulanmaya baslanmasi sonucu ahgabin yapilarda tagiyict malzeme olarak kullanilmasi
azalmustir [2].

Ahsap yapi sistemlerinin gelistirilmesi ve yapilarda tasiyici iskelet olarak daha fazla kullanilmasi 20.
yiizyil baslarina rastlar. Artan ve gittik¢e yayginlasan sanayilesmenin ortaya ¢ikardigi ihtiyaglar ile I. Diinya Savast
Oncesi ve savas yillarinda degerli bir silah hammaddesi olan ¢eligin yap1 alanindan ¢ekilmesi, ahsap malzemesinin
farkli fonksiyonlardaki yapilarda ve daha rasyonel olarak kullanilmast zorunlulugunu beraberinde getirmistir. Bu
donemde ahsap malzemesinin mekanik ve fiziksel 6zellikleri arastirilmis, birlesim elemanlart (¢ivi, kama, bulon
vb.) iizerinde c¢alismalar yapilmis, ahsabin dis etkilere karsi korunmasini saglayan malzeme ve yodntemler
gelistirilmistir.
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2. Diinya savasi sirasinda, her tiirlii iklim kosullar1 ve rutubete dayanikli yapay recine tutkalinin
bulunmasi ve ahsap yapilarda kullanilmasi insaat teknolojisi agisindan reform olarak kabul edilmis ve ahsabi diger
yapt malzemeleri ile yarigir hale getirmistir. Giinlimiiz kosullarinda statik ve mukavemet hesaplarinin ihtiyag
duyacagi her tiirlii kesit ve uzunlukta ahsap yapi elemanlariin iiretilmesini ve projelendirilmesini miimkiin
kilmastir [3].

Ahsap, dogayla tamamen uyumlu olan ve geri doniisiimii kolay olan, diger yap1 elemanlarina nazaran
yogunluguna oranla mukavemeti oldukga iyi olan, diger yap1 malzemeleriyle uyumlu ve dogru kullanildiginda ¢ok
uzun Omiirlii olabilen siirdiiriilebilir bir malzemedir. Olumlu olan bu 6zellikleriyle, geleneksel Tiirk mimarisinde
temel bir yap1 malzemesi olarak yerini kismen de olsa almistir. Gegmiste kullanilmis olan ahsap yap1 elemanlart,
¢ogu zaman hicbir koruyucu islem gérmemis olmasina ragmen giiniimiizde dayanikliligini koruyabilmektedir.
Ahsap yapilarin ayakta kalabilmesi i¢in dogru malzeme kullanimi, malzemeyi nem kosullarindan korumak, yeterli
kesit alanina sahip tasiyict malzeme kullanmak 6nemlidir [4].

Il. AHSAP MALZEMENIN FiZIKSEL ve MEKANIK OZELLIKLERI

Tarihi yapilarda ahsap yapilarin 6zelliklerini anlayabilmek i¢in 6ncelikle fiziksel dzellikleri incelenmeli
ve kullanilan ahgabin yapisi ve cinsi, kimyas1 gibi 6zellikleri bilinmelidir. Ahsabin mekanik ve fiziksel 6zellikleri
tagtyici yapisi agisindan olduk¢a 6nem tagimaktadirlar. Zaman i¢inde olusan yipranmalarin ve ¢lirlimeler gibi
istenmeyen durumlari anlayabilmek igin fiziksel ve kimyasal ozelliklerini bilerek bir koruma yontemi
tanimlanmas1 gerekmektedir. Ozellikle ahsap malzemenin dis etkenlere karst nemden korumak, cesitli zararh
canlilardan korumak amaciyla kimyasal boyalar kullanarak ahgabin 6mrii uzatilabilmektedir [5].

A. Fiziksel Ozellikleri

Ahsap malzemesi depreme dayanimi yiiksek bir yap1 elemanidir. Olumsuz hava kosullari ile kimyasal
faktorlere kadar bircok etkilere maruz kaldiginda bile mukavemetinde azalmanin yavas olmasi ahsab1 yap1 elemani
olarak kullaniminda énemli hale getirebilmektedir. Ozellikle fiziksel 6zellikleri ahsabin mekanik dzelliklerini
dogrudan etkilemektedir. Bu yilizden ahgabin sertligi, nem orani, 6zgiil agirligi ve 1s1 iletkenligi oldukca dnemlidir.

1) Ahsap Malzemedeki Nem Orani

Ahsap malzemenin zamanla fiziksel ve mekanik dzellikleri degisebilmektedir. Ozellikle renk degisimi
ahsap malzemesinin yasli oldugunu gostermektedir. Eski tarihli ahsap yapilar ile son donemdeki yapilan ahsap
yapilar karsilastirildiginda tasiyicilar hakkinda ¢ikan sonuglara gére yapi malzemesinin, mukavemeti zamanla
azalmaktadir. Ahsapta renk farkliliklari gériillmeye baslanir ve buna bagli olarak nem kaybinin olmasi ve darbeye
maruz kalmasi gibi nedenler ahsap malzemenin dayanimi azaltabilmektedir [6]. Ahsap malzemedeki nem miktari
ahsap malzemeyi birgok ydnden etkilemektedir. Istenilen diizeydeki bir nem oram ahsap malzemedeki bircok
parametreyi dogrudan etkileyecektir [7]. Nemlilik derecesi artan bir ahgsap malzemede mukavemette azalacaktir.
Fakat nem oraninin %30’u gegmesi durumunda ise mukavemette degisiklik olmamakla birlikte bu deger
mukavemeti agisindan sinir deger olarak kabul edilmektedir (Sekil 1) [3].

Ahsap malzemenin kullanim alanlarini azaltan sebeplerden birisi su veya su buhari ile temas ettiginde
fiziksel ve kimyasal 6zelliklerinde meydana gelen farkliliklardir. Ahsap malzemede meydana gelen hacimsel
farkliliklarin nedeni olan rutubet, mekanik ozelliklerde degisimlere neden olur ve ahsap malzemenin kullanim
dmriinii bilyiik oranda azaltir. Ozellikle tamamen kuru hal olarak kabul edilen %0 nem oram ile lif doygunlugu
noktasi olarak kabul edilen %30 nem oranlari arasinda hacimsel farkliliklar goriilmektedir. Ahsabin gismesi ve
daralmasi olarak bilinen bu degisimlerin genel adi1 “odunun ¢aligmas1” olarak isimlendirilmektedir [8].
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Sekil 1. Ahsaptaki nem ve mukavemet orani [3]

Yukaridaki formil ile ahgsap malzemedeki nem oranmi hesaplanabilmektedir. Burada R; nemlilik
derecesini, Gi; ahsabin kuru agirhigini, Gy; ahsabin yas agirlhigim belirtmektedir.

2)Ahsap Malzemenin Ozgiil Agirligi

Ahsaptaki 6zgiil agirlik agacin cinsine gore ve ahsabin hangi kismindan alindigia gore farkliliklar
gosterebilmektedir. Ayrica 6zgiil agirhigr yiiksek olan bir malzemenin mekanik &zelliklerinin de yiiksek olmasi
beklenmektedir. Yeni kesilen bir ahsap malzemesinin 6zgiil agirligi eski kurumug olan bir ahgsap malzemeden
farklidir. Yeni kesilen bir ahsapta su miktar1 %35-50 civarlarindayken kurutulmus bir ahsap da ise bu oran %10-
20 seviyelerindedir [9]. Tablo 1°de farkli ahsap siniflandirmalarina iliskin 6zgiil agirliklar verilmistir [10].

3)Ahsabn Ist Ozellikleri

Ahsap malzemesinin temelini olusturan seliiloz 1s1y1 gegirmeyen malzemedir. Fakat 1simnin iletkenligi
ahsap malzemedeki nem miktarina, cinsine ve lif dogrultusuna gére farkliliklar gosterebilmektedir [11]. Ahsap
malzeme 1s1 etkisiyle genlesip sogudugu durumlarda biiziilmektedir. Bu genlesme ahsap malzemenin ortotrapik
olmasi1 sebebiyle tim ydnlerinde farkliliklar gostermektedir. Cogu zaman yap1 elemant olarak kullanilan ahgap
malzemenin 1s1l genlesme 6zellikleri onemsizdir [12].

4) Ahsabin Sertlik Ozelligi
Ahsap malzemenin kesilmeye ve islenmeye karsi gosterdigi dirence sertlik denir. Sertlik iizerinde

malzemenin nem orani, malzemenin cinsi ve igyapisi gibi etmenlerin yani sira yogunluk ile de sertlik dogru orantili
artmaktadir. Nem orani arttik¢a sertlik azalmaktadir. Kuru bir agagta sertlik orani en iist diizeydedir [10].

Tablol. Agaglarin 6zgiil agirliklarinin siniflandirilmasi [10]

Smnifi Ozgiil Agirhg (gr/ cm®) Agag Tiirleri
Cok Hafif Ahsap 0.43 gr/ cm? kadar olanlar lhlamur, kéknar, ladin, ardi¢ ¢ami, kavak, balsa
At Kestanesi, Kirmiz1 Cam, Kirmiz1 Giirgen, Ak¢aagac,
Hafif Ahsap 0.44-0.72 gr/ cm? olanlar
Hus, Kestane, Kizilagag, Sogiit, Sedir, Melez Camu,
Cmar, Tik, Ceviz, Karaagag, Disbudak
Agir Ahsap 0.73-0.99 gr/ cm? olanlar
Ak giirgen, Zeytin, Mese, Akasya, Elma, Armut,
Karagam, Maun, Pelesenk, Kiraz, Erik, Porsuk Agaci,
Abanoz, Pock Agaci, Simsir, Giil agact
Cok Agir Ahsap 1 gr/ cm*’den fazla olanlar

B. Ahsabin Mekanik Ozellikleri

Ahsap hetorojen ve anizotrop bir malzeme oldugundan mekanik 6zellikleri diger yap1 malzemelerinden
farklidir. Bu ylizden ahsabin mekanik davranigt mikrodan makro seviyeye dogru incelenir. Ahsap, diger heterojen
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malzemelerde oldugu gibi lineer olmayan gerilme-deformasyon davranisina sahiptir. Bu sebeple ahsap
malzemenin davranigini anlayabilmek i¢in 6nce mikro diizeyde arastirma yapilmalidir. Ahsabin heterojen yapist
dikkate alinarak deneysel ¢alismalar ve niimerik analizlerle liflerin dogrultusu ve yapisi belirlenmelidir. Liflere
paralel ve dik yonde kuvvetler uygulanarak ahgabin sertlik dereceleri ve rotre 6zellikleri bulunmalidir. Deneysel
ve niimerik ¢alismalar yaparak ahsabin mekanik davranigini anlamak saglikli ahsap yapilar olusturmak agisindan
oldukga 6nemlidir [13]. Ahsap iki farkli kuvvete maruz kalabilmektedir. Bu kuvvetler, liflere paralel ve liflere dik
yondeki basing ve ¢ekme dayanimlaridir. Ahgapta mekanik 6zellikler incelenirken ahsabin elastisitesi, basing ve
¢ekme direngleri ile yarilma ve makaslama dayanimlari da incelenmelidir [14].

Ahsap malzemenin mekanik 6zelliklerine, ahsabin dis kuvvetlere karsi gosterdigi diren¢ denilebilir.
Ortotropik 6zellik gosteren ahsap materyalde; liflere paralel, radyal (6zden kabuga dogru uzanan) ve teget (yillik
halkalara paralel uzanan) ii¢ degisik yon mevcuttur. Ortotropik 6zelligi sebebiyle ahsabin mekanik 6zelliklerinin
yani sira fiziksel 6zelliklerini de etkileyebilmektedir. Bu durum ahsabin elastisite ve dayanimlarinin yonlerine
bagli oldugunu gostermektedir. Elastisite modiilii degeri, liflere paralel yonde en yiiksek degere sahip iken, radyal

yonde azalir, tegetsel yonde ise kiigiilecektir [15].
1) Basing Direnci

Ahsabin liflere paralel ve dik yonde gelen kuvvetlerin, ahsaba uyguladig1 basinca karst gosterdigi dirence
basing direnci denilmektedir. TS 647’ye gore basing direnci; ahsabin liflere paralel yondeki degerlere gore tespit
edilmektedir. Ahsap malzemede liflere dik yonde basing kuvveti ¢cok diisiik iken, liflere paralel yonde ise malzeme
kolon gibi ¢alisacagindan burkulmaya ve ezilmeye kars1 oldukea direngli olacaktir [16]. Tablo 2’de TS 647°de yer
alan agac tiirlerine gore liflere dik ve paralel yondeki basing degerleri verilmistir [17].

Tablo 2. TS 647°de Agag tiirlerine gore liflere dik ve paralel basing degerleri [17]

Ahsap malzemenin cinsi ve siifina gore basing
gerilmesi degerleri (MPa)

igne Yaprakh Agag Siiflar: Mese-Kayin
Calisma Sekli | 1 11
Gbemi/ 11.0 8.5 6.0 10.0
Obem. 2.0 2.0 2.0 3.0
Gbem1(*) 25 25 25 4.0

(*) Hafifce ezilmelere izin verildigi takdirde bu deger kullanilabilir.

2) Egilmeye Dayanimi

Kiris seklinde mesnetlenmis bir ahgaba bir veya iki taraftan liflere dik yonde etki eden bir kuvvetin onu
egmeye caligmasi ve ahsap malzemenin bu kuvvete verdigi tepkiye egilme dayanimi denir. Egilme dayanim
mukavemeti ahsaptaki rutubet oraniyla baglantilidir. %3-5 oranindaki nem ahsaba en yiiksek dayanimi saglarken,
nem orani arttik¢a her %1°lik orana kars1 %4 oraninda mukavemet azalmaktadir [7]. Tablo 3’de agag tiirlerine
gore egilme gerilmesi degerleri verilmistir [17].

Tablo 3. Agag tiirlerine gore egilme gerilmesi degerleri [17]

Egilme gerilmesi degerleri (MPa)

Igne Yaprakli Aga¢ Siniflari Mese
Calisma Sekli | 1 11

Geem 13.0 10.0 7.0 11.0

3) Ahsap Malzemenin Makaslama Dayanimi

Birbirine bitigik iki kesitin birbirinden ayrilmasi i¢in uygulanan kuvvete ahsabin verdigi dayanim
makaslama dayanimidir. Ahsap bir malzemede makaslama direnci liflerin yonii ve malzemenin kalitesi ile
alakalidir. Ornegin uygulanan kuvvet ile liflerin yoniine dogru 90° ile etkiyor ise direng en diisiik seviyede
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olacakken, 0° oldugunda ise en yiiksek seviyeye ulagacaktir. Ayrica nem orani da makaslama direnci ile ters
orantili olarak degismektedir [10].

4) Ahsap Malzemenin Yarilma Direnci

Yarilma direnci ahsap bir malzemeye vida, ¢ivi gibi metallerin odun lifleri arasina belirli bir kuvvet ile
girmesi, ahsabin da bu metalleri tutma kapasitesidir. Yarilma direnci ahsabin ¢esidine gore degisiklikler
gostermektedir. Ozellikle mese, kayin ve ¢inar gibi agaglar yarilma direnci yiiksek olan ahsaplardir. Metal tutma
kapasitesi ise %80- 90 oranlarina ulagabilmektedir [10].

5) Ahsabin Elastisitesi

Herhangi bir kuvvetin etkisi ile sekli degisen bir cismin kuvvet bitince eski haline donebilmesi 6zelligine
denir. Ahsap malzeme belli bir sinira kadar deformasyonu olmadan kuvveti karsilayabilmektedir. Bu duruma
ahgabin sinir degeri denir. Ayrica kuvvet yiiklemesi artarak devam ettigi durumlarda ise deformasyon olusarak
ahgabin kirilmasina yol agabilmektedir. Bu duruma da ahsabin kirilma sinirt denmektedir. Ahsap malzeme orta
diizeyde elastik sayilan bir malzemedir. Yogunlukla dogru orantilidir. Sicakligin ve nem oraninin artmasi elastisite
modiiliinii olumsuz yonde etkilemektedir [14]. Ahsabin davramisini tamimlayabilmek igin 6zellikle yapiya ait
elastisite modiilii ve poisson oranimin bilinmesi gereklidir. Elastisite ahsabin eski halini alabilme 6zelligidir.
Poisson orani ise eksenel sikistirma miktarina boliinen enine genlesme miktaridir [18]. Tablo 4’te agag tiirlerine
gore TS 647°de yer alan elastisite ve kayma modiilleri verilmistir [17].

Tablo4. Agag tiirlerine gore elastisite ve kayma modiilii degerleri [17]

TS 647’¢ gore Elastisite ve Kayma Modiilleri

Elastisite Modiilii (kg/m?)

Ahgap Mal Tiiri . . K Modiili (k; 2
sap Malzeme tur Liflere paralel Liflere dik ayma Modiili (kg/en)
= E.
Igne Yaprakh 100000 3000 5000
Mese,Kaym 125000 6000 10000

C. Ahsap Yapilarin Avantajlart Ve Dezavantajlart

Saglam ve ekonomik yapilar tiretebilmek i¢in projelendirme ve uygulama asamasina baglamadan 6nce
tastyici iskelet sistemi olarak ahsabin avantaj ve dezavantajlarini bilmek gerekmektedir.

Ahsap, yap1 elemani olarak ingaat mithendisliginde sik olarak kullanilan bir malzemedir. Bunun sebebi
avantajlarinin olduk¢a fazla olmasidir. Ozellikle yenilenebilir bir malzeme olmasi yani kaynagina kolayca
ulasabilirligi, uygulamanin yapilacagi alana kolayca gotiiriilip montajinin yapilabilmesi, hafif olmasi ve buna
ragmen iyi mukavemet degerleri vermesi, her tlirlii doga kosullarinda bakiminin kolay olmasinin yani sira

imalatinin bu hava kosullarinda yapilabilmesi gibi sebepler ahsap malzemeyi ¢ekici kilmugstir [19].
1) Avantajlar

Ahsap malzemenin diger yapi1 malzemelerine nazaran lstiin 6zellikleri oldugu gibi farklilik goésteren
ozellikleri de vardir. Farkli 6zellikler gdstermesi (anizotropi), her tiiriin farkli yogunlukta olmasindan dolay1
fiziksel, mekanik, kimyasal ve diger teknolojik 6zelliklerinin farklilik géstermesi ve ¢iiriimeye kars1 ¢ok dayanikli
olmamasi gibi istenmeyen ozelikleri bulunmaktadir. Masif ahsap malzemede yogunluk artikca genel bir kural
olarak mekanik 6zellikler artmaktadir. Egilme direnci, elastikiyet modiilii ve sok direnci ile yogunluk arasinda
artan-dogrusal bir iligki vardir. Ahsabin enine kesitine baktigimizda odun olusumu bakimindan, odunun 6zii ve
diri odun seklinde iki farkli odun kisminin olustugu ve buna ek olarak geng odun ve olgun odun olarak da iki farkli
odun yapisinin olustugu bilinmektedir. Cogu agag tiirlinde geng¢ odun kismi 6z odun kisminin ortasinda kalan ve

ilk 5 ile 30 yil sonunda olusan yillik halkalar1 kapsamaktadir [20].

e Yeterli mukavemete sahip olmakla birlikte oldukg¢a hafif bir malzemedir. Malzemenin hafifliginin bir
sonucu olarak ahsap binalarin 6lii yiikii azalmakta, temel ve diger tastyici elemanlarin boyutlari kiigtilmektedir.

e Hafif olmasi nedeniyle nakliyesi ucuz, montaj makineleri gereksinimi az, montaji kolay, cabuk ve
ekonomiktir.
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e Birlesimi kolay bir malzeme olan ahsap yapi elemanlari, birbirlerine ge¢meli baglanabilir; yapistirilabilir;
¢ivi, bulon, vida, metal lama yardimu ile birlestirilebilir.

e Birlesim elemanlar1 kolay sokiilebilir oldugundan yapiin demontaji yapilip, ahsap malzemeler farkli
binalarin yapiminda tekrar kullanilabilir.

e [s1 yalitimi yoniinden iyi bir malzemedir.

¢ Kimyasal etkilere ve asitlere kars1 dayaniklidir.

e Isciligi kolaydir ve santiye ortaminda dahi istenilen sekil verilebilir.

o Kurutulmus ahsap iyi bir elektrik yalitkanligina sahiptir.

¢ Dogadan kolay bir sekilde elde edilebilir ve sicak bir malzeme olmasi sebebiyle mimarlar tarafindan ¢ok
fazla tercih edilir.

Sonug olarak ahsap; tagima giicii yiiksek, birlesim detaylari basit, agirlig1 az ve mimari etkisi olumlu bir
malzemedir.

2) Dezavantajlar

¢ Suya ve neme kars1 dayaniksizdir. Korunmadigi zaman biinyesine kolayca su emer, emdik¢e siser, suyu
kuruduktan sonra biiziilir ve catlak olugmasina sebebiyet verir. Bu nedenle yapilarda kurutulmus ahsap
kullanilmasina dikkat edilmelidir.

¢ Yapist homojen degildir, anizotrop bir malzemedir. Her nokta ve dogrultudaki statik ozellikleri esit
degildir. Lifli yapist nedeniyle lif dogrultusunda basing ve ¢ekme dayanimi yiiksek, diger dogrultularda daha
diistiktiir. Hesaplamalarda buna dikkat edilmelidir.

o Lifli yapisi nedeniyle catlaklar, budaklar kesitin her yerine ayni sekilde dagilmamustir.

e Ahsap kurtlar1, bocekler, mantarlar ve bakteriler ahsabin bozulmasina ve ¢iiriimesine neden olabilirler.
Bundan dolay1 koruma ydntemleri uygulanmalidir.

¢ Ses yalitimi yoniinden zayiftir.

¢ Yangin dayaniminin yiiksek olmasina karsi kolay tutusan bir malzemedir [21].

I11. AHSAP YAPI ve YONETMELIKLERININ DUNYADAKI ve TURKIYE’DEKI YERI
A. Ahsap yapilarin diinyadaki ve Tiirkiye 'deki durumu

Ahsap yap1 malzemesinin diinyada yaygin olarak kullanilmasina ragmen iilkemizde kullanimi diger yap1
sistemleri ile karsilastirildiginda cok diisiik diizeyde kalmistir. Ulkemizde ahsabin yapilarda tasiyici iskelet olarak
kullanimi, 1940’11 yillardan itibaren yapi ve ingaat sektdriinde ¢imento, tas ve celik malzemelerin tercih
edilmesiyle beraber belirgin bir diisiis yasamistir. Ahsap, bina yap1 sistemleri i¢inde dzellikle Isveg, Norve,
Finlandiya, Kanada ve ABD’nin kuzey eyaletleri ile Japonya, Yeni Zelanda ve Avustralya’da Tiirkiye’ye gore ¢ok
daha fazla kullanilmaktadir. Tutkalli lamine ahsabin bulunmasiyla beraber gelismis iilkelerde ahsap paneller
iiretilmistir. Capraz lamine ahsap sistemler yiiksek ahgsap yapilarda tasiyict sistem olarak kullanilmistir. Bu
sistemle Almanya, Norveg ve Avusturya gibi {ilkelerde ¢ok katli ahsap yapilar yapilmustir. Tutkalli lamine ahsap,
ahsap esaslt levhalar ve diger endiistriyel ahsap malzemeler Eurocode 5° te de tanimlanmaktadir. Gelismis
iilkelerde yapilan ¢aligmalarla beraber hafif agirlikli ve yiiksek performansli yeni ahsap malzemelerin bulunmasi
ahsap yap1 sektoriinii bir adim daha ileriye gotiirecektir [22]. Deprem riski altinda bulunan Kanada’da konutlarin
ve egitim binalarinin %901, Japonya’da %42’si ve ABD’nin deprem kusaginda yer alan bdlgelerinde ise
konutlarin %92’si ahsap tasiyici sistemli yapilardir [23-24]. Sekil 2°de goriildigi lizere gelismis iilkelerde ileri
ahsap yapim teknikleri kullanilarak ¢ok kath binalar yapilabilmektedir [25].

Tiirkiye’de ahsap iskeletli yapim teknigi ile yapilan en erken tarihli konut drnekleri on yedinci yiizyila
gitmektedir. Ahsap iskeletli konut yapimi yirminci yiizyilin ilk ¢eyregine kadar yaygin olarak devam etmistir.
1940°lardan sonra ise bu gelenek, kirsal alanlarda kisitli olarak siirmiistiir [26]. Ulkemizde 100 yil éncesine kadar
ahsap yapilar geleneksel tiretim teknikleriyle birlikte yaygin olarak tiretilip kullanilmaktayken, glinlimiizde belirli
sebeplerden dolay1 tercih edilmemektedir. Geleneksel Tiirk konutu, zemin katim1 ¢evreleyen tas duvarlari, bir
anlamda i¢ mekan1 digariya tagiyan ahsap ¢ikmalari, kiremit Ortiilii kirma ¢atisiyla tiim diinyaca taninir hale gelmis
ve birgok aragtirmanin konusu olmustur [27]. Genel olarak ahsap yapilarin zemin kat1 yigma olarak planlanip, tist
katlar geleneksel ahsap yapim tekniklerine gore yapilmigtir (Sekil3) [28]. Ahsap yapilar ile ilgili iilkemizde 6n
yargilar bulunmaktadir. Ahsabin eksik ve yanlis bilgi ile taniniyor olmas1 ve yangina dayaniksizdir, siirekli bakim
gerektirir, pahalidir gibi bilimsellikten uzak ve 6n yargili yaklasimlar ile ahsap talep diizeyi iilkemizde gok
diisiiktiir. Ulkemizde ham maddeyi saglayacak orman alanlarinin azalmasi, endiistriyel ormancilik ve odun
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iiretiminin yeterince gelisme saglayamamis olmasi, ahsap yapi tiretiminde kullanilacak nitelikli agag tiirlerinin

azalmasi ve yurt disindan temin edilmesinin ¢ok pahali olmasi ahsap yapi tiretimini durma noktasina getirmistir
[29].

Ahsap tastyict sistemler genel olarak dayanimi oldukga iyi ve depreme dayanikli yapi malzemeleridir.
Hafif olmasina nazaran mukavemeti yiiksektir. Montajinin kolay olmasi, maliyetinin ¢ok fazla olmamasi ve
islenilebilirliginin kolay olmas1 ahsabi ¢ekici kilar. Fakat Tiirkiye’de ahsabin bilinirligi hala oldukg¢a azdir. Ahsap,
ozellikle 1999 Marmara depreminden sonra deprem karsisindaki performanst nedeniyle tekrar giindeme gelmis,
konut, egitim yapisi benzeri kullanim tercihinde artig gézlenmistir [30].

i
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— . 3
“)“\“1“’ , | i J

Sekil 2. Tleri ahsap yapim teknikleri Sekil 3. Ulkemizdeki geleneksel ahsap sivil mimari 6rnegi

Hizli kentlesmeye bagli olarak artan niifus dolayisiyla arsa fiyatlarinin yiikselisi ve kent
merkezlerindeki alan yetersizligi dikey mimariyi zorunlu kilmistir. Ulkemizdeki ahsap alanindaki teknolojik
geligsmeler takip edilmedigi ve bu alanda yeterli Ar-Ge ¢alismalar1 yapilmadig: i¢in gereksinimi karsilayacak
kadar yiiksek katli ahsap yapilar yapilamamustir. Tiirkiye’de geleneksel sivil ahgsap mimari yapilar yerini yiiksek
katli betonarme yapilara birakmigtir. Ahsabin mekanik ve fiziksel 6zellikleri {izerine yapilan ¢aligmalar
neticesinde ahsabin dayanikli bir malzeme oldugu ve yatay kuvvetler karsisinda saglamis oldugu avantajlar ile
deprem kusaginda yer alan iilkemizde son yillarda ahsap yap1 tiretiminin arttig1 gézlemlenmektedir [31].

B. Ahsap yapilarin yonetmelikler ve standartlardaki yeri

Saglam, nitelikli ve denetlenebilir ahsap yapilar iiretebilmek igin belli kurallar, yonetmelikler ve
standartlar gereklidir. Ulke kosullarinda iiretimin nasil, ne sekilde ve hangi sinirlara bagh kalinarak yapilacagini
belirten kurallarin tasarimei, uygulayict ve denetleyici tarafindan bilinmesi ve uygulanmasi ¢ok Onemlidir.
Ulkemizde ve diinyada ahsap yapilarin tasarim kurallarini belirten yonetmelikler ve standartlar bulunmaktadir.

Diinyada ahsap yapilar i¢in 6nemli yonetmelik ve standartlar;

Eurocode 5( EN 1995-1-1); European Comitee for Standartization,

AITC; American Institute of Timber Construction,

DIN 1052; Deutsche Norm, Structural Use of Timber, Design and Construction,
AS 1720.1-2010; Australian Standard, Timber Structures seklindedir.

Gelismis iilkelerde ahsap yapilar ile ilgili ¢agin gereksinimleri ve teknolojik gelismelerin 15181nda
yapilmis, detayli ve evrensel bircok yonetmelik ve standart bulunmaktayken, lilkemizde ahsap yapi ile ilgili
yonetmelik ve standartlara yeteri kadar 6nem verilmemistir.

Tiirkiye’de ahsap yapilar i¢in yonetmelik ve standartlar;

TS 647; Ahsap Yapilarin Hesap ve Yapim Kurallari,

ABYYHY 1997, Afet Bolgelerinde Yapilacak Yapilar Hakkinda Y 6netmelik,
TBDY 2018; Tiirkiye Bina Deprem Y 6netmeligi,

TS EN 1995-1-1; Ahsap Yapilarin Tasarimi Bolim 1-1,

Genel Teknik Sartname 1985,

Istanbul imar Y6netmeligi 2007 seklindedir [29].
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1979 yilinda yayimlanan TS 647’ de ahsap tiirleri, ahsap tiirlerine ait emniyet gerilmeleri, birlesim arag
ve sekilleri ile birlesimlerde kullanilan emniyet gerilmeleri, egilme, ¢ekme, basing, sehim ve mesnet kosullari
tahkik hesaplar1 ve yontemlerinden bahsedilmistir. Emniyet gerilmeleri yontemine gore tasarim kurallar
sunulmustur. Bu standartta teknolojik ahsap yap1 iirtinleri ve yontemleri, gelismis yapim sistemlerinde kullanilan
ahsap birlegim tirtinleri ve birlestirme yontemleri yer almamaktadir [32].

2 Eylil 1997 tarihinde Resmi Gazete’de yayimlanan ve 1 Ocak 1998 tarihinde yiiriirliige giren Afet
Bolgelerinde Yapilacak Yapilar Hakkinda Yonetmeligin (ABYYHY 1997) 9. boliimiinde “Ahsap Binalar igin
Depreme Dayanikli Tasarim Kurallar1” baglig1 altinda bilgi verilmistir. Ahsap yapilarin iskeleti, tasiyict duvarlar
ve ahsap elemanlar ile ilgili bilgiler detayli degildir. Bu yonetmelikte ahsap yapilar ile ilgili kurallar ¢ok kisitlayict
ve sadece geleneksel ahsap yapilarin uygulanmasina yoneliktir. Ahsap yapilar ile ilgili ¢agin gereksinimlerini
karsilayamayacak diizeydedir.

13 Mart 2018 tarihinde Resmi Gazete’de yayimlanan ve 1 Ocak 2019 tarihinde yiiriirliige giren Tiirkiye
Bina Deprem Yonetmeliginin 12. boliimiinde ‘Deprem Etkisi Altinda Ahsap Bina Tastyict Sistemlerinin Tasarimi
Icin Ozel Kurallar’ bashig altinda bilgi verilmistir. Deprem etkisi altindaki ahsap yapilarn ahsap panellerden
olusabilecegi kabul edilerek, tasarim yontemi olarak TS EN 1995-1-1 esas alinmistir. Bu yonetmelik ile beraber
Eurocode 5’in tasarim ve hesap yontemleri ilk defa resmi olarak kabul edilmistir. Glinlimiiz yapim tekniklerine
uygun olarak kiris, doseme, dikme, ahsap paneller ve birlesim araglari ile ilgili hesap yontemleri sunulmustur.

Genel Teknik Sartname’nin 17.7. maddesinde ve Istanbul Imar Yonetmeligi’nin 7. béliimiinde ahsap
yapilardan sinirli bir sekilde bahsedilmistir. TS EN 1995-1-1 kodlu standartta, genel bilgilerle birlikte ahsap
yapilarda tasarim esaslari, malzeme oOzellikleri, dayaniklilik, yapisal analiz esaslari, sinir degerler, birlesim
elamanlari, yapisal detaylar ve kontrol bagliklari altinda tasarim kurallar belirtilmektedir [31].

Eurocode 5’te tasarim esaslari, malzeme 6zellikleri, dayaniklilik, yapisal analiz esaslari, tagima giicii sinir
durumlari, kullanilabilirlik sinir durumlari, metal baglanti elemanlar:1 ile birlesimler, bilesenler ve ahsap
donanimlar, yapisal detaylandirma ve kontrol bagliklar: yer almaktadir. Standartta tasima giicii yontemine gore
tasarim kurallar1 sunulmustur. Ayrica bu standartta bir kismi faktér yontemi ile sinir durum kavrami esas alinir.
TS 647°de sadece masif ahsap ve kontraplaklar {izerine ¢alisilmasina ragmen TS EN 1995-1-1"de tutkali lamine
ahsap, ahsap esasli yapisal mamuller, mekanik baglant1 elemanlariyla birlestirilen ahgap esasli levhalardan olusan
binalarin tasarimu ile ilgili calismalar yapilmistir [33].

Ahsap yapilar ile ilgili iilkemizde kullanilan biitiin yonetmelik ve standartlar incelendiginde ahsap yap1
uygulamalarinin sadece iskelet sistem olarak diisiiniildiigii, gelismis yapi sistemlerinden bahsedilmedigi sonucuna
varilmistir. Ulkemizde nitelikli ahsap yapilar iiretebilmek igin uluslararasi standartlar, yonetmelikler ve
sartnameler incelenerek TS 647 Ahsap Yapi Standardinin ¢agin gereksinimleri dogrultusunda yenilenip tekrardan
kullanilmas1 saglanmalidir. Bu amagla tiniversitelerimizde ahsap ile ilgili bilimsel ve teknik arastirmalar yapilmali
ve egitimler verilmelidir.

IV. SONUCLAR

Ahsap mukavemeti yiiksek bir malzemedir. Egilmeye kars1 direnci diger yap1 elemanlarindan yiiksektir.
Yiik altinda ki ahsap bir kirisin kirilma siiresi olduk¢a uzundur. Ahsap malzeme yap1 elemant olarak kullaniminda
ahsabin fiziksel 6zellikleri mukavemeti agisindan 6nemlidir. Ayrica ahsabin cinsi, bir agac¢ kesitinde bulunan
liflerin dogrultusu ve agisi, ahsapta bulunan nem orani gibi faktdrler dayanimini etkileyebilmektedir. Ahsap;
tagima giicii yliksek, birlesim detaylari basit, agirlig1 az ve mimari etkisi olumlu bir malzemedir. Ahsap yapilarin
diinyadaki yeri ile tilkemizdeki yeri karsilastirildiginda ise iilkemizde ahsap yapilarin olduk¢a az oldugu
goriilebilmekte ve onemi hala anlagilamamaktadir. Ayrica standartlarimiz bakimindan diinya standartlarina
nazaran eksikleri oldugu ve gelistirilmesi gerekmektedir.

Ahgabin yap1 malzemesi olarak kullanilmasi diger yapi malzemelerine nazaran ¢ok daha eskilere
dayanmaktadir. Bunda dogadan kolay elde edilebilir olmasi, mekanik 6zelliklerinin getirdigi avantajlar, hafif ve
kolay sekil verilebilir olmasi bilyiik rol oynamaktadir. Fakat gegmiste yasanan biiyiik yanginlar sonucunda insanlar
tarafindan ahsabin kolay yanabilmesi ve dayanikli olmamasi algisi, artan niifusa yetebilecek kadar yiiksek ahsap
yapilarin yapilamayacagi diislincesi ahsabin yapilarda kullanimini azaltmistir. Son yillarda ahsap miihendisleri,
yangin miihendisleri ve diger bilim insanlar1 tarafindan yapilan Ar-Ge ¢alismalar1 sonucunda yangin algilama ve
koruma sistemlerinin gelistirilmesi, ¢ok katli ahsap yapilarin yapilmasini saglayan yeni ahsap yapi iiriinlerinin ve
yap1 sistemlerinin bulunmasiyla beraber ahsap yapilarin tekrardan altin ¢agim yasayacagi goriilmektedir [34].
Gegmisten glinlimiize kadar yapilan ahsap yapi sistemleri ve yeni buluslarin yardimiyla, ekosisteme zarar
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vermeden, ¢evreci ahsap yapilar yapilmali; ¢agimizin getirdigi yeni teknolojilerle ahsab1 yeniden tanimali ve onu
dogru kullanmay1 6grenmeliyiz.
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