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Dergi Hakkinda

Karadeniz Fen Bilimleri Dergisi Giresun Universitesi Fen Bilimleri Enstitiisii tarafindan
yayinlanan uluslararas1 hakemli bir dergidir. Karadeniz Fen Bilimleri dergisi 2010 yilindan
itibaren yilda iki kez yayinlanan hakemli ve akademik bir dergidir. Dergimizde miihendislik ve
temel bilimler alanlarindaki bilimsel makaleler yayinlanir. Karadeniz Fen Bilimleri Dergisi
Haziran ve Aralik aylarinda olmak iizere yilda iki kez (Haziran - Aralik ) yayinlanan hakemli
akademik bir dergidir. Gonderilecek eserlerde; alaninda bir boslugu dolduracak 6zgiin bir
arastirma makalesi olmasi1 sart1 aranir. Dergimizde hakemlerin ve yazarlarin birbirlerine karsi
kimliklerinin gizli tutuldugu ¢ift tarafli kor hakem sistemi kullanilir. Yayin Kurulu, dergiye
gonderilen eserlerin dncelikle yayin ilkeleri ile dergi kapsam, bilimsel icerik ve sekil agisindan
inceler. On incelemeden gecen eserler degerlendirilmesi amaciyla en az 2 hakeme génderilir.
Eserin dergiye kabul edilebilmesi i¢in 2 hakemden de olumlu degerlendirme almasi gerekir.
Gerektigi durumlarda 3. hakemden de degerlendirme siirecine katki saglamasi istenebilir. Son
karar editore aittir. Yayinlanmak iizere gonderilen makaleler ayrica intihal tespitinde kullanilan
0zel bir program araciligiyla makalelerin daha oOnce yayinlanmamis oldugu ve intihal
icermedigi teyit edilir. Kabul edilen eserin yaymlanma siireci, eserin alindigi tarihten itibaren
2-6 ay stirmektedir. Dergiye makale gonderimi iicretsizdir. Yayina kabul edilen makaleden de
hig bir iicret talep edilmez. Karadeniz Fen Bilimleri Dergisi acik erisim politikasini benimsemis
bir dergidir.

About The Journal

The Black Sea Journal of Sciences is an international peer reviewed journal published by
Giresun University’s Institute of Science and Technology. The Black Sea Journal of Sciences
peer-reviewed academic journal that has been biannually published since 2010. Our journal
publish papers within engineering and the basic sciences. The Black Sea Journal of Sciences is
a peer-reviewed academic journal that is published biannually in June and December (June,
December). Prospective papers are expected to fill a gap in their respective field through
innovative research. Our journal employs a bilateral blind review system in which the personal
identities of the reviewers and authors are kept confidentially from one another, and whereby
the parties involved are expected not to reveal themselves. The publishing team first examines
(the) prospective papers in accordance with the criteria of the journal’s scope, as well as for
scientific content and format. After the pre-review step, the papers are forwarded to at least two
reviewers for evaluation. In order for a paper to be accepted, it must receive positive evaluations
from both reviewers. Papers can be requested to be reviewed again if needed and evaluation of
a third reviewer should necessity warrant it. The final decision is made by the editor. Papers
that are to be submitted for publishing are first controlled using special detection software in
order to verify that they have not been previously published elsewhere, as well as to ensure that
they do not include any plagiarized content. Publishing takes between 2 to 6 months from the
acceptance date. The publishing or evaluation of manuscripts are free of charge. The Black Sea
Journal of Sciences has an open access policy.
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Oz

Deniz iistii Riizgér enerjisi santrali (RES) kurulumunda en énemli konulardan birisi de riizgar tiirbinlerinin iz etkisidir.
Bu durum RES'in yillik iiretimini diisiirmektedir. Bu nedenle RES kurulumunda iz etkisi sonucu meydana gelen iiretim
kayb1 dikkate alinarak RES kurulumu gergeklestirilmelidir. Giliniimiizde iz etkisi hesabinda bir¢ok yoOntem
kullanilmaktadir. Bu yontemler arasinda basit ve yliksek derecede dogruluga sahip olan Jensen yontemi daha ¢ok tercih
edilmektedir. Bu galismada, iki riizgér tiirbini arasindaki iz etkisi, bir bolgede ayn1 yiikseklikteki degisken riizgar hizlar
ve frekanslar1 igin Jensen yontemi kullanilarak modellenmistir. Model, Matris Laboratuvari (MATLAB) yazilim
gelistirme ortaminda olusturulmustur. Ayrica olusturulan modeli dogrulamak i¢in Riizgar Atlas1 Analiz ve Uygulama
Programi (WAsP) yazilimi kullanilmistir. Bu yazilimda iki riizgar tiirbini deniz kiyisinda uzakta bir bolgeye
yerlestirilmistir. Bu duruma iligkin tiirbinlerin briit iiretim ve net iiretim degerleri hesaplanmistir. MATLAB modeli
sonuglar1 ve ticari olarak kullanilan WAsP modeli sonuglar1 karsilastirildiginda yaklagik olarak ayni tiretim degerleri elde
edilmistir. Bu sonuclar gelistirilen modelin deniz istii RES’lerde yapilacak hesaplamalarda kullanilabilecegini
gostermektedir.

Anahtar Kelimeler: iz etkisi, Jensen modeli, Riizgar Enerjisi Santrali.

A Model for Evaluating the Basic Wake Effect in the Calculation of Wind
Turbine Power Output on Offshore Wind Power Plant

Abstract

One of the most important topics of offshore Wind Power Plant (WPP) installation is the wake effect of the wind turbines
on each other. This situation reduces annual energy production of WPP. WPP installation should be performed by
considering the loss of production due to the wake effect. Nowadays, many methods are used for calculation of wake
effect. Among these methods, the Jensen method is mostly preferred due to the simple and high degree of accuracy. In
this study, Wake effect between two wind turbines is modeled by using Jensen method for variable wind velocities and
frequencies at the same elevation in a region. The model is formed in the Matrix Laboratory (MATLAB) software
development environment. Also, Wind Atlas Analysis and Application Program (WAsP) software is used to verify the
former model. In this software, two wind turbines are placed in offshore region. In this case, gross and net production
values of turbines were calculated. When the results of MATLAB and commercially used WAsP model results were
compared, the approximately same production values were obtained. These results show that the developed model can be
used in calculations in offshore WPP.

Keywords: Wake effect, Jensen model, Wind Power Plant.
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1. Giris

Diinyada, deniz iistii riizgar enerjisi santrali (RES) kullanimi her gegen giin artmaktadir.
Avrupa'da 2018 yili1 sonunda deniz iistii RES Kurulu giicii 16 GW’a ulagsmigtir. 2018'den 2027'ye
kadar ise bolgede kurulu giiciin 47 GW'a ulagsmasi beklenmektedir. Bu durum deniz iistii RES’lerin
kurulumunu 6nemli bir konu haline getirmistir (Foxwell, 2019).

Bir deniz iistii RES’in yillik iiretimini etkileyen en biiyiik etkenlerden birisi de iz etkisidir. Bir
RES’teki her tlirbinin asagiya dogru olusan bir iz etkisi alan1 bulunmaktadir. Bu etki RES’in yillik
iiretiminin diismesine sebep olmaktadir. Ayrica iz etkisine daha fazla maruz kalan riizgar tiirbinlerde
olusan yiiksek tiirbiilans seviyesinden dolay1 riizgar tirbinlerinin kullanim Omrii azalmaktadir
(Vermeer ve ark., 2003; Barthelmie ve ark., 2009; Porte-Agel ve ark., 2013).

Son yillarda iz etkisini hesaplamak i¢in sayisal ve deneysel olarak bir¢ok yontem gelistirilmistir
(Crespo ve ark., 1999; Marmidis ve ark., 2008; Emami ve ark., 2010; Asta ve ark., 2013; Turner ve
ark., 2014;). Bu yontemler dogru sonuglar vermesine ragmen, basit analitik yontemler, riizgar tiirbini
iz etkisi hesabinda ve iz etkisinin enerji liretimi iizerindeki etkilerini tahmin etmede daha yaygin
olarak kullanilmaktadir (Katic ve ark., 1986; Fradsen, 1992; Kiranoudis ve Maroulis, 1997; Kusiak
ve Song, 2010). Jensen modeli ise basit ve kullaniminin kolay olmasindan dolay1 analitik hesaplama
yontemleri arasinda on plana ¢ikmaktadir ( Shakoora ve ark, 2016; Pena, 2016; Hao ve ark, 2016).
Bu model ticari olarak kullanilan WASsP (Tian ve ark., 2014), WindPRO (Zhang, 2015), WindSim
(Crastoa ve ark., 2012) gibi bir¢ok yazilimda kullanilmaktadir.

Bu ¢alismanin amaci deniz tistii RES’te iki riizgar tiirbini arasinda iz etkisinden dolay1 meydana
gelebilecek tiretim kaybini hesaplayabilmek i¢in bir enerji tiretim modeli olusturmaktir. Bu modeli
olusturabilmek amaciyla Jensen modeli kullanilmistir. Modeli olusturulurken WAsP ortamindan
belirlenen bolgeye ait saha verileri ve tiirbine ait parametreler kullanilmistir. Bu sekilde olusturulan
model ile WASsP sonuglar1 kiyaslanarak modelin etkinligi incelenmistir.

Bu calisma dort béliimden olusmaktadir. i1k boliimde konu genel olarak anlatilmis, kisa bir
literatiir 6zeti ile beraber ¢alismada kullanilan yéntemden bahsedilmistir. Tkinci béliimde ise iz etkisi
anlatilarak Jensen iz etkisi modeli ile tiirbin yillik enerji iiretimi hesabi incelenmistir. Ayrica
belirlenen bolgeye ait saha verileri ve tiirbine ait parametreler verilmistir. Ugiincii boliimde iz
etkisinin MATLAB modeli sonuglari ile ticari bir yazilim olan WASsP sonuglar1 kiyaslanmistir. Son

boliimde ise elde edilen sonuglar degerlendirilmistir.
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2. Materyal ve Metot

Deniz tistii RES’lerde riizgar tiirbinlerinin birbirlerine iz etkisi bulunmaktadir. Tiirbinlerde iz
diistimii etkisi sebebiyle bir liretim kayb1 meydana gelmektedir. Bu iiretim kaybi, bir riizgar tiirbinin
net enerji liretim hesabinda 6nemli bir konudur. Bu ¢alismada iz diistimii etkisinden dolay1 tlirbin
iretiminde meydana gelecek {iiretim kaybini hesaplayabilmek i¢in bir enerji liretim modeli
sunulmustur. Bu model olusturulurken Jensen iz etkisinden faydalanilmistir. Modelde belirli bir bolge

icin saha verileri ve gergek bir riizgar tlirbini parametreleri kullanilmistir.

Bu boliimde, ilk olarak iz etkisi anlatilmis ve daha sonra riizgar tiirbini yillik enerji iiretimini
hesaplayabilmek igin kullamlan Jensen iz etkisi modeli incelenmistir. ikinci olarak deniz kiyisinda
uzakta tiirbinleri yerlestirmek icin belirlenen bolge i¢in gelistirilen enerji tiretim modelinde kullanilan

parametreler ifade edilmistir.

2.1. iz etkisi

Hava, riizgar tlirbinine yaklastiginda hizi diiser ve basinci artar. Riizgar tiirbini rotorunu
gecerken basingta ani bir diisiis olur. Hemen rotorun asagisindaki bolgede, basing ve eksenel hizin
dagilimi diizensiz sekilde azalir. Bu azalma, eksenel itme ile baglantili olan ve ayni zamanda
makinedeki tork ile iliskili olan azimut hiz bilesenine baglidir. Bu durum arka arkaya iki riizgar tiirbini
icin incelenirse ondeki riizgar tiirbini arkasindaki riizgar tiirbinine ulasan riizgarin hizi azalmasina ve
tiirbiilans yogunlugunun artmasina neden olur. Bu etkiye iz etkisi denilmekte ve riizgar tiirbinin y1illik
enerji liretimini diislirmesinin yani1 sira tiirbinin dmriiniin kisalmasina sebep olmaktadir (Hwang ve

ark, 2015).

2.2. Jensen iz etkisi modeli kullanilarak tiirbin yillik enerji iiretimin hesabi

Tiirbinlerde iz diistimii etkisini hesaplamak icin gegeklestirilen caligmalarin temelleri 1980’ lere
dayanmaktadir. Bu konuda gergeklestirilen ¢alismalarin amaci iz diisiimil etkisinden dolayi tlirbin
iretiminde meydana gelecek iliretim kaybini hesaplayabilmektir. Jensen modeli ise tek tiirbin iz

alaninin i¢indeki riizgar tiirbininin riizgar hiz1 diistimiinii agiklamaktadir (Jensen, 1983).
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Sekil 1. Jensen iz etkisi modeli (Jensen, 1983).

Bu model, Sekil 1°de goriildiigii gibi r1 yaricapl tiirbinden asagidaki r yarigapl iz alanina kadar
aralarinda yatay olarak x mesafesi bulunan iki tiirbin arasinda dogrusal olarak genisleyen ¢apa sahip
bir iz varsayimina dayanmaktadir. Burada bir kontrol hacmi boyunca momentum korunumu Denklem

1’deki gibi ifade edilir.
mriu, + m(r —r)*u = nrv (1)

Boyutsuz bir biiytikliik olan kw ise tlirbin iz alaninin yatay mesafeyle ne kadar hizli genisledigini

belirlemektedir ve Denklem 2’deki gibi tanimlanir.

0.5

ky =—
In(Z)

2)

Burada z, iz etkisi alanindaki tiirbinin gobek yiiksekligi ve zo, yerel arazinin 6zelliklerine bagl
olarak degiskenlik gosteren yiizey piiriizliilik katsayisidir. Jensen modelinde kw degerini sabit bir
deger (kw =0.1) olarak kabul edilmektedir. Ancak, literatiirde kw degeri kara tiistii RES’ler i¢in 0.075
ve deniz tistii RES’ler i¢in ise 0.04 tiir (Barthelmie ve ark., 2005; Thegersen, 2005; Crastoa ve ark.,
2012; Barthelmie ve Jensen, 2010).

Riizgar tiirbinin iz hacminde yatay olarak x mesafesindeki hiz degeri, Denklem 1’de u,. yerine

v/ 1 — Cy ifadesi yazilip bu denklemin ¢6ziilmesiyle Denklem 3’teki ifade elde edilir.

2
v=u+u,/1—CT—1)(%) 3)
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Burada u serbest riizgar hizini, v ise iz etkisi alaninda kalan tiirbinin diismis rlizgar hizin
gostermektedir. Cr, itki katsay1 olup tiirbinin hiz degeriyle degiskenlik gostermektedir. Jensen modeli
lineer hiz diisiimii modeli ile ifade edilecek olursa Denklem 4°teki esitlik elde edilir. Bu ifadede 6nde
bulunan tiirbinin iz alam1 Ai,’dir. Acaksma ise Ondeki tiirbinin iz alam ile arkada bulunan tiirbinin

cakigsma alaninin geometrik ifadesidir (Nielsen ve ark., 2009).

A
Mi=u—v= u(1—,/1—cT)(%) (4)
iz

Deniz iistii RES’lerde tiirbinlerin net tiretim degeri, 0° ile 360° arasinda degisen yon degerleri
icin 30°’lik 12 sektore ayrilarak her bir sektorii i¢in hesaplanmaktadir. Bu hesaplamada 2 parametreli
(k ve A) Weibull olasilik yogunluk fonksiyonu kullanilmaktadir. Bu fonksiyon Denklem 5'de ifade
edilmistir. Burada f(u) gozlemlenen riizgar hizi u’nun olasilik fonksiyonunu, k ile A ise sirasiyla sekil

ve Olgek parametrelerini ifade etmektedir.

f(u) = (k/A)(u/A)kte @ (5)

Bir riizgar tiirbininde iz etkisi nedeniyle her bir sektorde briit tiretim miktar1 diisecektir. Bir
riizgar tiirbini i¢in yillik net tiretim degeri hesaplanirken Denklem 6’daki ifade kullanilmaktadir

(Nielsen ve ark., 2009).

NU = 8760 X f, X fooS(u — Au) xp(u — Au) = f(u) = d(u) (6)

Bu denklemde ilk ifade olan fs sektdr frekansmni ifade etmektedir. Ikinci ifade olan &(u-
Au),tiirbinin devrede olup olmadigin1 gdstermektedir. Eger tiirbin iiretim yapiyorsa bu deger “1”
olacak aksi halde “0” olacaktir. Ugiincii ifade p(u-Au), ise belirtilen sektdrdeki iz etkisinden dolayi
meydana gelen hiz diigiimiinii sonucu yeni hiz degerinin tiirbin giic egrisindeki karsiligini ifade
etmektedir. Son ifademiz f(u) ise hiz diisiimii olmadan 6nceki hiz degerleri i¢in A ve k katsayilar
kullanilarak her sektor i¢in hesaplanan olasilik yogunluk fonksiyonudur.

Bir riizgar tiirbini i¢in net iiretim degeri, briit liretimden iz etkisi nedeniyle meydana gelen kayip
cikarilarak bulunur. Burada her bir riizgar tlirbini i¢in briit enerji iiretimi hesaplanirken tiirbinin hiz
degeri, tiirbinin devreye girdigi hiz ile devreden ¢iktig1 hiz degeri arasinda birer birimlik araliklarin
orta noktasi alinarak hesaplanmaktadir. Bu hesaplamalar sonucunda her bir sektdr i¢in elde edilen

briit iiretim degerleri toplanarak toplam briit iiretim degeri elde edilmektedir. Burada net iiretim
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hesabinda kullanilan Denklem 6°‘daki ifade de Au=0 alinarak briit enerji tretim degeri

hesaplanmaktadir.

2.3. Deniz kiyisinda belirlenen bélge icin saha verileri ve tiirbin parametreleri

Bu boliimde deniz kiyisindan uzakta bir bolgeye yerlestirilen tiirbinlerde iz etkisi modelinin
dretimi nasil etkiledigi incelenmistir. Bu siirecte Oncelikle WAsP yazilimindan deniz kiyisindan
uzakta bir bolge belirlenmistir. Bu bolgeye iki adet 2 MW giiciinde riizgar tlirbini Sekil 2’de
goriildigi gibi yerlestirilmistir. Tiirbinlerin hiz- gii¢ egrisi ve itki katsayisi (Ct) Sekil 3’te verilmistir.
Sekil 3'e gore tiirbin 3 m/s hizda devreye girmekte, 25 m/s hiza kadar iiretim ger¢eklestirmekte ve 25
m/s'den sonra devreden c¢ikmaktadir. Ayrica tiirbinin baz1 karakteristik 6zellikleri ise Tablo 1'de
Ozetlenmistir.

Tiirbin yerlesimi i¢in belirlenen konumlara ait her sektoriin yiizde olarak riizgar hizlarinin
frekans dagilimlari, sekil (k) ve 6l¢ek parametreleri (A) katsayilar1 Tablo 2’de verilmistir. Bu tabloda
0°- 360° arasinda degisen yon degerleri 30°°1ik 12 sektdre ayrilmistir. Hesaplamalarda her sektordeki

briit ve net enerji liretim hesab1 bu boliimde verilen bilgiler kullanilarak gerceklestirilmistir.

g Tiirbin 1
S | i

3

©

g | Sektor 1 2]

8 .

3 S .

© | Sektor 7 fl Tirbin 2
©

618850m 618950m 619950m

Sekil 2. Tiirbin yerlesimi i¢in deniz kiyisindan uzakta belirlenmis koordinat bilgileri

0 ‘ : 0
5 10 15 20 25
U (m/s)

Sekil 3. 2 MW Bonus Tiirbin Hiz gii¢ egrisi ve kapasite faktorii (Bonus,2019)
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Tablo 1. 2MW Bonus riizgar tiirbinlerinin sirasiyla karakteristik 6zellikleri (Bonus,2019)

Gobek yiiksekligi (m) 60
Rotor ¢ap1 (m) 76
Devreye girme hizi (m/s) 3
Devreden ¢ikma hizi (m/s) 25

Tablo 2. Her sektor i¢in frekans dagilimlar ve Weibull katsayilari.

Sektor
Numarast  Agis1  Frekansi (%) Weibull-A (m/s) Weibull-k
1 0 2.1 5.1 241
2 30 4.5 6.4 2.49
3 60 5.6 5.6 231
4 90 7.5 5.8 3.23
5 120 6.1 6.2 3.08
6 150 54 6.5 2.84
7 180 7.9 7.2 2.71
8 210 8.4 8.6 2.78
9 240 12.3 9.7 3.24
10 270 15.7 9.7 2.75
11 300 16.6 9.1 2.85
12 330 8 7 2.40

3. Bulgular ve Tartisma

Bu ¢alismada kiyidan uzakta iki adet riizgar tiirbininin birbirleri tizerinde olusturduklari iz etkisi
hesaplanarak bir riizgér tiirbininde sektorel olarak enerji tiretimlerin nasil etkilendigi incelenmistir.
Bu siirecte WASsP yazilimindan faydalanarak cesitli parametre degerleri kullanilarak MATLAB
ortaminda bir enerji iretim modeli olusturulmustur. Bu model sayesinde riizgar tiirbininin net ve briit
enerji liretim degerleri hesaplanmistir. Bu modelde tiirbin 1, tiirbin 2’nin 1. sektériinde iz etkisi
olustururken tiirbin 2’de tiirbin 1’in 7. sektoriinde iz etkisi olusturmaktadir. Bu olusturulan model ile
WASsP yazilimindan elde edilen sonuglar tiirbinler arasindaki mesafenin 300m ve 350m oldugu

durumlar i¢in 1. ve 7. sektorlere iliskin tiirbinlerin tiretim sonuglar1 Tablo 3'te verilmistir.

Tablo 3. Tirbinler arasi farkli mesafeler icin 1. ve 7. sektorlere iliskin {iretim sonuglar

Tiirbin Tiirbinl Tiirbin2
Uretim Briit Net Briit Net
Mesafe (metre) 300 350 300 350
WAsP (GWh)  0.3080 0.1760  0.1970  0.029 0.0140  0.0160
Model (GWh)  0.3030 0.1820  0.1900  0.029 0.0144  0.0155

Fark (%) 1.62 3.40 3.55 0 2.77 3.12
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4. Sonuclar ve Oneriler

RES’lerde tiirbinlerin yerlestirildikleri konumlarindan kaynakli olarak birbirleri iizerinde iz
etkisi olusturmaktadirlar. Bu etki hem tiirbinlerin yillik iiretimlerini diisiirmekte hem de yiiksek
tiirbiilanstan dolay1 tiirbinlerin dmiirlerini kisaltmaktadir. Bir riizgar tiirbininde iz etkisinden dolay1
meydana gelebilecek iiretim diislislinii hesaplamak 6nemli konulardan birisidir. Bu konuda bir¢ok
calisma gerceklestirilmis olmakla birlikte Jensen modeli ¢ok yaygin olarak kullanilmaktadir.

Bu ¢alismada Jensen iz etkisi modeli kullanilarak MATLAB ortaminda riizgar tiirbini enerji
iretim modeli olusturulmustur. Bu modelin sonuglart WAsP yazimi ile kiyaslanmistir. Bu
kiyaslamaya gore MATLAB ortaminda olusturulan modelde 300m ve 350m mesafeler i¢in ilk olarak
tiirbin 2’nin tiirbin 1’e iz etkisi olusturdugu 7. sektdr i¢in hesaplamalar gerceklestirilmistir. Bu
hesaplamalarda briit iiretimin WASP yazilimi sonuglarina gore c¢ok kii¢iikk hata yiizdesi ile
hesaplandigr goriilmiistiir. Net iiretimin degerinin ise en fazla % 3.55 hata ile hesaplandigi
goriilmiistiir. Ayrica tiirbin 1’in tlirbin 2’ye iz etkisi olusturdugu 1. sektor i¢in briit liretim degeri
WASP yazilimiyla ayni1 hesaplanmistir. Net tiretim degeri ise 300 metre mesafede % 2.77 hata ile
350 m mesafede ise % 3.12 hata ile hesaplanmistir. Bu iki sektor i¢in elde edilen sonuglar, gelistirilen
modelin deniz iistii RES’lerde riizgar tiirbini enerji tiretim hesabinda rahatlikla kullanilabilecegini
gostermistir. Bu model sayesinde MATLAB ortaminda farkli giliclerde ve mesafelerde riizgar

tiirbinleri iginde enerji iiretim hesab1 gerceklestirilebilecektir.
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Abstract

Many heterocyclic compound, a pharmacologically used as the starting compound for the synthesis of new structures
which are important. Groups of these azole compounds, due to their various biological activities, in recent years have
become common classes of compounds synthesized. Heterocyclic compounds containing five-membered ring,
compounds of pharmacological class have entered popular in recent years due to properties. In this study, antioxidant
activities of some 2,5-disubstitue-1,3,4-oxadiazoles (1-3) were evaluated for according to ABTS (2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) diammonium salt), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activities and iron reducing power capacity. The obtained results showed that the synthesized compounds (1-3) had
effective antioxidant activities.

Key Words: 2,5-Disubstitue-1,3,4-oxadiazoles, Antioxidant, ABTS Radical Scavenging Activity

Yeni Antioksidanlar Olarak Bazi 2,5-Disiibstitiiye-1,3,4-Oksadiazoller

Oz

Birgok heterosiklik bilesik, farmakolojik agidan &nemli olan yeni yapilarin sentezi i¢in baslangic bilesigi olarak
kullanilmaktadir. Bunlardan azol gurubu bilesikler, sahip olduklar1 degisik biyolojik aktivitelerden dolay1 son yillarda
siklikla sentezlenen bilesik siniflari haline gelmistir. Bes iiyeli halka iceren heterosiklik bilesikler, farmakolojik
ozelliklere sahip olmasindan dolayi son yillarda popiiler bilesikler sinifina girmistir. Bu ¢calismada, bazi 2,5-disiibstitiiye-
1,3,4-oksadiazollerin (1-3) antioksidan aktiviteleri, ABTS (2,2’-Azino-bis(3-ctilbenzenothiazoline-6-siilfonik asid),
DPPH (1,1-difenil-2-pikrilhidrazil) radikal giderme aktiviteleri ve demir indirgeme giicii kapasitesine gore incelendi. Elde
edilen sonuglar, sentezlenen bilesiklerin (1-3) etkili antioksidan aktiviteye sahip oldugunu gosterdi.

Anahtar Kelimeler: 2,5-Disiibstitiiye-1,3,4-oksadiazoller, Antioksidan, ABTS Radikal Giderme Aktivitesi
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1. Introduction

In the presence of reactive oxygen species (ROS) known species as chemically reactive
molecules can harm carbohydrates, proteins, lipids and loss of cell structure and function, and finally
apoptosis or necrosis (Kotaiah et al., 2012; Dasuri et al., 2013). More than 20 years, diseases, such as
carcinogenesis, inflammation, neurodegenerative diseases, atherosclerosis and cardiovascular
diseases, diabetes, Parkinson and Alzheimer have been associated with high levels of ROS (Nordberg
and Arnér, 2001; Uttara et al., 2009; Sosa et al., 2013). For this reason, antioxidant addition has
withdrawn enormous interest in recent years in preventing or treating these diseases by counteracting
the effect of ROS (Liu et al., 2006; Grodstein et al., 2013).

Oxadiazole is an aromatic heterocyclic ring having the closed formula C2H2N20 (Oliveira et
al., 2012). Depending on the position of oxygen and nitrogen atom 1,2,4/1,2,3/1,3,4 and 1,2,5 can be
found in the structure of oxadiazole. However, 1,3,4 and 1,2,4-oxadiazoles are more studied by
researchers because of their important biological and chemical properties (Oliveira et al.,, 2012).
Compounds containing 1,3,4-oxadiazole ring in the structure have a broad spectrum of biological
activity. Generally antibacterial (Kanthiah et al., 2011; Sridhara et al., 2010; Naveena et al., 2010),
antifungal (Jayashankar et al., 2009; Akhter et al., 2008) analgesic (Bharathi et al., 2011),
antiinflammatory, antiviral, anticancer (Akhtar et al., 2010; Rostom et al., 2003) and antidiabetic
(Shyma et al., 2015) have been shown in recent years. In addition, two diffent compounds containing
1,3,4-oxadiazole ring are now used in clinical medicine. One of them is Raltegravir used as

antiretroviral drug, while Zibotentan is used as anti-cancer drug (Figure 1) (Savarino, 2006; James,

2009).
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Figure 1. Structure of Compounds Containing 1,3,4-Oxadiazole Ring

Nonsteroidal anti-inflammatory drugs (NSAIDs) are used to treat inflammatory and painful
conditions including joint rheumatism, airway inflammation and fever. These agents actually inhibit

the enzyme cyclooxygenase I (COX-1) and cyclooxygenase II (COX-2) and then they cause wounds
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in the gastrointestinal tract, Thromboxane-A2 Synthetase Inhibitors inhibiting TXA2, layer formation
and accumulation (Rajak et al., 2009). Combination of these interactions results in irritations and
disturbances in the gastrointestinal tract These compounds containing the oxadiazole moiety reduce
the amount of gastric acid and inhibit COX/LO. Thus, new agents with minimal side-effects or side-
effects on the gastrointestinal tract containing the oxadiazole moiety have been developed. For
example; 1-(4-bromophenyl)-3-(5-(3,4-dimethoxy-phenyl-1,3,4-oxadiazol-2-yl)-propan-1-one was
synthesized and showed very good anti-inflammatory activity (Figure 2) (Bala et al., 2010).

Br
0
| A
N-N
Figure 2. Structure of 1-(4-Bromophenyl)-3-(5-(3,4-dimethoxy-phenyl-1,3,4-oxadiazol-2-yl)-propan-1-one

Besides these, the addition of various functional groups such as -CHs, -OCHj3 can create analogs
with a larger antioxidant effect than classical molecules (Kade et al., 2009). The aim of current study
was to investigate the antioxidant activity of synthesized 2,5-disubstitue-1,3,4-oxadiazoles (1-3).
Antioxidant activities of these ligands were evaluated by in vitro assay and compared to the activity
of standard compounds 2,5-disubstitue-1,3,4-oxadiazoles were synthesized by Gumrukcuoglu et al.

(2007) and Serdar et al. (2007) (Figure 3).
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Figure 3. Structure of the studied 2,5-disubstitue-1,3,4-oxadiazoles (1-3).

2. Materials and Methods
2.1. General

All chemicals used in the experiments were purchased from Merck and Fluka. Biological

activities of the samples were assayed spectrophotometrically (UV-1240, Shimadzu, Japan).
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2.2. Antioxidant Activity Assays

DPPH activity of the oxadiazole derivatives was determined by Brand Williams et al. (1995).
The ABTS radical scavenging activity of the oxadiazole derivatives was measured according to the
method described by Arnao et al. (2001). The reducing power of the oxadiazole derivatives was

examined according to the method of Oyaizu (1986).

3. Findings and Discussion

DPPH is generally used as a reagent to appraise free radical scavenging activity of antioxidant
substances (Oyaizu, 1986). The DPPH radical scavenging activity of 2,5-disubstitue-1,3,4-oxadiazole
derivatives are presented in Table 1. As standard antioxidant was used Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid). All the tested compounds showed DPPH free radical
scavenging activities. Their comparable scavenging activities were expressed with SCso (The potent
concentration at which the DPPH radicals were scavenged by 50%) values in Table 1. Compound 1
had the highest scavenging activity among all the oxadiazole derivatives tested (SCso=
3023+3878.924 uM). Compound 2 had the lowest scavenging activity among all the samples tested
and standards (SCso= 8311+£852.2 uM).

The ABTS radical scavenging activity of 1,3,4-oxadiazole derivatives compared with
Troloxwere showed in Table 1. ABTS radical scavenging activity increased with increasing
concentration. Lower SCso values demonstrate higher ABTS radical scavenging ability. All of the
compounds (1348-16883 uM) showed lower ABTS radical scavenging activity than Trolox
(SCs0=214.55+24.56 uM). The highest and lowest activities were found at compounds 1
(SCs50=1348+81.78 uM) and 2 (SCs0=16883+198.4 pM), respectively.

The reducing powers of the oxadiazole derivatives were studied at different concentrations
(250-1000 pg/mL), and results were compared with BHT (Butylated hydroxy toluene) (Table 1). In
this study, the reducing power of synthesized oxadiazole compounds rised with increasing
concentration of samples. The highest and lowest activity were observed at compounds 1 and 2. The
presence of electron donating substituent on both sides of the 1,3,4-oxadiazole ring enhances the
activity and electron withdrawing groups decreases. This result is consistent with the article by

Kanthiah et al (2011).
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Table 1. The antioxidant activities of 2,5-disubstitue-1,3,4-oxadiazole derivatives and standards (1-3).

Compounds DPPH SCso (nM)* ABTS SCso (uM)* Reducing Power
Absorbance*

0.054+0.006
1 8311+852.2 16883+198.4 0.073£0.008
0.097+0.008
0.115+0.009
0.09+0.008
2 6747+£192.3 15124+169.1 0.111£0.004
0.131+0.006
0.148+0.008
0.213+0.012
3 3023+389.3 1348+81.78 0.272+0.02
0.342+0.042
0.417+0.008

Trolox 158.15+11.05 249.47+21.34 B
0.162+0,012

BHT - - 0.205+0.018
0.274+0.021
0.311+0.025

*Values were the means of three replicates + Standard deviation (SD).

4. Conclusions

In this study, the results showed that the synthesized 2,5-disubstitue-1,3,4-oxadiazole
derivatives (1-3) had antioxidant activities. Consequently, these derivatives could be used as a source

of antioxidant in pharmaceutical, cosmetic and agriculture industries.
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Oz

Ilk defa sentezlenmis olan oksazolidinon tiirevi eperezolid benzeri bilesiklerin antiiireaz ve anti-elastaz aktiviteleri
incelendi. En yiiksek ve en diisiik antiiireaz aktivite sirasiyla 8 (ICso = 1.91x107 + 2.97x10** uM) ve 10 bilesiklerinde
(ICso = 6,03x107+1,98x10* uM) gozlendi. En yiiksek ve en diisiik anti-elastaz aktivite ise sirasiyla 8 (ICso = 2,2x10% £
2,6x10°3 uM) ve 1 bilesiklerinde (ICso=4,1x102£1,3x1073 uM) gozlendi.

Anahtar Kelimeler: Eperezolid, Anti-lireaz, Anti-elastaz, Inhibitor.

The Investigation of Anti-Urease and Anti-Elastase Activities of Firstly
Synthesized Eperezolide-like Derivatives

Abstract

Antiurease and anti-elastase activities of the oxazolidinone derived eperezolid-like compounds which were synthesized
for the first time were examined. The highest and lowest antiurease activity were observed in the compounds 8 (ICso =
1.91x103 £ 2.97x10* uM) and 10 (ICsp = 6,03x10+£1,98x10 uM), respectively. The highest and lowest anti-elastase
activities were observed in compounds 8 (ICsp = 2,2x102 + 2,6x10° uM) and 1 (ICso = 4,1x102 £1,3x1073 uM),
respectively.

Keywords: Eperezolide, Anti-urease, Anti-clastase, Inhibitor.
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1. Giris

Eperezolit, 2000°li yillarin basinda linezolid ile birlikte pfizer tarafindan gelistirilen
Linezolidden sonra piyasaya ¢ikan ikinci oksazolidinon tiirevi antibiyotiktir. Organik sentez yoluyla
elde edilen bir antimikrobiyaldir. Bakteriyel protein sentezini inhibe ederek etki gostermektedir.
Eperezolit, benzimidazollerin yeni bir antibakteriyal bilesik sinifi olan oksazolidinonlar igerisinde yer
alan, organik olarak sentezlenebilen antimikrobiyal bir ila¢ olup, bakteriyostatik etkilerini, bakteri
protein sentezini inhibe ederek gosterirler. Aerobik gram (+) bakterilerde ve bazi gram (-) bakterilerde
etkindirler. Toplum kaynakli pnomonilerin, deri ve yumusak doku enfeksiyonlarin tedavisinde
kullanilmalar1 6nerilmektedir (Leblebicioglu ve ark., 2003).

Ureaz (Ureamidohidrolaz; EC 3.5.1.5), nikel bagli hidrolaz smifi bir metaloenzimdir. Ureaz
enzimi, lireyi amonyak ve karbondioksite hidroliz eder. Baslica; bitkiler, bakteriler ve funguslar
tarafindan sentezlenmektedir (Mobley ve Hausinger, 1989). Helicobacter pylori bakterisinin midede
meydana getirdigi enfeksiyonlar1 engellemek amaciyla {ireaz inhibitorleri olarak da bilinen proton
pompast inhibitérleri (PPI) kullamlmaktadir. Giiniimiizde kullanilan PPI’leri lansoprazol, omeprazol,
ranitidin ve floramid gibi antiiilser ilaglaridir (Ozer ve ark., 2004).

Elastaz (E.C.3.4.21.36), kollajen ve elastini parcalayan klasik bir metalloproteaz enzimidir.
Elastin ise cilt, akciger dokusu, deri ve arterler de dahil olmak {izere bag dokularinda bulunan, doku
yapisinin korunmasina yardimci olan énemli bir proteindir (Delden ve Iglewski, 1998). Elastaz
tiretiminin, 6zellikle akciger dokusuna yerlesme ve yayilmasinda énemli bir viriilans faktorii oldugu
bildirilmektedir (Demir ve ark., 2008). Elastiyolitik aktivite, akut enfeksiyon olusumunun baglangic
evresinde elastin igeren akciger dokusunun yapisinin bozulmasina ve doku i¢i kanamalara neden
olmaktadir (Delden ve Iglewski, 1998). Bunun yan sira, ultraviyole (UV) 1smlarina asir1 maruz
kalmak, cilt elastikiyetini azaltarak, kirigikliklara ve sarkmalara yol acabilmektedir (Braverman ve
Fonferko, 1982). Literatiirde spesifik elastaz inhibitorlerinin (Katesin, purpurin, vb.) UV 1s1inlar1 yada
baska sebeplerle oksidatif hasara ugramis cilt lizerine topikal olarak uygulamasiyla yararli etkiler
olusturabilecegi bildirilmektedir (Liyanaarachchi ve ark., 2018).

Bu caligsmada, yeni sentezlenmis eperezolid benzeri bilesiklerin {ireaz ve elastaz enzimlerine

inhibisyon etkilerinin incelenmesi amaglanmustir.
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2. Materyal ve Metot

2.1. Kullanilan Cihazlar

Absorbans 6l¢iimlerinde Shimadzu UV Mini-1240 model UV-VIS Spektrofotometre kullanildi.
pH metre Butech, hassas terazi Sartorius, manyetik karistirict Chiltern Hotplate HS 31, vorteks Velp
Scientifica, calkalamali su banyosu Memmert, sonik su banyosu Selectra marka kullanildu.

2.2. Anti-iireaz ve Anti-elastaz Aktivite Tayinleri

Giresun Universitesi Fen Edebiyat Fakiiltesi, Kimya Boliimii Ogretim Uyesi Dog. Dr. Hakan
BEKTAS tarafindan Organik Kimya Laboratuvarinda oksazolidinon tiirevi eperezolid benzeri

bilesikler ilk defa sentezlenmistir. Bu c¢aligmada kullanilan bilesiklerin agik yapilart ve

adlandirilmalar1 Tablo 1’de verilmektedir.

Tablo 1. Sentezlenen Eperezolid Benzeri Bilesikler

Bilesik Acik Yapi Sistematik Adi

No
K\N /w('“ H\N ",
! \) I 2-[4-(2-Florofenil)piperazin-1-il]asetohidrazid
' O
.

) O\/ 3
t1l]4-(2-tlorofenil)piperazin-1-1ljasetat
K\/Y Etil[4-(2-florofenil)pi in-1-il]

ﬁN/YN“\NHJLNHQ 2-{[4-(2-florofenil)piperazin-1-ilJasetil } -N-fenilhidrazin
3 (XNQ ° karbotiyoamid

h 5-{[4-(2-florofenil)piperazin-1-ilJmetil} -4-fenil-4H-1,2,4-
triazol-3-tiyol

5 @ Y 1 1-(4-klorofenil)-2-[(5- {[4-(2-florofenil )piperazin-1-
©i ilmetil }-4-fenil-4H-1,2 4-triazol-3-il)tiyo]etanon

Calismada ilk olarak, sentezlenen bilesiklerin uygun bir ¢oziicii dimetil siilfoksit (DMSO)

kullamilarak ¢oziinmesi saglandi ve aym ¢oziicii kullanilarak farkli konsantrasyonlara (1,0x1072-
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6 @%%A{Q 1-(4-klorofenil)-2-[(5-{[4-(2-florofenil)piperazin-1-

(j ilJmetil} -4-fenil-4H-1,2,4-triazol-3-il)tiyo]etanol

N/KN °
i 2-[4-(2-florofenil)piperazin-1-il]-N'-[(2Z)-4-0kso-3-fenil-

1,3-tiyazolidin-2-iliden]asetohidrazid

YN o Etil-6-floro-7-{4-[(3-{[4-(2-florofenil)piperazin-1-
ﬁwﬂ -, — [ )y—=o | iljmetil}-4-fenil-5-tiyokso-4,5-dihidro-1H-1,2,4-triazol-1-
Q ( il)metil]piperazin-1-il}-4-okso-1,4-dihidrokinolin-3-

Jles
. karboksilik asid

S 0 1-Siklopropil-6-floro-7- {4-[(3-{[4-(2-florofenil) piperazin
NiN/\N N
O\///\ . N/ :/ //FCOOH -1-il]metil } -4-fenil-5-tiyokso-4,5-dihidro-1H-1,2 4-
9 ©iN <{ triazol-1-il)metil |piperazin-1-il}-4-okso-1,4-

dihidrokinolin-3-karboksilik asid

ﬁv@ [N — 5-{[4-(2-florofenil)piperazin-1-ilJmetil} -2-[(4-

@NQ metilpiperazin-1-il)metil]-4-fenil-2,4-dihidro-3H-1,2,4-
. triazol-3-tiyon

10

NN Ny N
1 @\/4 Jp N — @ 5-{[4-(2-florofenil)piperazin-1-ilJmetil } -4-fenil-2-[(4-

©iN (j fenilpiperazin-1-il)metil]-2,4-dihidro-3H-1,2,4-triazol-3-

tiyon

1,0x10® ng/mL) seyreltildi. Anti-iireaz aktivite tayini Van Slike ve Archibald’in spektrofotometrik
yontemlerine gore belirlendi (Van Slyke and Archibald, 1944). Ureaz enziminin (Jack bean) 100 mM
fosfat tamponunda (pH 6,8) hazirlanan ¢6zeltisi; kontrol c¢ozeltisi olarak 500 mM iire igeren fosfat
tamponu (pH 6,8) ¢ozeltisi, fenol kirmizisi igeren lire fosfat tampon ¢ozeltisi (pH 6,8) kullanilarak
spektrofotometrede 570 nm’de absorbans degerleri okundu.

Anti-elastaz aktivitesi, domuz pankreasindan saflastirilmis elastaz enzimi, pH’1 7,8 olan Tris
hidrokloriir tamponu ve N-Siiksinil-Ala-Ala-Ala-p-nitroanilit (STANA) substrat1 kullanilarak 410
nm’de absorbansi Ol¢giilerek tayin edildi (Ji-Young ve ark., 2010). Sentezlenen bilesiklerin DMSO
kullanilarak farkli konsantrasyonlara (1,0x103-1,0x10° ug/mL) seyreltildi.

Deneyler 3 kez tekrarlandi ve ortalamasi alindi. Her iki enzim inhibisyonu i¢in bilesiklerin ve
standart inhibitdrlerinin % inhibisyon degerleri asagidaki denkleme gore hesaplandi.

% Inhibisyon=[(Axkontrol - A 5mek ) / Akontrol] X 100

Axontro1: Kontrol ¢ozeltisinin kore kars1 absorbans degeri.

Aérmek: Inhibitdr ¢ozeltisinin kore karsi absorbans degeri.

ICso degerleri (Aktivitenin %50’sini inhibe eden konsantrasyon degeri), her iki enzim
inhibisyonu i¢in absise konsantrasyon, ordinata % enzim inhibisyon verilerinin uygulanmasi ile

cizilen egrinin lineer kesiminden elde edilen regresyon denkleminden hesaplandi.
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3. Bulgular ve Tartisma

Hem iireaz hem de elastaz enziminin inhibisyon degerlerinden hesaplanan ICso degerleri Tablo
2’de verilmistir. Eperezolid benzeri bilesikler arasinda ICso degerinin en diisiik olmasi nedeniyle en
yiiksek anti-iireaz aktiviteyi 8 (ICs0=1,91x103 £ 2,97x10™* pM), en diisiik ise 10 (IC50=6,03x107 +
1,98x10™* uM) no’lu bilesik gostermektedir. Eperezolid benzeri bilesiklerin standart iireaz inhibitorii
olan tiyotireden ¢ok daha etkili bir inhibisyon etkisine sahip olduklar1 goriilmektedir. En yiiksek anti-
elastaz aktiviteyi 8 (ICso= 2,2x1072 £ 2,6x10 uM), en diisiik ise 1 (ICso= 4,1x102 £ 1,3x107* uM)
no’lu bilesik gostermektedir. Eperezolid benzeri bilesikler standart elastaz inhibitorii olan ursolik

asite yakin degerlerde inhibisyon etkisi gdstermistir.

Tablo 2. Eperezolid Bilesiklerin Antilireaz ve Anti-Elastaz Aktiviteleri

Bilesik Anti- Ureaz Anti-Elastaz Bilesik Anti- Ureaz Anti-Elastaz
No IC_, (nM)* IC50 (nM)* No IC_ (nM)* lC50 (uM)*
1 3,99x10_3i55x10_4 4,1x102£1,3x1073 1,91x10-£2,97x10* 2,2x102+2,6x1073
2 3,5x10—3i2,40x10—4 3,4x102+3,4x1073 3,33x103+1,41x10* 2,4x102+2,3x1073
3 4,14x10-3i5,80x10_4 2,5x10%+£1,9x1073 10 6,03x10-3+1,98x104 3,4x102£1,5x1073
4 3,92x10_3i6,15x10_4 3,4x102+£2,8x1073 11 5,30x103+1,09x1073 2,3x10-%+1,2x10°3
5 4,72x10_3i3,61x10_4 3,4x10242.,4x10°3 Tiyoiire 0,512 +0,0259 -
6 3,07x1 0‘312’55)(10'4 2,5x102+2,4x1073 Ur:solik - 2,3x102+1,4x1073
T 30710 +2.02x10 27x1079,0x107 " - -

* Ortalama + Standart Sapma

Es tarafindan yapilan c¢alismada; triazol tiirevlerinin anti-elastaz inhibitor aktiviteleri
incelenmis ve sentezlenen bilesiklerin orta diizeyde anti-elastaz aktivite gosterdigi bildirilmistir [Es,
2013). Mentese ve ark., yeni sentezledikleri bir seri eperezolid benzeri bilesigin antiiireaz aktivitesini
incelemis ve bilesiklerin iyi iireaz inhibitdrii aktivitesine sahip oldugunu bildirmislerdir (Mentese ve

ark., 2017).

4. Sonuclar ve Oneriler

Elde edilen sonuglardan eperezolid benzeri bilesiklerin etkili {ireaz ve elastaz inhibitor
aktivitesine sahip oldugu sonucuna varilmistir. Gelecekte iireaz ve elastaz enzimi ile ilgili
hastaliklarin tedavisi igin terapotik yaklasimlarin gelisimine in vitro calismalar da yapilarak katki

saglayabilecegi diisiiniilmektedir.
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Abstract

In this study, the changes in the pH, water soluble dry matter (TSSM), color, total phenolic substance and antioxidant
activity of cherry (Prunus avium) grown in Giresun by drying in laboratory type oven at three different temperatures (40,
50, 60 ° C) were investigated. The total phenolic content was determined by Folin-Ciocalteu spectrophotometric method
and the results were expressed as Gallic Acid Equivalent (GAE). The antioxidant activity was determined by ABTS +
radical scavenging activity and the results were expressed as Trolox Equivalent Antioxidant Capacity (TEAC). It was
determined that the total drying time decreased as the drying temperature increased, and the cherry flesh samples dried in
a shorter time than the whole cherry samples. It was found that the pH of the whole cherry and cherry flesh samples dried
at different drying temperatures varied in the range of 4.08-4.45. When the color changes of the cherry samples during
drying were examined, it was determined that L * values were not significantly affected by the increase of drying
temperature but a * value increased and b * values decreased. After drying, the total phenolic substances in the extracts
of flesh and whole cherry were found to be 362.58-347.26 mg GAE / 100g and 372.49-355.17 mg GAE / 100g,
respectively. Antioxidant activity values were determined as 14.70-20.59 puM trolox/g dry sample and 15.51-27.46 uM
trolox/g dry sample respectively in flesh and whole cherry extracts. Because of the exposure of the cherry samples to the
high temperature and oxygen during drying, the total phenolic content and consequently the antioxidant activity of the
cherry samples decreased in both whole cherry and cherry flesh samples.

Keywords: Cherry (Prunus avium), drying, total phenolic content, antioxidant activity.

Taze ve Kurutulmus Kiraz Meyvesinin Fizikokimyasal ve Biyoaktif
Ozelliklerinin Degerlendirilmesi

Oz

Bu ¢alismada Giresun’da yetigsen kirazin (Prunus avium) laboratuvar tipi etiivde, ii¢ farkli ortam sicakliginda (40, 50, 60
°C) kurutulmasi sonucunda pH, suda ¢oziiniir kuru madde (SCKM), renk, toplam fenolik madde ve antioksidan aktivite
ozelliklerinde meydana gelen degisimler aragtirilmistir. Toplam fenolik madde igerigi Folin-Ciocalteu spektrofotometrik
yontemle belirlenmis ve sonuglar Gallik Asit Esdegeri (GAE) olarak ifade edilmistir. Antioksidan aktivite ise ABTS+
radikal siipiiriicii aktivite ile belirlenmis ve sonuglar Trolox Esdeger Antioksidan Kapasite (TEAC) olarak ifade edilmistir.
Kurutma sicakligi arttik¢a toplam kurutma siiresinin azaldigi, ayrica kurutmada yarim kiraz drneklerinin tam kiraz
orneklerine gore daha kisa stirede kurudugu tespit edilmistir. Farkli kurutma sicakliklarinda kurutulan yarim ve tam kiraz
orneklerinin pH degerinin 4.08-4.45 araliginda degistigi belirlenmistir. Kurutma siiresince kiraz &rneklerinin renk
degisimleri incelendiginde kurutma sicakliginin artmasiyla renkte L* degerlerinin 6nemli dlciide etkilenmedigi fakat a*
degerinin arttig1 ve b* degerlerinin azaldig1 tespit edilmistir. Kurutma sonrasi yarim kiraz ve tam kiraz ekstraktlarinda
toplam fenolik madde miktarlari sirasiyla 362.58-347.26 mg GAE/100g ve 372.49-355.17 mg GAE/100g araliginda
bulunmustur. Antioksidan aktivitesi degerleri ise yarim ve tam kiraz ekstraktlarinda sirasiyla 14.70-20.59 uM trolox/mg
kuru 6rnek ve 15.51-27.46 uM trolox/mg kuru 6rnek olarak belirlenmistir. Kiraz 6rneklerinin kurutulmasi sirasinda
yiiksek sicaklik ve oksijene maruz kalmasindan dolay1 tam ve yarim olarak kurutulmus kiraz 6rneklerinde fenolik madde
icerigi ve buna bagli olarak daha antioksidan aktivitesinde azalma tespit edilmistir.

Anahtar Kelimeler: Kiraz (Prunus avium), Kurutma, Toplam Fenolik Madde, Antioksidan Aktivite.
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1. Introduction

The sweet cherry (Prunus avium L.) is the fruit from the genus Prunus of the Rosaceae family
of roses (Rosales) (Onen, 2008). It is a hard-core fruit species and is considered one of the most
important fruits of temperate climates (Goksel and Aksoy, 2014). Cherry is one of the most consumed
fruits in the world which has its own taste, aroma, flavor and appearance (Tosun ve Koyuncu, 2007).
Turkey ranks first in the world with 480.748 tons of cherry production. There are many wild cherry
trees in the North Anatolian mountains, Taurus and Eastern Taurus in Turkey. Aegean region and the
Black Sea region are important cherry producing areas in Turkey (Ikinci and Bolat, 2015).

Cherry contains 83% water, 13% carbohydrate, 1% protein, 1.7% fiber and various vitamins
and minerals (URL-1). Glucose and fructose constitute more than 80% of the total amount of sugar.
The cherry fruit contains vitamins A, C and B and minerals such as potassium, magnesium, sodium,
zinc and iron. It contains approximately 1500 mg/kg total phenolic substance. Hydrosinnamic acids,
anthocyanins, flavan-3-ol (catechins) and flavonols account for 60-74% of phenols. Although
phenolic compounds are non-nutritive compounds, they have various specific effects on biological
systems, especially antioxidant activity. It is known that phenolic substances found in cherries have
a high correlation with antioxidant activity depending on cultivar (Goksel and Aksoy, 2014; Usenik
et. al., 2008). Usenik et. al. (2008) showed that total phenols and total antioxidant activity
significantly increased during ripening.

Cherry is mostly consumed fresh. In the industry, fruit juice, wine, canned, brine, dried or
frozen cherries and products are produced (Baskaya, 2011). Cherry color, hardness and size are the
main criteria that directly affect the consumer. The parameters used for cherry quality evaluation are
color of fruits, sugar content, acid content, dry matter content and hardness (Goksel and Aksoy, 2014).
Color is one of the most important quality and maturity indicators in fresh, processed and stored
cherries. The color of cherries is mainly affected by the distribution and concentration of different
anthocyanins in the shell. In addition, pH, the amount and types of colorless phenolic compounds in
the fruit, light, temperature, oxygen, metal ions and enzymes are other factors that affect color. There
are some studies about the sensory, nutritional, physicochemical and functional properties of different
cherry cultivars showing the effect of harvest time and ripening on these properties (Diaz-Mula et.al.,
2009; Serradilla et. al., 2011).

Drying of fruits and vegetables is an old preservation method that has been used since the early
ages. Reducing the moisture content of the food by drying provides an environment that will prevent
the operation of enzymes and microorganisms. A number of drying methods are commercially used
to remove moisture from fruit and vegetables. Sun drying is the most universal method that is used

to preserve agricultural products. Natural drying is done under the sun and artificial drying is done in
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industrial plants. Dried foods, unlike those processed and stored by other methods, are concentrated
in terms of nutrients. The drying process in food industry is applied to reduce the volume and weight
of the substances making the transportation, storage and handling processes easier and more
economical; to ensure that fruits and vegetables are transformed into long-lasting and more easily
transported products; to sterilize or maintain the products by adjusting the moisture content of the
products and thus to prevent mold, decay and spoilage caused by moisture. During the drying of fruits
and vegetables, some irreversible physical and chemical changes occur. Regional dry matter
deposition, crust binding, changes in bulk density, rehydration ability of dried product are examples
of physical changes. Chemical changes have an effect on the color, flavor, texture, viscosity,
nutritional value and storage stability of the dried or rehydrated product. The intensity of the heat
applied in the drying process is the most important factor affecting the level of these changes. Mostly
non-enzymatic browning occurs in the dried products. There are some losses in the nutritional value
of dried products. Vitamins C and A are the most susceptible substances to degrade in both drying
and storage (Polatoglu and Bese, 2017).

The objective of present study is to determine the effect of drying temperatures (40, 50 and
60°C) on physicochemical and bioactive properties and drying rate of the sweet cherry fruit collected

from Giresun province in Turkey.

2. Materials and Methods

2.1. Materials

The cherry fruits used in the study were collected from three different trees from an orchard in
Karg1 Village in Piraziz district of Giresun province in the third week of June of 2017-2018 harvest
year. The collected cherries were frozen and stored at -40 ° C until the experiments and analyses to

be performed as suggested in literature (Woodward et al., 2009; Talens et al., 2003)

2.2. Methods

2.2.1. Drying Experiments

The sweet cherry samples were chosen to have a similar size and weight as much as possible.
The fresh cherries were cut into two halves (cherry flesh) and the stones were removed. Drying

experiments were carried out using a laboratory scale hot-air dryer. About 40 g of whole and flesh

cherry samples were placed on a flat tray and dried in a pilot-scale dryer (Nuve FN300, Turkey) at
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40, 50 and 60 °C drying temperatures until the final moisture content of 10 % to be reached. The
sample weight was recorded at every hour during first 12 h and then at 2h intervals for remaining

drying period.

2.2.2. Physicochemical Analyses

The equilibrium moisture content was determined by means of AOAC method No. 934.06. All
methodologies followed the recommendations of the Association of Official Analytical Chemists
(AOAC, 1990). The pH was measured using a pH meter (Ohaus Starter3000, Germany). Total soluble
solids were measured using a refractometer (Abbe Refractometer ABBE-REF 1, United Kingdom)
which measures refraction indices of both solid and liquid samples in a fast and accurate way and its

scale ranges from 0.0 to 95° Brix. All measurements were done in triplicate.

2.2.3. Color Measurement

The color of whole cherry skin and the cherry fleshs was determined by Hunter Lab Colorimeter
(Hunterlab MiniScan EZ 4000L, USA) based on the CIELab color space, after calibration with the
white and black glass standards. Three equidistant spots were examined on the major axis of each
cherry sample. The color values were expressed using CIELab* coordinates where L* represents the
luminosity (0 = black; 100 = white), a* the redness (a*> 0) or greenness (a*<0) and b* the blueness

(b*> 0) or yellowness (b*< 0).

2.2.4. Determination of Total Phenolic Content

The total phenolic content (TPC) was determined according to the adapted Folin—Ciocalteu
colorimetric method (Waterhouse, 2002). 0.5 mL of cherry fruit extract obtained at 70% ethanol was
mixed with 2.5 mL of Folin—Ciocalteu reagent (10% (v/v)) and 2 mL of sodium carbonate solution
(7.5% (w/v)). The mixture was stirred and kept at room temperature for 1h in the dark place. The
absorbance of sample against blank was determined at 725 nm using UV-Visible Spectrophotometer
(Hach DR6000, Lange GmbH, 189 Germany). The TPC of the samples was expressed as mg of gallic
acid equivalents (GAE) per gram of dry weight (dw) by using Gallic acid calibration curve obtained
for the concentrations of 40—400 mg/L.
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2.2.5. Determination of Antioxidant Activity

The antioxidant activity was determined by ABTS method of Re et al. (1999) with slight
modifications. The ABTS radical cation (ABTS™") was generated by the reaction of 5 mL of aqueous
ABTS solution (7 mM) with 88uL of potassium persulfate (2.45 mM). The mixture was kept in the
dark for 16 h before use that results blue—green ABTS+ radical solution. After adjusting the initial
absorbance of ABTS+ radical solution to 0.700 = 0.05 at 734 nm by diluting with ethanol, the fruit
extracts or a reference substance (Trolox) was added in different concentrations to 2 mL of ABTS+
radical solution. The decrease of absorbance at 734 nm was measured every minute during 6 minutes
using UV-Visible Spectrophotometer (Hach DR6000, Lange GmbH, 189 Germany). The results were
expressed as Trolox equivalent antioxidant capacity (TEAC) (uM trolox/g dry weight of sample) by

using Trolox calibration curve.

2.2.6. Statistical analysis

Experimental data were analyzed by analysis of variance (ANOVA) using a statistical program
SPSS (Version 16). Duncan’s multiple range tests was employed to establish the multiple comparison
of mean values. Mean values were considered significantly different when p < 0.05. Each experiment

was performed in triplicate.

3. Results and Discussion

Cherry samples were dried using hot air at 40, 50 and 60 °C until the moisture content was
reduced to 10%. The drying time of whole and flesh cherry samples at three different temperatures
are given in Figure 1. It was found that the time elapsed during the drying of the whole cherry samples
was higher than the flesh cherry samples at the same drying temperatures. It was observed that the
drying time was 62, 48 and 30 h at 40, 50 and 60 °C for the whole cherry samples, respectively, while
it was 28, 20 and 11h at the same temperatures for the flesh cherry samples, respectively. The reason
for longer drying time of whole cherry than the cherry flesh is that the skin of whole cherry has a
barrier property with low permeability in moisture evaporation. In the case of cherry flesh, due to the
high evaporation surface area and the absence of the skin barrier, both the heat transfer and the

evaporation rate were high, resulting in rapid drying.
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Figure 2. Drying curves of hot air dried whole cherry samples at different drying temperatures

As evident from drying curves (Figure 2 and Figure 3), the drying time was reduced with an
increase in temperature, in whole and cherry flesh samples used. It could be due to increase in vapor
pressure inside samples, thereby pressure gradient between surface and inside of the cherry samples
which in turn leads to higher heat transfer rate at higher temperature (Mitra et al. 2011). As shown in
Figure 2 and Figure 3 the drying curves depict drying of cherry samples in fall ingrate period. These
results were in accordance with the previous studies on drying of cherry samples by Doymaz and

Ismail (2011) and Horecki et al. (2017)
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Figure 3. Drying curves of hot air dried cherry flesh samples at different drying temperatures

Dried products contain various nutritional and non-nutritional elements intensively. Because
the water was removed by drying and a dense dry substance remained. The results for total soluble
solids (TSS) and pH are presented in Table 1. There were some significant differences in TSS between
the fresh and dried whole and flesh cherry. Brix values increased from 13.30 of fresh cherry to 61.92-
69.94 for dried samples. This is resulted from the removal of water with drying which causes a dense
dry substance remained and dried products with various nutritional and non-nutritional elements
intensively. Drying process didn’t affect pH of cherry samples significantly. pH of fresh and dried
cherry samples was in the range of 4.08-4.45.

Table 1. Soluble solids, pH and color values of fresh and dried cherry samples

Drying ° ¥ x -

Temperature TSS (°Bx) pH L a b
Fresh - 13,30+£0,06  4,0840,03*  26,89+0,36°  11,39+0,27°  15,97+0,04%
Dried 40 °C 61,9240,03>  4,33+0,02°  56,74+0,34° 4,73+0,11° - 1,07+0,25°
Whole 50 °C 63,17£0,07°  4,37+0,05°  59,86+0,42¢ 5,270,165 - 1,74+0,38°
Cherry 60 °C 64,25+0,05°  4,45+0,02'  66,32+0,54°  5,54+0,12¢  -7,00+0,57
Dried 40 °C 68,87+0,03¢  4,2840,07°  53,92+0,70° 5,84+0,21° 8,54+0,43°
Cherry 50 °C 69,2140,09¢  4,35+0,04"  55,56+0,48" 5,8340,32¢ 3,83+0,28f
Flesh 60 °C 69,94+0,05¢  4,38+0,03°  63,30£0,24°  4,66£0,25°  3,11£0,31¢

Values are represented as mean + SD. Different superscript letters within the same column indicates that the values are significantly different (p<0.05)
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L* a* and b* values of fresh and dried cherry samples are provided in Table 1. L* values
increased with after drying in all treatments showing that the dried samples are brighter than fresh
fruit. a* values of fresh and dried samples were approximately 11.4 and 5.5, respectively which
indicates the dried samples are greener than the fresh sample but among different drying temperatures,
there was no significant difference. In the case of »* coordinate, the values of dried whole cherry
samples became negative which means color became more yellowish as compared to fresh where
drying at 60 °C had the greatest effect. b* value of dried flesh cherry samples decreased to the range
of 3.83-3.11 by drying at 50 °C and 60 °C, respectively. These positive values indicate the decrease
in the blueness of the samples. It has been stated in many studies that the fruits are affected by heat
treatments at high temperatures and the quality loss increases in proportional to the temperature.
Mostly the pigments that give the characteristic color of the food have been affected by heat
treatments and lost at significant levels. In this study, in accordance with the literature, when the color
parameters of fresh and dried cherry samples were compared, it was observed that the color
parameters of the dried cherries decreased and the color darkened due to concentration of pigments
during drying. However, the color attributes are still acceptable for consumers since there is no
significant browning observed in the samples. The color parameters differ according to the type of
fruit, the climate, soil and harvest time. Therefore, there is no any reference for Prunus avium cherry

grown in Giresun region
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Figure 4. Total Phenolic Contents of fresh and dried cherry (whole and flesh) samples at different drying

temperatures
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Figure 5. Antioxidant capacity of fresh and dried cherry (whole and flesh) samples at different drying
temperatures

The total phenolic content and antioxidant activity of whole cherry and cherry flesh are
presented in Figure 4 and Figure 5. Total phenol content (TPC) in fresh cherry was 464.15 mg
GAE/100 g, which is similar to the findings of Samec & Piljac-Zegarac, (2011) as 437.45 mg
GAE/100 FW. At 60 °C drying temperature, the highest decrease in TPC of whole cherry and cherry
flesh samples was observed. It decreased to 355.17 mg GAE/100 g and 347.26 mg GAE/100 g in
whole cherry and cherry flesh samples, respectively, while that 0f464.15 mg GAE/100 g in fresh
cherry. TPC of dried cherry flesh samples is also significantly lower (p < 0.05) compared to dried
whole cherry samples after the same drying applications. TPC decreased as drying temperature
increased in all dried products (Figure 4). According to Martin-Cabrejas et al. (2009) and Qu et al.
(2010), a decrease in phenolic contents during drying can also be attributed to the binding of
polyphenols with other compounds (proteins) or to alterations in the chemical structure of
polyphenols which cannot be extracted or determined by available methods.

ABTS assay was used for quick screening of antioxidant activities of fresh and dried cherry
samples. The Trolox equivalent antioxidant capacity of fresh cherry was found as 31.64 uM trolox /g
of dw, while it was determined as 27.47 and 14.70 uM trolox /g dw for dried whole cherry and cherry
flesh, respectively. The antioxidant activity of cherry flesh decreased significantly by drying at 50
°C. It was remained almost unchanged for whole cherry by drying at 40 °C. It is noted that drying
temperature has an obvious influence on the antioxidant capacity of cherry. The reduction of
antioxidant activity is partially related to drying time and temperature. Both long time and high
temperature stimulate the oxidation and degradation of phenolic components which are responsible
for antioxidant activity. Similar trends have been reported by Michalska et al. (2008) that higher

drying temperature shortened drying time and decrease in antioxidant capacity of plum powders. The
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other factor resulting in the reduction of antioxidant capacity of cherry flesh could be the increased
surface area without cherry skin barrier during dehydration which results in the high exposure to high
drying temperature and oxygen causing oxidation and degradation of phenolic compounds. However,
drying at 60 °C with a shorter drying time resulted in higher antioxidant activity than at 50 °C with
longer drying time. Prolong exposure to hot air during dehydration of cherries could be responsible
for the greater degradation of phenolic compounds having antioxidant potential. Zielinska and
Markowski (2016) have reported the similar trends about the effect of drying temperature on the

antioxidant capacity of blueberry.

4. Conclusion

The drying experiments were carried out at different drying temperatures. The effect of drying
temperature on some biological and chemical properties of dried cherry samples. The increase in
drying temperature decreased the drying time. Cherry fleshs have shorter drying time than whole
samples at all drying temperatures. Both the total phenolic content and antioxidant activity of dried
samples slightly decreased. The reduction in the bioactivity of cherry samples was minimum at 40 °C
drying temperature when compared with 50 and 60 °C. Since high temperature and presence of
oxygen during drying affect negatively antioxidant activity of the products during drying processes,
it can be suggested to apply different drying methods and to optimize the parameters in future studies

in order to preserve antioxidative compounds such as phenols and flavonoids.
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Oz

Bu ¢alismada, kaya balig1 (Lesueurigobius friesii)’nin balik boyu ile otolit biyometrisi arasindaki iliski incelenmistir.
Balik 6rnekleri Eyliil 2005-Agustos 2006 yillar1 arasinda izmir Koérfezi’'nden trol operasyonlar: ile yakalanmustir.
Calismada toplam 100 Lesueurigobius friesii bireyi kullanilmistir. Orneklerin total boy (TL) ve agirhiklari sirastyla 0.1
cm ve 0.01 g hassasiyetle 6l¢iilmiistiir. Daha sonra baliklar disekte edilmis ve sagittal otolitleri ¢ikarilmistir. Otolit boylar1
ve genislikleri mikrometrik okiiler iceren Olympus SZ61 stereo mikroskop ile dl¢iilmiistiir. Otolitler 0.0001 g hassasiyetli
dijital terazi ile tartilmistir. incelemede kullanilan 6rneklerin total boylari 5.5 ile 8.7 cm ve total agithg: 14.8 ile 56.4 g
arasinda dagilim gostermistir. Boy agirlik iliskisi W=0.0927*L243! (r=0.942) olarak hesaplanmustir. Otolit boyu (OB),
otolit genisligi (OG) ve otolit agirligi (OA) sirastyla, 2.6—4.1 mm, 2.2-3.4 mm ve 0.0049-0.0204 g arasinda degismistir.
Total boy—otolit boyu, total boy—otolit genisligi ve otolit boyu—otolit genisligi arasinda dogrusal bir iligki oldugu tespit
edilmistir. Orneklerin otolit agirhigi—otolit boyu ile total boy—otolit agirhig1 arasindaki iliskinin ise iissel oldugu
saptanmigtir.

Anahtar Kelimeler: Lesueurigobius fiiesii, LWR, otolit biyometrisi, izmir Kérfezi.

Otolith Biometry - Fish Length Relationship in Fries's goby (Lesueurigobius
friesii (Malm 1874)) from Izmir Bay

Abstract

In the study, the relationship between fish size and otolith measurements in the Fries's goby (Lesueurigobius friesii) were
investigated. Fish specimens were collected by trawl operations from izmir Bay between September 2005 and August
2006. A total of 100 Lesueurigobius friesii specimens were used for the study. Their total lengths (TL) and weights were
recorded by a fish ruler and a digital scale with an accuracy of 0.1 cm and 0.01 g respectively. After that the fish were
dissected and their sagittal otoliths were removed. Otolith lengths and heights were measured with an Olympus SZ61
stereo microscope with a micrometric ocular. Otoliths were weighted by a digital scale with an accuracy of 0.0001 g. The
specimens used in the analysis were ranged between 5.5 and 8.7 cm total length and from 14.8 to 56.4 g in total weight.
The length-weight relationship equations were estimated as W=0.0927*L2>! (r=0.942). Otolith length (OL), otolith
height (OH) and otolith weight (OW) of the species were ranged between 2.6—4.1 mm, 2.2-3.4 mm and 0.0049-0.0204
g, respectively. The total length—otolith length, total length—otolith height and otolith length—otolith height measurements
showed significant linear relationships. The relations between the otolith weight—otolith length total length—otolith weight
were found to be exponential.

Key words: Lesueurigobius friesii, LWR, otolith biometry, izmir Bay.
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1. Giris

Baliklarda yas, biiylime ve 6liim parametrelerinin belirlenmesi, ekonomik 6neme sahip olan
tiirlerin stirdiiriilebilir avciliklarinin yonetilmesi agisindan biiylik 6nem tagimaktadir. Ayrica, soz
konusu parametreler bolgeden bolgeye, uygulanan drnekleme ve analiz yontemine, ve yildan yila
degisen cevresel kosullara bagli olarak biiyiik degisiklikler gosterebilmektedir (Gongalves vd., 1997).

Vatoz, ¢enesiz baliklar ve kopek baliklar1 haricindeki biitiin baliklarda bulunan otolit organlari,
duyma ve denge islevleri i¢in kullanmaktadir. Ayrica otolit, baliklarin yasamlarint anlamamiza
yarayan ¢ok 6nemli bir aragtir.

Baliklarda otolit konusunda yapilan pek cok calisma mevcut olup bu konunun zengin bir
geemisi bulunmaktadir. Bu calismalar genellikle yillik yas halkalarindan yola ¢ikarak yas tayini, buna
bagli olarak boy-yas iligkileri, mevsimsel biiyiimeler, tireme donemleri gibi konular1 icermektedir.
Son yillarda balik larvalarinda otolit arastirmalar1 da hiz kazanmis durumdadir. Bu konuda ¢ok sayida
ve ¢ok farkli amagclar igeren arastirmalar mevcuttur.

Otolit olusumu ve biiylimesi, somatik biiyltimeyle iligkilidir ve her ikisi de ¢evresel faktorlere
baglidir. Nitekim her baligin biiylimesi ve yasin hesaplamasinda kullanilan otolitler, baliklarin
biyolojik hikayesini aciklar ve bu tiir analizler ticari balik stoklar1 i¢in temel ¢aligsmalardir (Samsun
ve Samsun, 2006).

Otolit morfolojisi balik biyolojisine yonelik ¢ok farkli alanlardaki ¢caligmalarda; balik tilirlerinin
anatomileri, yeni balik tiirlerinin tanimlanmasi, balik taksonlarinin taksonomik revizyonlari,
filogenetik iligkilerin belirlenmesi, ekomorfoloji ¢aligmalari, balik biiylimesi ile otolit biiylimesi
arasindaki iligkilerin belirlenmesi, fosil olan ve giiniimiizde yasayan baliklarin biiyiimeleri arasindaki
benzerliklerin tespiti gibi ¢alismalarda kullanilmaktadir (Tuset vd., 2008).

Ulkemizde, Demirhan vd. (2002) Mullus barbatus, Scorpaena porcus, Neogobius
melanostomus, Mesogobius batrachocephalus, Uranoscopus scaber, Raja clavata ve Scophthalmus
rhombus’ta, Zengin vd. (2006) Psetta maxima’da, Bostanci ve Polat (2007; 2008), Bostanc1 (2009),
Bostanci vd. (2009), Bostanci vd. (20012a; 2012b), Bostanc1 vd. (2017) ise Karadeniz’deki baz1 balik
tiirlerinin otolit yapisi, otolit boyutlari-balik boyu arasindaki iliskileri i¢eren ¢calismalar yapmislardir.
Lesueurigobius friesii nin otolit Ozellikleri iizerine simdiye dek yapilmis sadece bir calisma
bulunmaktadir (ilkyaz vd., 2011).

Bu calisma, Gobiidae familyasina ait bir tiir olan Lesueurigobius friesii nin izmir Korfezi’nde

otolit biyometrisi ile balik boyu arasindaki iligkiyi belirlemek amaciyla gerceklestirilmistir.
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2. Materyal ve Metot

Bu calismanin konusunu olusturan L. friesii tiiriine ait otolitler Eyliil 2005 — Agustos 2006
yilinda Izmir Kérfezi’nde yapilan trol operasyonlarinda yakalanan érneklerden elde edilmistir.

Bireylerin boy-agirlik iliskisinin incelenmesinde, W=a*L" seklinde verilen allometrik biiyiime
denkleminden yararlanilmistir (Ricker, 1975). Burada, W; Baligin gr cinsinden total agirligi, L; cm
cinsinden total boyunu (a) ve (b) ise regresyon sabitlerini ifade etmektedir.

Tiirlin biiylime tipini belirlemek amaciyla; ts=b-3/sh(b) esitligi kullanilmistir (Sokal ve Rohlf,
1987). Denklemdeki, ts; t-test degeri, b; egim degeri ve sh(b); egim degerinin (b) standart hatasidir.
Biiylimenin izometrik ya da allometrik olduguna karar verebilmek i¢in, hesaplanan t-test degeri,
tablodaki kritik degerle karsilagtirilmigtir

Baliklarin disekte islemi sonras1 u-platelerde kuru olarak saklanmis olan otolitler %4’lik NaOH
cozeltisinde temizlenmistir. Otolit boylar1 ve genislikleri Olympus marka stereo mikroskopta 100p
hassasiyetli mikrometrik okiiler ile dl¢iilmiistiir. Otolit agirliklar ise £0.0001 g hassasiyetli terazi ile
tartilmistir.

Otolit boyutlarina ait 6lgiimler iki eksen {izerinde yapilmistir. Birincisi, otolit ¢ap1 ya da otolit
genisligi (OG) olarak adlandirilan ve dorso-ventral dogrultudaki eksenin uzunlugudur (Sekil 1).
Ikinci 6l¢iim ise otolit boyu (OB) olarak adlandirilan, otolitin anterior ucundan posterior ucuna kadar
olan uzunluktur. Olgiimler sag ve sol bolge otolitlerinde ayr1 ayr1 yapilmis ve otolit giftleri arasinda
fark olup olmadig1 Paired t-testi ile arastirilmistir (Sokal ve Rohlf, 1987). Hesaplamalarda 6rneklerin

sag otolitlerine ait dl¢timler kullanilmistir.

Sekil 1. L. friesii otolitinde boy—genislik dl¢iimleri
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3. Bulgular

Toplam 100 adet kayabalig1 6rneginde total boy degerlerinin minimum 5.5 cm ile maksimum
8.7 cm arasinda oldugu saptanmistir (Sekil 2). En fazla 6rnek 34 bireyle 7.0 cm’lik boy grubunda

tespit edilmistir. Bireylerin sadece 13 tanesi 8 cm’den biiytiktiir.
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Sekil 2. Lesueurigobius friesii’nin Izmir Kérfezi’ndeki boy—frekans dagilimi
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Sekil 3. Lesueurigobius friesii’'nin Izmir Korfezi’ndeki agirlik—frekans dagilimi

Arastirma bolgesindeki kayabaligi bireylerinde agirlik degerlerinin minimum 14.8 g ile
maksimum 56.4 g arasinda degistigi ve gruptaki en biiyiik pay1 37 birey ile 32 g’lik agirlik sinifindaki
bireylerin aldig1 saptanmistir (Sekil 3).

Bireylerin total boy ve total agirlik degerlerine bagl boy-agirlik iliskisi parametreleri Sekil 4

ve Tablo 1’°de verilmistir.
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Tablo 1. Lesuerigobius friesii'de boy—agirlik iligkisi parametreleri

a b sh(b) n r t-test
0.0927 2.943 0.1053 100 0.942 0.541%

A(t-test, t<t0.0s, n>80=1.66)

Uygulanan t-testi sonucunda L. friesii bireylerinde izometrik bir bliylimenin oldugu tespit
edilmistir. Korelasyon katsayisinin (r=0.942) bire yakin olusu, bireylerin boyu ile agirlig1 arasinda
kuvvetli bir iligkinin oldugunu gostermektedir.

Calismada arastirma bolgesinden temin edilen 100 adet kayabalig1 bireyinin her iki otolitinin
(sag ve sol) boyu, agirligi ve genisligi dlciilmiis ve ortalamalart hesaplanmistir (Tablo 2). Sonugta,
sag ve sol otolit boylari, genislikleri ve agirliklar1 arasinda istatistiksel agidan 6nemli bir farkin
olmadig1 bulunmustur (P>0.05). Orneklerin sag otolitlerinin tamaminda herhangi bir kirik ya da hasar
olmadig1 i¢in hesaplamalarda sadece sag otolitlere ait 6l¢ctimler kullanilmastir.

Calisma bolgemizdeki kayabalig1 bireylerinin total boy—otolit boyu (Sekil 5), total boy—otolit
genisligi (Sekil 6) ve otolit boyu—otolit genisligi (Sekil 7) arasindaki iliskinin dogrusal oldugu
saptanmistir. Ayrica korelasyon katsayilarinin bire ¢ok yakin olusu da (r=0,987; 0,970 ve r=0,979)
iliskinin oldukca yiiksek oldugunu gostermektedir.
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Tablo 2. Lesuerigobius friesii’de otolit boyu, otolit genisligi ve otolit agirlig1 degerleri

Otolit boyu (mm)

Otolit genisligi (mm)

Otolit agirhg (g)

Sag Bolge Sol Bolge Sag Bolge Sol Bolge Sag Bolge Sol Bolge
Min. 2.6 2.7 2.2 2.0 0.0049 0.0060
Max. 4.1 4.0 3.4 33 0.0204 0.0200
Ort. 3.37 3.36 2.80 2.76 0.0127 0.0128
SS 0.2681 0.2635 0.2511 0.2584 0.0031 0.0032
P >0.05 P >0.05 P >0.05
10 -
9 y=2.3366x - 0.5161
R r=0.987
s
£
27
=
=6 -
5 -
4 ! ‘ ‘ . ‘ .
2 2,5 3 3,5 4 4,5 5
Otolit Boyu (mm)

Sekil 5. Lesueurigobius fresii’de total boy—otolit boyu iliskisi
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Sekil 6. Lesueurigobius fresii’de total boy—otolit genisligi iliskisi

38
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Sekil 7. Lesueurigobius friesii’de otolit genisligi—otolit boyu iliskisi

[zmir Kérfezi’ndeki L. friesii bireylerinin otolit boyu-otolit agirlig1 arasinda iissel bir iliskinin
oldugu tespit edilmis ve korelasyon katsayis1 da yiiksek bulunmustur (r=0.985) (Sekil 8). Orneklerin
total boyu ile otolit agirlig1 arasinda yine tssel, ancak biraz daha diisiik diizeyde bir iligki oldugu

(r=0,840) tespit edilmistir (Sekil 9).
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Sekil 8. Lesueurigobius friesii’de otolit agirligi—otolit boyu iliskisi
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Sekil 9. Lesueurigobius friesii’de otolit agirhigi—total boy iligkisi
4. Tartisma ve Sonu¢

Balikgilik biyolojisi ¢caligmalarinda balik tiirlerinin otolit 6zellikleri iizerine yapilan ¢aligmalar
son yillarda artis gdstermistir. Bu ¢alismada, Izmir Kérfezi’nde Gobiidae familyasina ait bir tiir olan
Lesueurigobius friesii’nin boy- agirlik iliskisi ile otolit 6zellikleri incelenmistir.

L. friesii i¢gin arastirma bolgesindeki boy araliginin 5.5-8.7 cm arasinda oldugu tespit edilmistir.
Bu tiirle ilgili farkli bolgelerde yapilan ¢calismalarla minimum boy degeri 4.0 cm (Pereda ve Villamor,
1991; Ozaydin vd., 2007) bulunurken, maksimum boy degeri ise 10.7 cm (Bok, 2001) olarak
bildirilmistir (Tablo 3). Bunun sebebinin, 6rneklemelerin daha genis bir derinlik araliginda (30-100

m) yapilmis olmasindan kaynaklandigi diistiniilmektedir.

Tablo 3. Lesueurigobius friesii’nin farkli bolgelere ait boy-agirlik iligkisi parametreleri.

Arastirici Arastirma Bolgesi TL (cm) n a b r
Pereda ve Villamor (1991) Kantabriya, ispanya  4.0-8.0 20 0.00257 3.515 0.900
Filiz ve Bilge (2004) Kuzey Ege Denizi 6.2-8.1 17 0.03920 2.130 0.720
Ozaydin vd. (2007) Orta Ege Denizi 4.0-9.1 631 0.0079 3.013 0.951
Bok vd. (2001) Kuzey Marmara 4.2-10.7 580 0.01600 2.530 0.848
Bu ¢alisma Izmir Kérfezi 5.5-87 100 0.0927 2.946 0.942

Yiiksek korelasyon gosteren (r=0.942) kaya balig1 bireylerinin, aragtirma bolgesinde izometrik
bir biiylime sergiledigi tespit edilmistir. Bu bulguyu igeren tek ¢alisma Bok vd. (2011)’ne ait olup,

bu tiirtin Marmara Denizi’nde negatif allometrik bliyiime gosterdigi bildirilmistir.
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Bireylerin otolit boyu, otolit genisligi ve otolit agirligi bakimindan sag ve sol otolit ¢iftleri
arasinda istatistiksel agidan dnemli bir farklilik tespit edilmemistir (p>0,05). Dolayistyla, bu tiir ile
ilgili yapilacak calismalarda sag ve sol otolit ayrimi gozetmeksizin, dl¢iimlerde herhangi biri tercih
edilebilir. Farkli balik tiirleri iizerine yapilan benzer ¢alismalarda da (Biitiin, 2013; Eroglu ve Sen,
2009; Sayin ve Calta, 2017; Dogan ve Sen, 2017), tiirlerin sag ve sol otolit biyometrilerinde
istatistiksel ag¢idan Onemli farklarin olmadigi bildirilmistir. Bununla birlikte, bazi yassi balik
tiirlerinin otolit biyometrisi {izerine yapilan ¢aligsmalarda (Bostanci ve Polat, 2007, 2008; Bostanci
vd., 2012b) sag ve sol otolitler arasinda hem morfolojik hem de biiyiikliik agisindan istatistiksel olarak
onemli farkliliklarin oldugu rapor edilmistir.

100 adet bireyin otolitinin incelenmesi sonucunda; total boy—otolit boyu, total boy—otolit
genisligi ve otolit boyu—otolit genisligi arasinda dogrusal bir iliski oldugu tespit edilmistir. Her ii¢
iliskide de korelasyon katsayilar1 oldukga yiiksek degerler vermistir. Orneklerin otolit agirligi—otolit
boyu ile total boy—otolit agirlig1 arasindaki iligkilerin ise tissel oldugu saptanmstir. Otolit agirlig1 —
otolit boyu ile kuvvetli bir iliski sergilerken, total boy — otolit agirlig1 arasinda biraz daha diisiik
seviyede bir iliski tespit edilmistir.

Bu tiiriin otolit biyometrisi iizerine yapilmis tek arastrma Ilkyaz vd. (2011)’nin Ege
Denizi’ndeki calismadir. Bu ¢alismada bildirilen balik boyuna karsilik gelen otolit boylar1 ve

agirliklar1 ile bizim sonug¢larimizla birbirine yakin degerler vermistir (Tablo1 ve 2).

Tablo 3. Lesueurigobius friesii bireylerinin balik boyu, otolit boyu ve otolit agirlig1

Balik boyu (cm) Otolit boyu (mm)  Otolit agirhg (g)

Min. Maks. Min. Maks. Min. Maks.
flkyaz vd. (2011) 4.2 8.4 2.04 3.63 0.0022 0.0177
Bu ¢alisma (2018) 5.5 8.7 2.6 4.1 0.0049 0.0204

Yine ayni ¢alismada tiirlerin yas okumalar1 yapilmis ve yas ile otolit boyu ve yas ile otolit
agirlig1 arasindaki iligkiler de tespit edilmistir. Bunlardan yas ile otolit agirlig1 arasindaki iligskinin en
yliksek korelasyon degerine sahip oldugu bildirilmistir.

Sonug olarak, bu ¢aligma ile kaya baligimin balik boyu-otolit boyutlar1 arasinda kuvvetli bir
iliski oldugu tespit edilmistir. Tiiriin sag ve sol bolge otolitlerinde, otolit agirliklar1 (P>0.05), otolit
genislikleri (P>0.05) ve otolit boylar1 (P>0.05) acisindan istatistiksel bir farkliligin bulunmamasi
sebebiyle, bu tiirle ilgili yapilacak yas ve biiyliime ¢aligsmalarinda sag sol otolit farklilig1 gozetilmeden
degerlendirilebilecegi tespit edilmistir. Ayrica, ¢alismanin Tirkiye denizleri i¢in kaya baliklar

lizerine yapilmig az sayidaki arastirmaya katki saglayacag diistiniilmektedir.
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Abstract

The some quality parameters of sour cherry concentrates by produced under atmospheric and vacuum conditions were
investigated in this study. From these parameters, titration acidity, total soluble solids, total flavonoids and invert sugar
values were statistically insignificant. But the remaining values were significant. Total phenolic contents of sour cherry
juice samples increased to 194.50 and 112.00% after atmospheric and vacuum condition treatments. Total flavonoid
values of samples ranged from 27.13 and 31.52 mg/L. After atmospheric condition treatment, the ascorbic acid contents
increased to 73.80% compared to control samples. The antioxidant activity (% inhibition) ranged from 73.50 to 80.91%.
Total monomeric anthocyanin content (22.71 mg/L) at the begining increased to 60.76 and 98.54% after both applications.
In total pectin values increased 181.88 and 90.38% after atmospheric condition and vacuum treatments.

Keywords: sour cherry, total phenolics, antioxidants, ascorbic acid, anthocyanin

Acik Kazanda ve Vakum Altinda Uretilen Visne Eksilerinin Baz1 Kalite
Parametrelerinin Arastirilmasi

Oz

Bu caligmada agik kazanda ve vakum altinda {iretilen vigne eksilerinin bazi kalite parametreleri arastirilmistir. Bu
parametrelerden titrasyon asitligi, toplam ¢oziilebilir katilar, toplam flavonoidler ve invert seker degerleri istatistiksel
olarak dnemsiz bulunmustur. Fakat geriye kalan degerler 6nemli bulunmustur. Visne suyu orneklerinin toplam fenolik
igerikleri agik kazan ve vakum altindaki uygulamalarindan sonra %194.50 ve %112.00 olarak artmistir. Orneklerin toplam
flavonoid degerleri 27.13 ile 31.52 mg/L arasinda degismistir. Vakum altindaki uygulamadan sonra askorbik asit igerikleri
control 6rnekleri ile karsilastirildiginda %73.80 artmistir. Antioksidan aktivite (% Inhibisyon) %73.50 ile 80.91 arasinda
degismistir. Baslangictaki toplam monomeric antosiyanin igerigi (22.71 mg/L) her iki uygulamadan sonar %60.76 ile
%98.54’e artmistir. A¢ik kazan ve vakum altindaki uygulamalardan sonar toplam pectin igerigi %181.88 ve 90.38’e
artmistir.

Anahtar Kelimeler: Visne, toplam fenolik, antioksidan, askorbik asit, antosiyanin.
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1. Introduction

Sour cherries (Prunus cerasus L.) are potentially raw material for functional foods because of
substantial content of polyphenols, especially anthocyanins. Researchers have identified
anthocyanins as anti-infl ammatory and anticarcinogenic agents, which are major contributors to the
antioxidant activity in sour cherries (Repajic et al., 2015; Nowicka et al., 2015).

Sour-cherry juices are extensively used in the food industry. These products use as the
constituents of juices, jellies, marmalades, jams, wine, beverages, etc. Sour-cherry juice as a drink is
preferred to other fruit juices by the various customers It is a very popular product due to sweet-sour
flavor (Belibagli and Dalgic, 2007; Cao et al., 2015).

In the fruit juice industry, they are processed to purees, concentrates and juices. Purees are used
in the pastries, confectionary or dairy industry; juices or concentrates serve as source for fruit nectars
and beverages (Bonerz et al., 2007). Additionally, sour cherries are a rich sourceof polyphenols-
phytocomponents characterized by the presence of more than one phenol group in the molecule
(Kolodziejezyk et al., 2013). Phenolics, especially anthocyanins, of sour cherries have been reported
to possess anti-neurodegenerative, anti-inflammatory and anti-oxidative activities (Navruz et al.,
2016). Because of their possible health benefits, a growing interest is being observed in the impact of
processing on the antioxidant properties of these compounds (Wojdylo et al., 2014). Cherry fruits
have a big potential as tasteful, harmless and healthy antimicrobial agents (Tamara et al., 2016).

However, sour cherry juice has a limited shelf life due to microbial spoilage and enzymatic
activities. Thus, thermal treatment is applied to inactivate microorganisms and enzymes during juice
production (Altuntas et al., 2010).

The harvested fruit is processed to fruit juice, jam and canned fruit because of the short time of
harvesting period. Fruit juices were generally concentrated for: prolong their shelf life, decrease of
the volume and transport, storage and packaging costs. However, the atmospheric treatments cause
unwanted components and loss in quality features. The vacuum evaporation process is used as the
most common concentration method (Sabanci and igier, 2017).

In light of these informations, this present study is aimed to determine some quality parameters
of sour cherry concentrates, produced under atmospheric and vacuum conditions. In our study, the
concentrates produced from two different application were compared with regard to the

physicochemical properties, color paramaters, bioactive compounds and antimicrobial activities.
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2. Materials and Methods

2.1. Preparation of sour cherry juice samples

The purchased sour cherries (from fruit bazaar in Kilis, Turkey) were washed by tap water to
remove dirts after bringing to the our laboratory. Sour cherries were crushed by using a waring
blender (Waring Laboratory Science, Torrington, USA) and filtering with a soft muslin cloth then
poured to sterile glass brown bottles. The sour cherry juices were concentrated using a rotary vacuum
evaporator (Buchi interface rotavapor, R-300, Swiss) and a atmospheric conditions under vacuum at
60°C until they reached about 68° brix. Samples of concentrate sour cherry juice were stored at room
temparature in brown bottles. All treatments and analysis were carried out in triplicates. Concentrates

obtained from sour cherries (diluted to 15.5° brix for analyses) were tested to the following analyses:

2.2. Physicochemical Analysis (Total soluble solids, pH, titratable acidity, water activity,

viscosity, moisture and ash)

The pH and TSS analyses were made by WTW pH-meter (Weilheim, Germany) and Abbe
refractometer (J.P. Selecta, WY A-25 model, Spain), respectively. Titratable acidity was made by an
end point titration at pH 8.1 with 0.1 N NaOH. The results calculated as citric acid were expressed as
g/100mL (Sanchez-Moreno et al. 2003). By using a water activity meter (Novasina Labmaster Water
Activity Meter, Switzerland) and a Fungilab Expert viscometer (Model L, Sant Feliu de Llobregat,
Barcelona) were measured the water activity and viscosity values, respectively. The viscosity
measures were made at 100 rpm with spindle TL5 and TL7 and the results were expressed as cP.

For moisture content analysis, the 2 g example in the drying vessel, is based on the principle
that the sample is held at 65°C under vacuum condition at 10 bar until constant weighing (0.000
grams) is reached. At the end of this period, the sample containers were weighed to the room
temperature in a desiccator. The amount of dry matter in the samples was calculated as % according

to the following formula: (AOAC, 2000).

) G - GI1)*100
moisture % = (60 -GL)*100
GZ_Gl

In percentage ash analysis, to remove carbon, about 2 g of each sample, in a porcelain container,
was ignited and incinerated in the ash furnace at about 550°C for 8 h. The total ash was expressed as

percent of dry basis: %Ash=(Weight of residue/Sample Weight)*100 (AACC, 1999).
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2.3. Determination of browning index

In teflon tubes, 5 mL of sour cherry samples and 5 mL ethyl alcohol (95%) were stirred and
then centrifuged (4000 rpm, 10 min, at 4°C). After then, the supernatant was passed through by using
a 0.45 um teflon membrane filter. The absorbance of this supernatant was mesaured at 420 nm in a

spectrophotometer (Biochrom, Libra S60, B, England) (Meydav et al., 1977).

2.4. Color measurement

Color (CIE L*, a*, b*) measurement was performed by the HunterLab Spectrofotometer
(HunterLab miniscan EZ, USA). Approximate 50 mL of sour cherry samples were transferred into
20 mm Glass Optical Cell Light Path. According to the CIELAB color system, it was obtained the
results. In present procedure, L* describes lightness (0: black; 100: white), a* indicates the red/green
value ((+): red; (—): green) and b* the yellow/blue value ((+): yellow; (—): blue). The hue angle (o)
shows a specific red, blue, yellow, or green color, or any combination of colors. Chroma indicates
the intensity of a color. Also, the below formulas were utilized for the calculations of Hue*, C*:

. b
Hue = arctan (—,,)
a

2.5. Determination of HMF content

The 5-hydroxymethylfurfural (HMF) content was quantitatively determined following the
procedure described by Cemeroglu (2017) based on the colorimetric reaction between barbituric acid,

p-toluidine and HMF, forming a red colour complex.
2.6. Total phenolic contents

Total phenolic contents were determined using spectrophotometric method. A standard curve
was obtained according to the standard gallic acid solution in different concentrations. For this, 0.5
mL of the samples, 2.5 mL of 10% Folin-Ciocalteu’s reagent and 2.5 mL 7.5% NaHCO3 were added,
respectively. Incubation of the reaction mixture was carried out in a water bath at 45°C for 45 min.
After, gallic acid equivalent was calculated in samples based on the absorbances measured at 765 nm

(Biochrom, Libra S60, B, England) (Stankovic, 2011).
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2.7. Total flavonoid contents

The present analyis was carried out by the aluminium chloride colorimetric method (catechol
as a standard). Initially, 1 ml of sample was diluted (1:6), then mixed with 0.3 ml %5 NaNOz,
incubated for 5 min. Subsequently, 0.6 mL of 10% AIlCI3.6H20 solution was added to the samples
and incubated (5 min), the mixture by adding 2 mL of 1 M NaOH solution was completed to 10 mL
with double-distilled water. After 15 min incubation, the absorbance measures was made by UV-VIS
spectrofotometer at 510 nm (Biochrom, Libra S60, B, England). The results of total flavonoid content

were calculated as mg/L catechol (Sharm and Vig, 2013).

2.8. DPPH Radical Scavenging Activity

The antioxidant capacities of the all samples was determined by the stable DPPH (2,2-diphenyl
I-picrylhydrazyl) radical scavenging assay. In brief, 3.9 mL of the DPPH (0.025 g/L in methanol)
solution was added to 100 uL of the samples and the mixture was stirred with the vortex. Afterwars,
the incubation was made in dark at room temperature for 120 min. The remaining DPPH amount was
determined by measuring at 515 nm absorbance. The inhibition of DPPH was assessed as percent

according to the formula [%= [(Ablank—Asample)/Ablank]x100 (Huang et al., 2005; Yilmaz, 2011).

2.9. Ascorbic acid content

According to Hisil (2004), the ascorbic acid content was carried out using 2,6-diclorophenol-
indophenol as color reagent at 518 nm. The ascorbic acid contents was determined using the standard

curve prepared with L-ascorbic acid.

2.10. Invert sugar content

1 mL DNS reagent (3,5-dinitrosalicylic 10.6 g, NaOH 19.8 g for 1416 mL distilled water) was
added to 0.5 mL of the samples. The mixture was incubated to boil at 90°C for 5 min. The reaction
was stopped by adding 1 mL of 1 M Rochelle’s (Seignette) salt. Furtermore, the mixture was diluted
with adding 2 mL distilled water and then the absorbance of this mixture spectrophotometrically was
measured at 595 nm by estimation of reducing sugars. In this analysis that glucose was used as
standard reducing sugar, the results were calculated as 1 umol glucose that was released per min

(Mercimek Takci and Ucan Turkmen, 2016).
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2.11. Total Monomeric Anthocyanin Content

The monomeric anthocyanin contents was detected using the pH differential method suggested
by Giusti and Wrolstad (2001). For analyis, the examples was diluted in buffers at pH 1.0 and 4.5 and
let to equilibrate for 30 min. Later using a UV-Vis spectrophotometer (Biochrom, Libra S60, B,
England) measured the absorbances at 527 nm and 700 nm for haze correction. Based on cyanidin 3-
glucoside with molecular weight of 449.2 and extinction coefficient of 26.900 was the calculations.

(Gil et al., 2000).

2.12. Polymeric color analysis (Anthocyanin Degradation)

Percent polymeric color was determined using the method described by Giusti and Wrolstad
(2005). Sour cherry samples were diluted with water in order to have an absorbance reading between
0.5 and 1.0 at 512 nm when evaluated by an UV-Vis spectrophotometer (Biochrom, Libra S60, B,
England). For the purpose, 2.8 mL diluted sample (bisulfite bleached sample) was prepared by adding
0.2 mL of potassium metabisulfite and 2.8 mL diluted sample (nonbleached, control sample) was get
as add 0.2 mL of distile water. For equilibrating the mixtures were incubated during 15 min, but not
more than 1 h, this mixtures were valuated at A = 700, 527, and 420 nm. Color density was evaluated
using the control sample according to the following formula:

Color density = [(A420 nm — A700 nm) + (A527 nm — A700 nm)] xdilution factor

Polymeric color was calculated using the bisulfite-bleached sample using the following formula:
Polymeric color = [(A420 nm — A700 nm) + (A527 nm — A700 nm)] xdilution factor

Percent polymeric color was assessed using the formula:

%Polymeric color = (polymeric color/color density) x 100 (Brownmiller et al., 2008).
2.13. Total pectin content

Total pectin contents in the samples were determined according to the method described by List
et al. (1985). Standard graphics were prepared as 10, 20, 30, 40, 50, 60, and 70 ug/mL from

galacturonic acid anhydride and results were explained as GA-AH mg/L.

2.14. Determination of Antimicrobial Activity

Antimicrobial activities of the sour cheery juice and concentrate samples on Escherichia coli,
Staphylococcus aureus and Candida albicans were tested by Kirby Bauer disc diffusion method.
Mueller Hinton Agar (MHA) medium for bacteria and Potato Dextrose Agar (PDA) medium for fungi

were used. Following inoculation by spreading, the sterile antibiotic discs absorbed 50 pL sour
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samples were transfered to the plates. MHA and PDA plates were incubated at 37°C and 25-28°C for
24-48 hours. Antibiotic Vancomycin (HIMEDIA, 5 mcg/disc) and Amphotericin B (HIMEDIA, 20
mcg/disc) were used as positive control. Thereafter, the inhibition zones around the discs were

measured and calculated in mm.

2.15. Statistical analysis

For analyses of variance (ANOVA) and Duncan’s multiple comparison tests were preferred the
software SPSS 21.0 for Windows (SPSS Inc., Chicago, IL, USA). All analysis were repeated at least

three times.

3. Results and Discussion

3.1. Physicochemical analyzes

The results of the physicochemical analysis are depicted in Table 1. After concentration pH
values of sour cherry juice were determined between 3.22 and 3.30, respectively in atmospheric
condition and vacuum condition (p<0.05). These values for sour cherry juice samples indicated were
at high acidity because of pH values between 3.22 and 3.30. TSS values of samples were detected as
15.53 and 15.47 after concentration, respectively (p>0.05). In sour cherry juice samples, TTA values
ranged from 1.63 to 1.72 g/100mL (p>0.05). pH values generally declined during treatments.

Table 1. Physicochemical analysis results of sour cherry juice samples

Titratable Water
H Total Soluble Moisture Ash
Samples P a Soude | Acidity (/100 | Activity ! 8
Solid (°Brix) mL) (aw) (%) (%)
Control 3.28+0.022 15.37+0.152 1.72+0.052 0.981+0.00% | 86.43+0.44? 4.24+0.08°
Atmospheric | 3.22+0.01% 15.53+0.062 1.63+0.012 0.978+0.00* | 23.11£0.00° 6.87+0.382
Condition
Vacuum 3.30+0.00? 15.47+0.15° 1.70+0.102 0.979+0.00% | 24.80+0.07° 5.91+0.90°
Condition

Values followed by different superscripted letter within the same column are significantly different
from each other (p<0.05).

Because of total soluble solids content, the titratable acidity rised to about 68%. Damar and
Eksi (2012) reported that total acidity ranged from 16.4 to 26.3 g/L. This literature results were in
accordance with our values. Bozdogan (2017) observed that the values of pH, titrable acidity, TSS
and ash in cornelian cherry concentrate were 2.09, 2.1 g/100mL, 44.2 °Brix and 2.27%, respectively.
Sanchez (et al. 2015) reported that pH and TSS values in fresh cherry juice and juice concentrate



Karadeniz Fen Bilimleri Dergisi 9(1), 43-57, 2019 50

were 3.71, 3.90, 18.7 and 61°Brix, respectively. These results based to minimal changes on pH and
TSS are supported by the observation of Sanchez et al. (2015). Yal¢inz and Ergelebi (2015), reported
that values of pH, TSS and TTA in cornelian cherry concentrate were 2.90, 43.52°Brix and 1.49 (%
citric acid), respectively.

Water activity values were determined to decrease 0.978 and 0.979 (p>0.05) after
concentration. Water activity is the availability of free water in a food product. Higher water activity
indicates more biochemical or microbiological reactions and shorter storage stability (Sarabandi et
al., 2017). Ugan et al. (2015) reported that water activity values ranged from 0.73 to 0.76 by
concentration treatments. Eyigiin (2012) said that the water activity values in the pomegranate
samples produced under vacuum and atmospheric condition were found between 0.71-0.72 and 0.69-
0.72 , respectively. Sanchez et al. (2015) reported that values of water activity in fresh and 61 °Brix
concentrate cherry juice samples were detected as 0.973 and 0.824 (aw), respectively. In similarly to
our results, they expressed insignificantly deviation on water activity.

Moisture values of samples, which is an important property, after concentration were found to
decrease 73.27 and 71.30% (p<0.05). Ash values of samples, is a measure of the total amount of
minerals present within a food, after concentration were detected to increase 62.02 and 39.38%
(p<0.05). Bonerz et al. (2007) studied the analytical characterization the impact of ageing on
anthocyanin composition and degradation in juices from five sour cherry cultivars. In these cultivars,
they found that values of pH, total acid concentration, TSS and ash were 3.05-3.28, 13.98-20.14 g/L,
(as malic acid), 13.84- 17.18° Brix and 4.90-7.17 g/L, respectively.

Viscosity analyzes were carried out in the highest speed that can be measured. In sour cherry
juice sample, viscosity value was detected as 2.6 cP (100 rpm, TL5 spindel). In atmospheric condition
sample, viscosity value was determined as 28971 cP (1,5 rpm, TL7 spindel). Under vacuum condition,
it was found as 9479 cP (6 rpm, TL7 spindel). Due to the “swelling” of particles and the diffusion of
water between the cellulose chains may be occurred the increases of viscosity values (Ucan Turkmen
and Mercimek Takci, 2018).

Generally, the results of physicochemical analyzes have affected by some factors such as
growing conditions, storage conditions, geographical origin, and fruit maturity. Also, the changes in

physicochemical results proceeded from methodology.

3.2. Determination of browning index, color (L*, a*, b*, hue and chroma), HMF and

invert sugar of sour cherry juice samples

Browning index values were determined between 22.97 and 28.07 (abs.) (see Table 2). In

atmospheric and vacuum condition after concentrations, the values increased 13.49 and 22.20%,
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respectively (p<0.05).

Table 2. Browning index, color (L*, a*, b*, hue ve kroma), HMF and invert sugar values of sour
cherry juice samples

Browning Invert
Samples index L* a* b* Hue Kroma HMF
(abs.) (mg/L) Sugar
(nmol/mL)

c . 22.97+0.40° 6.64+0.30° 25.85+£0.47° | 8.30+0.22° 17.81£0.21° | 27.15+0.51° | 64.47+1.08° | 66.13+1.44°
ontro!

Atmospheric | 2007£2.84% [ 10.16:024° | 29.83£0.22" | 11.42£0.08° | 20.950.17% | 31.94£0.22° | 71.98£1.27% | 70.669.51°
Condition
Vacuum 28.07£0.59" | 11.92£026" | 25.85:0.47" | 8.3020.22° | 17.810.21" | 27.15£0.51" | 68.1520.41° | 70.66£9.51°
Condition

Values followed by different superscripted letter within the same column are significantly different
from each other (p<0.05).

The browning index value is assosicated the dark-colored components formed by the heat-based
processes applied to the product and the severity of these processes. The accumulation of these
components in the nutrients is caused to the incerases of the absorptive light and the browning index
value.

Color is an important organoleptic property in the determination of product quality, therefore
minimizing the pigment losses during processing is of primary concern to the processor (Yal¢inoz
and Ergelebi, 2015). In addition to, it was observed the increases in color values and these values
found to be statistically significant (p<<0.05). L* values increased 53.01 and 79.51%, respectively. a*,
b*, hue and chroma values were evaluated to increase 15.39, 37.59, 17.63 and 26.89% in atmospheric
condition, respectively. Yal¢inoz and Ergelebi (2015) detected that L*, a* and b* values in cornelian
cherry concentrate (43.52°Brix) were 0.98, 4.17 and 0.78, respectively. Damar (2010) reported that
L*, a* and b* values in eleven sour cherry cultivars were 19.30-19.78, 1.56-3.33 and 0.29-0.92,
respectively.

After both concentration treatments, HMF values of concentrate samples increased
11.65(atmospheric) and 5.70(vacuum)%. The differences between HMF values were detected to be
statistically significant (p<<0.05). In compared to sour cherry concentrated samples produced under
vacuum treatment, the higher HMF amount was determined in atmospheric condition sample, as a
result of longer heat treatment. HMF formation varies food content, processing type and storage
conditions. The increases in HMF values after concentration processing were in accordance with rises
reported in the literature (Ucan et al., 2015; Eyigiin, 2012; Akgalioglu, 2014).

Invert sugar values of samples ranged from 66.13 to 70.66 umol/mL (p>0.05) in our study.
Bonerz et al. (2007) reported that in five sour cherry cultivars, values of sugar free extract, glucose

and fructose were 59.4 -74.3, 48.7-63.4 and 39.6-52.2 g/L, respectively.
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3.3. Determination of total phenolics, total flavonodis, DPPH (inhibition%b), ascorbic acid,
total monomeric anthocyanin, anthocyanin degradation and total pectin content of sour cherry

juice samples

Total phenolic contents of sour cherry juice samples after atmospheric and vacuum condition
treatments increased 194.50 and 112.00%, respectively (p<0.05)(Table 3).
Total flavonoid values of samples ranged from 27.13 and 31.52 mg/L(p>0.05) (Table 3). Sanchez et
al. (2015) said that total phenolic contents were detected as 159 and 459 (mg/100 g) in fresh juice and
juice concentrate, respectively. Bozdogan (2017) reported that the total phenolic, flavonoid and
antioxidant activity values were 578 mg/L, 89 mg/L and 95.19%, respectively. Bonerz et al. (2007)
reported that total phenolics were 2704- 4998 mg/L in five sour cherry cultivars, pasteurized 85°C.
In addition to, researchers calculated that ascorbic and citric acid concentrations were between 43-
177 mg/L and 0.08-0.14 g/L, respectively. Ucan et al. (2016) reported that total phenolics were
increased after pasteurization and concentration treatments in lemon juices. Rajauria et al. (2010)
reported that polyphenolic compounds are damaged during different processing operations, especially
thermal application because of their sensitive to heat. Following thermal treatment of plants, complex
phenomena happen and new compounds form. Except thermal decomposition, the most important
reactions are hydrolysis, oxidation, polymerization and interaction of components (Naderi et al.,

2016).

Table 3. Total phenolics, total flavanoids, antioxidant activiy, ascorbic acid, total monomeric
anthocyanin content, anthocyanin degradation and total pectin content values of cheery samples

Total Total DPPH (% | Ascorbic Total Anthocyanin Total pectin
Samples phenolics flavonoids Inhibition) acid (mg/L) | monomeric Degradation content (mg/L)
(mg/L) (mg/L) anthocyanin (%)
(mg/L)
Control 449.8+1.2° 28.39+0.69* 79.02+3.51% 57.50+2.46" | 22.71£1.97° 33.09+0.40° 204.94+25.06¢
Atmospheric 1324.7£3.7° 31.52+3.84° 80.91+0.79* 99.94+8.19* | 36.51+7.57a° 50.85+1.98* 577.70+5.81°
Condition
Vacuum 953.6+15.9° 27.13+3.59* 73.50+3.49° 52.88+2.27° | 45.09+10.59° 50.48+1.14* 390.16+9.85°
Condition

Values followed by different superscripted letter within the same column are significantly different
from each other (p<0.05).

Ascorbic acid contents ranged from 57.50 to 99.94 mg/L in sour cherry samples. In these values,
the atmospheric treatment indicated to the increase (73.80%) compare with control samples.
Furthermore, the differences of between samples were detected to be statistically significant (p<<0.05)
(Table 3). Many natural antioxidants such as ascorbic acid, are comparatively undecided, can be
essentially lost (Lee and Chen, 1998; Lee and Coates, 1999). Kaur and Kapoor (2001) said that

ascorbic acid is the most important water-soluble antioxidant and it protects compounds in
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extracellular and intracellular spaces in most biological systems and reduces tocopherol radicals back
to their active form at the cellular membranes.

The DPPH (%inhibition) values ranged from 73.50 to 80.91% and the results were determined
to be statistically significant (p<0.05) (see Table 3). Polydera et al. (2004) asserted that activities of
naturally occurring antioxidants can be increase with processing or storage. Nicoli et al., 1999 said
that polyphenols can show higher radical scavenging activity at an secondary oxidation state than the
entirely nonoxidized ones. Natural antioxidants are significantly decompose as a consequence of
processing. Several researchers discussed that thermal treatments are the main reason for the
depletion of natural antioxidants (Naderi et al., 2016).

Total monomeric anthocyanin contents ranged from 22.71 to 45.09 mg/L and the difference
between the treatments was found to be statistically significant (p<<0.05) (Table 3). Total monomeric
anthocyanin value of untreated sample was initially 22.71 mg/L but atmospheric condition and
vacuum treatments were determined to the increases 60.76 and 98.54%. Researchers reported that
cherry juice (18.7°Brix) was evaporated at 40°65 C (obtainded 61°Brix). Sanchez et al. (2015)
reported that monomeric anthocyanins were determined as 23.5 and 86.2 (mg/100 g), respectively in
fresh juice and juice concentrate. Yal¢inoz et al. (2015), found that total monomeric anthocyanins,
total phenolics, total antioxidant activity in cornelian cherry concentrate (43.52°Brix), were 207
mg/L, 0.028 GAE and 96%, respectively. However, total anthocyanin content and the anthocyanin
fractions differed according to the sour cherry variety. The findings on monomeric anthocyanins in
literature emphasized to state a wide scala of values (Damar and Eksi, 2012). Sanchez et al. (2015)
reported that anthocyanins under normal processing and storage at room temperature turn relatively
easy into colourless compounds and subsequently to insoluble brown pigments. Cherry juice is a good
source of anthocyanins, but theirs stability changes during heat processing or accelerated storage.

Anthocyanin degradation (percent polymeric color ) values ranged from 33.09 to 50.85% (see
Table 3). Damar (2010) reported that percent polymeric color ranged from 9.5 to 32.9% and in
monomeric anthocyanin and percent polimeric color values showed to generally increase from
pressed to evaporated. Sadilova et al. (2006) suggested that the degradation mechanism is due to
hydrolysis of the anthocyanin sugar moiety which leads to formation of a phenolic non bioactive
aglycone. Oliveira et al. (2010) suggested that anthocyanins are naturally unstable and degradation is
primarily caused by oxidation.

Total pectin values of all samples ranged from 204.94 to 577.70 mg/L (p<0.05)(Table 3). In
addition to, after atmospheric condition and vacuum treatments, the values were reported to the
incrase 181.88 and 90.38%. Bonerz et al. (2007) reported that colloids were 1336- 2378 mg/L. Ucan

et al. (2014), found to determine the increase in total pectin content with pasteurization.
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3.4. Microbial analysis of sour cherry juice samples

Antimicrobial activity on test microorganisms are showed in Table 4.

Table 4. Antimicrobial activity results of sour cheery juice concentrate samples (mm)

Samples E.coli S. aureus C. albicans
Vancomycine ) 1 )
Amphotericin B ) _ )
Control 7 6 R
Atmospheric Condition 14 16 -
Vacuum Condition 17 15 -

The sour cherry juice samples were effective against the tested bacteria. But none of samples
were active on C. albicans. Atmospheric condition and vacuum condition samples are more active
than standart antibiotic against E.coli and S.aureus (Figure 1-2). The highest antimicrobial activity
with 17 mm inhibition zone, were recorded on E. coli in vacuum condition sample. The highest
antimicrobial activity on S. aureus was detected in atmospheric condition (16 mm) (Figure 2).

In the concentrated sour cherry juices were observed to increase acidity (total acidity and ascorbic
acid content) and total phenolic contents (antimicrobial agent). The tested bacteria are sensitive to the
high acidity such as pH 3.22-3.30. So, the observed bacterial inhibition may be assosicated with
acidity and phenolic contents in samples. Also, C.albicans is resistance to pH changes (especially

acidity). Therefore, it may be explained to not observe the inhibition zone.

e —

Figure 1. Antimicrobial effect of sour cherry juice samples against E.coli
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Figure 2. Antimlcbil effect of sour cherry juice samples against S.aureus

4. Conclusion

Results of this study revealed that sour cherry juice can be used as sour give taste and flavor to
soups, salads and local foods such as pomegranate, koruk, plum, sumac, lemon and citrus sour. To
endure last longer and conserve their freshness without deterioration, also the antimicrobial effects
on food-borne pathogenic microorganisms may be suggested to use in Turkish cuisines. Besides
traditional products produced by atmospheric condition, the concentrated sour obtained by vacuum
condition is better quality product because of the high bioactive compounds and color quality. For
this reason, the production at low temperatures under vacuum, give minor damage to the sour quality
characteristics. The vacuum condition treatment may be proposed to the sour consumption for both
of factory and traditional production. As the conventional food additives and flavorings, sour cherry

concentrates may be used as natural food flavoring agents in the food industry products.
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Oz

Modern firetim sistemlerinde, siirekli artan iiriin ¢esitliligi, karisik modelli montaj hatlarini gerekli pargalarla beslemek
i¢in kullanilan i¢ lojistik sistemleri i¢in biiyiik bir zorluk teskil etmektedir. Bu soruna bir cevap olarak, 6zellikle otomotiv
endiistrisinden birgok firetici, esnek ve giivenilir parga tedariki saglamak i¢in siipermarket konseptini benimsemistir. Bu
baglamda siipermarket, pargalarin montaj hattina yakin olarak saklandig1 ve kiigiik ¢ekici trenler araciligiyla istasyonlara
tagindig1 merkezi olmayan lojistik merkezidir. Bu ¢alisma kapsaminda igletme zeminine kurulacak siipermarketlerin
sayisinin ve yerlerinin belirlenmesi problemi ele alinmistir. Daha 6nceki ¢aligmalarda problemin ¢6ziimii i¢in dinamik
programlama ve genetik algoritma gibi yontemler kullanilmistir. Komsuluk yapist iceren algoritmalarin problemin
¢cozlimiinde etkili olabilecegi diisiiniilerek, ¢alismamizda bir tavlama benzetimi algoritmasi gelistirilmis ve algoritma bir
dizi test problemi {izerinde test edilmistir. Testler sonucunda, gelistirilen algoritmanin diisiik ¢caligma siirelerinde basarili
sonuglar verdigi gorilmistiir.

Anahtar Kelimeler: Karisik modelli montaj hatlari, i¢ lojistik, Siipermarket, Tavlama benzetimi

A Simulated Annealing Algorithm Approach for Supermarket Location
Problem

Abstract

In modern production systems, the ever-increasing product variety is a major challenge for the in-house logistics systems
used to feed mixed-model assembly lines with the necessary components. In response to this problem, many
manufacturers from the automobile industry have adopted supermarket concept to provide flexible and reliable part
feeding. In this context, supermarket is a decentralized logistics center where the parts are stored close to the assembly
line and transported to the stations via small tow trains. Within the scope of this study, the problem of determining the
number and location of supermarkets to be established on the operational floor has been discussed. In previous studies,
methods such as dynamic programming and genetic algorithm have been used to solve the problem. Considering that
neighboring algorithms can be effective in solving the problem, an annealing simulation algorithm was developed in our
study and the algorithm was tested on a number of test problems. As a result of the tests, it was found that the developed
algorithm gave successful results in low running times.

Keywords: Mixed-model assembly lines, In-house logistics, Supermarket, Simulated annealing algorithm
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1. Giris

Glinlimiiz rekabet¢i ortaminda firmalarin etkin ve kaliteli iiriinleri iiretip miisterilerine
istedikleri zaman ve istedikleri miktarda ulastirmalar1 biiyiik 6nem tagimaktadir. Hiz, kalite ve diistik
maliyet beklentisi i¢ginde bulunan miisteriler oldugu siirece, miikemmel lojistik performans mutlaka
yeni pazarlar olusturacaktir. Bu ozelliklerin olmasi gerektigi gibi saglanabilmesi igin iiretimi
gerceklestirilen irilinlerin i¢ lojistik faaliyetlerinin de etkin bir yapida gergeklestirilmesi
gerekmektedir. Tam Zamaninda Uretim (TZU) felsefesine gére montaj hattina, ig lojistik faaliyetleri
kapsaminda yer alan, montaj islemleri i¢in gerekli malzeme ve parga tedarikinin istenen zamanda
istenen miktarda ve istenen yere saglanmasi biiyiik dnem tasimaktadir. Ozellikle montaj hattinin
malzeme ve parca yoksunlugundan dolay1r durmasi yiiksek maliyetlerin ortaya ¢ikmasina neden
olmaktadir.

Son yillarda iireticiler tesis i¢inde hizli, esnek ve giivenilir parca lojistigi saglayabilmek i¢in
siipermarket konseptini benimsemislerdir. TZU siipermarketi yakinindaki montaj hattinin parga
talebini karsilayabilmek icin kurulan, merkezi olmayan ara bir saklama alanidir. Siipermarketler
merkezi depodan montaj hatlarimin ihtiyag duydugu farkli biiytikliikteki montaj bilesenleri ile
doldurulur ve kiictik kutular halinde ¢ekici trenler araciliiyla servis edilir. Kisa mesafeler ve kiigiik
capl teslimatlar sayesinde parca tedariki daha esnek bir sekilde yonetilebilir ve ongoriilemeyen
durumlarla daha kolay basa ¢ikilabilir (Battini ve ark., 2015). Siipermarketler tesis i¢erisinde montaj
hattina yakin alanlarda yer alir ve kiigiik de olsa bir alan isgal ederler, eger mevcut tesis igerisinde
yeni slipermarketlerin olugturulmasi gerekiyorsa burada tesis i¢i yerlesim problemi ortaya ¢ikar.

Yerlesim problemi fabrika zemini {lizerinde kurulacak slipermarket alanlarinin sayisinin ve
yerlesiminin belirlenmesidir. Fabrika alam1 ¢ok degerlidir, bu nedenle c¢ok sayida siipermarket
yaratmak genellikle avantajdan daha fazla maliyete neden olacaktir. Diger taraftan, az sayidaki, kotii
yerlestirilmis siipermarketlere sahip olmak olumlu etkilerini biiylik Ol¢iide azaltmasina ragmen,
merkezilestirilmis depolarla kurulan tagima sistemlerinden daha iyi sonuglar verir. Bu nedenle
miimkiin olan alani kullanarak ve miimkiin olan en iyi siipermarket sayisini se¢erek ve onlar stratejik
olarak yerlestirmek kritik bir dneme sahiptir (Emde ve Boysen, 2012).

Merkezi olmayan parca lojistigi ve merkezi olmayan depo konseptleri literatiirde genis yer
bulmustur. Ornegin Yano ve ark. (1998) merkezi olmayan lojistigin avantajlarim vurgularken, Wanke
ve Zinn (2004) merkezi olmayan depo kullanimindaki stratejik karar seg¢eneklerini incelemistir.
Bunlara ragmen literatiiriin ¢ogu bu karar1 alirken iliretim ortamindan daha ¢ok tedarik zinciri
ortamina yogunlagsmistir. Az sayida c¢alismada lretim ortamindaki merkezi olmayan depo

(stipermarket) konseptine yer verilmistir.
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Battini ve ark. (2010) siparise dayali montaj ortaminda merkezi olmayan depo karar
seceneklerini incelemistir. Montaj hatlarin1 siipermarketlere bilesen ortakligina goére atamiglar ve
siipermarketleri miimkiin oldugunca kendi hatlarina yakin olacak sekilde yerlestirmisleridir. Her
stipermarkette tutulacak giivenlik stoklar1 nedeniyle olugacak stok maliyetlerini ve montaj hattinin
stipermarketten yeniden doldurulmasi nedeniyle dogacak tasima maliyetlerini 6l¢mek i¢in bir yontem
Onermislerdir.

Faccio ve ark. (2013) tarafindan yapilan calismada merkezi olmayan depolarda malzeme ve
parga tedariki ele alinmistir. Tasiyicilar daha dnce istasyonlara biraktiklar: kutulari tekrar toplamakta
ve ihtiya¢ duyulan malzeme ve pargalar ile doldurarak tekrar istasyonlara tasimaktadirlar. Kanban
say1s1 minimizasyonu altinda karisik modelli montaj hatlar1 dikkate alinmistir.

Battini ve ark. (2013), merkezi olmayan depo (siipermarket) konseptini ele almislardir ve
stipermarket konseptinde ortaya ¢ikan temel problemleri tanimlamislardir. Bununla birlikte konu ile
ilgili detayl bir literatiir aragtirmasi sunmugladir.

Boysen ve ark. (2015) otomotiv endiistrisindeki parca lojistiginin temel siireclerini siparislerin
alinmasindan bos parca konteynirlarinin geri doniisiine kadar ele almislar ve konu ile ilgili detayli bir
literatlir aragtirmas1 sunmuglardir. Karsilagilan karar problemlerini agiklamiglar ve siipermarket
konseptinin avantajlarindan bahsetmislerdir.

Az sayida caligma siipermarket yerlesim problemine (SYP) ¢Oziim Onerisi getirmistir.
Bunlardan Emde ve Boysen (2012), tek bir montaj hatt1 boyunca istasyonlara parga tedariki saglayan
siipermarketlerin yerlestirilmesi i¢in optimal bir algoritma sunmuslardir. Yeni bir siipermarket
eklemenin yaratacagi sabit maliyet ile istasyon talepleri ile agirliklandirilmis tasima mesafelerinin
azalmasi arasindaki farki hesaplayan ve ortaya ¢ikan problemi polinom zamanda ¢ozen bir dinamik
programlama algoritmasi modellemislerdir. Alnahhal ve Noche (2015) ise ayni problemi tam sayil
programlama modeli ve genetik algoritma kullanarak ¢6zmeye calismislardir. Emde ve Boysen’in
(2012) galismasindan farkli olarak, problemi ¢dzerken tesis iginde siipermarket kurulumu i¢in uygun
olmayan bolgeleri géz oniine alinmistir. Nourmohammadi ve ark. (2018) ise slipermarket yerlesim
problemini degisken istasyon talepleri ile birlikte incelemislerdir. Degisken istasyon talepleri,
giivenlik stogu ve kurulum maliyetlerini de igeren bir SYP modeli 6nermisler ve onerdikleri modeli
test problemleri ve bir isletme {izerinde denemislerdir.

Literatiirde daha o©nce kullanilmadigr icin SYP ¢oziimiinde komsuluk yapist igeren
algoritmalarinin etkili sonuglar verebilecegi diisiinlilmiistiir. Bu sebeple calismamizda SYP igin,
literatlirde farkli alanlarda yaygin olarak kullanilan, komsuluk yapisi igeren algoritmalardan tavlama
benzetimi (TB) algoritmasinin kullanilmasi uygun goriilmistiir. Emde ve Boysen (2012)’nin
caligmasinda kullanilan matematiksel modelden faydalanilarak bir TB algoritmasi gelistirilmistir.

Gelistirilen algoritma bir dizi test problemi ile test edilmistir. Sonuglarin basarisim1 6lgmek icin
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birerleme yoOntemiyle test problemlerinin optimal sonuglari edilmis ve gelistirilen algoritmanin

sonugclar ile karsilagtirilmustir.

2. Materyal ve Metot

2.1. Problem Tanimi

Karisik modelli montaj hatlarinda siipermarket yerlesim problemi ¢oziiliirken karar verilmesi
gereken degiskenler vardir. Her montaj istasyonunun (s) hangi siipermarketten ka¢ kutu parca (ds)
almas1 gerektigi belirlenmelidir. Montaj istasyonlarinin ve ayni zamanda cekicilerin durma
noktalarinin fabrika zemini iizerinde koordinatlar1 (as,bs) hesaplanir. Bu koordinatlar sayesinde
istasyon s ve s+1 arasindaki mesafe (es) ve ayn1 zamanda ¢ekici tarafindan ziyaret edilecek s istasyonu
ile 1 siipermarketi arasindaki mesafeleri (zis) metrik olarak kolaylikla hesaplanabilir. Sonrasinda SYP
su sekilde tanimlanabilir: Optimum slipermarket sayis1 nedir ve hangi siipermarket hangi istasyonlara
hizmet vermelidir? Bu sorular cevaplandiktan sonra siipermarket pozisyonlar1 hesaplanir. Sekil 1°de

iki slipermarketi olan bir montaj hatt1 diizeni gosterilmistir (Emde ve Boysen, 2012).

istasyon islenecek parca

<~ montaj hatti

k= transfer rafi

¢ekici tren

l I ]-(— siipermarket rafi

) L J

siipermarket siipermarket

Sekil 1. iki siipermarketi olan bir fabrika zemini

Cekici trenler her bir istasyona ayr1 ayr1 ugramaktansa birden ¢ok durus noktasiyla bir belirli
bir rota lizerinde hareket eder. Bu sebeple bir siipermarketten istasyona giden yol diiz bir ¢izgi
degildir, bunun yerine ¢ekici trenin toplam dolasacagi mesafe hesaplanmalidir. Cekici tren 6nce
rotasindaki ilk istasyona, sonra sirayla her bir istasyona ve sonunda yeniden yiiklenmek iizere
siipermarkete ugramalidir. Bu durumda bile mesafeleri azaltmak her zaman iyi ¢ozlimleri garanti
etmez. Cekicilerin belirli bir kapasitesi oldugundan, bir turda kag tane ve hangi istasyonlara hizmet

edilecegi istasyonlarin parca talebine baglidir. Yiiksek parga talebi olan istasyonlarin ayni rotada
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olmasit durumunda, cekici tiim istasyonlarin ihtiyacini karsilayamaz. Bundan dolay1 uzakliklar
stipermarketin hizmet verdigi istasyonlarin toplam talebi ile agirliklandirilmalidir. Son olarak, tigiincii
bir bilesen olarak, bir siipermarket olusturmak ve siirdiirmek i¢in sabit maliyet de hesaba katilmalidir.
Bunlar1 g6z oniine alarak Siipermarket Yerlesim Problemi asagidaki gibi tanimlanabilir (Emde ve
Boysen, 2012):

s =1, ..., S slipermarket tarafindan hizmet verilecek ardisik istasyonlar olsun. SYP bu
istasyonlarin birbirinden ayr1 bir silipermarket tarafindan hizmet verilen, degisken alt gruplara
boliinmesinden olusur. Bir ¢éziim X(n) = {1,x2, X3, ..., xa, S + 1} — {2, ..., S} seklinde, xi’in
stipermarketin hizmet verdigi istasyonlarin en solundakini ve xi+1-1’in en sagdaki gosterdigi bir
vektor olarak gosterilebilir. Tiim istasyonlarin bir siipermarket tarafindan hizmet verilmesi gerektigi
icin ilk siipermarketin hizmet alaninin en solundaki istasyon her zaman 1 ve sonuncunun en sagindaki
istasyon da her zaman S’dir. Coziim vektoriin uzunlugu n+1’dir ve elemanlar1 asagidaki amag

fonksiyonu ve kisitlara uymalidir (Emde ve Boysen, 2012).

i i+1—1 i+1—2
Min F(X(n)) = Z?zl Z;C:erli ds ) (Z::xli er + Zi.xi + Zi,xi+1—1) +n: r (1)
S'T' xl+1 2 xl + 1 Vi == 1, ...,n (2)
Zis™ |axi T (Aypy -1~ Clxl.)/2 - agl

by, + (Byy o1 = be)2-bg|  Vi=1,.,n; s=1,..8 3)

Amag fonksiyonu (1) n sayidaki 1 ile agirliklandirilmis siipermarketleri ve slipermarketin
hizmet alnindaki istasyonlarin toplam talepleri ile ¢ekicinin dolasacagi toplam mesafelerin
carpimlarinin toplamini minimize etmeyi amaglamaktadir. Kisit (2) hizmet alanlarinin gakismamasini
saglamaktadir. Kisit (3) ise her bir slipermarketten her bir istasyona olan mesafeyi hesaplamaktadir.
Fabrika zeminleri genellikle ¢izgi halinde siiriis yollar1 ve keskin doniislerle tasarlandigi igin
mesafeleri 6lgmek i¢in kullanilacak en iyi yontem Manhattan metrigidir. Cekiciler bir siipermarketten
baslayarak tiim istasyonlar1 ugradiktan sonra tekrar siipermarkete donecegi i¢in, siipermarketler
hizmet ettigi istasyonlarin baslangi¢ ve bitis noktalarinin ortasina yerlestirilir. Diger yandan, bir
montaj hattiyla cakisma ihtimalinden dolay1 siipermarketler her zaman istasyonlarin tam ortasina
yerlestirilemedigi durumlar olabilir. Oyle olsa bile, siipermarketler her zaman istasyonlara esit
uzaklikta ve belirli bir mesafede yerlestirilmesi gerektigi i¢in bu durumun ayrica modellenmesine

gerek yoktur (Emde ve Boysen, 2012).
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Tablo 1. Kisaltmalarin gdsterimi

S Istasyon sayisi (s =1, ..., S)

n Stipermarket sayisi gosteren degisken (i=1, ...,n)

I Her siipermarket i¢in sabit maliyet

€s s istasyonun s+1 istasyonuna olan mesafe

ds s istasyonunda her vardiyada tahmin edilen kutu talebi
as s istasyonunun x koordinati

bs s istasyonunun y koordinati

Xi i siipermarketi tarafindan hizmet verilen ilk istasyon
Zis i siipermarketinden s istasyonuna olan mesafe

2.2. Tavlama Benzetimi Yaklasimi

SA, vyinelemeli rastgele bir arama teknigidir ve g¢esitli kombinasyonel optimizasyon
problemlerini ¢6zmek i¢in yaygin olarak kullanilmaktadir. SA ilk olarak Metropolis, Rosenbluth ve
Teller (1953) tarafindan metallerin tavlama islemini simiile etme amaciyla Onerilmistir ve
Kirkpatrick, Gelatt ve Veechi (1983) tarafindan yinelemeli bir optimizasyon yontemi olarak
tanitilmistir.

TB algoritmasi 6nceden belirlenen bir baslangi¢ sicakligi ile baslar (To). Bir baglangi¢ ¢6zlimii
olusturulur (So) ve bu ayn1 zamanda gecerli ¢oziim (Sc) ve ilk en iyi ¢dzliim olur (Ss). Baslangi¢
¢Oziimiiniin amag fonksiyonu degeri (Eo), gecerli ¢6ziim (Ec) ve en iyi ¢oziimiin amag¢ fonksiyonu
degeri olur (EB). Gegerli ¢oziimden (Sc) bir degisiklikle komsu ¢ézliim (SN) olusturulur ve amag
fonksiyon degerleri hesaplanir (AE). Eger komsu ¢6ziimiin amag fonksiyonu degeri (En), Ec’den daha
iyiyse, yeni gecerli ¢ozlim olarak kabul edilir. Ancak Ex Ec’den daha kétiiyse, exp(-AE/T) (T gegerli
sicaklik) olasilig1 ile Sx yeni Sc olarak kabul edilir, diger durumda S reddedilir. T parametresi bir
sogutma fonksiyonu (T= o x T) ile yavas¢a azaltilir ve Tmin ulasilacak son sicakliktir. TB
algoritmasinin kotii ¢éziimleri kabul ederek yerel optimum noktalardan kurtulma kapasitesi vardir
(Ozcan ve Toklu, 2009).

Calismada onerilen TB algoritmasi asagidaki gibidir:

Prosediir: TB

1. Girig parametreleri: To, Tmin, a, T = To.

2. Bir So tiret ve Eo’1 hesapla.

3. Sc = So, SB = So, Ec = Eo, Es = Eo.

4. Sc’den bir Sk iiret ve EN’1 hesapla

5.AE=En - Ec.

6. Eger AE < 0 komsu ¢oziimii gecerli ¢oziim olarak kabul et, Sc = Sn, Ec = Ex ve Adim 9’a

git.

7. Eger AE > 0 rnd isminde [0, 1] arasinda bir degisken iiret.
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8. Eger exp (-AE/T) > rnd ise komsu ¢6ziimii gegerli ¢6ziim olarak kabul et,

Sc = SN, Ec = En; diger durumda, Sc ve Ec de§ismeden kalir ve Adim 10’a git.

9. Eger Ec < Es ise S = Sc; Es = Ec; diger durumda, Ss ve Es degigsmeden kalir.

10. T=T x qa.

11. Eger T > Tmin ise Adim 4’e git; diger durumda, Sg ve Ep’yi raporla ve bitir.

Calismada kolaylik olmasi agisindan genetik algoritmada kullanilan kromozom gosterimi
kullanilacaktir. Benzer gdsterim bir bagka calismada da kullanilmistir (Alnahhal ve Noche, 2015).
Sekil 2°de 12 istasyonlu bir montaj hattina hizmet veren 3 siipermarket gosterilmektedir. ilk
siipermarket 1’den 5’e kadar olan istasyonlara hizmet verirken, ikinci siipermarket 6’dan 9’a kadar,
ticlinciisii ise 10’da 12’ye kadar hizmet vermektedir. Stipermarketler istasyonlarin hepsine ardisik
olarak hizmet verdigi diisiliniilerse, her siipermarketin hizmet verdigi son istasyonu, {5,9,12} seklinde
ardisik olarak gostermek ¢alismada kolaylik saglayacaktir. Bu gdsterimle hangi siipermarketlerin

hangi istasyonlara hizmet verdigi kolaylikla anlagilacaktir.

/'istasyon montaj hatti
L L s e L | Le ] Do | oo ]| L ] 2]
stipermarket
1 2 3
5 9 12

Calismadaki kromozom gésterimi

Sekil 2. Calismadaki kromozom gosterimi

Stipermarket Yerlesim Problemini TB algoritmasi ile ¢6zmek igin Oncelikle rastgele bir
baslangi¢c ¢oziimii olusturmak gerekir. Sonrasinda komsu ¢oziimler iiretilerek, daha iyi ¢oziimler
aragtirtlir. Orne@in 12 istasyonu olan bir montaj hatt: igin 3 siipermarketli {5,9,12} bir baslangic
¢Oziimii olsun. Bu ¢6ziimde bir deger degistirilerek {5,10,12} seklinde bir komsu ¢6ziim iiretilebilir.
Cozim iyilesmisse {6,10,12} seklinde yeni bir komsu ¢oziim iiretilebilir. Coziimdeki degerleri
degistirmek, siipermarket sayis1 ayni kalarak hizmet verilen istasyonlar1 degistirmek demektir. Fakat
farkli sayida siipermarket iceren ¢oziimler de daha iyi sonug¢ verebilecegi icin komsu ¢oziimler

iiretilirken slipermarket sayisinin da degistirilmesi gerekir.
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Bu ¢aligmada TB algoritmasinda komsu ¢oziim iiretilirken iki yontem kullanilmistir. Birincisi
gecerli coziimde rastgele bir deger secilerek %50 olasilikla bu deger bir azaltilmis ya da artirilmistir.
Ikinci olarak da %350 olasilikla gecerli ¢oziimden rastgele secilmis bir siipermarket cikarilarak
slipermarket sayis1 bir azaltilmis ya da rastgele sec¢ilmis bir noktada ¢dzlime yeni bir siipermarket
eklemistir. Bu iki yontem de %50 olasilikla seg¢ilmistir. Sekil 3 ve Sekil 4 bu iki yontemi {5,9,12}

ornek ¢oziimii tizerinde gostermektedir.

5 9 12
%50 %50
v v
Segili digim bir azaltilir Segili digim bir azaltihr
5 8 12 5 10 12

Sekil 3. Rastgele segilen bir diigiimiin degerinin degistirilmesi

%50 %50

v v

Rastgele secilen noktada yeni
siipermarket eklenir

, l

5 12 5 7 9 12

Segili stpermarket ¢ikarilir

Sekil 4. Rastgele se¢ilen bir siipermarketin ¢ikarilmasi ve rastgele segilen noktada yeni bir

siipermarket eklenmesi

Calismada onerilen komsu ¢6ziim algoritmasi agsagidaki gibidir:

Prosediir: Komsu ¢6zlim algoritmasi

1. pl isminde [0, 1] arasinda rastgele bir deger iiret.

2. Eger pl <0.5 ise Adim 5’e git.

3. p2 isminde [0, 1] arasinda rastgele bir deger iiret.

4. Eger p2 > 0.5 ise ¢Oziimden rastgele se¢ilmis bir elemani ¢ikar; diger durumda ¢oziime

rastgele yeni bir elman ekle ve Adim 7’ye git.
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5. p3 isminde [0, 1] arasinda rastgele bir deger iiret.
6. Eger p3 > 0.5 ise ¢oziimden rastgele secilmis bir elemani bir artir, diger durumda bir azalt.

7. Bitir

3. Bulgular ve Tartisma

Calismada oOnerilen algoritmanin etkinligi degerlendirmek amaciyla, Alnahhal ve Noche
(2015)’un calismasinda &nerilen yontemle bir dizi test problemi olusturulmustur. Istasyonlarn
talepleri 1 ile 10 arasinda rastgele belirlenmistir. iki istasyon aras1 mesafe x ekseni koordinatlarina
(as) 3 ile 6 arasinda rastgele degerler eklenerek elde edilmistir. 20, 30, 40, 60, 100, 150 ve 200 olmak
tizere farkli istasyon sayilariyla (S) ve degisen sabit maliyetlerle (1) 24 adet test problemi
olusturmustur. Her bir test problemi icin de istasyon koordinatlar1 ve talepleri degisen 4 farkli test
problemi olusturulmustur.

Daha iyi ¢6ziimler elde edilebilmek i¢in onerilen TB algoritmasinin parametreleri 6n deneylerle
belirlenmistir. To, Tmin, o parametrelerinin etkin degerlerini bulabilmek i¢in rastgele ii¢ test problemi
secilmistir. To i¢in ii¢ seviye (500, 1000, 1500), Tmin i¢in ii¢ seviye (“0,17, “1”, “10”) ve a i¢in ii¢
seviye (0,97, “0,95”, “0,99”) belirlenmis ve her parametre i¢in her seviye licer kez galigtirilarak test
edilmigtir. Elde edilen sonuglar iizerinde, toplam maliyet ve CPU zamani agisindan varyans analizi
yapilmis ve To, Tmin ve o parametreleri sirastyla 1000, 1 ve 0,99 olarak belirlenmistir.

Caligmada Onerilen algoritma kullanilarak MS Visual Studio ortaminda C# programlama dili
ile bir uygulama gelistirilmis ve tiim test problemleri 32 GB bellek ve Intel Xeon 3.7 Ghz islemcili
bir masatistii bilgisayar iizerinde ¢alistirilmistir. Her test problemi gelistirilen uygulama araciligiyla
beser kez test edilmis, ¢6ziimdeki ortalama siipermarket sayisi, ortalama maliyet ve ortalama CPU
zamant hesaplanmstir.

Onerilen algoritmanin performansimi kiyaslayabilmek icin, birerleme ydntemiyle optimum
sonuca ulasan bir uygulama daha gelistirilmistir. Tiim test problemleri bu uygulama araciligiyla
calistirllmis ve 7200 saniyelik caligma sonrasinda sonug¢ alinamadigi durumda uygulama
sonlandirilmistir. Uygulama kiigiik dlgekli (20 ve 30 istasyon igeren) test problemlerinde optimum
¢oziime ulasabilmis, biliylik 6lcekli (40 ve daha fazla istasyon igeren) test problemlerinde ise
belirlenen siirede sonug liretememistir.

Tablo 3’de her bir test problemi i¢in, istasyon sayisi ve sabit maliyet ayn1 kalmak sartiyla
gelistirilen 4 farkli veri setinin Onerilen algoritma ile beser kez c¢alistirilmasi sonucu elde edilen
ortalama siipermarket sayisi, ortalama maliyet, ortalama CPU zamani ve birerleme yontemi ile
hesaplanan optimum siipermarket sayisi ve optimum maliyetlerin ortalamasi gosterilmistir. Tablo

2’de, Tablo 3’de kullanilan kisaltmalar verilmistir.



Tablo 3’de goriilebilecegi gibi gelistirilen uygulama kiiclik 6lgekli tiim test problemleri ve veri
setleri ile her calistirildiginda optimum sonuglara esit sonuglar iiretmistir. Biiylik 6lgekli test

problemlerinde ise birerleme yontemi ile optimum sonuglar hesaplamadigi icin kiyaslama
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yapilamamigtir.

Tablo 2. Kisaltmalarin gosterimi

S Istasyon say1si
I Her siipermarket icin sabit maliyet
Ort.n  Ortalama silipermarket sayisi
Ort. M.  Ortalama maliyet
T Onerilen algoritma CPU zamani
Opt.n  Ortalama optimum siipermarket sayisi
Opt. M. Ortalama optimum maliyet
BT Birerleme uygulamasi CPU zamani

Tablo 3. Uygulama sonuglari

No | S I Ort. n Ort. M. T (s) Opt. n Opt. M. BT(s)
1 20 500 5,75 4917 0,1 5,75 4917 0,4
2 1000 4 6955,5 0,1 4 6955.,5 0,4
3 1500 3,5 9553,5 0,1 3,5 9553,5 0,4
4 3000 2,25 13079 0,1 2,25 13079 0,4
5 30 500 9 7476 0,2 9 7476 534,8
6 1000 6,25 10865 0,1 6,25 10865 530,8
7 1500 5,25 14293 0,1 5,25 14293 527,8
8 3000 4 20495 0,1 4 20495 527,5
9 40 500 11,5 9661 0,2

10 1000 8,5 14512,5 0,2

11 1500 7 18877 0,1

12 3000 5 28538 0,1

13 60 500 18,55 15016,1 0,3

14 1000 12,6 21939 0,2

15 1500 10,35 27627,8 0,2

16 3000 7,5 41589,8 0,1

17 100 500 28,65 24531,5 0,5

18 1000 21,3 37341,6 0,4

19 5000 9,4 90738,4 0,2

20 10000 6,8 128725,6 0,2

21 150 1000 30,45 55138,7 0,5

22 3000 18,25 102473,1 0,3

23 5000 13,85 133079,8 0,3

24 10000 10,05 195851,5 0,2

25 200 1000 41,9 74736,3 0,7
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26 3000 24,35 137962.,9 0,5
27 5000 18,8 177663.,9 0,4
28 10000 13,25 2581127 0,3

4. Sonuglar ve Oneriler

Bu caligmada isletme zeminine kurulacak siipermarketlerin yerlesim problemi i¢in Emde ve
Boysen’in (2012) ¢alismasinda 6nerilen matematiksel modelden faydalanilarak bir tavlama benzetimi
algoritmasi onerilmistir. Onerilen algoritma kullanilarak bir uygulama gelistirilmis ve algoritmanin
basaris1 bir dizi test problemi ile dl¢iilmiistiir. Birerleme yontemiyle bir uygulama daha gelistirilmis,
test problemlerinin optimum sonuglar1 hesaplanmis ve onerilen algoritmanin test sonuclari ile
karsilastirilmistir. Kiiciik 6lgekli test problemleri i¢in dnerilen algoritma, yaklasik saniyenin onda biri
caligma siirelerinde optimum sonuglara esit sonuglar tiretmistir. Biiylik 6lcekli test problemleri i¢in
ise, birerleme yontemi ile sonu¢ bulunamadig i¢in karsilastirma yapilamamistir. Buna ragmen kiigiik
test problemlerinde her ¢alistirmada optimum sonuglara ulasildig1 icin, biiyiik test problemlerinde de
algoritmanin basarili olarak calisacagi sdylenebilir. Birerleme yonteminde, 20 istasyonlu test
problemlerinden 30 istasyon igeren test problemlerine gegildiginde, calisma zamaninin yaklasik 1300
kat arttig1 gozlenmistir. Bundan yola ¢ikarak 40 ve daha fazla istasyon igeren test problemlerin
birerleme yontemi ile sonuca ulagsmanin giinler siirecegi sdylenebilir. Onerilen tavlama benzetimi
algoritmasi biiyiik 6lgekli test problemlerinde de bir saniyenin altinda sonuglar iiretebilmistir.

Literatiirde SYP ile ilgili cok az sayida ¢alisma vardir. Bunlarin i¢inde sadece birkag tanesi
probleme ¢Oziim Onerisi getirmistir. Problemin ¢oziimii i¢in dinamik programlama ve genetik
algoritma gibi yontemler kullanilmigtir. Bu calismada komsuluk yapisi igeren algoritmalarin da
problem ¢ozliimiinde etkili olabilecegi diisliniilerek tavlama benzetimi algoritmasi kullanilmistir.
Sonugta gelistirilen algoritmanin diisiik caligma siirelerinde basarili sonuglar elde edildigi

goriilmiistiir.
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Abstract

In this study, the numbers of museums ‘visitors (Archaeology, Ethnography and Historical Prison) at the city center of
Sinop province have been predicted by Artificial Neural Network structures. Artificial Neural Network models have been
created in MATLAB environment. These Artificial Neural Network models are feed forward and trained by
Backpropagation Algorithm. For each museum, a Artificial Neural Network with 19-inputs and 1-output have been used
separately. As inputs of networks, 10 different meteorological factors, time factor (month, year), tourism income (TL),
exchange rate ($/TL) and monthly-yearly PPI and CPI data have been used. Output of ANNSs is the daily average of
number of visitors for each month. In order to train and test the Artificial Neural Networks, the number of visitors of
museum at city center for total 60 months of years between 2012 and 2017, and other input data have been used. The
selection of proper Artificial Neural Networks structure have been achieved by trying backpropagation training functions
50-times on 3-different activation functions structure with 8 different neuron counts at one hidden layer. Totally, 32400-
network have been created by training and the best network structure for each museum have been selected. Estimation
result obtained by the Artificial Neural Network models have been evaluated and discussed. As a result of this work, it
has been proved that estimation of number of visitors visiting museums at Sinop province can be done by using ANN
structures.

Keywords: Sinop, Museums, Artifical Neural Networks , Number of Museum Visitors.

Sinop ilindeki Miizelere Gelen Ziyaretci Sayisimin Yapay Sinir Aglarn ile
Tahmini

Oz

Yapilan ¢alismada, Sinop ili merkezinde bulunan miizelere (Arkeoloji, Etnografya ve Tarihi Ceza Evi) gelen ziyaretgi
sayilarmin Yapay Sinir Aglari modelleri kurularak tahmini yapilmistir. Yapay Sinir Aglari modelleri olusturulmasinda
bilgisayar ortamimnda MATLAB yazilimi kullanilmistir. Kullanilan Yapay Sinir Aglar1 modelleri; ileri beslemeli ve geri
yayilimhidir. Kullanilan Ag yapilari, 19 girisli, bir ¢ikisli, (Arkeoloji, Etnografya ve Tarihi Ceza Evi miizeleri igin ayr1
olarak olusturulmustur. Giris girdisi olarak; 10 farkli meteorolojik faktdr, zaman faktorii (ay, yil), turizm geliri (TL),
ddviz ($/TL), aylik-yillik UFE ve TUFE verileri kullanilmistir. Cikis olarak ise aylara gore aylik giinliik ziyaretgi ortalama
sayis1 kullanilmigtir. Olusturulan Yapay Sinir Aglari modelin egitiminde ve testinde 2012 yilindan 2017 yilina kadar
toplam 60 aylik, ilde bulunan miizelere gelen ziyaret¢i sayilar1 ve bu tarihlere ait giris verileri kullanilmistir. Yapay Sinir
Aglar1 modellerinin se¢ilmesinde 3 farkli geri dagilimli Egitim Fonksiyonu, 3 farkli Transfer Fonksiyonu ve 8 farkl gizli
katman hiicre sayisi ile olusturulan ag yapilarinin 50 ser kez tekrarlanarak olasiliklar1 denenmistir. Toplamda 32400 ag
olusturulup egitilerek her bir miize i¢in en iyi sonucu veren ag yapisi secilmistir. Yapay Sinir Aglart modelleri ile elde
edilen tahmin sonuglar1 degerlendirilmis ve tartisilmistir. Yapay Sinir Aglari ile Sinop ilinde bulunan miize igin gelen
ziyaretci sayilarinin tahmininin gergeklestirilebilecegi goriilmiistiir.

Anahtar Kelimeler: Sinop, Miizeler, Yapay Sinir Aglari, Miize Ziyaret¢i Sayisi.
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1. Introduction

Estimation of tourism demand is very important for tourism and service sectors. This can
provide effective information for tourism planning and policies. In order to estimate tourism demand
correctly, it is essential to use a valid method. It is important to develop correct estimation methods
for the continuation of research and planning of the future. Thus, with the investments to be made in
the tourism sector, it will be made an important contribution to increase the employment and trade.
There are many national and international studies in the literature made on tourism demand and its
estimation. In these studies, Artificial Neural Network (ANN) models have been formed by using the
relation between input and output data and it has been found that ANNs provides solutions with
acceptable errors. Andrawis et al., (2011) applied ANNS to the problem of tourism demand prediction
for the short and long-term periods of Egypt and saw the advantage of the proposed approach. Song
et al. (2003), used Feed Forward Backpropagation Neural Networks in order to estimate the revenue
from tourism by using the number of tourists visiting Hong Kong city, They have stated that the
results of the studies were consistent with the analytical results. Burger et al. in 2001, were used
different statistical (moving averages, exponential correction) and heuristic methods (Auto-
Regressive Integrated Moving-Average (ARIMA),multiple regression, genetic regression, ANN) to
predict the number of visitors to a city of Durban in South Africa from United States of America.
By comparing the results of their study with the actual number of visitors, they found that the best
result is with ANN. Cuhadar et al. in 2005, estimated the occupancy rates of accommodation
companies by using the artificial neural network. Five input variables were used to estimate the
occupancy rate. This is the first study for estimation of the occupancy rate in accommodation
establishments in Turkey using artificial neural networks. In Cuhadar 2005, the forecasting
performances of artificial neural networks and different regression models that used to estimate the
demand for German tourists for Antalya province were compared. The result of this work
demonstrated that ANN model show better performance than regression models. In Cuhadar et al.
20009, it is aimed to estimate the foreign tourism demand for province Antalya in monthly basis. To
do this, they compared the estimation accuracy of two different time series methods and some
artificial neural network models in different architectures. As a consequence of this work, Artificial
Neural Network is the best method in terms of estimation accuracy. Aladag, (2010), carried a study
about the number of foreign visitors using ANN and in the training of ANNs, 5 different training
algorithms have been used. As a result of this work, elastic backpropagation training algorithm has
been found the best method amongst other for estimation of number of visitors. In the work of
Teixeria and Fernandes have done in 2014, the number of overnight stays and tourism revenue of

domestic and foreign tourists for the hotels in the northern part of Portugal have been estimated by
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various feedforward ANN models. They have pointed out that the results of feedforward ANNs and
analytic method is similar. In a work of Cuhadar et al. 2014, they have used different training
algorithm for the estimation of the number of tourists came to Izmir by cruiser tourism per month.
For this problem, ANN with radial based functions was considered to be the best (Cuhadar et al.2014).
In the work of Karahan carried in 2015, monthly tourism demand of future periods has been estimated
by input variables such as weather conditions, revenue from tourism, exchange data, and Consumer
Price Index (CPI). According to the correlation between the tourism demand estimation produced by
the suggested ANN model and the real tourism demand of the same period, it was seen that the
suggested model was highly accurate. In (Ali and Shabri, 2017), the number of tourists going to
Malaysia from Singapore in the years 2010-2014 are estimated by the techniques of ANN and support
vector machines. Hence, they stated that ANN give better estimation than the support vector machines
method.

In this work, the numbers of visitors of the museums (Archaeology, Ethnography and Historical
Prison) in the city center of Sinop province have been estimated using artificial neural network (ANN)
structures. In order to train and test the ANNs, the number of visitors of museum at city center for
total 60 months of years between 2012 and 2017, and other input data have been used. Output of
ANN:Ss is the daily average of number of visitors for each month. Estimation results obtained by the
ANN models have been evaluated and discussed. As a result of this work, it has been proved that
estimation of number of visitors visiting museums at Sinop province can be done by using ANN

structures successfully.

2. Materials and Methods

2.1. Artificial Neural Networks (ANN)

ANN is a simulated system using the human brain's ability to perform a function. ANN is
composed of interconnected artificial nerve cells and is mostly in the form of layers. It is done with
software on computers. It is similar to the information-processing feature of the brain. Analytical
methods can solve problems that are difficult to solve effectively. ANN, can effectively solve
problems that are difficult to solve by analytical methods. Many functional processes such as the
rapid identification, perception, interrelation, evaluation of data of a very different structure can make
an active and quickly. In this respect has been widely used in many different disciplines in recent
years.

Generally, in the ANN model, the nerve cell receives input signals x1, x2, x3,...xn (X vector).

This signal is usually the output cell of another nerve cell. Each X vector is multiplied by the
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associated weighting factor w. As a result, the weighted vector X is obtained. All inputs and weighted
X vectors come to the collection module and their algebraic totals are made; as a result of X vector,

S (total function) level of influence is determined. S is obtained as the equation 1.

S= Z Xi. Wi (1)
i=1

A nerve cell output signal is calculated by f (activation function). The system output of is
obtained with Equation 2.

y = f(5) )

The General model of Artificial Neural Network is shown figure 1.

INPUTS WEIGHTS SUM ACTIVATION FUNCTION
% |—(w)
X

X, o Bias

n+1

Figure 1. Basic structure of an Artificial Neural Network Neuron (Duman et all.2017) .

2.2. Training and Testing of Artificial Neural Network

The literature review shows that meteorological, seasonal and economic factors have effects
over the number of visitors while estimating of monthly tourism demand. The number of visitors in
this study have been taken from Sinop Provincial Directorate of Culture and Tourism. The variables
used as input data have been given in Table 1.As the output of the network, the average numbers of
daily visitors that are obtained by dividing the number of visitors per month to number of days of the
same month for subjected museum have been used. In the training and testing of the created ANN

models, the data of 60 months from 2012 to 2017 have been used.
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Table 1. Example of the variables used as input data (Alcan and et. 2017, www.worldweatheronline.com,
2017; Obtain Information: Sinop Provincial Directorate of Culture and Tourism, 2017).

Year 2016 2016 2016 2016 2016 2016 2016
Months 6 7 8 9 10 T 12
Te.xif;ﬁ:f;m 27 29 30 26 20 17 9
Temg(:,::tz:lgli("C) 26 27 28 24 19 15 8
Temhgil;ial?;lrl:("C) 24 25 26 22 16 13 6
Rain (mm) 2, 21 14 541 4419 2201 6 1060

Rainy day rate 0,333333 0,064516 0,096774 0,433333 0,451613 0,4 0,774194

Snow thickness (cm) 0 0 0 0 0 0 3,7
Number of snowy 0 0 0 0 0 0  0,096774
days ’
Average Wind
Speeds (mph) 8,1 9,8 8,1 9,2 10,1 10,5 11,4
Cloud percentage 13 7 14 24 45 35 66
(Y0)
Sunshine duration | 1465 154,8 142,3 106,3 74,8 69,3 35,8
(hours)
Turkey Consumer
Price Index (month) 0,47 1,16 -0,29 0,18 1,44 0,52 1,64
(%0)
Turkey Consumer
Price Index (year) 7,64 8,79 8,05 7,28 7,16 7 8,53
(%)
Turkey Producer
Price Index (month) 0,41 0,21 0,08 0,29 0,84 2 2,98
(%)
Turkey Producer
Price Index (year) 3,41 3,96 3,03 1,78 2,84 6,41 9,94

(%)
USD/TL Parity (TL) | 2,8777  2,9883 2,958 2,9992  3,0939 3,437 3,5277
Euro/TL Parity (TL)| 3,1959  3,3391 3,3008  3,3714  3,3974  3,6391 3,7097

Holiday day rate
(Number of holiday 0,266667 0,419355 0,290323 0,4 0,322581 0,266667 0,290323
days/ Month days)
Ethnography 9,1 30,16129 34,19355 29,2 20,19355 7,666667 6,225806
museumdaily

average of number



Karadeniz Fen Bilimleri Dergisi 9(1), 70-81, 2019 75

of visitors for each
months.

Archaeological
museum daily
average of number |31,46667 58,51613 51,35484 40,6  31,09677 10,96667 7,645161
of visitors for each
months.

Historic Prison daily
average of number
of visitors for each

months.

316,4333 1469,258 1278,032 951,3333 319,3548 125,8333 61,77419

ANN has been created separately for each museum. Levenberg - Marquardt backpropagation,
scaled conjugate gradient backpropagation and resilient back propagation functions have been tried
in the training of network. As activation function: Logarithmic sigmoid, tangent hyperbolic sigmoid
and linear activation functions have been used. The combination of the training and activation
functions have been run with 50 repetitions as 5, 10, 15, 20, 25, 30, 35, 40 hidden layer cell networks.
A total of 32400 trials have been conducted to determine the networks to be selected for 3 museums.
The best, the worst and the average R2 (determination coefficient) values in the each 50 tests of the
combination for training and activation functions have been computed. Among the results, the best
value for the R2 has obtained. From the resulting network set, the R2 value has been chosen to be the

best. Equation 3 used in measuring network performance has been given.

37 (7, (8) - va(®)

R-=1- ZE'\'d(!‘]: (3)

3. Findings and Discussion

The combination of the training and activation functions have been run with 50 repetitions as
5, 10, 15, 20, 25, 30, 35, 40 hidden layer cell networks. The best, the worst and the average R2
(determination coefficient) values in the each 50 tests of the combination for training and activation
functions have been computed. Some of the results obtained in Table 2 have been given as in the
examples. The values given in Table 2; training and activation functions are functions defined in the
MATLAB software. These; Levenberg - Marquardt back propagation (trainlm), flexible back
propagation (trainrp), gradual gravitational back propagation algorithm (trainscg), hyperbolic tangent

activation function (tansig), logarithmic sigmoid activation function (logsig) are the linear activation
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function (purelin). These: Levenberg - Marquardt backpropagation, scaled conjugate gradient

backpropagation and resilient back propagation and hyperbolic tangent activation function (tansig),

logarithmic sigmoid activation function (logsig) are the linear activation function (purelin).

Table 2. ANN Training Results.

Archaeological museum Ethnography museum Historic Prison ANN Training Results
Hl-i:;i:rn Baclk:lngrz::::‘tion Activa.tion Activa.tion
Best Mean. Worst Best Mean. | Worst Best Mean | Worst functions functions
Count (BPA) AF1 AF2
0.976 0.941 0.335 -0.091 | -0.183 | -0.221 0.740 0.651 -0.109 5 "trainlm’ 'tansig' 'tansig'
0.852 0.837 0.785 -0.192 | -0.192 | -0.192 0.048 0.048 0.048 5 "trainlm’ 'tansig' 'logsig'
0.860 0.833 0.817 0.789 0.736 0.616 0.594 0.593 0.590 5 "trainlm’ 'tansig' 'purelin’
0.897 0.884 0.852 0.857 0.821 0.755 0.828 0.811 0.743 5 "trainlm’ 'logsig' 'tansig'
0.763 0.743 0.737 0.652 0.619 0.552 0.192 0.192 0.192 5 "trainlm’ 'logsig' 'logsig'
0.905 0.850 0.773 0.892 0.888 0.816 0.546 0.460 0.192 5 "trainlm’ 'logsig' 'purelin’
0.298 0.298 0.298 0.902 0.887 0.677 0.564 0.564 0.564 5 "trainlm’ 'purelin’ 'tansig'
0.782 0.326 0.197 0.811 0.522 0.399 0.114 0.114 0.114 5 'trainrp' 'purelin’ 'logsig'
0.844 0.844 0.844 0.650 0.650 0.650 0.139 0.139 0.139 5 'trainrp' 'purelin’ 'purelin’
0.077 -0.020 -0.064 | 0.503 0.489 | -0.203 0.968 0.926 0.868 10 "trainlm’ 'tansig' 'tansig'
0.298 0.298 0.298 0.627 0.594 0.389 0.600 | -0.072 | -0.116 10 "trainlm’ 'tansig' 'logsig'
0.849 0.758 0.140 0.658 0.645 0.581 0.904 0.826 0.263 10 "trainlm’ 'tansig' 'purelin’
-0.194 -0.194 -0.194 | 0.608 0.608 0.608 0.677 0.677 0.677 10 'trainrp' 'purelin’ 'logsig'
0.240 -0.050 -0.190 | 0.270 0.034 | -0.349 0.317 0.225 -0.109 10 'trainrp' 'purelin’ 'purelin’
0.995 0.969 0.829 0.236 0.204 | -0.065 0.742 0.536 0.426 15 "trainlm’ 'tansig' 'tansig'
0.776 0.767 0.729 0.128 0.128 0.126 0.192 0.054 0.000 15 "trainlm’ 'tansig' 'logsig'
0.995 0.980 0.876 0.884 0.807 0.024 0.876 0.864 0.765 15 "trainlm’ 'tansig' 'purelin’
-0.082 -0.082 -0.082 | 0.000 0.000 0.000 0.290 0.290 0.290 15 "trainlm’ 'purelin’ 'tansig'
-0.072 -0.072 -0.072 | 0.000 | 0.000 | 0.000 | 0.290 | 0.290 | 0.290 15 "trainim’ 'purelin’ 'logsig’
0.835 0.817 0.789 | 0.842 | 0.827 | 0.807 | 0.885 | 0.881 | 0.876 15 "trainim' 'purelin’ 'purelin’
0.094 0.094 0.094 | -0.323 | -0.323 | -0.323 | 0.806 | 0.783 | 0.622 15 'trainscg' 'tansig' 'tansig'
0.978 0.854 0.300 | 0.768 | 0.578 | -0.004 | 0.935 | 0.769 | -0.049 40 "trainim’ 'logsig’ 'purelin’
0.348 0.229 0.074 0.278 0.184 0.018 0.174 0.132 0.102 40 'trainrp’ 'logsig' 'purelin’
0.667 0.667 0.667 0.548 0.548 0.548 0.455 0.455 0.455 40 'trainrp' 'purelin’ 'tansig'
0.667 0.667 0.667 0.548 0.548 0.548 0.455 0.455 0.455 40 'trainrp’ 'purelin’ 'logsig'
0.297 0.135 0.034 | 0.258 | -0.085 | -0.369 | 0.650 | 0.134 | -0.079 40 "trainrp’ 'purelin’ 'purelin’
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In the Table 3, the best results from the combinations made for 3 different museums and their

characteristics have been given.

Table 3. Selected Neural Networks and Features.

A:;?ilelii d Hidden Layer Training Activation Activation
(R) Cell Number functions | functions (AF1) | functions ( AF2)
Archacological 0,9949 15 'trainlm’ 'tansig’' 'tansig'
museum
Ethnography | 97 20 ‘trainlm' Togsig! ‘purelin’
museum
Historic Prison 0,9989 25 'trainlm’ 'tansig' 'tansig'

Figures 2, 3, 4, respectively of the structures of ANN models selected for Archaeological,
Ethnography and Historic Prison are diagrams. In this study, the best results for the three museums
Levenberg - Marquardt with back-propagation training algorithm have been achieved.
Archaeological museum 15, Ethnography museum 25 for the Historic Prison 20, hidden layer and
cells with the best results have been obtained. The combination of activation functions: tansig - tansig
for Archaeological, logsig - purelin for Ethnography, tansig - tansig for the historical prison are

shaped.

Hidden Output
= ool
19
15 1
Figure 2: ANN model for number of Archaeological museum visitors.
Hidden Output
Input Output
-
19 1
20 1

Figure 3: ANN model for number of Ethnography museum visitors.
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Hidden Output

Output

S

25 1

Figure 4: ANN model for number of Historic Prison visitors.
Figure 5, 6, 7 the best results for the museums together with the actual values in the data set

have been shown.
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Daily average of number of visitors

0
Months

Figure 5: Archaeological Museum— ANN model output.
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Figure 6: Ethnography Museum — ANN model output.
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Figure 7: Historic Prison— ANN model output.

4. Conclusions and Recommendations

The number of the visitors at the Sinop museums (Archaeology, Ethnography and Historical
Prison) is tried to be predicted by using ANN structures in the concept of this study. . ANN models
have been created in MATLAB environment. These ANN models are feedforward and trained by
backpropagation algorithm. For each museum, an ANN with 19-inputs and 1-output have been used
separately. As inputs of networks, 10 different meteorological factors, time factor (month, year),
tourism income (TL), exchange rate ($/TL) and monthly-yearly PPI and CPI data have been used.
Output of ANNS is the daily average of number of visitors for each month. In order to train and test
the ANNSs, the number of visitors of museums at city center for total 60 months of years between
2012 and 2017, and other input data have been used.

ANN has been created separately for each museum. Levenberg - Marquardt backpropagation,
scaled conjugate gradient backpropagation and resilient back propagation functions have been tried
in the training of network. Logarithmic sigmoid, tangent hyperbolic sigmoid and linear activation
functions have been used as activation functions. The combination of the training and activation
functions have been run with 50 repetitions as 5, 10, 15, 20, 25, 30, 35, 40 hidden layer cell networks.
A total of 32400 trials have been conducted to determine the networks to be selected for 3 museums.
The best, the worst and the average R? (determination coefficient) values in the each 50 tests of the
combination for training and activation functions have been computed.

As a result of the study, ANN method has a close estimation rather than other traditional
methods and produced solutions in small error rates have been seen. ANN can be evaluated as an
alternative method to traditional methods in order to predict the number of the museum visitors. ANN

is also considered as a beneficial tool in establishing more fruitful business plan with accurate
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estimation results. . Thus, it could be possible the more the number of visitors of historical places
and the richer the culture gets
For future studies, it is thought that estimates that are more accurate can be obtained by creating

a data set with data from a wider period.
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Oz

Yerytiziindeki degisik yer sekilleri arasinda, dogal ve beseri etkilere bagli olarak en hizli degisime ugrayan alanlar kiy1
alanlaridir. Kiy1 ve denizel alanlar her ne kadar tescil dig1 alanlar olsa da miihendislik faaliyetlerinin yogun yasandigi
bolgelerdir. Ulkemizde kiy1 ve denizler, kamunun yararlanmasina birakilmis, Devletin hiikiim ve tasarrufu altinda olan
yerlerdir. Bu alanlar da son zamanlarda kamu yatirimlar1 ¢ok fazla goériilmektedir. Kamu yatirimlari, ekonomik, sosyal
ve kiiltiirel biiylimede, istihdam ve yasam kalitesini arttirmada, insan kaynaklarin1 gelistirmede, kamu hizmetlerine erigimi
ve etkinligi arttirmada 6nemli katkilar yapmaktadir. Kamu yatiriminin yapildigi bdlgede arsa, arazi ve konut gibi
gayrimenkullerin degerlerinde artiglar ve ¢evresinde hizli sehirlesmeler olmaktadir. Calisma denizel alan iizerine insa
edilmis ilk havalimani olma &zelligini tasiyan, Ordu-Giresun havalimanmin miilkiyet kaynakli toplumsal ve ¢evresel
etkileri iizerinedir. Bu baglamda havalimanmin g¢evresindeki tagimmazlarin degerindeki degisim incelenerek kamu
yatirrminin etkileri degerlendirilmistir. Ayrica artan arazi degerlerinin belirlenmesi ve kamu yatiriminin finansmaninda
kullanilabilirligi tizerine vurgular yapilmustir.

Anahtar Kelimeler: Arazi Yo6netimi, Kamu Yatirimi, Ordu-Giresun Havalimani, Tasinmaz Degeri

Effects of Public Transportation Investments on Real Estate: Ordu-Giresun
Airport Example

Abstract

Coastal areas are the fastest-changing areas, depending on natural and human influences, among the different forms of
the earth. Coastal and marine areas are areas that are not registered, but where engineering activities are intense. In our
country, coasts and seas are places that are left to the benefit of the city and which are under the control and saving of the
State. Public investment has been seen in these areas too recently. Public investments, economic, social and cultural
growth, as well as improving employment and quality of life, are also making important contributions to improving human
resources, increasing access to public services and efficiency. In the region where public investment is made, the values

of real estates such as land, land and housing increase and there are rapid urbanization around it. The study is about the
social and environmental impacts of the Ordu-Giresun airport, which is the first airport built on a marine area. In this
context, the change in the value of the immovable properties around the airport was examined and the effects of public
investment were evaluated. In addition, emphasis has been placed on the determination of increased land values and the
availability of public investment in financing.

Keywords: Land Management, Public Investment, Ordu-Giresun Airport, Real Estate Value
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1. Giris

Toplumun refah1 ve kalkinmasi, kente hizli erigsimin saglanmasi i¢in en Onemli kamu
yatirimlarindan biri ulagim yatirimlaridir. Bu tiir yatirimlarin etkileri fayda — maliyet analizleri i¢inde
yer almalidir (Yankaya ve Celik, 2005). Yer se¢iminde, ulasim altyapisina yonelik herhangi bir
yatirimin, kisa donem i¢inde tasinmaz degerindeki artis ile karsilanacagi (Alonso, 1964; Muth, 1969;
Mills, 1972) test edilmistir.

Literatiir incelendiginde; Chapman vd. (2009), ABD Utah'daki ulagtirma altyapisinin
finansmani i¢in arazi deger vergisinin fizibilitesini incelemistir. Bu ¢alismada istisnai olmayan bir
vergi bigimi olmasinin yani sira arazi deger vergisinden 6nemli gelir elde edilebilecegini ve idare
edilmesinin nispeten kolay olacagimi tespit etmistir. Cohen (2012), Havalimanlarindaki
iyilestirmelerin, arazi degerleri iizerinde biiylik 6neme sahip olacagini vurgulamistir. Longhofer ve
Redfearn (2009) pratikte toprak degerini arazideki yapilarin degerinden nasil ayrilacagini incelemis
ve arazi ile yapilarin ayrilmaz oldugunu savunmustur. Kentin ¢evresindeki bos araziyi, sehir
genelinde arazi degerlerini tahmin etmek i¢in yerel olarak agirliklandirilmis regresyonlarin tahmin
teknigi ile birlikte kullanmistir. Ancak yaklasimlarinin bir dezavantaji, tiim araziler i¢in arazi
degerlerini tiretirken bos arazi satislariyla ilgili verilere ihtiya¢ duymalaridir.

Kamu ulasgim projeleri bolgedeki erisilebilirligi arttirarak bireylerin sosyal hayatina etki
etmektedir. Ulagim alt yapisi sayesinde bolge ekonomisinde gelismeler olmakta ve ¢evre, yatirim i¢in
cazip hale gelmektedir. Ayrica zaman tasarrufu, kentsel gelisim, istthdam ve gelir de biiylime, artan
erisilebilirlik diizeyi, ulasim (veya transit) gibi ekonomik etkileri de vardir (Yankaya ve Celik 2007).
Bu tiir yatirimlar ile ulasim kolaylikla saglanabildigi i¢in ¢evrelerinde yeni konut ve igyeri yatirimlari
dogmakta, cazip yerlesim alanlar1 olusabilmektedir. Ulasim yatirnmi sayesinde, tasinmaz
degerlerinde, cevrenin sosyal etkinliklere katilimlarinda, egitim ve niifus verilerinde bazi
degisiklikler gbzlemlenmektedir (Eryilmaz, 2014).

Tiirkiye’nin 2023 vizyonu ve hedefleri dogrultusunda ulasim ve iletisim alaninda bir¢ok plan
ve projesi bulunmaktadir. Bu projeler parasal olarak milyar dolarlarla ifade edilmektedir. Kentlerin
stirdiiriilebilir ve saglikli bir yapiya kavusturulabilmesi i¢in ¢evreyi dnemseyen ulasim projelerine
ihtiyag duyulmaktadir. Ulkemizde ulasim yatirimlari, genelde devlet tarafindan yapilmakta ve
isletilmektedir. Buna karsilik, ulasim yatirimlari ile proje ¢evresinde olusan tasinmaz degerlerindeki
artistan kamu yeterince yararlanamamaktadir. Bélgedeki emlak vergi oranlari ve yillik artiglar1 gergek
degerlerden ¢ok asagida kalmaktadir. (Eryilmaz, 2014). Ayrica, bolgedeki arazi spekiilasyonlari
sonucu haksiz kazanglar saglanmaktadir.

Arazi degeri tespitinde bir¢ok kriter g6z dniinde bulundurulmaktadir. Bunlar, kullanim alani,

manzara, kamu hizmetleri varlif, giiriiltii, topografya, merkeze yakinlik gibi faktorlerdir. Ornegin
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kamu yatiriminin oldugu bir bolgenin uzagindaki yerlesimlerin erisilebilirliklerinin artmasi, ulagim
maliyetlerini olumlu yonde etkilemektedir. Bu baglamda kamu ulasim yatirimlar genellikle arazi
satiglarini pozitif etkilemektedir. Kamu ulagim yatirnmlarinda arazi maliyeti, giizergah belirlemede
onemli faktorlerden biridir. Caligma alani olan Ordu-Giresun havalimaninin deniz iizerine yapilma
isteginin (kiy1 ve denizler devletin hiikiim ve tasarrufu altindadir) en 6nemli nedenlerinden biri de

kamulastirma maliyetlerini ortadan kaldirmaktir.

2. Calismanin Amaci ve Kapsam

Calismanin amaci, kamu ulagim projelerinin yapildigi c¢evrede olusan, arazi deger
degisimlerinin incelenmesidir. Ayrica ulasim yatirimlart sonucu artan arazi degerlerinden kamunun
yararlandirilip yararlandirilamayacag lizerinedir. Bu amacla, 2011 yilinda yapimina baslanan ve
2015 yilinda hizmete agilan Ordu — Giresun Havalimanin ¢evresindeki arazi degerleri igin taginmaz
alim/satim1 yapan emlakgilarla goriismeler yapilmis ve veriler toplanmaya c¢alisilmistir. Ayrica,
Gelirler Idaresi Bagskanligi’'nca dort yilda bir giincellenerek yaymmlanan “Arsa ve Arazi Birim

Metrekare Degerleri” veri olarak kullanilmistir.

3. Calisma Alam

Ordu-Giresun Havalimani Ordu il merkezine 17 km, Giresun il merkezine 28 km uzaklikta
olup, cografi konumu 40° 57’ 53" Kuzey enlemi ile 38° 4’ 48" Dogu boylamindadir. Havalimani Ordu
ili Giilyali ilge merkezinin kiyisinda denizden kazanilmig arazi {lizerine insa edilmistir (Sekil 1).
Giilyali’nin dogusunda ilgeye 6 km mesafede olan Piraziz, Giresun ilinin havalimanina en yakin
konumdaki ilgesidir. Ayni zamanda bu ilge havalimanina yakin konumuyla, bir ulasim sistemi olarak
diistintildiiginde havayolu ulagiminin avantajlarindan en fazla faydalanacak alanlarin basinda gelir.
Her iki ile hizmet etmesi amaciyla Ordu ve Giresun’un birbirine yakin kesiminde inga edilen
havalimaninin dogusu Piraziz, batis1 Altinordu, kuzeyi Karadeniz ve giineyi Giilyali ile ¢evrilidir.
Havalimaniin giineydeki uzak komsulari ise Tokat, Sivas ve Giimiishane illeridir. Havalimaninin
Giresun ilinin en dogudaki ilgesi durumunda olan Eynesil’e uzakligi 103 km’dir. Ayrica havalimani
batisindaki Altinordu’ ya 14 km, Ordu ilinin batidaki en ug¢ noktasi olan Unye’ye ise 78 km
uzakliktadir.

Ordu-Giresun havaliman1 Tiirkiye’de deniz iizerine yapilmis ilk havalimanidir. 1970’1
yillardan beri yapilmasi planlanan fakat biirokratik sebeplerle ancak yapimma 2011 yilinda

baslanmistir. Havalimani 2015 yilinda yapimi tamamlanarak hizmete agilmistir.
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Giresun

Sekil 1. Calisma Alan1 Haritas1 (Tiirk, 2015).
4. Kamu Ulasim Yatirnmlarmin Tasinmaz Uzerindeki Etkileri
Kamu ulasim yatirimlar1 bolgenin arazi kullanim, taginmaz deger, egitim ve niifus yapisinda

(gelirler, i3 dagilimi ve ulasim bicimleri de dahil olmak {iizere) belirli oranlarda etkilerde

bulunmaktadir.

Altyapi Yatinmlari
(Erisilebilirlik Degisikligi)

Ulasim Sistemi Performansindaki Degisim

Nufus Dagilimi (yogunluk, gelir, i1rk)
is Dagilhimi
Konut Degerleri
Yoénlendirme Modlari
Arazi Kullanimi (konut yapilari) daki degisim

Sekil 2. Arazi kullanimi ve niifus iizerine etkiler (Trinidad, 2017).
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4.1. Ekonomik Etkiler

Ordu ve Giresun iilkemizde niifus hareketliliginin yogun oldugu yerlerdendir. Ordu ve Giresun
il niifusuna kayith bir¢ok insan kendi memleketlerinden uzakta, belli bir kismi da iilke disinda
yasamaktadir. Bu insanlarin biiyiik bir kism1 yilin belli donemlerinde memleketlerine gelip-gitmek
istediklerinde zorunlu olarak karayolu ulasimini kullanmaktadirlar. Havalimani ile bu durum
azalacaktir. Havalimaninin varligi bolgenin en 6nemli ge¢im kaynagi olan findigin pazarlanmasina
onemli Ol¢iide katki saglayacaktir (Tirk, 2015). Sanayi, ticaret ve ulasim sektorleri birbirinden
bagimsiz diisiinilemeyeceginden dogrudan bir etki yaratmasa da havalimaninin varliginin bolge
sanayisinin gelisimine de katki saglayacaktir. Ayrica g¢evre illerdeki turizm gelisimi

degerlendirildiginde havalimaninin turizm ve egitim iizerinde de olumlu etkileri olacaktir.

4.2. Kentsel Planlamaya Olan Etkiler

Sehirler, insanlarin ve isletmelerin merkezden uzaklagmasi, artan banliydsiizlesme ve daha
diisiik konut ve is yogunlugu arzusu ile degismektedir. Sehirlerden ¢ikis, kismen sehir merkezlerinde
uygun fiyatli konut eksikligi ve daha fazla alan arzusundan kaynaklanmaktadir. Yeni talebi
karsilamak i¢in yeni yollara yatirnm yapmak gerekecektir. Bu baglamda ulagim yatirimlarinin
sehirlerin ve bolgelerin konumsal ve ekonomik gelisimine katkis1 biiyiiktiir. Baz1 bolgelerin cazibesi
erisilebilirligi ile dogru orantilidir bu da ulasim altyapisinin kalitesi ve saglamliina baglidir.

Ulasim maliyeti, yatirim kararlar1 i¢in oncelikli kriterlerdendir. Ulagim altyapisi, endiistri,
aligveris merkezi ve konut alanlarinin yapimi gibi yatirimlarin planlanmasinda temel unsurdur. Ciinkii
sehir ulasim kararlar1 ile sekillenecektir. Bu baglamda caligma alaninda bulunan Ordu-Giresun
Havalimani1 1.770.000 m? biiyiikliigiinde deniz dolgusu iizerine insa edildigi icin bdlgedeki mevcut
arazi lizerinde bir alan isgal etmemektedir. Havalimaninin g¢evresinde yapacagi c¢ekim kuvveti
bolgedeki yapilagsmay1 ve kentlesmeyi etkileyecektir. Bolgede havalimani yapimi ile Giilyali ve
Piraziz belediyelerine yapilan arsa ve isyeri ruhsati taleplerinde artiglar meydana gelmistir (Tiirk
2015). Ayrica havalimaninin faaliyete ge¢mesiyle, havalimanina komsu illerde yabanci yatirime1

ilgisi artmustir.
4.3 Turizm Etkileri
Ordu ve Giresun’un turizm agisindan istenilen dl¢iide taninir olmayisinin nedenleri arasinda,

bolgedeki turistik alanlarinin yeteri kadar taninmamasi ve bdlgeye hizlica erisimi saglayacak bir

ulagim agmnin yeni yeni olugmasi gosterilebilir. Havalimaninin faaliyete gegmesiyle bu olumsuz
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durum degisecektir. Soyle ki Trabzon havalimani incelendiginde sadece dis hatlar bazinda yaz
aylarinda yabanci turist akini oldugu gozlenmekte olup (Sekil 3), bu yogunluk bélgede biiyiik bir

ekonomik degisime neden olmaktadir.

TRABZON HAVALIMANI
Dis Hatlar Gelis

TR G E—

17.08.2017 ===  TK 1193  Yanbo 16:30
17.08.2017 BRirarabiall Go 285 Sharjah 18:40
17.08.2017 _—owm=® = TK 1283  Kuveyt 2155
18.08.2017 ====0  TK 1191  Medine 02:15
18.08.2017 =8O TK 1740  Berlin 02:20
18.08.2017 PEGASUS PC 1504 Koln 02:20
18.08.2017 —=e=® = TK 1714  Stuttgart 02:40
18.08.2017 Datlasgobal KK 8851  Riyadh 06:35
18.08.2017 === TK 5879 Medine 10:10
GBI = TK 231 Jeddah 13:30
Son Giincelleme : 17/08/2017 - 14:47:37

Sekil 3. Trabzon havalimani 17-18 Agustos 2017 dis hat gelen direkt ugak (URL-2).

Trabzon Ticaret ve Sanayi Odas1 (TTSO) Baskani, “Tiirkiye genelinde insaat sektoriinde 2017
yilt Mayis ayi itibariyla ilk el satislarda yiizde 5.5 diisiis oldugunu, Ikinci el satislarda ise yiizde 8.5
civarinda artis oldugunu vurgulamaktadir. Yabanciya konut satislarinda ise yiizde 10 civarinda
artisin oldugunu belirterek Trabzon’un 2017 Mayis ayt itibariyla Tiirkiye’'de yabanciya konut
satislart yoniinden itigiincii sirada bulundugunu ve daha fazla tercih edilmeye baglandigini ifade
etmektedir” (URL - 1). Diger taraftan Tiirkiye’den konut satin alan yabanci iilke vatandaglari sirasiyla
Suudi Arabistan, Irak, Rusya Federasyonu, Kuveyt ve Afganistan’dir (URL - 1). Bu baglamda
yabancilara konut satma diisiincesinde olan firmalar bu iilke siralamasini géz Oniinde
bulundurmalidirlar.

Trabzon ve ¢evresindeki yabanci turist sayisindaki yogunlugun en énemli nedenlerinin baginda
Trabzon havalimani gelmektedir. Ordu - Giresun havalimanim1 zamanla faaliyetlerini artirmasi
Trabzon ve ¢evresindeki yabanci turist yogunlugunun bu bolgelere dogru kayabilecegini
gostermektedir. Bu degisimin soylentileri bile tasinmaz degerleri iizerinde pozitif bir etki

yapmaktadir.
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4.4. Tasinmaz Degerine Etkiler

Tasinmaz piyasasinda ulagim yatiriminin yararlar1 ekonomik olarak degerlendirilmektedir.
Ulasim yatirimindan kaynaklanan erisilebilirlik diizeyindeki artig ve kentsel bolgenin geri kalan kismi
ile iyi kurulan baglant1 yatirima deger katmaktadir (Erdem, 2016). Bu hizmetten yararlanan arsalarin
firma ve konut birimleri i¢in ¢ekiciligi artacaktir. Bu yatirimlarin etkileri; sanayi, ticaret, ofis veya
konut birimlerinin satig veya kira fiyatlarindaki degisimler {izerinden 0l¢iilebilir (Yankaya ve Celik
2007).

Tasinmaz alim-satim fiyatlarinin bildiriminde zorunluluk bulunmamasi, vergi oranlarinin
algilanis bi¢imi, ticari gizliligin saglanmasi gibi sebepler saglikli bir veri tabani kurulumunu
engellemektedir. (Eryilmaz 2014). Bu durum bilimsel karar verme mekanizmalarint minimize
etmektedir. Kamu kararlarin1 hesap vermekten uzak kurgulamakta ve kentsel planlamadan g¢ok
fiziksel planlama ile sinirlandirmaktadir.

Ordu-Giresun havaliman yatirimi ile biiyiik bir degisime ugrayan calisma bdlgesine iliskin
olarak iki sekilde veri toplannugtir. Birincisi Gelirler idaresi Baskanhiginin 4 yilda bir yayimladig
asgari m2 birim degerleri, ikincisi ise bolgede alim-satim yapan emlak¢ilardan toplanana rayig
bedellerdir.

1. Tip veriler: Maliye Bakanlhig1 Gelir idaresi Baskanliginca dort yilda bir yayimlanan ve her
yil belli oranlarda arttirilan “Arsa ve Arazi Asgari Birim Metrekare Degerleri” verilerini igermektedir.
Bunlar 2009 yilindan itibaren belirlenmis vergi degerleridir. 2009, 2013, 2017 yillarina ait birim
metrekaredeki degerler incelenerek degisim belirlenmeye ¢alisiimistir.

2. Tip veriler: Bolgedeki parsellerin alim-satim degerlerinin elde edilmesinde dogru sonuca en
yakin veriyi tespit edebilmek i¢in uygulama bdlgesinde yasayan insanlardan, bolge emlak¢ilarindan
ve bu bolgede calisma yapan miiteahhitlerden faydalanilmistir. Alim-satim bedeli olarak bu
degerlerin ortalamasi kullanilmistir.

Giilistan Mah. Ordu ilinde yer almakta olup, Giilyali Merkez semtinde bulunan Giilistan Mabh.
Giilyali il¢esine baglidir. Giilistan Mah. haritas1 konumu ise 40° 58' 0.5664" Kuzey ve 38° 3'22.4640"
Dogu, GPS koordinatlaridir. Giilistan Mah. bagl oldugu Giilyali ilge merkezine ¢ok yakindir.

Giilistan Mah. Ordu sehir merkezine mesafesi ise yaklasik 15 kilometredir.
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Sekil 4. Ordu ili Giilyal Ilgesi Giilistan Mahallesi.

Tablo 1. Giilyali ilgesi Giilistan Mahallesi Deger Takdir Komisyon ve Piyasa Rayig Degerleri.

Sira . Cadde/ Takdir Olunan Deger (m2/TL) ~_Rayi¢
N Mevkii Sokak Pafta Degerler
0 oxa 27.7.2009 7.5.2013 18.5.2017 (m2/TL)
ERSIN TARANOGLU
1 CADDESI (Sahil Kisim) C 1-2-3-4  90.00  117.00  250.00  840.00
ERSIN TARANOGLU
2 CADDESI (ic Kisim) C 1-2-3-4  40.00 52.00  100.00  347.00
3 ORDU CADDESI C 1-2-3-4  90.00  117.00  250.00  790.00
EMINOGLU CADDESI
4 (Sahil Mevkil) | C 1-2-3-4  90.00  117.00  200.00  560.00
s EMINOGLU CADDESI C  6-7-8-14  30.00 39.00  100.00  310.00
(Koseoglu Mevkii)
EMINOGLU CADDESI
6 (Tiirkmenli Mevkii) C  6-7-8-14  20.00 26.00 50.00 220.00
7 SAKAOGLU CADDESI C  56-7-8  20.00 26.00 50.00 200.00
GULISTAN CADDESI
8 (Cakmaklar Mevkii) C 1-2-3-4  40.00 52.00  100.00  320.00
9 USTALI CADDESI C  6-7-8-14  30.00 39.00 50.00 210.00

bedellerden olusan degisimin gosterimi asagida sekil 5’te verilmistir.

89

Belirlenen bolgeye ait yillara gore deger takdir komisyonlarinca belirlenmis degerler ve rayic
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900,00
B Takdir Olunan Deger
. 800,00 (m2/TL) 27.7.2009
-
E 700,00
Tc'u: 600,00
Z 500,00 H Takdir Olunan Deger
£ 40000 (m2/TL) 7.5.2013
@
300,00
200,00
Takdir Olunan Deger
100,00 (m2/TL) 18.5.2017
0,00

B Takdir Olunan Deger
Mevkii (m2/TL) Belli parsellere
ait rayig bedeller

Sekil 5. Yillara gore deger takdir komisyonlar1 ve rayi¢ bedeller.

Sekil 5 ve tablo 1 incelendiginde goriilmektedir ki Giilyali ilgesi Giilistan Mahallesinde deger
takdir komisyonlarinca belirlenmis yillara gore olusan deger degisimi 2009-2013 yillar1 arasinda
yaklagik %30 civarinda artma egilimi gostermekte iken 2013-2017 yillar1 arasindaki taginmaz
degerindeki artis %100°li bulmus ve hatta gecmistir. Ayrica giillik alim satim bedellerinde bu
degisim %400 gibi degerlere ulasmistir. Ordu — Giresun Havalimaninin hizmete girdigi 2015 tarihi

g6z Online alindiginda bolgede kamu yatirimiyla tasinmazlarda olusan deger degisimi (pozitif yonde)

acikea gozlemlenmektedir.
5. Kamu Yatirinmlarinin Vergilendirilmesi (KYYV)

Iyi bir planlama sehirlerin bilyiimesi i¢in en &nemli kriterdir. Sehirlerin biiyiimesi altyapi
ithtiyacin arttirmakta ve kamusal kaynaklarda azalmaya neden olmaktadir. Yapilan kamu yatirimlari
ve imar plani degisiklikleri ile kisilerin miilklerinde 6nemli 6l¢iide deger artislari olmaktadir.

Tiirkiye’de deger artiglart,

e 193 Sayili Gelir Vergisi Kanunu’nda deger artis kazanclari,
e 3194 Sayili Imar Kanunu’nda diizenleme ortaklik pay,

e 2464 Sayili Belediye Gelirleri Kanunu’nda harcamalara katilim paylar rant vergileri
(Aslan, 2014) seklindedir.
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Bu diizenlemelere ragmen, kentsel rantlarin tamami vergilendirilememistir. Miilga 5237 sayili
eski belediye gelirler yasasinin 16. Maddesinde onemli bir gelir vergisi olarak diisiiniilebilecek
serefiye acik anlamu ile belirtilmistir. Uluslararas: literatiirde serefiye uygulamalarina benzer vergi
bicimleri tartigilmakta ve uygulanmaktadir. Ancak gelismis bazi iilkelerde ¢esitli uygulamalar
olmasina ragmen iilkemizde serefiye uygulamasi 2464 sayili yeni belediye gelirler yasasinda
kaldirilmistir. Bu tiir bir gelir vergisi kamu yatirimi ile olusan arazi deger artisini yakalama yontemi

olarak diisliniilmelidir (Baser et al., 2019).

6. Tartisma ve Sonuclar

Kamu yatirimlar1 bulunduklar1 bolgelerde tasinmaz fiyatlarini hizla arttirmakta ve ekonomik
hayati etkilemektedir. Ulasim ve istihdam olanaklarinin kolaylastirilmasi ile tasinmazlarda olusan
deger artiglarindan toprak sahipleri ve ev sahipleri siklikla yararlanmaktadir. Bu nedenledir ki altyap1
tyilestirme maliyetlerinden daha fazla pay almak gerekir. Dahasi, ulasim altyapisi ile olusacak degeri
yakalama, ilave altyapiy1 finanse etmek icin kullanilabilecek gelirleri artirma potansiyeline sahiptir.
Dogru sekilde yapilirsa, deger yakalama da verimliligi tehlikeye atmayacaktir. Gelir tahsisi agisindan
etkin ve verimli bir vergi ve kagiilmaz olan vergiyi uygulamak i¢in yontem olarak, arazi degerini
yakalama yontemi 6nemli bir yaklasimdir (Cohen, 2012).

Chapman ve ark. (2009), ABD Utah'daki ulagtirma altyapisinin finansmani i¢in arazi deger
vergisinin fizibilitesini incelemislerdir. Bu caligsmada istisnai olmayan bir vergi bigimi olmasinin yani
sira arazi deger vergisinden onemli gelir elde edilebilecegini ve idare edilmesinin nispeten kolay
olacagini tespit etmiglerdir. Bu baglamda mevcut ekonomik ve siyasi ¢cergevede biiyiik ulagim altyapi
projelerine finansman saglamak olduk¢a zordur. ilave diisiiniilmesi gereken umut verici bir
finansman secenegi, altyapi projesiyle iligkili arazi deger artisinin yakalanmasi ve bir kisminin
kamuya geri kazandirilmasidir. Yatirimin yapildigi bolgedeki mevcut parsellerde bir deger artist
olustugu asikardir. Bu deger artisindan sadece parsel sahiplerini degil, ayn1 zamanda uygulamay1
gerceklestirecek kurumun da faydalanmasi dogru olacaktir.

Bir arazi deger vergisinin uygulanmasina iligkin olarak, siyasi ve ekonomik iki konu 6nemlidir.
Siyasi olarak, vergi konusunda politik destek saglayan bir tabanin gelistirilmesi ve korunmasi
gerektigidir; ekonomik olarak ise, gilivenilir, piyasa temelli degerlendirmelerin zamaninda
iretilmesidir. Dolayisiyla, odak noktamiz arazi deger vergisinin uygulanmasi degil, giivenilir
tahminler sunma ve toprak deger vergilendirmesi i¢in bu temel bileseni iiretmek olmalidir. Altyapinin
arazi fiyatlar tizerindeki etkisinin dogru bir tahmini ¢ok 6nemlidir. Arazi degerini zaman igerisinde

etkileyebilecek faktorler degerlendirilip ¢ikarildiktan sonra, havalimani gibi ulagim altyapilarinin
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taginmazlar tizerindeki deger artisi belirlenebilir. Yerel yonetimler, gelismis havaalani altyapisinin
olusturdugu deger artisina dayanarak araziye vergi yiikleyebilirler.

Calisma bolgesi incelendiginde ulastirma yatirimlarinin bolgedeki arazilerde énemli deger
artislarina neden oldugu goézlemlenmistir. Bu maksatla “Arsa ve Arazi Birim Metrekare Degerleri”
ve %1,0 - %6 arasindaki emlak vergisi artiglari, alim-satim vergisi, kentsel arsa ve arazilerdeki deger
artiglarina gore ¢ok diisiiktiir. Bu baglamda havalimanina ev sahipligi yapan Ordu Giilyali’da ticari
hareketlilik artmis ilgede yapilacak Onemli yatirimlar i¢in girisimlerde bulunulmustur. Ayrica
havalimanina yakin konumda bulunan diger yerlesim alanlarinda da arazi talepleri artmigtir.
Havalimani1 yurtdisi uguslarina agik bir havalimanidir. Cevre illerdeki havalimanlar (6zellikle
Trabzon havalimani) incelendiginde yurtdisindan gelen turist sayisi olduk¢a fazla oldugu
goriilmektedir. Trabzon’da yabancilara miilk satisi1 Tiirkiye’de ilk ii¢ il arasindadir. Bu durum
tasinmaz degerinde olduk¢a Snemli bir degisime yol agmaktadir. Ordu — Giresun havalimaninin
acilmasi yabanci turist varligini bu bolgelere dogru yavas yavas kaydirmaktadir. Bu durum bolge
iizerinde miilkiyet bazli hizli bir degisime neden olmaktadir. SOyle ki, havalimani ¢evresindeki
taginmazlarda, 2009-2013 yillar1 arasinda deger takdir komisyonlarinca belirlenmis degerler yaklagik
%30 civarinda artmigtir. Havalimaninin 2011 yilinda yapimina baslanmasi ve 2015 yilinda bitirilmesi
ile 2013-2017 yillar1 arasinda taginmazlarda olusan deger degisimi ise %100’ bulmus ve hatta
geemistir. Ayrica giinliik alim satim bedelleri incelendiginde bu degisim %400 gibi degerlere
ulagmistir. Bu baglamda kamu yatirimi ile olusan taginmaz iizerindeki hizli deger artist miilkiyet
sahiplerini etkiledigi kadar, serefiye uygulamalar1 gibi kanunlarimiza eklenecek ek maddeler ile

kamuyu da olumlu yonde etkilemelidir.
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Abstract

In this article, some soliton wave solutions of the coupled potential KdV equation have been found using the generalized
(G'/ G) - expansion method. For this equation, hyperbolic function solutions, trigonometric function solutions and rational
function solutions have been obtained. It was seen that the solutions provided the equation using Mathematica 11.2 In
addition, the graphic performances of some solutions are given.

Keywords: The coupled potential KdV-equation, Soliton wave solutions, Generalized (%)- expansion method.

Potansiyel KdV- denklem c¢iftinin baz soliton dalga coziimleri i¢in

Genellestirilmis (%)- acilim metodu

Oz

Bu makalede, genellestirilmis (G '/ G) — agilim metodu kullanilarak potansiyel KdV denklem ¢iftinin bazi soliton dalga
¢ozlimleri bulunmugtur. Bu denklem i¢in hiperbolik fonksiyon ¢oziimleri, trigonometrik fonksiyon ¢oziimleri ve rasyonel
fonksiyon ¢oziimleri elde edilmistir. Coziimlerin Mathematica 11.2 kullanilarak denklemi sagladig goriilmiistiir. Ayrica,
bazi ¢oziimlerin grafik performanslari verilmistir.

Anahtar Kelimeler: Potansiyel KdV- denklem ¢ifti, Soliton dalga ¢6ziimleri, Genellestirilmis (%)— a¢ilim metodu.
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1. Introduction

Nonlinear partial differential equations (NPDEs) have an important place in applied sciences.
There are some analytical methods for solving these equations in the literature (Bock and Kruskal,
1979; Malfliet, 1992; Chuntao, 1996; Caricllo and Tabor, 1989; Fan, 2000.; Clarkson, 1989). In
addition to these methods, there are many methods of solving such equations by using an auxiliary
equation. By using these methods, partial differential equations are converted to ordinary differential
equations and the solutions of partial differential equations are found with the help of these ordinary
differential equations. Some of these methods are given in (Fan, 2000v; Elwakil et al.,2002; Chen and
Zhang, 2004; Fu et al.,2001; Shen and Pan, 2003; Chen and Hong-Qing, 2004; Chen et al.,2004;
Chen and Yan, 2006; Wang et al., 2008; Guo and Zhou, 2010; Lii et al., 2010; Li et al., 2010;
Manafian, 2016; Khater, 2015; Manafian et al., 2017; Yan, 2001).

We used the generalized (%)- Expansion Method for finding the some soliton wave solution of the

coupled potential KdV-equation. This method is given in the second chapter.
2. Analysis of Method

The method will be introduced briefly. Consider a general partial differential equation of two

variables,

Q (U, Up, Uy, Uy, .. ) = 0, (1)

Using the wave variable u(x,t) = u(§), & =x—ut the Eq.(1) turns into an ordinary
differential equation,

Q'(u,u",u",..)=0 ()

here u is constant. With this conversion, we obtain a nonlinear ordinary differential equation
for u(&). We can express the solution of Eq.(2) as below,
u(®) = TRt di @) + Xkt e @()7F 3)

where m is a positive integer is found as the result of balancing the highest order linear term

and the highest order nonlinear term found in the equation, the coefficients d; and e, are
constants. ®(§) = (%) satisfies the following ordinary differential equation,

leG” - szG, - kg(G,)Z - k4GZ = 0 (4)
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/ N~k
Substituting solution (3) into Eq. (2) yields a set of algebraic equation for (%) , (%) , then, all

-k
coefficients of (%) , (%) , have to vanish. Then, dy, ey ,kq, k;, k3, k4 and p constants are found.

The special solutions of Eq. (4) are as follows, (Manafian et al., 2017).

llsz * O,f = k1 _k3 and s = k% +4‘k4_(k1 _ks) > O,then

2. lsz;to,f:kl_k3 andSZk%+4-k4(k1—k3)<0,thel’1
. V—S Vv—Ss
\/_—5_615”1 (2—k1§> + Cycos <Z—k1§>

f 2f Cicos (55) + C,sin <\é?€>

() =

3.ifk2;t0,f=k1—k3ands=k§+4k4(k1—k3)=0,then
Gy

2f C1 + (¢

4.ifk, =0,f =k; —ks;and g = fk, > 0, then

@Clsinh <\]/(—E f) + C,cosh <\]/(—_;q
d Cicosh <‘/§€> + C,sinh ‘]/c—_‘lgf

k

() =

() =

5.ifk, =0,f =k; —ksand g = fk, <0, then

\/_—g—Clsin <%E) + Czcos< r
C;cos <\/—_9€> + C,sin <\/—_g€>

kq kq

D) =

6.1fk, = 0and f = k; — k3, then
k,
Cikgexp (72¢)

fki+ Cikikzexp (k_klzf)

7.ifk, # 0and f = k; — ks = 0, then

(6 =

o) = — 2+ Crewn (26)
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8. lfkl s k3, kz s 0 and f == kl _k3 == O,thel’l
k
() =6 +k_4€
1

9. 1fk3 = Zkl, kz = O al’ld k4 = 0, then

1
() = -
cl+(Z—i—1)f

3.Application

The coupled potential KAV equation were considered as follows (Yan, 2001),
Up = Upey — SUlyy + VU — 3uZ — 3u?u, + 6uvu, — 3viu, =

Vi — Vyyy + 3UVyy — 3V, — 302 — 3u?v, + 6uvy, — 3v%v, =0 (5)

If u(x,t) =u(€), & =x —ut conversion is used, the (5) equation becomes the following
ordinary differential equation,
—pu' —u'" = 3uu” + 3vu” —3(W)? - 3utu’ + 6uvu’ — 3v?u' =0

—pv' —v" + 3uv” = 3vv” —3(w")? - 3u?v’ + 6uvv’ — 32’ =0 (6)

When balancing u'"" with vu'" and uvu', v""" with uv'’ and uvv’ then gives m; = 1 and

m, = 1 . The solutions are as follows,
u(§) =do+d;®(¢) + e, @)
v(&) = fo + P + g P()7! (7)

If Eq. (7) is substituted in Eq. (6), we have a system of algebraic equations for d,, dy, €4,

for f1, 91, k1, k2, k3, k4 and p. These algebraic equations system are as follows

3doeiks  3foeiks

—pe; — 3die; —3ef —3dyef + 6dge foy — 3ey f§ + 6eff; — 6e;fig, + 3d19% +

1 key
6doei1fik; + 6foe1f1k2 + 6dod1g1ks _ 6fod1giks _ e1k3 + 3esf1k3 + 3d19:k3 + Heiks + 3dgeiks + 6efks +
kq kq kq k. k2 k2 k2 kq k. kq
3d,e’k 6dge; fok 3e.fPk 6e?fik 6e,91f1k
16iks _ Odoeifoks | 3erfoks  Geifiks | bergifiks . (8)

k1 k1 k1 kq k4

If the system is solved, the coefficients are found as

Case 1.
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81 :O,fo :do,k4 :0,k2 * O,kl io,k3 * 0, gl :0,f1

kz ,dy #0
K’

Solution 1.

3
kg i

x 2 2 2x 2
[ R
1

\/IT% k3x+k3t j?g k3 x+k3t

u(x, t) =d, +2y
ky

1

3
2k1

( If . l If . l )

v(x,t) =d, +

1

Case 2.

e, =0,fo=dof1=dy,91 =0,k; =0,k; = %(21(1 —diky), ki (ks +k3) #0,u =

98

= d1'k3 = %(21(1 - d1k1),

_ 2dik,
ky
Solution 2.
( I:‘/—dlklk;l\_/(f’]:21+2td1k4) C +Co \/ d1k1k4\,/(icli€21+2td1k4):| )\/W
u(x,t) =d,
( ) Cos J—d1ki1ka(xkq+2td1ky) C. +Sin N d1k1k4(xk1+2td1k4) k
N 1 V2k? 1
\/§< [,/ dlklkt/(icll:zﬁztdlk@ ¢, +Co §[v= dlklkf/(icllcc21+2td1k4)] )m
v(x,t) =dy+
(x, 1) 0 Cos|/Zaakika(eks +2td1ka) ¢, +Sin J~dikika (kg v2tdika)] L\
\/_kz \/—kz 2 1

Jdikike(xkq+2tdke)
V2 (51 h[ o7

V2k3

C +Cos h[,/d1k1k4(xk1+2td1k4)

o

u(x,t) =dy+
( ) 0 (COSh|:‘/d1k1k4(Xk1+2td1k4)
V2ki

2
VZK?

C +Slnh[,/d1k1k4(xk1+2td1k4):|cz>k1

)

(10)

(11)

(12)

(13)
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\/E(Sinhliwl dikiks(xkq+2tdiks)

C1+Cosh[‘/d1k1k4(xk1+2td1k4)]62> A

v(x,t) =d, + V2k3 Vaki (14)
’ 0 Jdiki1ka(xkq1+2tdks) . Jdi1kika(xkq+2td1ks)
Cosh > C1+Sinh > Cy |kq
VZk% V2kg
Case 3.

e1 =91, fo=do ky =0,e, #0,d; =0,k, =0, f; =0, ky(—ky +k3) #0,u =
_ 3(e1ki—eqk3)

kq
Solution 3.
u(x,t) =dy+e;(—x — C; + 3e;t) (15)
v(x,t) =dy + e (—x — C; + 3eqt) (16)
Case 4.
3d,k
e1 =0, fo=do fi=dpk;=0,91=0, ky = ks, kyk, #0, p=— 114'd1 #+0
Solution 4.
ul, ) = do + dy (€, + 20aE00, (17)
1
v(x,t) = do + dy (C; +2EX00, (18)
1

Case 5.
d1 = O, f1 = O, g1 = é kz = 0, k4_ = O, kl(_kl +k3) * 0,—d061 +61f0 * 0, U=

_ 3(dBkitesks—2dofoks+fiki—eiks)

k1
Solution 5.
u(x,t) = do + e;(—x — C; — 3(dg — ey — 2dofy + f)t) (19)
v(x, t) = 3eft + fo — e (x + C; + 3dét — 6d,fot + 3fFt) (20)

4. Explanations and Graphical Representations of The Obtained Some Solutions

The graphical performance of found some solutions are demonstrated Figs. 1-4. These figures

have the following physical explanations
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Figure 1. The 3 Dimensional surfaces of Eq. (9) fork; = 1,k, =2,dy =1,C; = 2,C, = 3.

[}

-5

Figure 2. The 2 Dimensional surfaces of Eq. (9) fork; = 1,k, = 2,dy =1,C; = 2,C, =3 and t = 1.

Figure 3. The 3 Dimensional surfaces of Eq. (11) fork; = 1,k, = 2,dy =1,d, =1,C; = 3,C, = 2.

20 -10 10 20
Figure 4. The 2 Dimensional surfaces of Eq. (11) fork; = 1,k, = 2,dy =1,d; =1,(;, =3,(, =2 andt =
1.



Karadeniz Fen Bilimleri Dergisi 9(1), 94-102, 2019 101

The coupled potential KdV-equation: The shapes of Egs.(9)-(11) are represented in

Figures 1-4 within the intervals —20 < x < 20,-5 <t < 5.

5. Conclusions

The Generalized (%)- Expansion Method were used for some soliton wave solution the

coupled potential KdV-equation. Some nonlinear partial differential equations were solved by this

method. It can be solved similarly in a number of nonlinear partial differential equations.
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Oz

Giliniimiizde 6liime neden olan kalp hastaliklar1 yayginlasmigtir. Elektrokardiyografi bu hastaliklarin teshis asamasinda
sik¢a kullanilan biyomedikal bir sinyaldir. Bu ¢aligmada, EKG incelemesi sonucunda aritmiyi saptamada kullanilabilecek
bir teknik Onerilmistir. Aritmiyi tespit i¢in, Deneysel Mod Ayristirma ve de Tekil Degerlere Ayristirma kullanild.
Deneysel Mod Ayristirma duragan, dogrusal olmayan serileri analiz i¢in uygun bir tekniktir ve yerel diizeyindeki salinim
sinyallerini kullanir. Sinyalleri, ig Mod Fonksiyonlar1 adindaki salinim yapilarina ayristirir. Tekil Degerlere Ayristirma
ise karmagik veri setlerinin boyutlarini kiigiiltiilmede kullanilan bir cebirsel yontemdir ve giiriiltii etkilerini azaltmada
kullanilmistir. GiirGiltiiniin etkisinin azaltilmasindan ve uygun oznitelliklerin elde edilmesinden sonra, Siniflandirma,
Gelistirilmis Karar Agaclar1 kullanilarak yapildi. Siniflandirmanin performansini degerlendirmede dogruluk, duyarlilik
ve Ozgiinliik degerleri hesaplandi.

Anahtar Kelimeler: Elektrokardiyografi (EKG), Deneysel Mod Ayristirma, Tekil Degerlere Ayristirma, Gelistirilmis
Karar Agaclari, Aritmi.

Arrhythmia Detection Using Empirical Mode Decomposition and Boosted Trees
in Electrocardiography Signals

Abstract

Nowadays, heart diseases that cause death have become widespread. Electrocardiography is a biomedical signal
commonly used in the diagnosis of these diseases. In this study, a technique which can be used for detecting arrhythmia
as a result of ECG examination is proposed. In order to detect arrhythmia, Empirical Mode Decomposition and Singular
Value Decomposition were used. Empirical Mode Decomposition is an appropriate technique for analysis of the
stationary, non-linear series and uses oscillation signals at the local levels. It separates the signals into oscillation
structures called Intrinsic Mode Functions. Singular Value Decomposition is an algebraic method used to reduce the size
of complex data sets and is used to reduce noise effects. After reducing the effect of noise and obtaining the appropriate
features, the classification was made by using Boosted Trees. Accuracy, sensitivity, and specificity values were calculated
to evaluate the performance of the classification.

Keywords: Electrocardiography (ECG), Empirical Mode Decomposition, Singular Value Decomposition, Boosted Trees,
Arrhythmia.
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1. Giris

Aritmi tespitini genelde tecriibelerine dayanarak doktorlar yapmaktadir ancak bugiinlerde akilli
saatler gibi donanimlar ve gelismis yazilimlar kullanarak doktora gitmeye gerek kalmaksizin bazi
aritmi tiirlerini yliksek dogrulukla tespit edilebilmektedir. Bu alanda yapilan pek c¢ok calisma
bulunmaktadir. Deneysel Mod Ayristirma (DMA) teknigi EKG sinyallerindeki giiriiltiiyli kaldirmada
kullanilabilir. Bu tarz ¢aligmalardan birisinde Weng ve arkadaslar1 DMA tabanli bir yontem ile
yiiksek frekansh giiriiltilyli minimum sinyal bozulmasi ile kaldirmay1 hedeflenmistir (Weng ve ark.,
2006). Yontem, MIT-BIH veri tabanlarinin kullanildigi deneylerle dogrulanmistir. Blanco-Velasco
ve arkadaslar1 DMA yonteminden yararlanan yeni bir EKG gelistirme teknigi 6nerdiler (Blanco ve
ark., 2008). Onerilen teknik, yiiksek frekansli giiriiltiiyii ve taban sapmasmi minimum sinyal
bozulmas: ile kaldirabilmektedir. Teknik, MIT-BIH veri tabanlarinin kullanildigi deneylerle
dogrulanmigtir. Slimane ve Nait-Ali, QRS bdlgesinin tespiti amaciyla yeni bir DMA tabanli bir
algoritma sundular (Slimane ve Nait-Ali, 2010). Bu algoritma yiiksek gecisli bir filtre, sinyalin DMA
ayristirmasi, dogrusal olmayan bir doniisiim, bir entegrasyon ve son olarak diisiik gecisli bir filtre
kullanir. Onerilen algoritmanin yiiksek algilama performanslarina ulastigi goriilmiistiir. Labate ve
arkadaslar1 tek kanalli EKG'yi isleyerek solunum sinyalinin dalga bi¢imini yeniden
yapilandirmislardir (Labate ve ark., 2013). Bu hedeflere ulasmak i¢in, DMA ve dalgacik analizi gibi
EKG sinyalinin uygun fonksiyon tabanlarina ayristirilmasi i¢in iki teknik kullandilar. Sonuglar ayrica
her iki algoritmanin da solunum dalgast bi¢imini yeniden yapilandirabildigini gostermektedir,
bununla birlikte DMA oOnceden seg¢ilmis bir fonksiyona ihtiyag duymadan sinyali
ayrigtirabilmektedir. Dalgacik analizinde ise bir ana dalgacik se¢ilmesi gerekmektedir. Pal ve Mitra,
DMA teknigini kullanan EKG sinyal gelistirme ayrica QRS tespit algoritmasini gelistirmistirler (Pal
ve Mitra, 2017). DMA teknigi ayristirma ¢ikis1 olaraktan i¢ Mod Fonksiyonlarini (IMF) iireten tam
uyarlamali bir sinyal ayristirma teknigidir. QRS kompleksini ifade eden bir dizi IMF secilir ve QRS
gelistirmesi nedeniyle dogrusal olmayan bir doniisiim yapilmasiyla, siirecin algilamanin dogrulugunu
artirdigr tespit edildi. DMA genellikle EEG sinyallerinin smiflandirilmasinda kullanilmistir. Bu
calismalardan birisinde Bajaj ve Pachori IMF'lerden hesaplanan genlik modiilasyon bant genisligi ve
frekans modiilasyon bant genigligi bilgisini destek vektor makine yontemine giris olarak verip ndbet
geciren ve gecirmeyen hastalar1 simiflandirdilar (Bajaj ve Pachori, 2012). Uygun IMF secimi ve

Morlet dalgaciginmi kullanarak % 99.5-100 (minimum- maksimum) basar1 elde ettiler.
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2. Materyal ve Metot

Yapilan ¢aligmada aritminin tespiti igin DMA kullanilaraktan 6znitelikler elde edilmektedir.
Tekil Degerlere Ayristirma (TDA) ile giiriiltii etkilerini azaltmaktadir. Siniflandirma asamasinda ise
Gelistirilmis Karar Agaclar1 kullanilmistir. ST-Petersburg Enstitiisii Kardiyolojik veri tabani analizler
icin tercih edilmistir. Bu veri taban1 32 adet Holter kaydi ve 75 agiklama iceren kayit dosyasindan
meydana gelmektedir. Her kayit 257 Hz'de orneklenmistir ve 30 dakika siiresindeki 12 kanal
icermektedir (Goldberger ve ark., 2000).

2.1. Deneysel Mod Ayristirma

DMA duragan ve dogrusal olmayan serileri analiz etmede kullanilan uygun bir tekniktir ve
yerel salmm diizeyindeki salinim sinyalleri kullanilmaktadir. Sinyaller, IMF’leri bazi salmim
yapilarina ayristirilir (McDonald ve ark., 2007). DMA algoritmasinda ilk olarak giris sinyalinde yerel
tepe noktalar1 bulunur. Yerel maksimum noktasindaki 3. derece bir egriyi alaraktan iist sarma egrisi
olusturulur. Yerel minimum noktasindaki 3. derece bir egriyi alaraktan alt sarma egrisi olusturulur.
Ust ve alt sarma egrilerine ait ortalamalar hesaplanir. Bu ortalamalar giris sinyalinden cikartilarak
sinyale ait diisiik frekansl bilesen ortadan kaldirilmaktadir. Elde ettigimiz sinyal IMF ise islem
sonlandirilir. Eger IMF degilse islemler yeni sinyal i¢in tekrarlanmir. Sinyalin IMF olup olmadigini
anlamak icin IMF kosullarina bakariz. IMF kosullarini ilkinde sinyale ait sifir gegisleri tepe sayisina
esit veya bir fazladir. ikinci kosulda yerel minimum ve de maksimum tarafindan belirlenmis sarma
egrileri simetrik olur. Bu teknigin 6nemli avantajlarindan birisi de, iiretilen IMF’ler Hilbert
dontistimiiyle gegici uzay verilerinden zaman frekans alanina doniistiiriilebilir olmasidir. Bir x(t)
fonksiyona ait Hilbert doniisiimii, y(t), asagida denklem 1’deki gibi yapilabilir (McDonald ve ark.,
2007).

1 po0
y(t) = Hlx(®)] == Xdr (1)

Hilbert spektrum grafigi i¢in, sinyalin IMF’lerine ihtiyacimz vardir. IMF’lerini ve sinyalin
atiklarini hesaplamada DMA kullanildi. Interpolasyon ydntemi olaraktan pchip tercih edildi. Ornek

ayrigtirma Sekil 1°de verilmektedir.



Karadeniz Fen Bilimleri Dergisi 9(1), 103-110, 2019 106

DAMA
;' ‘-\.nl_p a.p\.l-\../-ﬂl S |-' i I-—W-l"'\-'-“-' Ll e e I P, | ! | : | I ) |
- - i b A.p,uh-' L alheahclotimedt i et W P N . _-_ o 1 |
2 —-4—~*—-—1—-‘J—-—*-—1——++H-~*—-, . H—'l—*’—%ﬂw—ﬂ—ﬂwuﬂ__d. ' 1
E ....,#.‘..,-'!_\. e 2 .,11 "‘-r-"ll"""r"""ll" "'"."""I""f"'-"r.""""-l,""'F"""._-_ l-"'f" ..l_||.. “.'r'""‘i'l""'h"";l"' -:Ir...._.a--—,..- .—.1
s O | PTTRTNET LR AR W TP P DR U YR LR SOOI LT T TR ST T ST P P
EE - I;-- 1l -I- ) I_. I._ II..I_-._--| II-L..,. I.-L.I...-.._...I,. |l ._"'".I"'-' = v i ekl - .Ill
an
a = I'T S
= v 4 et
é =
al E - W
U2
- 7 -
™ ; , N ;
= ==
L B p
E -
a = -
=
» . T e
- 1

Sekil 1. Deneysel Mod Ayristirma ve i¢ Mod Fonksiyonlari

2.2. Tekil Degerlere Ayristirma

TDA, karmasik veri setimizin boyutunda kiiciiltiilme i¢in uygulanmis bir cebirsel tekniktir.
TDA’nin asil uygulamalar1 matrisin temel alt uzaylarini bulmak, normu hesaplamak, sézde ters matris
hesaplamasi, diisiik derece yaklasik yapinin elde edilmesidir (Lagerlund ve ark., 1997). Bu teknik
sayesinde egitim ve siiflandirmada kullanilan siire kisalmaktadir. Her M * N boyutlu A matrisi

denklem 2’deki gibi ayrigtirilabilir.
A=UDVT 2)

D, kosegen, gercek ve negatif olmayan bir NxN matris, U, AAT 6zvektorleri tarafindan

hesaplanan ortogonal bir MxM matris ve V, AAT dzvektorleri tarafindan hesaplanan ortogonal bir

NxN matrisdir.

2.3. Siiflandirma

Gelistirilmis Karar Agaglar kullanirken tercih ettigimiz topluluk yontemi AdaBoostM1’dir.
AdaBoost’un egitim siirecinde, modelde performansi artiran 6zellikler secilerek yiirlitmenin siiresini
gelistirebilir (Freund ve Schapire, 1997). Algoritma, sirayla 6grenmektedir. Indeks t ile her 6grenci

icin, AdaBoostM1 agirlikli siniflandirma hatasini hesaplar ve denklem 3 ile verilmistir.
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g = YN dP1 (yp # he(xy) 3)

Xn, 1 gozlem icin belirleyici degerlerin bir vektorudir.
Yo, gercek siif etiketidir.

h;, indeks t ile 6grenicinin (hipotez) tahminidir.

1, gosterge fonksiyonudur.

dg), t adiminda n gozleminin agirligidir.

AdaBoostM1, daha sonra, 6grenici t tarafindan yanlis siniflandirilan gézlemler icin agirliklar
artirtr ve Ogrenici t tarafindan dogru sekilde smiflandirilan gozlemler i¢in agirliklart azaltir. Bir
sonraki dgrenici t + 1 daha sonra gilincellenmis agirliklar ile veriler lizerinde egitilir.

Egitim bittikten sonra, AdaBoostM1 kullanarak yeni veri i¢in siif tahmini yapar. Bu siire¢

denklem 4 ve 5’de verilmistir.

f@0) = Xioy achy(x) 4)
a, =;log =" 5)

AdaBoostM1 tarafindan yapilan egitim, iistel kaydin kademeli olarak en aza indirilmesi olarak

goriilebilir ve indirilmesi gereken fonksiyon denklem 6’da verilmistir.

Zg=1 Wnexp(_ynf(xn)) (6)

Burada y,, gercek siif etiketidir.
w,, normalize edilmis gézlem agirliklardir.
f (x,) tahmini smiflandirma skorudur.

Cogu zaman AdaBoostM1 s1§ agaglarla kullanilir. Ogrenme oramini daha diisiik bir sayiya

ayarlarsaniz, topluluk daha yavas bir hizda 6grenir, ancak daha iyi bir ¢ozliime yaklasabilir. 0.1,
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O0grenme orani i¢in popiiler bir se¢imdir. 1'den az bir oranda 6grenmek genellikle biiziilme olarak

adlandirilir.

Sahte kayiplar1 yorumlamak, siniflandirma hatasindan daha zordur, ancak fikir aynidir. S6zde
kay1p, bir topluluktaki herhangi bir 6grenicinin siiflandirma dogrulugu 6l¢iisii olarak kullanilabilir.
Sozde kayip genellikle AdaBoostM1 igin agirlikli siniflandirma hatasiyla ayni davranisi gosterir.
Giiglendirilmis bir topluluktaki ilk birka¢ dgrenici diisiik yalanci kayip degerleri verir. Ilk birkac
egitim asamasindan sonra, topluluk daha yavag bir tempoda 6grenmeye baslar ve kayip degeri 0,5'ten
asagiya dogru yaklasir (Freund ve Schapire, 1997).

Uygulanabilirlik, hafizanin az kullanimi, artan tahmin hizindan dolay: tercih edilmektedir.
Fakat etkili bir tahmin igin, fazla miktarda topluluk iiyelerine ihtiya¢ duyabilir. Ogrenme sekli olarak
karar agaci kullanildi. Karar agaci, hizli siniflandirma igin tercih edilebilecek en iyi seceneklerden
birisidir. Yorumlanmasi kolaydir. Maksimum boliinme sayisini kullanarak agacin derinligini
modelin siniflandirmakta kullandig1 zaman ihtiyaci artacaktir.

Siniflandirma yonteminin performansini degerlendirmede dogruluk, duyarlilik ve 6zgiinliik,
kullanilmistir. Dogruluk(D), 6zgiinliik(O) ve hassaslik(H) matematiksel ifadeleri Denklem 7-9°da
verilmektedir. Burada TP gercek pozitif degeri, FP yanlis pozitif degeri, TN gercek negatif degeri ve
FN yanlis negatif degeri ifade etmektedir(Tomak ve Kayik¢ioglu, 2018).

TP

H = TP+FN )
. TN
0= TN+FP (8)
TP+TN
= TP+FP+FN+TN ©)

Paralel Koordinat Cizimleri Sekil 2’de verilmistir. Bdylece bircok degiskeni birlikte
karsilagtirabiliriz ve aralarindaki iliskileri gorebiliriz. Paralel Koordinat Cizimlerinde, her bir
degiskene kendi ekseni veririz ve tiim eksenleri birbirine paralel olarak yerlestiririz. Her bir eksen
farkl1 bir 6l¢ii biriminde ¢alistigindan her eksen farkli bir 6l¢ek alabilir veya tiim 6lcekleri esit tutmak

icin tiim eksenler normallestirilebiliriz. Degerler, tiim eksenlere baglanan bir dizi ¢izgi olarak ¢izilir.
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Sekil 2. Verilere ait Paralel Koordinat Cizimleri.

3. Bulgular ve Tartisma

ST-Petersburg Enstitlisi Kardiyolojik veri tabanindan almman 175497 kalp atisini igeren
sinyaller rastgele ve esit sayida egitim ve test kiimelerine ayrilir ve sonra 6nisleme 6znitelik ¢ikarimi
ve siniflandirma yapilmaktadir. Egitim kiimesindeki verilerimiz aritmi igeren ve de icermeyen veriler
seklinde etiketlendi. Oznitelikler elde edilirken DMA, giiriiltiiyii bastirmada TDA, siniflandirmada
ise Gelistirilmis Karar Agaclar1 kullanildi. MATLAB kullanilarak yapilan simiilasyonlar sonucunda
% 92.47’liik dogruluk % 95.71 duyarlilik ve % 88.62 6zgiinliik elde edildi. Bu verilerin dagilimi ve

siiflandirmasina ait dagilim grafigi Sekil 3’de verilmistir.
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Sekil 3. Verilerin dagilimi ve siiflandirmasina ait dagilim grafigi
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4. Sonuclar ve Oneriler

DMA ile Oznitelikleri olusturup Gelistirilmis Karar Agaclar ile siniflandirma yaptigimiz
sisteme ait sonuclar basarilidir ve gelistirilecek aritmi tespit sistemlerinde kullanilabilir. TDA
kullanim1 giiriiltii etkilerini azaltmanin yaninda egitim ve smiflandirmada kullanilan siireyi
kisaltmaktadir. Benzer ¢alismalarda DMA o6zellik olarak genelde EEG sinyallerini siniflandirmada
kullanilmigtir ve bagarili sonuglar elde edilmistir mesela Bajaj ve Pachori 2012°de uygun parametre
secimiyle %100’e ulasan basar1 elde etmislerdir ancak bu teknigin EKG sinyallerinin
siniflandirmasinda kullanildigr bir ¢alismaya rastlanilmamistir. EKG sinyallerini siiflandirmada
kullanilan diger yontemlere yakin basar1 seviyelerine sahiptir ve TDA kullanimi ile basariy1 ve siire
konusunda iyilesme saglanmigstir. Algoritmanin optimizasyonu siireyi daha da kisaltabilecektir

bdylece gercek zamanli analizler i¢in uygun hale getirilebilir
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Oz

Bu calismanin amaci, lif kalinligina bagl olarak 1sirgan lifi/ polimetilmetakrilat kompozitlerin mekanik testlerinde lifin,
kritik oranlarmi ( vfisiix) ortaya koymaktir. Bu amag igin gevrek bir matris olan polimetilmetakrilat kullanildi. Dogal
yontemle iiretilen 1sirgan lifi, elle yatirma yontemi ile % 1,25, 2,5, 3,75 ve % 5 hacim oranlarinda 1sirgan lifi takviyeli
polimetilmetakrilat kompozitlerin iretiminde kullanildi. Bu kompzitlerde ¢ekme, egilme ve darbe mukavemeti,
testlerinden elde edilen grafiklerden faydalanilarak, lif kalinligima bagli kritik fiber oranlari tesbit edildi. Lifin fiziksel
ozellikleri ve matris ile etkilesimi, sirasiyla XRD ve FITIR testleri ile belirlendi. SEM goriintiileri kirilma yiizeylerinin
gozlemlenen mikro yapist yardimi ile incelendi. Elde edilen verilere gore, kalin liflerde kritik lif cap1 degerleri, ince liflere
gore daha yiiksektir. Bu sonug, ince liflerin kalin liflere oranla malzemelerin mekanik &zelliklerini olumlu ydnde
etkiledigini gosterir.

Anahtar Kelimeler: Kompozit, Mekanik 6zellikler, Isirgan lifi, Pmma, Kritik hacim orani.

Effect of Fiber Thickness on Critical Fiber Ratio in Mechanical Tests of Nettle-
Polymethylmethacrylate Composites

Abstract

The aim of this study was to determine the critical ratios of fiber (vfcrit.) In nettle fiber/polymethyl methacrylate
composites depending on fiber thickness. Polymethyl methacrylate, a brittle matrix, was used for this purpose. Nettle
fiber, produced by natural method, was used in the production of polymethylmethacrylate composites with nettle fiber
fiber with a ratio of 1,25%, 2,5, 3,75 and 5% by Hand lay-up.The tensile strength, bending strength, and impact strength
of these compenents were used to obtain critical fiber ratios based on the thickness of the fiber. The physical properties
of the fiber and its interaction with the matrix were determined by XRD and FITIR tests, respectively. SEM images were
examined with the help of the observed microstructure of the fracture surfaces. According to the obtained data, critical
fiber diameter values in thick fibers are higher than thin fibers. The results of the study showed that fine fibers had a
positive effect on the mechanical properties of the materials compared to thick fibers.

Keywords: Composite, Mechanical properties, Nettle fiber, Pmma, Critical volume ratio.
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1. Giris

Kompozit malzemelerin avantajlarindan biri, farkli gereksinimleri karsilamak tizere malzeme
ozelliklerini ayarlama imkanidir. Heterojen kompozitlerin makroskopik davranisinin, (Volumetrik)
kompozisyon, her komponentin gerilme-sekil degistirme davranisi, fazlarin geometrik diizeni ve
arayiiz Ozellikleri dahil olmak {iizere bircok faktore bagl oldugu bilinmektedir (Shah ve Ark. 2012;
Takagi ve Nakagaito 2016).

Bitkisel liflerden tiretilen kompozitlerin mekanik 6zellikleri iizerine yapilan birgok ¢alismada,
kompozitlerin hacimsel etkisi iyi tanimlanmamistir (Madsen ve ark. 2009). Bununla birlikte, Dogal
elyaflarla giiclendirilmis kompozitlerin yapi-6zellik iligkilerini ¢ok giizel bigimde ortaya koyan bazi
calismalar da vardir. Bunlar kisa fiber takviyeli (Aslan ve ark.2018), ve tek eksenli olarak
yonlendirilmis lif takviyeli (Madsen ve ark 2007) ¢aligmalardir.

Ghosh ve ark. (2011). tarafindan yapilan ve bu alanda ilk olan ¢alismada, kisa muz lif takviyeli
vinil-ester kompozitlerin, kritik elyaf hacim (Vfkitik) fraksiyonu % 25 vf, olarak tanimlanmaistir. Shah
ve Ark. (2012), tarafindan yapilan calismada keten-polyester ve jiit-polyester kompozitlerde kritik
fiber oranlar1 belirlenmistir. vfkritik = % 9,3 iken jiit polyester kompozitlerde bu oran %8,1 olarak
gerceklesmistir. Ayni ¢alismada karbon polyester kompozitlerin ¢ekme testlerinde kritik oran %2,4
olarak belirlenmistir. Fakat 1sirgan lifleri i¢in benzer bir ¢alisma yoktur. Yapilan diger ¢alismalarda
1sirgan lifi takviyeli kompozitlerin mekanik ve yaslanmaya bagli davranislar1 irdelenmistir

Isirgan lifi/PP kompozitler ile yaptiklari calismada Paukszta ve ark. (2013) carpma dayaniminin
% 35, uzamanin %7 ve ¢ekme modiiliiniin % 50 arttigin1 rapor ettiler.

Kompozitlerin mekanik davranigina farkli igletim ortamlarinin etkisini aragtiran Kumar ve
arkadaglar1 (2013) farkli uygulama siiresi i¢in nehir suyu, mazot, dondurucu hava sartlariyla, glines
15181 (UV) ve topragin 1sirgan lifi takviyeli polipropilen (PP) kompozitlerinin ¢ekme davranisi lizerine
etkisini arastirdilar.

Lanzilao ve arkadaglar1 (2016) yaptiklar1 ¢alismada Himalaya 1sirgan otu ile Avrupa 1sirgan otu
lifinin mekanik 6zelliklerini ortaya koydular. Yaptiklar1 ¢alismada Himalaya Isirgan otu lifinin elyaf
uzunlugunun daha fazla, liimen cap1 ve seklinin daha farkli oldugunu ve maksimum gerilme
dayaniminin Avrupa Isirgan Lifine gore iki kat daha yiiksek oldugunu rapor ettiler.

Bu caligmada elle yatirma yontemi ile iki farkli lif ¢api kullanilarak, iiretilmis 1sirgan/
polimetilmetakrilat kompozitlerin mekanik 6zellikleri belirlenmistir. Kompozitlerin mekanik
testlerinden elde edilen ( ¢ekme, egme, darbe ) grafikler yardimi ile, minimum ve kritik elyaf hacim
fraksiyonu degerleri ortaya konulmustur. Kirilma yiizeylerinin mikro yapist SEM yardimi ile

incelenmistir.
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2.Materiyal ve Metot

2.1. Materiyal

Isirgan otundan lif tiretimi (Urtica dioica ) dogal yontem (Huang ,2005) kullanilarak (hasat,
kurutma, ciirlitme, elle soyma, tarama) elde edilmistir. Bu yolla literatiirde belirtildigi gibi ortaya
cikabilecek mekanik hasarlarin kismen de olsa engellenmesi hedeflenmistir(Nechwatal,2003). Elde

edilen liflere farkli tarama siireleri uygulanarak farkli kalinlikta lifler elde edilmistir Sekil.1.

Kahn B

Sekil 1. Kalin ve ince 1sirgan lifleri

Isirgan lifinin mekanik ve fiziksel 6zellikleri yapilan ¢aligmalarla ortaya konulmustur. Bu 6zellikler

tablo 1’de verilmistir.(Bodros, E. ve Baley, C.2008).

Tablo 1.Isirgan lifinin mekanik ve fiziksel 6zellikleri

Cekme dayanimi 954-2234 Czunluk 42-54 mm
Young Modiilii 59-119 GPa Cap 16-43 um
Uzama % 1,5-6 Yogunluk 1,5 gr/cm?

Isirgan lifi-Polimetilmetakrilat kompozitlerin olusturulmasinda kullanilan matris ve sertlestirme
malzemeleri Otto Bock (Almanya) Tiirkiye temsilciliginden saglandi. Standart Pmma’nin bazi

mekanik ozellikleri tablo 2’de verilmistir (Callister, 2007).
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Tablo 2. Standart Pmma ait bazi1 mekanik 6zellikler

Kopma uzamasi ( % ) 0,5-5 Elastisite modiilii ( MPa) 3000
Sertlik —Rockwell ( M ) 93 Cekme dayanimi ( MPa) 40-70
Darbe dayammi (kJ/m?) 11 Kirilma Toklugu (MN/m*?)  0,7-1

Poisson ratio 0,35-0,40

Isirgan lifi -Polimetilmetakrilat kompozitlerden deney numunesi olusturmak amaci ile PTFE
malzemeden dokiim kaliplar1 hazirland1 ve kompozitler elle yatirma yontemi ile iiretildi. Jellesme
baslangicinda kalip iist pargasi kapatilarak iizerine 6,25 MPa basing uygulandi. Reaksiyon
tamamlandiktan sonra kaliptan ¢ikarilan numuneler nihai kiir uygulamasi igin 24 saat boyunca 80°C
firinda bekletildi. Numuneler otomatik tezgahlarda standartlara uygun olciilerde islendi (Sekil 2).

Kirtilma toklugu numuneleri iizerine a/w orani 0,3 olan standart ¢entikler agildu.

Sekil 2. Islenmis gentiksiz ii¢ nokta egme numunesi

2.2 Metot

Kompozitlerin FTIR analizleri, Perkin Elmer Spectrum1400 spektrometresi ile 4000-650 cm™!
tarama araliginda ve oda sicakhiginda gergeklestirildi. Test 2 cm™ ¢oziiniirliikte ortalama 10 tarama
ile yapildi.

X-1s1n1 kirmim testi, bakir radyasyonlu gelismis Diffractometer (Europe 600 XRD) ile
gerceklestirildi. Cu Ka, 40 kV ve 30 mA'da ¢alistirildi. Tarama araligi 10-30, adim boyutu 0,02 ve
tarama hiz1 0,4 / dakika olarak secildi.

Taramal1 elektron mikroskopisi goriintiileme oncesinde numuneler 50 + 3 °C’de 48 saat
kurutuldu. Daha sonra altin kaplanan numuneler JSM-5910 cihaz kullanilarak goriintiilendi. SEM
goriintiilerinin yorumlanmasi, 1sirgan lifi /Pmma kompozit kirik yilizeylerinin detayli incelenmesi ile
yiritildi.

Yapilan calismada kullanilan 1sirgan liflerinin yogunluklari, Pikmometre YoOntemi ile
belirlenmig ve Isirgan lifinin yogunlugu 1,157 olarak tespit edilmistir.
Lif caplarini belirlemek amaci ile OLIMPUS B52 optik mikroskop kullanildi. 50°ser adet kalin ve
ince lifin Ol¢limii yapilarak Sl¢ctim araligi belirlendi. Yapilan aragtirmada kullanilan liflerin cap

aralig, ince liflerde 30-80 um iken kalin liflerde 80-150pum olarak belirlendi.
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Cekme testi (ASTM D638), 3 nokta egme testi (ASTM D790) iiniversal test makinesi
(Shimadzu Ag-X Plus100 Kn) ile yapild1 (sekil 3). Catlak ucundaki agilmanin 6lctilmesi i¢in klipgey¢
kullanild1. Kic 6l¢timii, ¢entik uzunlugunun, numune genisligine orant ( a / w ) 0,3 olan numuneler

yardimi ile belirlendi ve denklem 1 kullanilarak hesaplandi (Hughes, 2002).

Kie =502 f (%) (M

Burada Pm kirilma anindaki yiik, S mesnetler aras1 mesafe, D numune kalinligi, W numune

genisligi, ve f( a/w) olarak verilen polinominal geometrik diizeltme faktorii esittir.

f (i) _3(a/w)Y/2[1,99-(a/w)(1-(a/w)x(2,15-3,93(a/w)+2,7(a%/w?)] @)
N 2(1+2a/w)(1-a/w)>/?

w
izod darbe testi D 4812 — 99°deki prosediirlere uygun, bes adet ¢entiksiz test numunesi ile
gerceklestirildi. Darbe enerjisi, 5,4 kJ sarkac cekicine sahip Zwick B5113 izod darbe cihazi ile

belirlendi ve sonuglar kJ / m? cinsinden elde edildi.

Sekil.3. Egme ve kirilma testi diizenegi

2.3. Elyaf hacim oraninin degerlendirilmesi

Dogal elyaflarla gii¢clendirilmis kompozitlerin hacim fraksiyonunu (Vf) dlgmek i¢in asagidaki

ifade kabul edilmistir (Messiry 2013):

Vp = (Ve — (Mc — Mf)/p,) Ve 3)
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Burada; Mc kompozitin kiitlesi, M lif kiitlesi, Vc kompozit hacmi ve pf elyaf, pr kiir edilmis

polimerin yogunlugudur.

3. Bulgular ve Tartisma

3.1. Hacim oranlar1 ve kompoziti yogunlugu

Deney numunelerine ait hacim oranlar1 ve yogunluk sonuglar1 Tablo 1'de sunulmustur.

Tablo 2’de kompozit yogunlugunun, fiber hacim ve agirlik orani ile degisimi incelendiginde,

Isirgan elyaf takviyesinin % hacim oranlarinin artmasina bagl olarak kompozitlerin yogunlugunun

arttigr goriilmektedir. Yogunluk degisimi kompozitlerde sirasiyla % 0,6, %1,3, %1,9, %2,6 olarak

kaydedilmistir.

Tablo.2. Kompozitlerde fiber hacim ve agirlik orani ile yogunlugun degisimi

Ornek Lif agirlik oran1 (%) Lif hacim oran1 (%) Kompozitin yogunlugu
Isirgan Lifi-0 0 0 0,970+0,01
Isirgan Lifi-1 1,31 1,25 0,976+0,02
Isirgan Lifi-2 2,62 2,50 0,983+0,02
Isirgan Lifi-3 3,93 3,75 0,989+0,03
Isirgan Lifi-5 5,22 5 0,996=+0,04

3.2. Kompozitin Fitir analizi

Sekil 4‘de kompozitin Fitir analizi incelendiginde 748 cm™ deki pik C-C baginin titresiminden

kaynaklandig1 diisiiniilmektedir. 1051 ¢cm™ bulunan pik aromatik halkadaki C-H titresimine ve

birincil alkollerdeki C-O titresimine bagli olarak ortaya ¢ikar. 1418 cm™ olusan pik CH> nin simetrik

egilmesinden kaynaklanir. 1648- 1630 cm™! araligindaki absorbsiyon band: seliilozun kristal olmayan

bolgelerindeki absorbe edilmis su molekiillerinin titresiminden kaynaklanmaktadir. 2933 cm™ deki

pik metil ve metilen gruplarmin gerilme titresimine atfedilebilir. 3343 cm™ de gézlemlenen pik O-H

gruplarinin varligin1 géstermektedir. Bu pik lifin i¢erdigi nem veya alkol yada fenol gruplarindan

kaynaklandig diisiiniilmektedir. Kompozitin fitir incelemsine bakildiginda Isirgan lifinin kompozit

icerisindeki varlig1 acikga teyit edilebilir. Isirgan lifinin varligi kimyasal kompozisyona bagli olarak
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baz1 farkli pikleri ortaya c¢ikardigi gibi Pmma’nin bazi piklerinde de kiigiik kaymalarin oldugu

gozlenmektedir. Bu da iki malzeme arasinda zayif bir etkilesimin varligini ortaya koyar.

Pmma
Composite

/\[

T T T T 1
5000 4000 3000 2000 1000 o

102

101 2l
5

100 -
929 -

98 -

T

97 -

96 -

Wavenumber / cm™

Sekil 4. Kompozitin Fitir analizi
3.3.Isirgan Lifinin X-Isim Kirmmim Analizi

Isirgan lifi icerisindeki seliillozun tipik kristal kafesine ait X-151n1 kirinim desenleri Sekil 5'de
verilmistir. Seliiloz elyafa ait ana desenlerin iki teta degerleri sirasiyla lam = 16,5 ve loo2= 22,8 dir ve
bu desenler (101) ve (002) diizlemlerine karsilik gelir. Isirgan elyafinin kristallik indeksi (CrI), Segal
ampirik yontemi kullanilarak belirlenmistir. Isirgan elyafinin kristalinite indeksinin % 71,8 oldugu
ortaya koyuldu. Yapilan bazi ¢caligsmalarda, sisal, keten, kenevir, kenaf gibi seliiloz elyaf ¢esitlerinin

kristalinite indeksini 6lgmek i¢in ayni1 yontemi kullandi (Jonoobi ve ark.2010).

Crl = ( T002-Iam)x 100 /Too2 4)

Intensity (a.u.)

T T T T T T T 1
10.0 12,5 15,0 17,5 20,0 225 25,0 275 30,0
20 (degree)

Sekil 5. Isirgan lifi X-151n1 kirinim desenleri
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3.3. Mekanik Testlerde, Kritik Fiber Oraninin belirlenmesi
3.3.1.Cekme Testinde, Kritik Fiber Oraninin Belirlenmesi

Cekme Testinde minimum ve kritik oranlarin degisimi deneysel yontemle belirlenmis ve sekil
6°‘da verilmistir. Liflerin takviye edici etkisi, elyaf hacim fraksiyonu kritik elyaf hacim fraksiyonunu
(vf> vikritik.) astiginda goriiliir (Pan,1993). Yapilan ¢alismada kompozitin igerisine ilave edilen %1,25
ve %2,5 oranindaki liflerin iki farkli lif kalinliginda da dayanimi diisiirdiigii belirlenmigtir. Lif
ilavesinin artirilmast ile kritik deger asildiginda lifin takviye edici oOzelligi ortaya ¢ikar.
Gergeklestirilen test sonucglarina gore, ¢cekme testindeki kritik 1if oram1 degerleri kalin ve ince
elyaflarda sirasiyla % 4,78 ve % 4,39 olmustur. Yapilan ¢aligmalarda genellikle, polimer matrise
liflerin eklenmesi ile matris mukavemetinin ve rijitliginin artirilmasi yoluyla, kompozitlerin gerilme
ozellikleri belirgin sekilde gelistirilmistir (Malkapuram ve ark.2008). Bu ozelliklerdeki artis hacim
fraksiyonuna, karsim kuralina, fiberin fiziksel ve kimyasal 6zelliklerine ve fiber matris uyumuna

baghidir (Ku ve ark. 2011).

A4
52 4 —e——  ncelif
e
= Kalin Iif Kritik i oram  / /
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=
o
£
o
o
=
o
e
[}
=
X
@
O

Lif hacim orani, V, (%)

Sekil 6. Cekme testi grafigi yardimu ile, kritik lif oranlarinin belirlenmesi

3.3.2. Kirilma Toklugu Testinde, Kritik Fiber Oraninin Degerlendirilmesi

Kalin ve ince lif takviyeli kompozitlerin kirtlma toklugunun, fiber orani ile degisimini gosteren
grafik sekil 7°de verilmistir. Cekme gerilmesindeki benzer davranis burada da tekrarlanmus, kritik lif
oranina ulasildiginda degerlerde artis gorilmiistiir. Bu grafikten faydalanilarak kalin ve ince lif
takviyeli kompozitlerin minimum ve kritik lif oranlar1 belirlenmistir. Isirgan lifi- Pmma kompozitler
ile yapilan ¢alismada, kalin lifler i¢in vf, kritik =% 4,67 ince lifler i¢in vf, kritik = % 4,10 degerleri
bulunmustur. Kompozitin mekanik 6zelliklerinin artirilmasinda, elyaflarin, mekanik ve fiziksel

ozellikleri bunlarin kimyasal kompozisyonu olan, seliiloz, hemiseliiloz ve ligninden etkilenmektedir
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(Giimiiskaya ve ark. 2003). Ornegin, yiiksek cekme mukavemeti ve yiiksek termal kararlilik daha
fazla kristalin seliiloz ihtiva eden liflerden elde edilir (Ornaghi 2014).

—&——  ince lif
— —&-—  Kaln lif

Kirnlma toklugu, K (MPa mm)

Lif hacim orani, V, (%)

Sekil 7. Kirilma toklugu grafiginde minimum ve kritik lif hacim oranin degisimi

3.3.3. Darbe Testinde, Minimum ve Kritik Fiber Oraninin Belirlenmesi

Kalin ve ince lif takviyeli kompozitlerin darbe dayaniminin fiber orani ile degisimini gosteren
grafik sekil 8’de verilmistir. Bu grafikten faydalanilarak kalin ve ince lif takviyeli kompozitlerin
minimum ve kritik lif oranlar1 belirlenmistir. Isirgan lifi- Pmma kompozitler ile yapilan ¢alismada,
kalin lifler icin vf, kritik =% 4,83 benzer sekilde ince lifler i¢in vf, kritik =% 4,22 degerleri
bulunmustur. Cekme testinde vf, minimum ve vf, kritik degerleri arasindaki fark yaklasik % 1 Tken

darbe testinde bu oran daha biiyiiktiir.

16

15 4 —%——  ncs if
— =0 —  Kaln lif

14 4

Kiritike Iif oram

Darbe dayanimi, (K._l-fm2 ]

Lif arant. V, (%)

Sekil 8. Darbe dayaniminda, minimum ve kritik lif hacim oranin degisimi
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3.4 . Morfoloji

Isirgan lifi-Pmma kompozit numunelerin test sonrast kirik yiizeylerine ait SEM mikro
fotograflari sirastyla sekil 9 a, b, ¢,’de gortilmektedir (Biiyiikkaya,2017). Tek lifinin yiizeyi piiriizsiiz
sayilabilecek bir goriintiiye sahiptir (sekil 9a). Sekil 9b’de % 1,25 hacim fraksiyonuna ait kalin lifler
ile takviye edilmis mikrografi goriilmektedir. Goriintiilerle diisiik lif oraninlarinda hasarin lif kopmasi
seklinde oldugu teyit edilmektedir. Sekil 9¢’de % 5 hacim oranina sahip ince liflerle takviye edilmis
kompozitin kirilma yiizeyi incelemesinde yiizeyde farkli kirilma mekanizmalarinin etkileri
goriilmektedir. Bu mekanizmalar fiber ¢ekilmeleri ve fiber kopmalaridir. Ince liflerle takviye edilmis
kompozitin kirik yiizey goriintiileri, kritik hacim fraksiyonu asildiginda 1sirgan lifi-Pmma
kompozitlerin kirilma esnasinda farkli mekanizmalarla enerji absorbe ederek mekanik 6zellikleri

olumlu yonde etkiledigini ortaya koymaktadir.

B 18 kM JsM-3918LY

Sekil 9¢ Kompozitin kirik ylizeyinin
mikrografi

4. Sonuclar ve Oneriler

Bu ¢aligma, Pmma matrise takviye edici katki olarak, diger dogal liflerden daha diisiik oranda

isirgan lifi ilavesi ile 1yi mekanik Ozelliklere sahip bir kompozitin basarili bir sekilde
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gelistirilebilecegini gostermistir. ince 1sirgan lifi, takviyeli kompozitlerin mekanik 6zellikleri kalin
life oranla daha fazla artmistir.

Isirgan lifi/ Pmma kompozitlerin minimum ve kritik elyaf hacim fraksiyonlarinin, keten ve jiit
ile giliglendirilmis kompozitlerin degerlerinden diisiik, buna karsilik karbon kompozitlerden daha
yiiksek oldugu goriilmiistiir. Elde edilen veriler, 1sirgan lifinin, mukavemeti artirma yoni ile, keten
ve jlit’den daha iyi bir takviye malzemesi oldugunu ortaya koyar.

Bu sonuglar, 1sirgan lifinin mekanik degerler agisindan, sentetik fiberlere agirlik/mukavemet
oranina gore lojistik, insaat ve spor gibi bazi sektdrlerde alternatif olabilecegi, yada hibrit kompozit

uygulamarinda 6nemli bir secenek olacagi diistiniilmektedir.
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Oz

Elektrik gii¢ sistemlerinde enerjinin iiretilmesi, iletimi ve dagitimi sirasinda, akim ve gerilimin, 50 Hz frekansinda ve
siniis egrisine ¢ok benzer bir bigimde olmasi arzu edilir. Bu kosul, elektrik enerjisinin kalitesini belirleyen ana
faktorlerden biridir. Ancak, dogrusal olmayan yiiklerin iirettigi harmonikler nedeni ile akim ve gerilim gibi biiytikliikler
siniis bigimde olmaktan ¢ikarlar ve dalga bigimleri olduk¢a karmasik hale gelir. Bunun sonucunda, isletme agisindan arzu
edilmeyen 6nemli sorunlar ortaya ¢ikar. Bu problemler, sistemin ¢aligmasini olumsuz yonde etkileyen ve tiiketiciye
kaliteli enerji sunulmasini engelleyen problemlerdir. Bu galismada, Yalova Universitesi Merkez Kampiisiinde tiiketilen
elektrik enerjisinin kalitesi incelenmistir. Calisma kapsaminda, Merkez kampiisiinde farkli noktalardaki gii¢ dagitim
merkezlerine gii¢ kalitesi analizorii baglanmistir. Giig kalitesi analizori ile sisteme ait akim, gerilim, gii¢ ve frekans gibi
parametrelerin yani sira sistemde meydana gelen gii¢c kalitesi olaylar1 6lgiilmiis ve bilgisayar ortamina aktarilarak
incelenmistir. Harmonik 6l¢iimleri sonucunda elde edilen veriler dogrultusunda gii¢ kalitesi problemlerinin sebepleri
arastirilarak ¢oziim Onerileri sunulmustur

Anahtar Kelimeler: Gii¢ Sistemleri, Enerji Kalitesi, Harmonik, Harmonik Bozulma.

Investigation of Harmonics Affecting the Electrical Energy Quality in

Yalova University Main Campus

Abstract

During the generation, transmission, and distribution of energy in electric power systems, it is desirable that the current
and the voltage are in a frequency of 50 Hz and very similar to the sine curve. This condition is one of the main factors
determining the quality of electric energy. However, due to the harmonics produced by the nonlinear loads, the
magnitudes such as current and voltage are subtracted from the sinusoidal form and the waveforms become more complex.
As a result, important problems arise which are not desirable in terms of operation. These problems are problems that
adversely affect the operation of the system and prevent the transmission of high quality energy to the consumer. In this
study, quality of electrical energy consumed on Yalova University Central Campus was investigated. Within the scope of
the study, Power quality analyzers were connected to power distribution centers at different points on the central campus.
In addition to the parameters such as current, voltage, power and frequency of the system with the power quality analyzer,
power quality events that occurred in the system were measured and analyzed by transferring them to the computer
environment. In accordance with the data obtained as a result of harmonic measurements, the reasons for power quality
problems were investigated and solution proposals were presented. As well as the parameters such as the current, voltage,
power and frequency of the system, power quality events occurring in the system were measured and sent to a computer
for analyses. Some solutions were suggested by investigating the causes of power quality disturbances in accordance with
the data obtained.

Keywords: Power Systems, Energy Quality, Harmonic, Harmonic Distortion.
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1. Giris

Gilintimiizde elektrik enerjisi kaynaklarinin azalmasi ve enerji fiyatlarinin stirekli artmasi
elektrik enerjisinin daha verimli bir sekilde kullanilmasini zorunlu hale getirmistir. Bunun bir sonucu
olarak sebekeden saglanan elektrik enerjisi bilgisayar, fax makinesi, fotokopi makinesi gibi bir¢ok
yiike gii¢ elektronigi (gii¢ konverterleri) devre elemanlar1 vasitasiyla yiikiin ihtiyaglarini karsilayacak
sekle (istenilen gerilimi, frekans ve akim degerlerine) doniistiiriilmektedir. Teknolojinin gelismesiyle
birlikte elektrik enerjisi hayatimizin her alaninda, hem endiistriyel bazda hem ticari bazda ve hem de
meskenlerde ¢ok yaygin olarak tiiketilmektedir. Giiniimiiz yiik tiplerinin bircogunun mikroislemci
tabanli oldugu goriilmektedir. Mikroislemci tabanli yiiklerin hem c¢ok kaliteli bir enerjiyle beslenmesi
ve hem de aym zamanda (kullandiklari anahtarlamali konverterlerden dolay1) giic kalitesi
problemlerinin kaynagini olusturmamasi beklenmektedir. Bu tiir yiikler genelde nonlineer yiikler
veya devre elemanlar1 olarak tanimlanirlar. Dogrusal olmayan yiiklerin genis bir sekilde kullanilmasi,
elektrik gii¢ sistemlerinde gii¢ kalitesi problemine 6zellikle harmonik kirliligine sebep olmaktadir.
Bunun sonucu olarak tiiketiciye verilen enerjinin kalitesi 6nemli Ol¢lide olumsuz olarak
etkilenmektedir. Harmoniklerin meydana getirdigi etkilere; enerji hatlarindaki kayiplarin artmasi,
elektronik-tabanli kontrol sistemlerinin hatali caligmasi, enerji hatlariin yakinindan gecen
haberlesme sistemlerinin olumsuz yonde etkilenmesi, elektrik makinelerinde asir1 1sinma, guriiltiilii
calisma ve mekanik salinimlar vb. gibi bir¢ok problem 6rnek olarak verilebilir.

Giig¢ kalitesine olan ilgi de her gecen giin daha da artmaktadir. Bunun nedeni olarak pek ¢ok
parametre siralanabilir; elektronigin gelismesiyle hassas yiiklerin sayisinin artmasi, hassas yiiklerin,
gerilim dalgalanmalarindan ve harmoniklerden olumsuz etkilenmesi, hatali g¢aligmasi veya
arizalanmasi, standardizasyon ve performans kriterlerinin 6nem kazanmasi, ekipmanlarin her gegcen
giin dalgalanmalara daha da hassasiyet gostermeleri, Degisken Hiz Kontrol Cihazlar1 gibi yeni
teknolojik cihazlarin dalgalanmalara sebep olmalari, gii¢ kalitesi izleme cihazlarinin hizla gelismesi,
enerji sektoriinde rekabetin artmasi ve kullanicilarin daha kaliteli enerji talep etmeleridir.

Giic kalitesi problemlerinin tespit edilmesi, sebeplerinin belirlenmesi ve muhtemel sonuglarinin
ortaya ¢ikarilmasi ve analiz ¢caligmalari i¢in elektrik enerjisinin liretim noktasindan tiiketim noktasina
kadar tizerinde 6nemle durulmasi gerekmektedir.

Bu calismada Yalova Universitesi igin giic kalitesi oOl¢iimleri yapilmustir. Yalova
Universitesinde kullanilan yiik tiplerine bakildiginda biiyiik ¢ogunlugunun nonlineer yiik tipleri
oldugu goriilmektedir. Gerek akademik gerekse idari personelin kullandig1 bilgisayarlar, fotokopi
makineleri, fax cihazlari, bolim laboratuvarlarinda bulunan cihazlar, merkezi arastirma
laboratuvarinda farkli amagclarla kullanilan yiiksek giicte cihazlar dogrusal olmayan ytiklere 6rnek

olarak verilebilir. Bu tip cihazlarin ¢ok kaliteli elektrik enerjisiyle beslenmesi gerekmektedir.
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Ozellikle dalga sekli bozulmus enerjiyle beslenmeleri cihazlarin bozulmasina neden olmaktadir. Bilgi
islem merkezinde veya strateji dairesinde verilerin kayith oldugu bilgisayarlarin giic beslemesinde
meydana gelebilecek bir dalgalanma, istenmeyen sonuglar dogurabilir. Ogrenci kayitlarinin
saklandig1 bilgisayarlarda veri kaybi probleminin olugmasi istenmemektedir. Bu c¢alisma, bu tiir
muhtemel kayiplarin 6nceden 6nlenmesini hedeflemektedir. Calisma kapsaminda merkez kampiisteki
enerji altyapisini olumsuz olarak etkileyen gii¢ kalitesi harmonik bozulmalara yol acan problemlerin
arastirilmasi, kesintilerin sebeplerinin tespiti ve asgari diizeye indirmek i¢in gerekli onlemlerin
alinmasi hedeflenmektedir.

Bir gii¢ sisteminin gii¢ kalitesi problemlerini tanimlamak, gii¢ kalitesini degerlendirmek ve
¢Ozlim Onerileri ortaya koymak ic¢in IEEE, IEC, ANSI, CBEMA, EPRI gibi farkli calisma gruplari
farkli standartlar olusturmuslardir. Diinyada gii¢ kalitesi ¢alismalarinda genellikle IEEE ve IEC
standartlari tercih edilmektedir. (Kesler, 2010)

IEEE 1159 standartlarina gore giic kalitesi problemleri; Gegici dalgalanma (Transients
Surges), Kisa stireli degisimler (Short duration variations), Uzun siireli degisimler (Long duration
variations), Dalga sekli bozulmalar1 (Waveform distortion), Gerilim dengesizligi (Voltage
unbalance), Frekans degisimleri (Power frequency variations), Gerilim kirpismasi (Voltage flickers)
olmak iizere yedi kategoriye ayrilmaktadir. (Kesler, 2010)

Gegici dalgalanma, darbeli (impulsive transients) ve salinimli (oscillatory transients) olarak
iki sekilde olusmaktadir. Darbe etkisi, gii¢ sistem hatlarinda akim veya gerilim iizerinde ¢ok kisa
anlik bir degisim olarak tanimlanmaktadir. Kisa siireli degisimler, giic sistemlerinde gerilimin
genliginde veya akimda 0,5 ¢evrim ile 1 dakika arasinda meydana gelen degisim olaylaridir. Bu
sorun, IEC standardinda gerilim ¢okmeleri “voltage dips” ve kisa siireli kesintiler “short
interruptions” olarak iki baglikla siniflandirilmaktadir. Uzun siireli degisimler, giic sistemlerinde
gerilim genliginde veya akimda 1 dakikadan uzun siireli meydana gelen degisim olaylar1 olarak
tanimlanmaktadir.

Gig sistem hatlarinda sebeke frekansinin ve siniizoidal dalga seklinin bozulmasina neden olan
olaylar bir gii¢ kalitesi problemi olarak ifade edilmektedir. Bu olaylar, dogru akim bileseni (DC
offset), harmonikler (harmonics), ara harmonikler (interharmonics), ¢entikler (notching) ve giiriiltii
(EMI/ noise) olarak siniflandirilmaktadirlar. Gerilim dengesizligi, li¢ faz gerilim veya akimin
ortalamasindan elde edilen maksimum sapma veya ii¢ faz gerilim veya akimin ortalamasina boliimii
olarak, frekans degisimleri ise gii¢ sisteminin temel frekansinin nominal degerinden sapmasi olarak
tanimlanmaktadirlar. Gerilim kirpigsmasi, genligi nominal gerilimin 0.9-1.1p.u. degerleri arasinda
olan hizl sistematik gerilim degisiklikleridir.

Harmonikler gii¢ kalitesinin en dnemli 6l¢iilebilir parametrelerinden biridir. Harmonikler, genel

olarak nonlineer elemanlar ile nonsiniisoidal kaynaklardan herhangi birisi veya bunlarin ikisinin
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sistemde bulunmasindan meydana gelirler. Akim-gerilim karakteristigi dogrusal olmayan elemanlara
nonlineer elemanlar denir. Sistemde bulunan bu elemanlarin etkisiyle akim ve gerilim dalga bigimleri,
periyodik olmakla birlikte temel siniisoidal dalga ile frekans ve genligi farkli diger siniisoidal
dalgalarin toplamindan meydana gelmektedir. Temel dalga disindaki siniisoidal dalgalara “harmonik”
ad1 verilir. (Kiirker, 2016)

Giic sistemindeki siniisoidal dalganin simetrisinden dolay1 3., 5., 7., 11. gibi tek harmonik
bilesenleri bulunur. Cift harmonikli bilesenler bulunmaz.

Enerji kalitesinin ol¢iilebilmesi ve bozulmalarin sinirlandirilabilmesi i¢in akim ve gerilim
harmoniklerinin tanimlanmasi gerekmektedir.

Toplam harmonik distorsiyonu (THD), harmonikli bilesenlerin efektif (rms) degerlerinin, temel
bilesen efektif (rms) degerine bdliinmesiyle elde edilir ve genellikle yiizde olarak gdsterilir. Toplam
harmonik distorsiyon ifadesinin yardimi ile temel siniis bilesenimizin harmonik bilesenlerin
toplanmasi ile ilk formundan ne derece sapmaya maruz kalacagi goriilebilir. (Kiirker, 2016)

Sadece temel frekanstan olusan tam bir siniisoidal dalga i¢in THD degeri sifirdir. Yani denklem
(1) ve denklem (2)’den de anlasilacagi gibi harmonik bilesenlerin olmadig: sistemlerde toplam
harmonik distorsiyon herhangi bir degere ulasmayacaktir. Gerilim i¢in toplam harmonik distorsiyonu

denklem (1)’de verilmistir. (Kiirker, 2016)

‘/Z;ZZVI% _\/VZ +Vs+Vy+--+Vy

THDy =U =
\% THD v, v,

(1)

Burada;

THDy = Gerilimin toplam harmonik distorsiyonunu (bozunumu),
V,: Devreye uygulanan gerilimin n’inci mertebedeki harmoniginin etkin degerini,
V;: Devreye uygulanan gerilimin temel frekanstaki etkin degerini,

Akim i¢in toplam harmonik distorsiyonu denklem (2)’de verilmistir.

22 JLAL+L o+
THDI=ITHD=\/ZrI1—2 n=\/2 3 14 n (2)
1 1

THD; : Akimin toplam harmonik distorsiyonunu (bozunumu),

[,,: Devreden gecen akimin n’inci mertebedeki harmoniginin etkin degerini,

[;: Devreden gecen akimin temel frekanstaki etkin degerini ifade etmektedir,

Temel dalga, harmonikli dalgalar ve bunlarin bileskesi olan toplam dalgalar ile ilgili 6rnek sekil

1’ de gosterilmistir.
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Sekil 1. Harmoniklerin sisteme etkisi, siniisoidal bozukluk (harmonik bozulmasinda bir akim dalgasi),
temel 50 Hz. siniisoidal akim, 3.,5. harmonik ve toplam harmonikli dalga . (Kiirker, 2016)

Ulkemizde ideal enerji dagitim 50 Hz. de, temel frekansta ve siniisoidal dalga seklindedir.
Ancak isletmelerimizdeki bazi yiikler sahip olduklari ¢alisma karakteristiklerinden dolay1 cesitli
frekans seviyelerinde akim ve gerilim olustururlar. Bu gibi devrelerde faz gerilimlerinin dengeli
olmasi1 ve gerilimdeki harmonik miktarmin belirli degerlerde kalmasi gibi bir takim kriterlerin goz
oniine alinmasi gerekir. (Kiirker, 2016)

Uluslararas1 (IEC 519-1992)‘ye gore harmonik bozulma degerleri akim igin Iryp < %5 ve
gerilim i¢cin Upyp < %3 verilmistir. Sebekede normal olarak akim toplam harmonik distorsiyonu
Itip < %15 — 20 ve gerilim toplam harmonik distorsiyonu Uryp < %3 — 5 olmalidir. Bu limit
degerlerinin {izerinde bulunan harmonik oranlarinda elektrik devre veya sistemleri icin tehlikeli ve

biiyiik zararlar olusturabilecektir. (Kiirker, 2016)
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2. Materyal ve Metot

Yalova Universitesinin elektrik enerjisi besleme semasi Sekil 1°de goriilmektedir. Kampiisiin
ana beslemesi 154 kV gerilim ile yapilmaktadir. Ana beslemeden gelen 154 kV’luk gerilim bir adet
S0MVA transformator ile 34,5 kV’a diistiriilmektedir. Kampiis i¢inde bulunan ana binalar (Rektorliik,
Miihendislik Fakiiltesi, Arastirma Laboratuvari) 34,5 kV enerji ile beslenmekte ve her binanin
besleme gerilimi kendisine ait bir transformator ile 380/220 Volt gerilime indirgenmektedir. Her
binanin kendisine ait dizel jenerator tipi bir kesintisiz giic kaynagi mevcuttur. Rektorliik binasinda
525 kVA dizel jeneratdre ek olarak bir adet 120 kVA’lik on-line KGK, Miihendislik Fakiiltesi
binasinda 200 kVA dizel jeneratore ek olarak bir adet 80 kVA’lik on-line KGK lar1 bulunmaktadir.
Arastirma Merkez Laboratuvarlarinda ise 200 kVA dizel jeneratore ek olarak 200 kVA’lik on-line
KGK hizmet vermektedir. Bu kesintisiz gii¢ kaynaklari ile binadaki belirli hassas yiikler beslenmesi
icin diistiniilmistiir, Dizel jeneratorlerin tepki siiresi 10 saniye olarak ayarlanmigtir. Her binanin
kendisine ait kompanzasyon iinitesi mevcuttur. Her kompanzasyon {initesi 18 kademeli bir role ile
kontrol edilmektedir. Transformatdrlerin anma giicleri, kompanzasyon kapasiteleri ve KGK’larin

kapasitesi Tablo 1’de verilmektedir.

Tablo 1. Transformator Yiik Degerleri

Bina Adi Transfo Kompanzasyon Kesintisiz Gilig Baglant1 Gruplar1
rmator Kapasitesi Kaynagi
Glicii Kapasitesi
Rektorliik 1250 400 kVAr 120 kVA Dynll
kVA
Miihendislik 1600 396 kVAr 80 kVA Dynl1
Fakiiltesi kVA
Aragtirma 1600 600 kVAr 200 kVA Dynl1

Laboratuvari kVA

154/34.5 kW
- ) tmee ) e (]
iR ARG S

-
UPS UPS UPs

1.0l¢iim Noktas1

2.0l¢iim Noktas1 3.0l¢iim Noktas1

¥ v
Rektorliik Miuihendislik Arastirma
Laboratuvan

Sekil 2. Kampiis Besleme Semasi
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Yapilan saha ¢aligmalarinda toplanan verilerin toplanma sekli ve raporlama sekli ¢ok 6nemlidir.
Toplanan veriler cihazdan cihaza farkliliklar gosterebilir. Farkli cihazlarla yapilan dlgiimlerin ayni
sonucu vermesi i¢in 2003 yilinda IEC 61000-4-30 standardi yaymnlandi. Bu standart gii¢ kalitesi
izlenmesini ve dl¢iilmesini diizenlemektedir. Standardin yayin tarihinden sonra iiretilen gii¢ kalitesi
cihazlar standartla uyumlu olarak iiretilmektedirler.

Giic sistemlerinde kullanilan 6l¢iim cihazlarinin gelismesiyle birlikte en etkili 6l¢iim metodu,
giic analizdriiniin kullanilmasidir. Yalova Universitesi Merkez Yerleskesinde giic Kkalitesi
sorunlarinin tespiti ve analiz ¢calismalarinda Fluke 435-11 Ug Fazli Enerji ve Gii¢ Kalitesi Analizorii
(GKA) kullanilmistir. Calismada gerekli 6l¢iimlerin yapilabilmesi i¢in kullanilan Fluke435-11 GKA
ile glic sistemlerinde gerilim, akim, frekans, giic katsayisi, aktif gili¢, reaktif giic, harmonik
distorsiyon degerleri anlik olarak dlgiilerek kaydedilmektedir. Bu sayede gii¢ sisteminin karakteristik
analizi yapilabilmektedir. Fluke 435-11 GKA, gii¢ dagitim sistemlerinin kontrolii i¢in kapsamli ve
giiclii bir 6l¢lim seti sunmaktadir. Fluke 435-11 GKA, Kirpisma, Gegici Akimlar, Gii¢ Dalgasi, Ana
Sebeke Sinyali, Dalga Olay1, Rms Olay1 ve % 0,1 gerilim giris hassasiyeti gibi ek 6zelliklere sahiptir.
(Fluke Corporation, 2012)

Sekil 3’de Fluke 435-I1 GKA'nin resmi ve ii¢ fazli sebekeye baglantisi verilmistir. Bir GKA
ekranindaki tiim 6l¢iim degerleri kaydedilebilmektedir. Ortalama, minimum ve maksimum degerler,
Olctimiin gergeklestirildigi siire boyunca ayarlanabilir bir ortalama siireyle (1s) kaydedilebilmektedir.
Ortalama siire ayarlanabildigi gibi toplam Ol¢iim ve baslangic gecikmesi siiresi de
ayarlanabilmektedir. Ol¢iim sonucu elde edilen veriler SD karta Measurement xx (Olgiim xx) olarak
kaydedilebilmektedir. LOGGER (Kayit Cihazi) tusunun altinda maksimum 150 deger

saklanabilmektedir. Kaydedilecek deger veya seti kullanici tarafindan tanimlanabilmektedir.

A(L1)
B(L2)
C (L3)

GND

Sekil 3. FLUKE 435-11 Ug fazli Gii¢ Kalitesi Analizorii ve Ug Fazli GKA’nin Sebeke Baglantist

Yapilan saha calismas1 kapsaminda iiniversite kampiisiinde bulunan Rektorliik- Miihendislik
Fakiiltesi ve Arastirma Laboratuvarina Sekil 4° de goriildiigii gibi Giig kalitesi analizorii baglanarak

besleme geriliminde meydana gelen dalgalanmalar kaydedilmistir
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Sekil 4. Birincil Olgiim Noktas1 (Miihendislik Fakiiltesi )

3. Bulgular ve Tartisma

Yapilan Ol¢limler neticesinde alinan veriler Power Log isimli programda incelenmistir.
Kampiis igerisinde bulunan 3 binanin farkli zaman araliklarinda GKA kullanilarak gii¢ kalitesi
Ol¢timleri degerlendirilmistir. Yapilan tim 6limlerde RMS kaydi, frekans kaydi, harmonik kaydi
ve giic harmonigi kaydi ve voltaj-akim kaydi yapilmistir. Aragtirma Merkez Laboratuvarinda
yapilan kayitlarda 2 adet diisme, 3 adet gecici olay, 1 adet kesinti olay1, 15 adet dalga olayi, 15 adet
RMS olay1 belirlenmistir.

Miihendislik Fakiiltesinde yapilan kayitlarda 9 adet diisme, 17 adet gegici olay, 62 adet dalga
olay1, 62 adet RMS olay1 belirlenmistir.

Tablo 2 ve Sekil 7-8-9-10-11-12"de goriildiigii gibi 2.0l¢iim noktasinda (Rektorliik binasi)
yapilan Ol¢limlerin her fazina ait gerilim ve akimlarin toplam harmonik degerleri verilmistir. A, B
ve C faz gerilimlerde olusan THD uygun sinirlarda olmakla birlikte Tablo 2’ de ortalama % 1.34
civarinda harmonik gerilim distorsiyonu oldugu goriilmektedir. Sekil10-11-12’de goriildiigii gibi
ortalama A fazinin akim THD %14.2, B fazinin akim THD %18.5 ve C fazinin akim THD %20.6
gibi biiylik degerlerde oldugu gozlemlenmistir. Ayrica Sekil 5-6 ‘da A, B ve C fazlarina ait akim

harmonik ve akim THD degerleri ile gerilim harmonik ve gerilim THD degerleri verilmistir.
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Tablo 2. Rektorliik THDV ve THDI Ol¢iim Sonuglari

Tarih Zaman THDy AB THDyv BC THDy CA THD;A THD:B THD;C
23.11.2018 10:50:07.711 1,37 1,34 1,46 16,33 19,38 20,69
23.11.2018 11:10:47.711 1,4 1,36 1,47 15,75 17,48 21,3
23.11.2018 13:03:57.711 1,2 1,27 1,23 16,32 20,48 22,56
23.11.2018 20:34:17.711 1,11 1,21 1,2 26,44 17,72 25,25
24.11.2018 03:46:07.711 1,61 1,78 1,59 26,87 20,26 24,02
24.11.2018 06:00:17.711 1,49 1,61 1,51 21,32 18,62 18,03
24.11.2018 07:35:37.711 1,42 1,57 1,44 26,09 20,44 23,51
24.11.2018 08:34:27.711 1,38 1,46 1,42 31,34 26,84 26,77
24.11.2018 20:22:37.711 1,18 1,28 1,28 21,6 21,07 23,66
25.11.2018 00:31:37.711 1,56 1,68 1,54 23,13 19,49 22,78
25.11.2018 05:06:37.711 1,67 1,8 1,66 23,45 21,57 22,81
25.11.2018 09:03:07.711 1,95 2,22 2,04 24,38 25,06 25,95
25.11.2018 13:10:47.711 1,62 1,77 1,75 19,85 23,07 24,03
25.11.2018 19:39:37.711 1,37 1,5 1,51 22,17 20,94 23,06
26.11.2018 05:44:17.711 1,7 1,85 1,8 25,84 20,89 24,73
26.11.2018 10:04:17.711 1,1 1,16 1,12 30,67 34,83 35,07
27.11.2018 10:06:17.711 1,14 1,18 1,22 20,39 23,64 22,34
27.11.2018 12:30:27.711 1,12 1,16 1,21 20,25 23,61 22,43
27.11.2018 15:06:47.711 1,13 1,18 1,23 20,24 20,73 22,37
27.11.2018 18:06:27.711 1,11 1,16 1,2 20,28 20,34 22,34
28.11.2018 08:06:57.711 1,11 1,16 1,2 20,36 21,71 22,36
28.11.2018 12:07:07.711 1,11 1,16 1,19 19,95 23,57 22,18
28.11.2018 15:21:07.711 1,16 1,19 1,22 17,66 19,91 20,03
28.11.2018 18:19:27.711 1,23 1,24 1,25 18,44 19,59 20,44
29.11.2018 08:30:47.711 1,09 1,14 1,17 25,98 26,11 27,13
29.11.2018 10:50:17.711 1,21 1,23 1,29 25,31 20,57 27,86
29.11.2018 12:03:57.711 1,32 1,41 1,41 23,37 22,04 24,65
29.11.2018 16:58:27.711 1,19 1,29 1,29 24,77 22,93 23,92
30.11.2018 08:33:27.711 1,19 1,32 1,3 22,45 21,66 23,35
30.11.2018 11:07:47.711 1,08 1,2 1,21 24,24 21,19 23,21
30.11.2018 12:33:37.711 1,32 1,34 1,38 32,2 27,49 29,28
30.11.2018 15:07:17.711 1,14 1,19 1,23 20,27 23,7 22,37

131
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Sekil 6. Rektorliik A, B ve C Fazlarina Ait Gerilim Harmonik ve Gerilim THD Degerleri
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Sekil 7. Rektorliik Binasiin A fazina ait
Gerilim Harmonigi ve THD degerleri

Sekil 8. Rektorliik Binasinin B fazina ait
Gerilim Harmonigi ve THD degerleri
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Sekil 9. Rektorliik Binasiin C fazina ait Gerilim
Harmonigi ve THD degerleri

Sekil 10. Rektorliik Binasinin A fazina ait Akim
Harmonigi ve THD degerleri
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Sekil 11. Rektorliik Binasinin B fazina ait Akim
Harmonigi ve THD degerleri
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Sekil 12. Rektorliik Binasinin C fazina ait Akim
Harmonigi ve THD degerleri

Tablo 3.Miihendislik Fakiiltesi THDy ve THD; Ol¢iim Sonuglar
Tarih Zaman THDV AB THDV BC THDV CA THDIA THDIB THDIC
26.11.2018 12:01:48.167 2,18 1,82 2,05 16,31 16,35 29,52
26.11.2018 12:49:38.167 2,43 1,98 2,26 18,85 20,71 30,11
26.11.2018 14:04:08.167 2,53 2,2 2,38 16,77 20,35 26,17
26.11.2018 16:02:28.167 2,13 1,81 2,02 16,41 19,98 29,99
27.11.2018 08:24:18.167 1,74 1,37 1,51 19,83 33,61 40,08
27.11.2018 08:25:38.167 1,62 1,27 1,34 20,67 32,72 40,16
27.11.2018 10:20:18.167 1,99 1,72 1,85 16,51 15,67 27,28
27.11.2018 11:16:58.167 1,83 1,62 1,72 16,72 17,75 26,39
27.11.2018 13:15:18.167 1,59 1,4 1,44 15,65 15,16 2391
27.11.2018 16:42:08.167 1,31 1,11 1,03 16,14 20,19 24,99
28.11.2018 08:43:58.167 1,71 1,52 1,58 20,34 23,68 38,38
28.11.2018 09:01:28.167 1,77 1,67 1,67 18,34 17,46 37,39
28.11.2018 11:38:18.167 2,09 1,85 1,98 17,77 16,57 26,59
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28.11.2018 12:32:48.167 2,32 1,82 2,09 20,5 17,74 28,87
28.11.2018 16:06:18.167 2,01 1,83 1,93 18,44 17,05 28,61
29.11.2018 07:37:28.167 1,75 1,33 1,52 18,12 28,75 40,58
29.11.2018 08:45:28.167 2,5 2,1 2,32 19,45 21,95 31,77
29.11.2018 13:06:28.167 2,82 2,33 2,69 17,25 17,69 23,48
29.11.2018 15:26:28.167 2,95 2,44 2,91 18,86 17,82 26,66
29.11.2018 15:48:28.167 2,72 2,29 2,72 18,99 17,55 29,34
30.11.2018 09:09:48.167 2,27 1,89 2,06 18,75 22,29 35,85
30.11.2018 13:49:48.167 2,08 1,95 2,01 17,31 17,4 243
30.11.2018 16:25:48.167 1,97 1,74 1,85 18,72 18,88 27,86
30.11.2018 16:56:48.167 2,3 2,01 2,29 21,19 23,36 38,52
01.12.2018 16:58:38.167 1,97 1,75 1,84 21,25 21,55 35,53
01.12.2018 17:09:18.167 1,88 1,59 1,66 21,2 22,63 35,82
01.12.2018 17:11:58.167 1,82 1,51 1,64 20,88 23,15 36,33
02.12.2018 12:06:18.167 2,27 1,89 2,17 15,44 16,16 28,2
02.12.2018 13:08:28.167 2,34 1,95 2,21 16,6 17,19 26,85
02.12.2018 14:15:08.167 2,62 2,22 2,51 17,4 18,34 27,63
03.12.2018 12:02:38.167 2,4 1,97 2,33 16,65 17,49 29,87
03.12.2018 13:06:38.167 2,47 2,05 2,34 19,63 22,73 28,2
03.12.2018 14:19:08.167 2,73 2,29 2,64 17,53 20,72 29,68
03.12.2018 16:08:38.167 2,52 1,97 2,35 19,1 23,33 32,21
03.12.2018 17:02:08.167 2,3 1,86 2,19 22,47 23,2 37,59

Tablo 3 ve sekil 18-19-20°de goriildiigi gibi,

134

1.0l¢iim noktasinda (Miihendislik

Fakiiltesi Binas1) yapilan 6l¢iimlerin her fazina ait gerilim ve akimlarin toplam harmonik degerleri
verilmistir. A, B ve C faz gerilimlerde olusan THD uygun sinirlarda olmakla birlikte Tablo
3’de ortalama %2 civarinda oldugu goriilmektedir. Sekil 15-17°de saat 15:59:55” de A ve C
fazinda %2.6’lik gerilim harmonigi, Sekil 16’ da goriildiigli gibi B fazinda %2.3 ‘liikk gerilim
harmonik distorsiyonu belirlenmistir. Ayrica Sekill3-14’de A, B ve C fazlara ait akim

harmonik ve akim THD degerleri ile gerilim harmonik ve gerilim THD degerleri verilmistir.
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Sekil 13. Miihendislik Fakiiltesi, A, B ve C Fazlarina Ait Akim Harmonik ve Akim THD Degerleri
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Sekil 14. Miihendislik Fakiiltesi, A, B ve C Fazlarina Ait Gerilim Harmonik ve Gerilim THD

Degerleri

Harmonikler

Harmonikler
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Sekil 15. Miihendislik Fakiilte Binasinin A fazina Sekil 16. Miihendislik Fakiilte Binasinin B fazina
ait Gerilim Harmonigi ve THD degerleri

ait Gerilim Harmonigi ve THD degerleri



Karadeniz Fen Bilimleri Dergisi 9(1), 123-143, 2019 136

Harmonikler Harmonikler
SITHD 2.6 %F 1 THD 19.9%F0' K FE]

Pumi & 76:03:26 Y o Pumi & 76:03:26 Y =k
"}uﬂ';{ .................................................. ‘i}uﬂ';{ ..................................................
& 5,“% .................................................. & - 5,“% ..................................................
B P e e e e e e e e g e e e e A .I.l.l.l.l.'.-.|..-.'...‘....1....‘...1....‘....‘...1..
THODDC 1 5 9 13 17 21 25 29 33 37 41 45 49 THODDC 1 5 9 13 17 21 25 29 33 37 41 45 49
29411718 15:59:55 398V S0H=z38 IT EH50160 29411718 15:59:55 398V S0H=z38 IT EH50160

L1 2SS
#  ALL

HMETER

Sekil 17. Miihendislik Fakiilte Binasinin C fazina Sekil 18. Miihendislik Fakiilte Binasinin A fazina
ait Gerilim Harmonigi ve THD degerleri ait Akim Harmonigi ve THD degerleri

Sekil 18-19-20‘de GKA cihaz ile Ol¢iimlenen sonuglara baktigimizda Miihendislik
Fakiiltesinde, A fazinda belirgin olarak 3., 5., 7., 9.,11 ve 13. harmonikler tespit edilmis olup
faz akim1 toplam harmonik bozulma degeri yaklasik olarak THD %19.9, B fazinda 3., 5., 7.,
9.,11.,13., 15 ve 17. harmonikler belirlenmis olup faz akimi toplam harmonik bozulma degeri
yaklasik olarak THD %20.7 ve C fazinda ise 3., 5., 7. ve 13. harmonikler bulunmakta faz
akimi toplam harmonik bozulma degeri yaklasik olarak THD %27.5 “dir.
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Sekil 19. Miihendislik Fakiilte Binasinin B fazina Sekil 20. Miihendislik Fakiilte Binasinin C fazina
ait Akim Harmonigi ve THD degerleri ait Akim Harmonigi ve THD degerleri

Tablo 4 ve Sekil 20-21 ’de, Arastirma Merkez Laboratuvari binasinda yapilan 6l¢iimlerin her
fazina ait akim harmonik ve akim THD degerleri ile gerilim harmonik ve gerilim THD degerleri
verilmistir. A, B ve C faz gerilimlerde olusan THD uygun sinirlarda olmakla birlikte Tablo 4’de
ortalama %1.25 civarinda gerilim harmonik distorsiyonu oldugu goriilmektedir. Sekil23-24‘de B
ve C fazinda %1.1°lik gerilim harmonigi, Sekil 22°de goriildiigi gibi A fazinda %]1.3 ‘lik
gerilim harmonik distorsiyonu belirlenmistir. Ayrica Sekil 20-21°de A, B ve C fazlarma ait

akim harmonik ve akim THD degerleri ile gerilim harmonik ve gerilim THD degerleri verilmistir.



Tablo 4. Arastirma Merkez Laboratuvari THDV ve THDI Ol¢iim Sonuglari
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Tarih Zaman THDV AB THDV BC THDVCA THDIA THDIB THDIC
29.11.2018  16:16:33.605 1,03 0,97 0,99 10,12 11,6 9,78
29.11.2018  17:03:03.605 0,97 0,92 1,01 10,12 24,73 10,37
29.11.2018  17:09:13.605 0,94 0,88 0,95 10,26 22,64 15,26
29.11.2018  18:00:53.605 1,09 1,04 1,08 11,73 25,08 17,33
29.11.2018  18:53:53.605 1,12 1,1 1,16 16,53 26,09 24,16
29.11.2018  19:51:03.605 1,13 1,09 1,18 12,19 19,81 23,9
29.11.2018  21:18:23.605 1,13 1,05 1,1 11,95 20,87 23,33
30.11.2018  00:11:43.605 1,31 1,27 1,34 11,82 17,94 23,24
30.11.2018  03:51:03.605 1,28 1,22 1,3 15,23 19,19 22,89
30.11.2018  04:20:03.605 1,37 1,3 1,39 14,73 17,84 22,82
30.11.2018  06:19:23.605 1,32 1,32 1,37 15,55 19,43 23,17
30.11.2018  08:08:13.605 1,06 1,05 1,11 12,35 18,74 18,89
30.11.2018  12:05:43.605 0,98 0,95 1,05 10,35 19,3 23,65
30.11.2018  15:30:33.605 1,05 1,02 1,04 10,61 11,91 9,34
30.11.2018  16:03:13.605 1,06 1,04 1,1 10,82 12,85 15,52
30.11.2018  19:13:43.605 1,12 1,06 1,15 12,39 24,95 23,84
30.11.2018  19:24:53.605 1,15 1,09 1,19 13,03 26,31 23,89

1.12.2018  04:48:43.605 1,28 1,19 1,37 24,67 36,94 23,79
1.12.2018  05:05:43.605 1,33 1,24 1,4 24,61 36,88 24,94
2.12.2018  08:07:23.605 2,47 2,52 2,58 27,03 29,43 22,59
2.12.2018  08:32:13.605 2,61 2,68 2,71 28,35 34,39 22,61
2.12.2018 11:29:23.605 1,63 1,57 1,76 22,19 22,43 19,13
3.12.2018  07:25:03.605 1,3 1,32 1,4 23,22 29,91 22,15
3.12.2018  07:30:43.605 1,26 1,25 1,36 24,32 28,89 21,79
3.12.2018  08:21:03.605 1,08 1,06 1,17 17,35 18,98 21,74
04.12.2018  01:15:43.605 1,31 1,24 1,34 11,31 20,72 22,57
04.12.2018  02:03:03.605 1,29 1,2 1,25 11,57 17,75 23,22
04.12.2018  04:06:15.605 1,27 1,35 1,29 1,36 14,96 18,21
05.12.2018  22:41:13.605 1,19 1,11 1,16 12,02 21,37 23,38
05.12.2018  23:02:53.605 1,18 1,11 1,17 11,54 21,71 23,55
05.12.2018  00:06:03.605 1,34 1,3 1,38 11,85 18,8 18,64
05.12.2018  01:46:33.605 1,32 1,25 1,31 11,79 16,86 23,3
06.12.2018  03:45:53.605 1,8 1,82 1,95 23,95 31,43 22,41
06.12.2018  05:07:53.605 1,86 1,89 2,03 24,29 28,19 22,58
06.12.2018  06:20:43.605 1,73 1,77 1,85 25,31 35,89 22,31
06.12.2018  07:11:53.605 1,45 1,48 1,56 25,01 26,95 21,9
06.12.2018  08:17:53.605 1,08 1,06 1,15 17,4 19,12 21,78
06.12.2018  09:32:53.605 0,96 0,97 1,05 9,84 11,74 12,47
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Sekil 21. Arastirma Merkez Laboratuvari, A, B ve C Fazlarina Ait Akim Harmonik ve Akim THD
Degerleri
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Sekil 22. Arastirma Merkez Laboratuvari, A, B ve C Fazlarina Ait Gerilim Harmonik ve Gerilim THD
Degerleri

Sekil 26-27-28°de GKA cihaz1 ile dlgiimlenen sonuglara baktigimizda Arastirma Merkez
Laboratuvarinda, A fazinda belirgin olarak 3., 5., 7. ve 9. harmonikler tespit edilmis olup faz akimi
toplam harmonik bozulma degeri yaklasik olarak THD %10.5, B fazinda 3., 5., 7. ve 9. harmonikler
belirlenmis olup faz akimi toplam harmonik bozulma degeri yaklasik olarak THD %11.1 ve C fazinda
ise 3., 5., 7. 9., 11. ve 13. harmonikler bulunmakta faz akimi toplam harmonik bozulma degeri

yaklasik olarak THD %14.1 “dir.
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Sekil 23. Arastirma Merkez Laboratuvart A fazina

Sekil 24. Arastirma Merkez Laboratuvar1 B
ait Gerilim Harmonigi ve THD degerleri

fazina ait Gerilim Harmonigi ve THD degerleri
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Sekil 25. Arastirma Merkez Laboratuvar1 C tirma Merkez Laboratuvart A
fazina ait Gerilim Harmonigi ve THD degerleri

fazina ait Akim Harmonigi ve THD degerleri
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Sekil 27. Arastirma Merkez Laboratuvar1 B

Sekil 28. Arastirma Merkez Laboratuvar1 C
fazina ait Akim Harmonigi ve THD degerleri

fazina ait Akim Harmonigi ve THD degerleri

Universitemize ait binalari tamaminin enerji takibi bir sistem {izerinden yapilmaktadir. Enerji

takip sistemi lizerinden alinan veriler ile gii¢ kalitesi analizorii 6l¢lim sonuglarinin yaklasik olarak
ayn1 degerlerde oldugu, Sekil 29’ da goriilmektedir.
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Sekil 29. Enerji Takip Sisteminde Alinan A Fazinin Akim THD Spektrumu

Sekil 30’ da Miihendislik Fakiiltesi binasinin, mesai baslangicinda A fazinin akim THD %3,66
ve Sekil 31°de mesai bitiminde A fazinin akim THD %38,14 oldugu goriilmektedir Mesai saatleri
disinda A fazinin akim THD Sekil 29°da goriildiigi gibi %23,91 degerindedir.
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Sekil 30. Mesai Baslangicinda Miihendislik Fakiiltesinde Alinan A Fazinin Akim THD Spektrumu
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Sekil 31. Mesai Bitiminde Miihendislik Fakiiltesinde Alinan A Fazinin Akim THD Spektrumu

Olgiimler, binalardaki kompanzasyon panolar1 devre dis1 birakilarak 7 giin siireyle alinmstir.
Kampiis genelindeki ana hat kapasitesini dengelemek icin binalarda direkt bagl reaktorler
bulunmaktadir. Miihendislik Fakiiltesi ve Rektorlik binalarinda olmayan, Merkezi Arastirma
Laboratuvarinda mevcut 2 tane 2,5 kVAr degerinde reaktor baglidir.

Binalar1 besleyen trafolarin giici 1600 kVA olup ¢ekilen akimin en biiylik degeri 60 A olarak
tespit edilmistir. Sekil 29’ de goriildiigli gibi gece mesai saatleri disinda akim THD degeri
yiikselirken, Sekil 30 ve Sekil 31°de ise mesai saati igerisinde bu degerin ¢ok diistiigii belirlenmistir.
Universite kampiis alaninmn yeni kurulmasi ve binalarin besleme trafolarinin ¢ok yiiksek gii¢
degerinde secilmesi ( en az 2 binay1 besleyecek sekilde planlanmustir.) yiliksiiz durumda olan
transformatdriin kayiplarinin artmasina yol agmaktadir. Gii¢ sistemlerindeki en 6nemli elemanlardan
olan transformatorler bilinen en eski nonlineer elemanlardir. Bunlarin harmonik iiretme 6zelligi,
demir ¢ekirdegin miknatislanma karakteristiginin lineer olmamasindan, yani transformatoriin
doymasindan kaynaklanmaktadir. Transformatoriin ¢ekirdeginin miknatislanma karakteristigi lineer
0zellige sahip olmadigindan uygulanan siniisoidal uyarma akimi sonucu siniisoidal aki ve gerilim
olugmaktadir. Transformatoriin bosta caligma akimi, demir kayiplarina ait akim ile harmonik
bilesenler iceren miknatislanma akiminin toplamindan olusur. Bosta ¢alisan transformator yiiksiiz
olmasina ragmen miknatislanma akimi nedeniyle, nonsiniisoidal (harmonikli) akim ¢eker diger bir
deyisle harmonik tiretir. Motor veya transformatdrler yiiklendiginde daha az harmonik iiretecektir.
Ciinkii uyarma gerilimi, sistemdeki gerilim diistimiinden dolay1 daha az olacaktir. Miknatislanma
akimi1 harmonikleri giiniin erken saatlerinde en yliksek seviyeye ulasacak, ¢iinkii bu halde sistemdeki
yiik az oldugundan gerilim yiikselmekte ve asir1 uyarma meydana gelmektedir. Asir1 uyarmayla

olusan akim harmoniklerinde ise 3., 5. ve 7. harmonikler etkili olurlar.



Karadeniz Fen Bilimleri Dergisi 9(1), 123-143, 2019 142

4. Sonuglar ve Oneriler

Bu calismada Yalova Universitesi Merkez Kampiisiinde gii¢ kalitesi problemlerinin
belirlenmesi igin Fluke 435-11 Ug¢ Fazli Enerji ve Gii¢ Kalitesi Analizorii (GKA) cihaziyla,
Rektorliikk-Miihendislik Fakiiltesi ve Arastirma Merkez Lab. binalarinda meydana gelen RMS
olaylar1 diisme, yiikselme, gecici dalgalanma, kesinti, hizli gerilim degisiklikleri, frekans
dalgalanmalar1 ve toplam harmonik distorsiyonu parametreleri 7 giin araliklarla ol¢iilmiistiir.
Olgiimler sonucunda, harmoniklerin var oldugu ve Uluslararasi IEC 519-1992 standart i¢inde kabul
edilen harmonik bozulmanin, THDV gerilim i¢in % 3 degerinin altinda, THDI akim i¢in % 5 in
tizerinde oldugu go6zlemlenmistir. Kampiiste yapilan Olclimlerde elde edilen sonuglar
incelendiginde, her birimde farkli enerji kalitesi olaylar1 oldugu goriilmiistiir. Bu kalite olaylar1
degerlendirilirken, tabiat sartlari, besleme sebekesindeki anahtarlamalar, dizel-jeneratorlerin
devreye zamaninda girip ¢ikmadiginin etkisi ve kesintisiz gii¢ kaynaklarinin etkinliginin de benzer
sekilde incelenmesi gerekir.

Yapilan 6lgiimler ve tiim kayit verileri incelendiginde, Yalova Universitesi Merkez
Kampiisiiniin enerji kalitesinde ciddi kalite problemleri oldugu ortaya g¢ikmistir. Yeni bir
liniversitesi olmasi ve kampiis elektrik alt yapisinda ¢alisan birgok cihazin 6zellikle bina besleme
trafolarinin yiiksek gii¢ degerlerinde alindigi tespit edilmistir. Yiiksek giicte tercih edilmesi ve
yiiklenme kapasitesinin ¢ok diisiik olmasi sistemde yiiksek degerde harmonik olusumuna neden
olmaktadir. Bu yiiksek harmonikler zamanla kondansator tahribatina, elektronik kart arizalarina,
bilgisayar arizalarina, bilgisayarlarda veri kayiplarina neden olmaktadir. Standartlar goz Oniinde
bulunduruldugunda harmoniklerin etkileri minimuma indirilir, sistem tizerindeki etkileri tamamen
kaldirilamaz. Ancak ¢ok daha diisiik seviyelere g¢ekilerek sisteme zarar vermesi engellenebilir.
Cozliim olarak, elektrik sisteminde kullanilan harmonik {iireten cihazlarin tasarim asamasinda,
harmonik tiretmeyecek sekilde ya da sisteme harmonik vermeyecek sekilde filtreli imal edilmelidir.
Bu gerceklestirilemiyorsa ya da sistemdeki cihazlar yenilenemiyorsa o zaman harmonik sorununun
tiretildigi yerde yok edilmelidir. Bunun igin her bir harmonik seviyesine ayri ayri pasif filtreleme
veya aktif filtreleme ¢aligmalar1 yapilmalidir. Ayrica harmonikli devrelerde kullanilacak trafolarin
baglant1 gruplari: Dynl1 yerine DynS5 kullanilmasinda yarar vardir. Cilinkii; Dyn11 Trafonun OG.
Girisi ile AG. Cikisinda 330° Dyn5 Trafonun OG. Girisi ile AG. Cikisinda 150° faz farki vardir. Bu

da harmoniklerin yok edilmesinde biiyiik 6nem tasir.
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Oz

Bu calismada, Yildiz Golii (Gilimiishane) sedimentinden aktinobakteri izolasyonu gergeklestirilmis ve izolatlar
antimikrobiyal aktivite ve enzim {iretme kapasiteleri (amilaz, lipaz, proteaz, pektinaz, seliilaz) bakimindan incelenmistir.
Tarama, uygun besiyeriler igeren petrilerde gerceklestirilmistir. izolasyon igin SCA besiyeri kullanilmis ve besiyeriye
nistatin ve nalidiksik asit ilave edilmistir. Antimikrobiyal aktivite tespiti igin, ¢apraz ¢izgi ekim yontemi ve C. tropicalis,
C. albicans, E. coli, P. aeruginosa, MRSA, E. faecium, E. fecalis standart suslari tercih edilmistir. Sonug olarak izolatlarin
%3551 en az bir test mikroorganizmasina karsi antimikrobiyal aktivite gosterirken %66.6’simin ise en az bir enzimi
iiretebildigi belirlenmistir. Bununla birlikte izolatlarin %22.2’si ne antimikrobiyal aktivite ne de enzim liretme yetenegine
sahip bulunmustur. Bu ¢aliyma Yildiz Goli’'nden aktinobakteri izolasyonu ve izolatlarin biyolojik aktivitesi iizerine
gergeklestirilen ilk arastirmadir. Sonug olarak, elde edilen aktinobakterilerin endiistriyel ve farmakolojik caligmalar igin
kaynak olabilecegi 6ngoriilmekle birlikte aktif bilesiklerin izolasyonu ve karakterizasyonu igin ileri ¢caligmalara ihtiyag
duyulmaktadir.

Anahtar Kelimeler: Antimikrobiyal aktivite, Enzim tiretimi, izolasyon, Tarama

Investigation of Antimicrobial and Enzyme Production Capacities of
Actinobacteria Isolated from Yildiz Lake Sediment

Abstract

In this study, actinobacteria was isolated from Yildiz Lake (Giimiishane) sediment and the isolates were examined for
antimicrobial activity and enzyme production capacities (amylase, lipase, protease, pectinase, cellulase). Screening was
carried out on petri dishes containing suitable media. SCA medium was used for isolation and nistatin and nalidixic acid
were added. For the detection of antimicrobial activity cross-streak method and C. tropicalis, C. albicans, E. coli, P.
aeruginosa, MRSA, E. faecium, E. fecalis standard strains were used. As a result, 55% of the isolates showed antimicrobial
activity agains to at least one test microorganism while 66.6% were able to produce at least one enzyme. However, 22.2%
of the isolates were not capable of producing either antimicrobial activity or enzyme. This study was the first study on
isolation of actinobacteria from Yildiz Lake and the biological activity of isolates. As a results, it is expected that the
actinobacteria obtained from this sediment may be the source for industrial and pharmacological studies, but further
studies are needed for the isolation and characterization of the active compounds.

Keywords: Antimicrobial activity, Enzyme production, Isolation, Screening
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1. Giris

Aktinobakteriler toprakta yogun olarak bulunan Gram (+) ve yiiksek G+C igerikleriyle bilinen
mikroorganizmalardir. Endiistriyel acidan onemli sekonder metabolitleri iiretme kabiliyetleri
nedeniyle degerli mikroorganizmalar olarak kabul edilirler. Mikroorganizma kokenli biyoaktif
bilesiklerin %45°1 aktinobakteriler tarafindan iiretilmektedir (Berdy, 2005). Giinlimiizde bilinen ve
tibbi amagla kullanilan antibiyotiklerin %801, Streptomycetes ve Micromonospora tarafindan
iiretilmektedir (Pandey ve ark., 2004). Bununla beraber Aktinobakteriler endiistriyel dneme sahip
enzimlerin ¢ogunu iiretmektedir (Divya ve ark., 2013). Siklikla kullanilan endiistriyel enzimler olan
lipaz, proteaz, amilaz, pektinaz ve seliilazlar; pisirme, ilag, kagit hamuru endiistrisi, deterjan sanayi
(Shigeri ve ark., 2009), gida endiistrisinde meyve suyunun durultulmasi, tekstil endiistrisinde ketenin
islenmesi (Janaki ve ark., 2016), deri islemede kil giderimi, tarimsal atiklarin doniistiiriilmesi
(Bentley vd., 2002) gibi amaglarla kullanilmaktadir.

Coklu antibiyotik direncliligine sahip mikroorganizmalarin artmasi nedeniyle yeni
antimikrobiyal bilesiklere ihtiya¢ her gecen gilin artmaktadir (Baltz, 2007). Bununla beraber
Aktinobakteriler toprakta bol bulundugu i¢in yogun olarak toprak orneklerinden calisilmigtir
(Fenical, 1993). Ne yazik ki son zamanlarda yapilan caligmalarda yeni aktinobakteri veya yeni aktif
bilesik elde etme oran1 diismiistiir. Calismalar siklikla bilinen tiirlerin ya da farkl: tiirlerden ayni aktif
bilesigin eldesi ile sonuglanmaktadir (Igarashi, 2004). Arastirmacilar bu sorunun, c¢alisilmamis
ekstrem habitatlardan toplanan 6rneklerin incelenmesi ile iistesinden gelinecegini diistinmektedirler
(Bull, 2011). Ciinkii ekstrem kosullara adapte olmus mikroorganizmalarin farkli biyoaktif bilesikleri
iretebildigi belirlenmistir (Thumar ve ark., 2010; Mohammadipanah, ve  Wink, 2016).
Mikroorganizmalar karsilastiklar1 zorluklar1 agmak i¢in normal durumlarda kullanilmayan genetik
bilgilerini kullanmaya ve adaptasyonu saglayacak sekonder metabolitleri liretmeye yonelmektedir
(Mitra ve ark., 2008; Ningthoujam ve ark., 2009).

Calismada, 2980 m yiikseklikte bulunan buzul gdéllerden birisi olan Yildiz Goli sediment
orneginden izole edilen aktinobakterilerin antimikrobiyal ve endiistriyel 6nemi olan enzimleri (lipaz,
amilaz, proteaz, seliilaz, pektinaz) liretim kapasitelerinin belirlenmesi amaglanmistir. Bu ¢alisma,
Yildiz Goéli’nden aktinobakteri izolasyonu ve biyolojik aktiviteleri {izerine gerceklestirilen ilk

aragtirmadir.

2. Materyal ve Metot

2.1. Ornek temini
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Gilimiighane ili sinirlari igerisinde yer alan Yildiz Golii’nden (2980 m, 505005D 4473032K, pH
7.04, sicaklik 14.5°C) 0.5-1 m derinlikten sediment 6rnegi steril falkon tiiplere manuel olarak alinmis

ve soguk zincir korunarak laboratuvara taginmaistir.

2.2. Aktinobakteri izolasyonu

Izolasyon besiyeri olarak nalidiksik asit (50 pg/mL) ve nistatin (20 pg/mL) igeren SCA besiyeri
kullanilmistir. Sediment rnegi, 10°-10° araliginda seyreltilmis ve her seyreltmeden ii¢ tekerriirlii
ekimler gergeklestirilmis, 15 °C sicaklikta 3 hafta inkiibasyona birakilmustir. Inkiibasyon sonunda
aktinobakteri kolonileri izolasyon besiyeri kullanilarak seri pasajlamalarla saflagtirilmis ve

mikroskobik inceleme ile saflik kontrolii yapilmistir.

2.3. Antimikrobiyal aktivite tarama

Antimikrobiyal aktivite ¢apraz ¢izgi ekim metoduyla belirlenmistir. SCA besiyeride petrinin
ortasina diiz ¢izgi olarak aktinobakteri susu inokiile edilmis ve 1 hafta siire ile 15 °C sicaklikta
inkiibasyona birakilmistir. Inkiibasyon sonunda test organizmalar aktinobakteriye dik ac1 ile 6ze
yardimiyla ¢izgi seklinde inokiile edilmis ve mikroorganizmalarin iireyebilmeleri i¢in 37 °C’de
inkiibasyona birakilmis ve inhibisyon mesafesi cetvel yardimiyla 6l¢iilmiistiir (Selvameenal ve ark.,
2009). Test mikroorganizmalar olarak standart suslar; MRSA ATCC 43300, Enterococcus faecium
DSMZ 13590, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 29998, Pseudomonas
aeruginosa ATCC 27853, Candida albicans DSMZ 5817 ve Candida tropicalis NRRLL YB-366
kullanildi.

2.4. Enzim iiretimi taramalari

Enzim {retiminin tespiti i¢in enzimin substratin1 icerek spesifik besiyeriler hazirlanmistir.
Lipaz iiretimi i¢in tribiitrin agar (% 0,3 maya 6ziitii, % 0,5 pepton, % 1 tributrin, % 2 agar; pH:6.0)
(Rapp ve Backhaus, 1992), amilaz i¢in nigasta agar (%] nisasta, % 0.3, NaCl, % 0.1 KH2PO4, % 2
agar) (Fossi ve ark., 2009), seliilaz icin karboksimetilseliiloz (CMC) besiyeri (% 1.0CMC, % 0.3
NaCl, % 0.1 KH2PO4, % 2.0 agar) (Kasana ve ark., 2008), proteaz i¢in kazein agar (% 1 kazein, %
0,5 maya 0ziitii, % 2 agar) (Mohamedin, 1999), pektinaz i¢in ise % 1 pektin, % 0.3 (NH4)2HPO4, %
0.2 KH2PO4, % 0.3 KoHPO4, % 0.01 MgSO4, % 2 agar (Nagaraju ve Divakar, 2013) igeren besiyeriler

kullanilmigtir. Petrilere aktinobakteriler inokiile edilmis ve 7 giin 15 °C sicaklikta inkiibasyona



Karadeniz Fen Bilimleri Dergisi 9(1), 144-151, 2019 147

birakilmistir. Inkiibasyon sonunda koloni etrafinda seffaf zon olusumu enzimatik aktivite olarak
kabul edilmis ve zon cap1 cetvel yardimiyla Slgiilmiistiir. Amilaz aktivitesinde seffaf zonu goriiniir
hale getirmek amaciyla petri yiizeyine %1°lik liigol uygulanmustir. Seliilaz aktivite tespiti igin petriye
% 0.1’ lik Congo red soliisyonu uygulanmis 10’ bekletilmis, sonrasinda 1M NaCl soliisyonu ile petri

yikanmig ve 20’ sonunda olusan seffaf zon 6l¢tilmiistiir.

3. Bulgular ve Tartisma

2980 m yiikseklikte bulunan Yildiz Golii (Giimiishane) sediment drneginden SCA besiyeri
kullanilarak aktinomiset izolasyonu yapilan bu ¢alismada 9 izolat elde edilmistir. Izolasyon
besiyeride seri pasajlamalar sonucu saf izolatlar elde edilmis ve izolatlarin safligi mikroskobik
incelemelerle kontrol edilmistir. izolatlarin antimikrobiyal aktivite ve enzim iiretim kapasitesi petri
kaplarinda uygun besiyeriler kullanilarak incelenmistir.

Aktinobakteriler toprakta yogun bulunan, hatta toprak mikroorganizmal ytikiiniin % 10’ unu
saglayan organizmalardir (Han ve ark., 2015). Fakat karasal sucul sistemlerin de dogal {iyesi olduklar1
belirlenmistir (Jiang ve ark., 2010; Ghai ve ark., 2014; Mullowney ve ark., 2015). Bununla birlikte
Yildiz Golii sedimentinden sinirli sayida aktinobakteri izole edilmistir. Bunun sebebinin gol ekstrem
kosullarinin (diisiik sicaklik ve besin miktar1) mikroorganizmalarin yasamasini giiclestirmesi oldugu
diistiniilmektedir.

Izolatlarin antimikrobiyal aktivitesi hizl1 sonug¢ almayi saglayan ¢apraz ¢izgi ekim metoduyla
belirlendi. Sonuglar tablo 1’de verildi. 9 izolattan 5’1 (% 55.6) en az bir test organizmaya kars1 aktivite
gosterdi. Bunlardan YG8 sadece C. albicans iizerine etki gosterirken diger suslar birden fazla
mikroorganizmaya kars1 aktivite sergiledi. YG2, YG5 ve YGS8 sadece anticandidal aktivite
gosterirken; YG1 Gram (+), Gram (-) ve Candida suslar1 iizerine, YG6 ise C. albicans ve Gram (+)
mikroorganizmalar iizerine aktivite gostermistir. Genel olarak bakildiginda ise E. coli ve E. faecium’a
kars1 sadece 1, E. faecalis’e kars1 2, C. tropicalis’e 3 ve C. albican’a kars1 5 izolat antimikrobiyal
aktivite sergilemistir. Dolayis1 ile izolatlar, Candida albicans ve Candida tropicalis’e karsi
bakterilerden daha fazla etkin bulunmustur. Bu durumu E. faecalis> E. faecium= E. coli takip
etmistir. Higbir izolat, MRSA ve P. aeruginosa’ya karst inhibisyon gostermemistir. Test
organizmalardan E. faecium vankomisin direngli bir sustur. YG6’nin E. faecium iizerine gii¢lii
inhibisyonu (3 cm) bu patojenle miicadelede kullanilma ihtimalini diisindiirmektedir. Fakat
izolatlarin antimikrobiyal aktivitesi genel olarak degerlendirildiginde Oncelikle daha fazla
mikroorganizma iizerine test edilmesi gerekmekle birlikte, antibiyotik olarak kullanilma potansiyeli
belirlemek igin aktif bilesigin saf olarak elde edilmesi ve etki mekanizmasinin ortaya g¢ikarilmasi

gerekmektedir. Bu arastirma bir tarama caligmasi olup antimikrobiyal bilesik iiretme yetenegi olan
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suslarin secilmesini saglamakta ve bdylelikle ileri calismalarda kullanilabilecek aktif suglarin
belirlenmesi i¢in yol gostermektedir.

[zolatlarin antimikrobiyal aktivite sergilemesi literatiire uyumluluk gostermektedir. Birgok
aragtirmacit gol sedimentlerinden elde edilen aktinobakterilerin antibiyotik iiretme kapasitesinin
yiiksek oldugunu rapor etmistir (Singh ve ark., 2006; Terkina ve ark., 2006; Kharat ve ark., 2009;
Ramesh, ve Mathivanan, 2009; Ningthoujam ve ark., 2009; Ayari ve ark., 2012; Tiwari ve Gupta,
2012; Gebreyohannes ve ark., 2013).

Tablo 1. Capraz ¢izgi ekim antimikrobiyal aktivite sonuglari

izolat Inhibisyon (cm)
C. tropicalis  C. albicans E. coli P. aeruginosa MRSA E. faecium E. fecalis

YGl 1 1.8 0.8 * * * 1
YG2 1.3 1.5 * * * * *
YG3 * * * * * * *
YGa * * * * * * *
YG5 1.5 2.5 * * * * *
YG6 * 3.5 * * * 3.0 3.0
vG7 * * * * * * *
YG8 * 1.5 * * * * *
YGo * * * * * * *

*aktivite tespit edilmedi.

[zolatlarin endiistriyel enzim iiretim kabiliyetleri uygun besiyeriler igeren petrilerde aktinomiset
kolonisinin etrafinda olusan seffaf zon tespit edilerek belirlenmistir. Izolatlar ve iiretebildikleri
enzimler Tablo 2’de goriilmektedir. Elde edilen verilere gore 6 izolat en az bir endiistriyel enzim
tiretmektedir. Lipaz, proteaz ve pektinaz yalnizca bir izolat (% 11.1), seliilaz ve amilaz ise birden
fazla izolat tarafindan (% 33.3) iiretilmektedir. YG1, YG4, YG9 herhangi bir enzim tiretmemektedir.
Antimikrobiyal aktivite gostermeyen YG3 ve YG7’ nin enzim iiretebildigi, antimikrobiyal aktivitesi
tespit edilen YG1’in enzim iiretemedigi belirlenmistir. Sonug olarak sadece iki izolatin (YG4, YG9;
% 22.2) ne antimikrobiyal ne de enzim iiretme kapasitesi bulunmadig1 belirlenmistir. Izolatlarin lipaz
ve proteaz iiretme yetenekleri zayif bulunurken, YG2 pektinaz, YG7 amilaz, YGS8 amilaz ve seliilaz
enzimleri bakimindan etkili goriilmiistir. Dolayist ile bu izolatlarm ilgili enzimleri {iretme
potansiyellerini aciga ¢ikarmak i¢in enzim iiretiminin optimizasyonu ve ilgili enzimlerin
saflastirilarak karakterizasyonunun yapilmasi gerekmektedir.

Aktif enzim iireticisi suslarin belirlenmesi i¢in enzimin substratini igeren petrilerde bilylimesini

tesvik etmek, iiretimin oldugu kolonilerin etrafindaki substratin parcalanmasi sebebiyle seffaf zon
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olusumu reaksiyonunun rahat gézlenmesine firsat tanimasi sebebiyle aktif suslarin tespiti i¢in tarama
caligmalarinda siklikla tercih edilmektedir. Birgok arastirmaci petri taramalariyla enzim iiretebilen
suslar belirlemistir (Kuddus ve ark., 2011; Sierra, 1957).

Aktinobakteriler, antibiyotik liretimi potansiyelleri yiliksek mikroorganizmalar olarak bilinse de
bir¢ok aragtirmada endiistriyel enzimlerden amilaz, proteaz, pektinaz, seliilaz, ksilenaz, kitinaz ve
lipaz1 da etkin bir sekilde tirettikleri belirlenmistir (Vishnupriya ve ark., 2010; Magda ve ark., 2011;
Mitra ve Chakrabartty, 2005; Ozcan ve Corbaci, 2017; Al-Askar ve ark., 2015; Fatokun ve ark.,
2016). Arastirmada kullanilan izolatlar 15 °C’de yasayabilen aktinobakterilerdir ve bu kosullarda
bircok endiistriyel enzimi {iretebildikleri belirlenmistir. Diisiik 1sida iiretilen enzimlerin, bu
sicakliklarda aktif enzimlere ihtiya¢ duyulan endiistrilerde kullanilabilmesi s6z konusudur.
Saflastirma ve karakterizasyon iglemleri sonunda ilgili enzimlerin endiistriyel kullanima sunulmasi,

bu alandaki ihtiyaci karsilayabilecektir.

Tablo 2. izolatlarin enzim iiretme kabiliyetleri

Enzim iiretimi (mm)

[zolat
lipaz proteaz pektinaz seliilaz amilaz

YGI1 * * * * *
YG2 * * 25 * *
YG3 * * * 10 *
YG4 * * * * *
YGS5 * * * 16 *
YG6 * 10 * * 14
YG7 ok * * * 71
YG8 * * * 20 30
YG9 * * * * *

*iretim tespit edilmedi; **zayif aktivite

4. Sonuglar ve Oneriler

Yildiz Golii sediment 6rneginin ilk defa arastirildigi bu ¢alismada, SCA besiyeri kullanilarak 9
aktinomisetin izolasyonu gerceklestirilmistir. Izolatlarm endiistriyel ve farmasétik bir {iriin {iretme
yetenegi petrilerde uygun besiyeriler kullanilarak taranmistir. Sonug olarak izolatlarin %77.8°1 ya bir
test organizmaya kars1 antimikrobiyal aktivite ya da endiistriyel enzimlerden birisini {iretebilme
kapasitesine sahip bulunmustur. Bu calisma literatiire ileri ¢aligmalarin gergeklestirilebilmesi igin

yon gosterebilecektir. YG6 antimikrobiyal aktivitesi yiiksek izolatlardan birisi olmakla beraber ileri
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caligmalarda kullanilabilecek bir izolattir. Bununla beraber fermentasyon teknolojisi kullanilarak
yiiksek hacimli iiretimi ve aktif bilesiklerin saflastirilarak tanimlanmas1 gerekmektedir. In vitro
calismalarin yanisira, in vivo ¢calismalarla desteklenip muhtemel bir ilag olarak degerlendirilebilecegi
de disiiniilmelidir. YG2 pektinaz, YG8 amilaz ve seliilaz enzimleri i¢in kullanilma potansiyeli
yiiksek olan izolatlardir. Bu izolatlardan enzimlerin yiiksek verimlilikte liretilmesi ve saflagtiriima
caligmalarinin yapilip, enzimin karakterizasyonu vb. ileri ¢alismalar gerceklestirilerek endiistriyel bir

iiriin olarak kullanima sunulabilecegi 6ngoriilmektedir.

Kaynaklar

Al-Askar, A. A., Rashad, Y. M., Hafez, E. E., Abdulkhair, W. M., Baka, Z. A., and Ghoneem, K. M. (2015).
Characterization of alkaline protease produced by Streptomyces griseorubens E44G and its possibility
for controlling Rhizoctonia root rot disease of corn. Biotechnology and Biotechnological Equipment,
29(3), 457-462.

Aly, M. M., Tork, S., Al-Garni, S. M., and Nawar, L. (2012). Production of lipase from genetically improved
Streptomyces exfoliates LP10 isolated from oilcontaminated soil. African Journal of Microbiology
Research. 6, 1125-1137.

Ayari, A, Morakchi, H., and Djamila, K.G. (2012). Identification and antifungal activity of Streptomyces sp.
S72 isolated from Lake Oubeira sediments in North-East of Algeria. African Journal of Biotechnology,
11(2), 305-311.

Baltz, R. (2007). Antimicrobials from actinomycetes: Back to Future. Microbe. 2, 125-131.

Bentley, S. D., Chater, K. F., Cerdeno-Tarraga, A. M., Challis, G. L., and Thomson, N.R, et al. (2002).
Complete genome sequence of the model actinomycete Streptomyces coelicolor A3(2). Nature, 417,
141-147.

Berdy, J. (2005). Bioactive microbial metabolites: a personal view. The Journal of antibiotics, 58 (1), 1-26.

Bull, A.T. (2011). Actinobacteria of the extremobiosphere, in Extremophiles Handbook, ed K. Horikoshi,
(pp-1203-1240), Springer.

Demain, A.L., and Sanchez, S. (2009). Microbial drug discovery: 80 years of progress. The Journal of
Antibiotics, 62, 5-16.

Fatokun, E. N., Nwodo, U. U., and Okoh A. I. (2016). Classical Optimization of Cellulase and Xylanase
Production by a Marine Streptomyces Species. Applied Sciences, 6, 286.

Fenical, W. (1993). Chemical studies of marine bacteria: developing a new resource. Chemical Reviews, 93,
1673-1683.

Fossi BT, Tavea F, Jiwoua C, and Ndjouenke R. (2009). Screening and phenotypic characterization of
thermostable amylases producing yeasts and bacteria strains from some Cameroonian soils. African
Journal Microbiol Research, 3(9), 504-514.

Gebreyohannes, G., Moges, F., Sahile, S., and Raja, N. (2013). Isolation and characterization of potential
antibiotic producing actinomycetes from water and sediments of Lake Tana, Ethiopia. Asian Pacific
Journal of Tropical Biomedicine, 3(6), 426-435.

Ghai, R., Mizuno, C. M., Picazo, A., Camacho, A., and Rodriguez-Valera, F. (2014). Key roles for freshwater
Actinobacteria revealed by deep metagenomic sequencing. Molecular Ecology, 23, 6073-6090.

Han, P. P, Shen, S. G., Jia, S. R., Wang, H. Y., Zhong, C., Tan, Z. L., et al. (2015). Comparison of bacterial
community structures of terrestrial cyanobacterium Nostoc flagelliforme in three different regions of
China using PCR-DGGE analysis. World Journal of Microbiology and Biotechnology, 31, 1061-1069.

Igarashi, Y. (2004). Screening of Novel Bioactive Compounds from Plant-Associated Actinomycetes.
Actinomycetol, 18, 63-66.

Janaki, T., Nayak, B. K., and Ganesan T. (2016). Antifungal activity of soil actinomycetes from the mangrove
Avicennia marina. Journal of Medicinal Plant Research, 4, 05-08.

Jiang, H., Huang, Q., Deng, S., Dong, H., and Yu, B. (2010). Planktonic actinobacterial diversity along a
salinity gradient of a river and five lakes on the Tibetan Plateau. Extremophiles, 14, 367-376.



Karadeniz Fen Bilimleri Dergisi 9(1), 144-151, 2019 151

Kasana, R. C. Salwan, R., Dhar, H., Dutt, S., and Gulati, A. (2008). A Rapid and Easy Method for the Detection
of Microbial Cellulases on Agar Plates Using Gram’s Todine. Current Microbiology, 57, 503-507.

Kharat, K. R., Kharat, A., and Hardikar, B. P. (2009). Antimicrobial and cytotoxic activity of Streptomyces sp.
from Lonar Lake. African Journal of Biotechnology, 8 (23), 6645-6643.

Kuddus, M., Roohi, J. M., Arif, J. M., and Ramteke, P. W. (2011). An overview of cold-active microbial alpha-
amylase: adaptation strategies and biotechnological potentials. Biotechnology, 10,246-258.

Mitra, A., Santra, S. C., and Mukherjee, J. (2008). Distribution of actinomycetes, their antagonistic behaviour
and the physico chemical characteristics of the world’s largest tidal mangrove forest. Applied
Microbiology and Biotechnology, 80, 685-695.

Mitra, P., and Chakrabartty, P. (2005). An extracellular protease with depilation activity from Streptomyces
nogalator. Journal of Scientific and Industrial Research, 64, 978-983.

Mohamedin, A. H. (1999). Isolation, identification and some cultural conditions of a protease-producing
thermophilic Streptomyces strain grown on chicken feather as a substrate. International
Biodeterioration and Biodegradation, 43, 13-21.

Mohammadipanah, F., and Wink, J. (2016). Actinobacteria from Arid and Desert Habitats: Diversity and
Biological Activity. Frontiers in Microbiology, 28, https://doi.org/10.3389/fmicb.2015.01541

Mullowney, M. W., Hwang, C. H., Newsome, A. G., Wei, X., Tanouye, U., Wan, B., et al. (2015).
Diazaanthracene antibiotics from a freshwater-derived actinomycete with selective antibacterial activity
toward Mycobacterium tuberculosis. ACS Infectious Diseases, 1, 168-174.

Nagaraju E. V., and Divakar G. (2013). Screening and Isolation of Pectinase producing Bacteria from Various
Regions in Bangalore. International Journal of Research in Pharmaceutical and Biomedical Sciences,
4(1), 151-154.

Ningthoujam, D.S., Sanasam, S., and Nimaichand, S. (2009). Screening of Actinomycete Isolates from Niche
Habitats in Manipur for Antibiotic Activity. American Journal of Biochemistry and Biotechnology, 5,
221-225.

Ozcan, K., ve Corbaci, C. (2017). Streptomyces sp. K22 ve K30 Suslarindan Lipaz ve Proteaz Enzim Uretimi.
Karadeniz Fen Bilimleri Dergisi, 7(2), 128-135.

Pandey, B., Ghimire, P., and Agrawal, V. P. (2004). In: International Conference on the Great Himalayas:
Climate, Health, Ecology, Management and Conservation, Kathmandu. Organized by Kathmandu
University and the Aquatic Ecosystem Health and Management Society, Canada.

Ramesh, S., and Mathivanan, N. (2009). Screening of marine actinomycetes isolated from the Bay of Bengal,
India for antimicrobial activity and industrial enzymes. World Journal of Microbiology and
Biotechnology, 25(12), 2103-2111.

Rapp P, and Backhaus S. (1992). Formation of extracellular lipase by filamentous fungi, yeasts and bacteria.
Enzyme and Microbial Technology, 14, 938-943.

Selvameenal, L, Radhakrishnan, M., and Balagurunathan, R. (2009). Antibiotic pigment from desert soil
actinomycetes; biological activity, purification and chemical screening. Indian Journal of
Pharmaceutical Sciences, 71(5), 499-504.

Shigeri, Y., Matsui, T., and Watanable, K. (2009). Decomposition of intact chicken feathers by a thermophile
in combination with an acidulocomposting garbage- Treatment process. Bioscience, Biotechnology, and
Biochemistry, 73, 2519- 2521.

Sierra, G. A. (1957). Simple method for the detection of lipolytic activity of micro-organisms and some
observations on the influence of the contact between cells and fatty substrates. Antonie Van
Leeuwenhoek. 23(1):15-22.

Singh, L. S., Baruah, 1., and Bora, T.C. (2006). Actinomycetes of Loktak habitat: isolation and screening
for antimicrobial activities. Biotechnology, 5(2), 217-221.

Terkina, I. A., Parfenova, V.V., and Ahn, T. S. (2006). Antagonistic activity of actinomycetes of Lake Baikal.
Applied Biochemistry and Microbiology, 42, 173-176.

Thumar, J. T., Dhulia, K., and Singh, S. P. (2010). Isolation and partial purification of an antimicrobial agent
from halotolerant alkaliphilic Streptomyces aburaviensis strain Kut-8. World Journal of Microbiology
and Biotechnology, 26, 2081-2087.

Tiwari, K., and Gupta, R.K. (2012). Rare actinomycetes: a potential storehouse for novel antibiotics. Critical
Reviews in Biotechnology, 32, 108-132.

Vishnupriya, B., Sundaramoorthi, C., Kalaivani, M., and Selvam, K. (2010). Production of lipase from
Streptomyces griseus and evaluation of Bioparameters. International Journal of Chem Tech Research,
2, 1380-1383.



Karadeniz Fen Bilimleri Dergisi, 9(1), 152-175, 2019. DOI: 10.31466/ktbd.565701

KFBD Karadeniz Fen Bilimleri Dergisi

The Black Sea Journal of Sciences
ISSN (Online): 2564-7377

Arastirma Makalesi / Research Article

Fotovoltaik Giines Panelleri icin farklh MGNI Teknikleri kullanilarak Bir Sarj
Regiilatoriiniin Performansmin Incelenmesi ve Karsilastiriimasi

Abdullah KARABAS", Onur Ozdal MENGI?

"Milli Egitim Bakanlig1, Giresun Mesleki ve Teknik Anadolu Lisesi, Elektrik Elektronik Béliimii, Giresun, Tiirkiye
2Giresun Universitesi, Enerji Sistemleri Miihendisligi Boliimii, Giresun, Tiirkiye

Gelis Tarihi: 15.05.2019
“Sorumlu Yazar: akarabas28@gmail.com Kabul Tarihi: 27.06.2019

Oz

Giines enerjisi en 6nemli yenilenebilir enerji kaynaklarindan bir tanesidir. Giinesten elde edilen enerjinin verimli olmasi
icin Maksimum Gii¢ Noktas:1 izleyici (MGNI), kiyic1 gibi ara baglanti gii¢ elektronigi sistemlerinin kullanilmasi
gerekmektedir. Yapilan calismada farkli MGNI metotlar1 kiyaslanirken ayn1 zamanda kiyiciy1 kontrol eden kontroldrlerde
incelenmistir. Sistemde Sabit Gerilim Yontemi (SGY), Degistir Gozle Yontemi (DGY) ve Artan iletkenlik Yéntemleri
(ALY) kullanilarak MGNI yapilmaya cahigilmistir. Kiyicilar PI ve Kesir Dereceli PI yéntemleri kullamlarak kontrol
edilmistir. Farkli MGNI teknikleri ve farkli kontrol tekniklerinin kullanildig1 bu calismada kullanilan yontemler arasinda
en iyi sonucu verilen teknik belirlenmeye calisilmistir. Degisken ortam kosullarinda test edilen sistem Matlab/Simulink
ortaminda benzetimi yapilmis ve sonuglari incelenmistir.

Anahtar Kelimeler: Yenilenebilir enerji, PI, Kesir Dereceli PI, Akii, Sarj.

Investigation and Comparison of the Performance of a Charge Regulator using
Different MGNI Techniques for Photovoltaic Solar Panels

Abstract

Solar energy is one of the most important renewable energy sources. For efficient solar energy, the use of intermediate
connection power electronics such as the Maximum Power Point Tracking (MPPT) and converter must be used. In the
study, different MPPT methods were compared as well as examined controllers that control the converter. In the system,
it has been tried to make MGNI by using Constant Voltage Method (CV), Perturbation and observation Method (P&O)
and Increased Conductivity Methods (IC). The converter are controlled using PI and Fractional PI methods. In this study,
which uses different MPPT techniques and different control techniques, it is tried to determine the best results. The
system, which is tested in variable ambient conditions, has been simulated in the Matlab/Simulink environment and the
results are examined.

Keywords: Renewable energy, PI, Fractional PI, Battery, Charger.
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1. Giris

Teknolojinin gelisimi ve diinya niifusundaki artis enerjiye olan ihtiyaci her gegen giin dogrusal
olmayan bir bigimde artirmaktadir. Fosil yakitlarin tilkenmekte olmas1 ve niikleer yakitlarin olumsuz
yonlerinin yaninda, iletim kayiplarinin azaltilmasi, enerji giivenliginin saglanmasi gibi amaglarla
enerjinin tiiketildigi yerlerin yakinlarinda iiretilmesine yonelik olusan egilim yenilenebilir enerji
kaynaklarima (YEK) olan ilgiyi artirmaktadir. Ancak YEK’lerden elde edilen enerjinin birim
maliyetinin geleneksel yakitlara gére daha fazla olmasi, aragtirmacilari bu kaynaklarin yatirim ve
isletme maliyetlerinin azaltilmasina yonelik ¢alismalara yogunlastirmistir.

Yenilenebilir bir enerji kaynagi olarak gilines enerjisi ve bu enerjinin elektrik enerjisine
doniistiiriilmesinde kullanilan giines pilleri ile sistem bilesenleri arastirmalarda en ¢ok ilgi ¢eken
konulardandir. Giinliik hayatta kullanilan alicilarin ¢cogunun besleme girisleri alternatif akim (AA)
iken fotovoltaik (FV) paneller dogru akim (DA) iiretmektedir. Kullanicilarin enerji talep miktar1 ve
zamani ile giines pilinden iiretilen enerjinin zaman ve miktarinin genellikle uyumlu olmamasi PV ile
beslenen lokal sistemlerin gilivenilirligini ve isletme verimini diisiirmektedir. Enerjinin siirekliliginin
saglanmast icin kullanilan akiiler ise yatirnm maliyetini arttirirken sistemin verimini de
diistirmektedir. Bu sakincalarin giderilmesi ve giines pillerinden {iretilen enerjiden her zaman istifade
edilebilmesi ise ancak sebeke etkilesimli sistemler ile miimkiin olmaktadir.

Walker ¢alismasinda Shockley diyot denklemine dayanan bir fotovoltaik elektrik modeli
sunmustur (Walker, 2001). Bu model, bir foto-akim akimi kaynagina, tek bir diyot baglantisina ve
bir seri dirence sahiptir ve sicaklik bagimliligi igerir. Tipik 60W giines paneli i¢in Matlab'da
parametre ¢ikarimi ve model degerlendirme yontemi olusturulmustur. Bu model, MGNI (maksimum
gii¢ noktasinin) sicaklik ve izolasyon seviyeleri ile degisimini arastirmak i¢in kullanilmistir.

Walker ve Sernia bu ¢aligmasinda, basitlestirilmis bir DA-AA eviriciye bagl yiiksek voltajh
bir baglant1 olusturmak i¢in seri halinde baglanmis, izole edilmemis DA-DA doniistiiriiciilerin
alternatif bir topolojisini dnermektedir (Walker ve Sernia 2004). Bu yontem, her bir DA-AA sebekeye
bagli eviricilerin maliyet veya verimlilik sorunu olmadan panel basina doniistiiriicii yaklagiminin
avantajini sunar.

Jain ve Agarwal bu calismasinda, sebekeye bagli fotovoltaik sistemler icin yiiksek
performansli, tek asamali evirici topolojisi sunmustur (Jain ve Agarwal, 2007). Onerilen
konfigiirasyon, sadece diisiik fotovoltaik dizi voltajini arttirmakla kalmaz, ayn1 zamanda maksimum
giicli takip ederken giines enerjisi akimin1 sebekeye beslemek i¢in yliksek kaliteli AA giiciine
doniistiirebilir.

Sridhar ve ark. c¢alismasinda fotovoltaik modelin olusrurulmasini ve simiilasyonunu

yapmuslardir (Sridhar ve ark, 2010). Bir fotovoltaik dizisinin ¢ikis 6zelliklerinin ¢evresel faktorlerden
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etkilenmesi ve doniisiim verimliliginin diisiik olmasindan dolay1 iiretilen enerjiyi en {ist diizeye
cikarmak icin en yiiksek giicii izlemek i¢in bir MGNI teknigi kullanilmistir. Giig voltaji grafigindeki
maksimum gili¢ noktasi, pertiirbasyon ve gozlem yontemi veya tepeye tirmanma adi verilen bir
algoritma ile tanimlanir. Bu algoritma, gii¢ c¢ikisint maksimuma c¢ikarmak i¢in DA/DA
doniistiiriciiniin kullanilmas1 gereken uygun gorev oranini belirler.

Ishaque ve Salam bu c¢alismasinda fotovoltaik sistem i¢in kapsamli bir MATLAB Simulink
simiilatorii kullanmistir (Ishaque ve Salam, 2011). Simiilatdr, fotovoltaik hiicresini temsil etmek i¢in
yeni bir iki diyot modelini kullanir. Bu model, fotovoltaik sistemin performansin1 daha dogru bir
sekilde tahmin edilmesini saglayan diisiik 151k seviyesinde daha iyi bir dogruluga sahiptir.Simiilator,
MGNI algoritmalarina ve gii¢ elektronigi doniistiiriiciilerinin genis bir dizi kombinasyonunu
destekler.

Fotovoltaik giines panellerinden elde edilen giiclin akiilerde depolanmasini konu alan bu
makalede elde edilen giiciin verimli kullanilabilmesi i¢in MGNI ile birlikte akii sarj cihazi
tasarlanmistir. Kullanilan kiyic1 farkli kontrol teknikleri ile kullanilarak etkinligi incelenmistir.
Makale dort boliimden olugsmaktadir. Literatiir taramasi ile birlikte esere giris yapilan ilk boliimiin
ardindan ikinci boliimde kullanilan materyal ve metotlar anlatilmistir. Burada fotovoltaik giines
paneli ile ilgili temel bilgiler verildikten sonra MGNI metotlari anlatilmistir. Akabinde kiyicilar,
akiiler ve kullanilan kontrol teknikleri kisaca tarif edilmistir. Bu boliimden sonra gelen {i¢iincii
boéliimde yapilan benzetim ¢alismalar1 ve elde edilen bulgular grafiksel olarak gdsterilmistir. Son

boliimde ise elde edilen sonuglara kisaca deginilmistir.

2. Materyal ve Medot

2.1. Giines Enerjisi

Glines enerjisi sistemleri endiistrinin yani1 sira 1sinma ihtiyaglarina kadar birgok alanda yaygin
kullanim alanlar1 mevcuttur. Tiim diinya tilkeleri giines enerji sistemlerinden her alanda faydalanirken
tilkemizde 1960 yilindan sonra alternatif enerji kaynagi olarak kullanilmaya ve bu konuda ¢alisma
yapilmaya baslamistir. 1970’li yillarin ortalarinda ise diinyadaki giines enerjisi teknolojisindeki
gelismelere bagli olarak gilines enerjisinden 1s1l uygulama konusunda caligsmalar yiiriitiilmeye

baslanmistir (Deveci ve ark., 2014).

2.1.1. Fotovoltaik Etki

Fotovoltaik etki; giines hiicresi, giinesin yaydigi fotonlar1 emerek yani fotonun sahip oldugu
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enerjiyi kendi yapisinda bulunan serbest elektronlara kazandirarak elektrik akimi olusturma
yontemidir. Uretilen bu elektrik DA bir gerilim olup akimimin biiyiikliigii giines 1sm1m siddeti, hiicre

ve ¢evresel sicakliga bagli olarak degiskenlik gosterir.

2.1.2. Giines Hiicresi Elektriksel Esdeger Devre Modeli

Giines hiicreleri p-n katkili diyot yapisindadir. Giines hiicresi akimi, Denklem 1°e gore diyot
akimina ¢ok benzer ve bu sebeple foto diyot olarak adlandirilabilir. Aragtirmacilar giines hiicresi
elektriksel esdeger devre modeli i¢in tek diyotlu esdeger devreyi tercih etmistir (Yanmaz, 2018).
Bunun sebebi ¢ift diyotlu yapinin oldukc¢a karmasik olmasi ve ¢ift diyotlu devrenin modelleme

sonuclarina kayda deger bir etkisinin olmamasidir (King ve ark., 2007; Saetre ve ark., 2011).

2.1.2.1. Giines Hiicresi Modeli

Monokristal giines hiicresi, genel olarak tek diyotlu olarak modellenmektedir. Sekil 1°de
elektriksel es deger devresi verilen giines hiicresinde; Ipn, giines 1sinimi ile dogru orantili olarak
degisen 151n1m akimini, D, giines pili p-n diyot yapisinda oldugu i¢in diyotu, Rp ve Rs sirastyla yar1
iletken malzemeden dolay1 yasanan kayiplar1 ve kontak direncini temsil etmektedir. Ipi ve Vpil glines

pili akimi1 ve ug gerilimidir.
R
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Sekil 1. Monokristal giines hiicresi elektriksel esdeger devresi

Giines hiicresi uglarina yiik baglh iken akan Ipv akimi Sekil 1’e gore Denklem 1’deki gibi

olacaktir.

Ipi=Ipv - Ip - Ip (1)

Ipi, giines hiicresinin iirettigi 1sinim akimi olup, Denklem 1°deki gibi ifade edilir. Hava

sicakliginin ya da giines 1siniminin fazla olmasi gilines hiicresi ¢alisma sicakligini olumsuz etkiler.
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Sicakligin giines hiicresi ¢alisma performansina etkisi akim ve gerilim biiytikliikleri i¢in ayr1 ayri
incelenmelidir (Mengi, 2018).

2.2. Maksimum Gii¢ Noktasi izleyicileri (MGNI)

Fotovoltaik pillerden elde edilen enerjiyi depolamak amaciyla depo ile fotovoltaik arasina
yerlestirilen DA-DA déniistiiriiciilerdir. Buradaki temel amag fotovoltaik pilden, sisteme en biiyiik

giicli aktarmaktir. (Larbes ve ark., 2009).

A o Prax A
Isc I-V Egrisi Degoreaseesssseenss
] SR T 3

= .Sy Q
» 'Q c:
: & ;
QI
Gerilim Vinp Voc

Sekil 2. FV Panelin Calisma Egrileri ve Maksimum Gii¢ Noktasi

2.2.1. MGNI Yontemleri

Kullanilacak MGNI yéntemlerini belirlemek icin dncelikle sistemin yiikii, siirekli degisen doga
kosullar1 ve sistemin ¢alisma kosullar1 dikkate alindiginda bir¢ok farkli yontemin gelistirildigi
goriilmektedir (Deveci ve ark., 2014). Gelistirilen bu yontemler sistemin daha verimli ¢aligmasi igin
yapilan ¢alismalar olup en ¢ok kullanilan yontemler asagidaki gibidir.

Artan iletkenlik algoritmasi, I/V degisimini esas kabul eden, fotovoltaik sistem gii¢ egrisinin
maksimum giic noktasinin solunda pozitif, saginda negatif, maksimum gii¢ noktasinda ise sifir
degisim prensibine dayanmaktadir. Buna gore algoritmay1 olusturmadan once asagidaki formiilleri

yazmak gerekir.

(A/AV)+HI/V)=0 (2)
MGNTI’de,
AI/AV=-1/V 3)

MGNI egrisinin solunda;
AI/AV<-I/V (4)
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MGNI egrisinin saginda;

AUAV>-I/V (5)

Anlik iletkenlik (I/V), artan iletkenlik degeri (AI/AV) degeri ile karsilastirilir. Bu duruma ait

algoritma akis diyagrami Sekil 3’°te verilmistir.

BASLA

AI/AV>-
w

Evet Hayir

A 4

A 4

Cahsma Caligma Calisma Caligma
Gerilimi Arttir Gerilimi Azalt Gerilimi Arttir Gerilimi Azalt

| |
|

Basa Don

Sekil 3. Artan iletkenlik algoritmasi akis diyagram

2.2.1.1. Degistir&Gozle Yontemi(D&G)

MGNI’nin maksimum noktasini bulmak igin temel kriter fotovoltaik panelin gerilimini veya
akimimi degistirerek gozlemleme yontemidir. Gerilimde veya akimda yapilan degisiklik sebebiyle
giiclin arttig1 gozlemleniyorsa gerilim veya akim artirllmaya devam edilir. Sayet bir azalma

goriiliiyorsa tersi yonde islem yapilir.

2.2.1.2. Artan iletkenlik Yontemi

Gli¢-Gerilim (P-V) egrisinin egimi incelenerek sistemin maksimum noktasinin neresinde

olduguna karar verilir. Daha sonra bu nokta fotovoltaik paneldeki gerilimin degisimine gore
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ayarlanabilen bir yontemdir.

2.2.1.3. Kismi Acik-Devre Gerilim Yontemi

Fotovoltaik panelin uglarin1 anlik olarak devreden ayrilmasiyla elde edilen agik devre

gerilimine bagli olarak hesaplanan MGNI ydntemidir (Esram ve ark., 2007).

2.3. DA-DA Doniistiiriiciiler

Giic¢ elektronigi devrelerinde dogru akim gerilim doniistiiriiclisii olarak nitelendirilen bu
doniistiiriiciiler herhangi bir DA gerilimi farkli degerde bir DA gerilime doniistiirmektedir. Farkli
uygulama alanlar1 bulunan bu doniistiiriiciiler daha ¢ok anahtarlamali gii¢ kaynaklari, kontrol ve
haberlesme devrelerinin beslenmesi, Cos¢ gili¢ faktoriiniin  diizeltilmesi, bilgisayar, gibi
uygulamalarda yaygin olarak kullanilmaktadir.

DA-DA doniistiiriiciileri tasarlarken kullanilan kondansator, bobin ve transformatér 6nemi
coktur. Siir degerler secilerek hassas gerilim ve akim degerleri elde edilmektedir. Ayrica yiiksek
frekans degerleri elde etmek i¢in kii¢lik kondansator ve bobin kullanilarak transformatér boyutlar
kiigiiltiilmiis olunur.

DA-DA doniistiirticiiler gii¢ elektronigi devrelerinde yiiksek frekansta calistirilarak boyutlar
kiiciiltiilmiis ve maliyeti azaltilmistir. Ancak bu 6zelliginden dolay1 hizli anahtarlama ve yiiksek
frekans nedeniyle Elektro Manyetik Girisim (EMG), akim gerilim yiikselme hizlari, akim ve
gerilimin maksimum degerleri ile anahtarlama gii¢ kayiplar1 artmaktadir (Bodur, 2010). DA-DA
donistiiriiciiler Darbe Genislik Modiilasyonu (DGM) yontemi ile kontrol edilebilen bir devre elemant
olup DGM ile yar iletken eleman icin gereken kontrol sinyali iiretirler. DA-DA doniistiiriiciilerin
bircok devresi vardir. Bunlardan Diisiiriicii (azaltan), Yiikseltici (artiran) ve Diisiirticti-Yiikseltici

(artiran-azaltan) metotlar1 kullanilarak devre tasarlanmistir.

2.3.1. Diisiiriicii DA-DA doniistiiriiciiler

Diisiirticli dontistiiriiciilerin ¢aligma prensibine bakildiginda giristeki DA gerilimini degerini
diisiik seviyeye yansitan devrelerdir. Ayrica bu doniistiiriiciilerde yar1 iletkenin kapi (gate) ucuna

uygulanan sinyali Lojik 1 durumunda iken yar1 iletken iletim halindedir ve direng 6zelligi gosterir.
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2.3.2. Yiikseltici DA-DA doniistiiriicii

Yiikseltici DA-DA doniistiiriicii girisindeki DA gerilimini daha yiiksek gerilim seviyelerine
doniistiiren devrelerdir. Bu doniistiiriiciiler daha c¢ok fotovoltaik sistemlerde, giic faktoriiniin

diizeltilmesi amaciyla ve 6zellikle anahtarlamali gli¢ kaynaklarinda kullanilmaktadir.

2.3.3. Diisiiriicii-Yiikseltici DA-DA doniistiiriicii

Doluluk oraninin degerine gore diisliren veya yiikselten olarak gérev yapan bu devrenin ¢aligma
prensibi daha once bahsedilen diisiiriicii ve yiikseltici devreler gibidir. Voltaj disiiriicii-ytikseltici
doniistiirliciisii, ¢ikis voltajinin giris voltajindan daha diistiik, ayn1 ya da daha yiiksek voltaj
seviyesinde olmasini saglar. Bu 6zelligi sayesinde degisken ¢ikish gii¢ kaynaklar1 ve sarji bittikge

¢ikis voltaji degisen pil destekli devre sistemleri i¢in degisilmez bir devredir.

2.4. Akii Sarj Metotlar

Akiiler i¢in ¢ok ¢esitli sarj yontemleri mevcuttur. Bunlar ilk sarj, tampon sarj, hizli sarj, sabit
akimla sarj, sabit gerilimle sarj gibi bir¢ok yontem vardir. Bu yontemlerin amac1 akiiyii tam kapasite
doldurup en verimli bir sekilde kullanmaktir. Boylece akii desarj olurken en verimli ve aksamadan
enerji saglamasi amaclanmistir. Akiileri sarj edebilmek i¢in, voltaj regiilasyonu ve akim limitleme
ozellikleri olan redresore ihtiyag vardir (https://www.mpoweruk.com/chargers.htm).

En temel sekliyle, Sekil 4’de gosterilen Thevenin tabanli bir model, sabit bir agik devre gerimi
ile gegici yiik olaylarina akii tepkisini 6ngoérmek igin bir direng ile seri halinde bir gerilim

kaynagindan ve bir kondansator ve direncin paralel baglanmasindan olusur.

Vv, =E-K, L—Roi—Kdv 0 it + Exp(1)
O-it O—it

0

i+10 O—it

(6)

K,6=E,—-K

cv cr
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Sekil 4. Akii sarj devresinin esdeger modeli

Denklemler, Shepherd iliskisine ve MATLAB/Simulink/Simpower pil modeline dayanarak,
sirastyla kursun-asit akiilerin desarj ve sarj edilmesi i¢in modifiye edilmis modelleri sunar. K,
polarizasyon direnci katsayisidir. A in katsayisi, akiiniin sarji sirasinda polarizasyon direncinin

kaymasini agiklar. I¢ direng, sarj ve desarj icin farkli degerlere sahiptir (Li ve ark.,2011).

2.5. Batarya Cesitleri

Elektro-kimyasal bataryalar elektriksel olarak sarj olabilme 6zelliklerine gdre birincil veya
ikincil (sarj edilebilen — sarj edilemeyen) olmak {izere iki ana modeli bulunmaktadir. Sarj edilebilen
modeller yliksek giic yogunlugu, yiiksek desarj hizi, tam desarj profilleri ve diistik sicakliktaki iyi
performanslari ile karakterize edilebilirler. Igyapisi olarak en 6nce ve en ¢ok kullanilan modelleri
Kursun-asit ve Nikel-demir alkaline bataryalardir. Daha sonra kapali tip nikel-kadmiyum bataryanin
gelistirilmesi tasinabilir cihazlarda kullanilmaya baglanmistir. Teknolojinin gelismesiyle birlikte

Lityum-iyon bataryalar 6nciiliigii elde etmistir (Linden,1995).
2.6. Kesir Dereceli Sistemler
Kesir dereceli sistemleri klasik kontrol sistemlerine gore tiirev ve integral kavramlarinin tam

say1 olmayan kompleks, irrasyonel ve reel sayilarda islem yapilabilme imkani bulunmasidir. Bu

sayede dogadaki sistemleri daha gergek¢i bir modelleme olanagi sunmaktadir (Das, 2008). Bu
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sistemlerin hesaplanmasi icin bir¢ok farkli yontem bulunmaktadir. Bu ydntemlerden en ¢ok

kullanilanlar1 Riemann-Liouville, Griinwald-Letnikov ve Caputo tanimlaridir (Monje ve ark., 2010).
2.6.1. Riemann-Liouville tanimi

Riemann-Liouville tanimina gore integral ifadesi (7) denkleminde ifade edilmektedir.

D5 () = - [[&x =D H(Dd(D),  x<0 (7)

Dy Kesir Dereceli PID Operatorii, t: zaman sabiti; o: Kesir derecesi

(n — 1) <x< n olmak kaydiyla denklem (8) nin n. Dereceden tiirevi alinirsa;

D) = —— - "< f(rdr,  n>0 (8)

I(n—) dx0

elde edilmis olur. Denklem (8) ile f(x) fonksiyonunun (n — a)inci dereceden kesir dereceli

turevi ifade edilmektedir.
2.6.2. Griinwald-Letnikov tanimi

Griinwald-Letnikov taniminda ise, o reel say1 dereceli sistemi (9) denkleminde vermektedir.

(x=)
DEFG) = lim L3 B (=11 () fox = jh) ©)

Denklem (9)'de 4 adim sayisin1 géstermektedir. Denklem (10)'da yer alan toplam ifadesi ise

(X 1 TI(r+1-«)
r (—1y) =
i=o(—1) (]) [(1-x) [(r+1) (10)

olarak verilmektedir.

Denklem (10)’te kullanilan ve 7{x) ile ifade edilen Euler-Gama fonksiyonu

X = XXX XX ee ver .. X, € Tamsayl (11)
o

X% = eoclnx (12)

«!=123. (x—-1).« , o Tamsayl (13)

o« ! =T(x+1) , « Reel Say1 (14)

I'(x) = [ e 't*tdt (15)
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I': Euler Gama Fonksiyonu

«
formiilasyonu ile elde edilir. Denklem (16)’de, x > Oolup bir tamsayidir. Denklem (16)’de, ( j )

binom katsayisini gostermektedir. Binom a¢ilimindan;

X\ o(x—1)(—2)......(x—j+1)
(j) o j! (16)

ile ifade edilir.
2.6.3. Caputo tanim

Caputo tanimu1 (17) denklemi ile ifade edilir. Bu denklemde, n tamsayi, a ise reel say1 olarak

verilmistir.
1 x (1)
aDxf(x) = F(n—c) fa (x—T)%+1-n dr, (n—1) sx<n (17)
2.6.4. PID Kontrolor

PID Kontroldr sistemin oransal (P), integral (I) ve tiirevsel (D) islemlerinden gegirilerek ¢ikisa
aktaran blok diyagramlarindan olugmaktadir. Kapali ¢evrim kontrol sisteminde oransal (P) band
parametresi kontrol cihazinin i¢inde bulunan denetim mekanizmasi sayesinde kazang¢ miktari ile ters
orantil1 bir etki gdstererek kazang degeri ile carpiminin sonucunu verir. Integral (I) etkisi kontrol
cikigini integral islemi uygulayarak soniimlemeyi azaltmaktir. Bu islemi yaparak band genisligini
daraltir ve frekans cevabini kisa siirede oturtur. Tiirevsel (D) etki ise kontrol ¢ikisini tiirev isleminden
gecirerek hataya da dogru oranda etki gostererek ylikselme zamanini ve oturma zamanini azaltir.
Klasik PID nin iistel katsayilar1 tam say1 oldugundan kesir dereceli sistemlere nazaran cevabi daha

yaklagik sonug¢ vermektedir (Ogata, 2019). Klasik bir PID nin esdeger semas1 Sekil 5’te verilmistir.
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PID Denetim Modu Unitesi
Tiirev Bozucu
Alict Etki
d ’
Hata
Alg11ay101§ o Cikis
: m(t) : .
t) o 158 Integral /2 i | Denetlenen Parametr?ts)l
: : i c
Set \/ Alict i) \/ Sistem
Nokt: : :
oktasi b(t) | Toplay1c1é
Oransal
Yiikseltici
p(t)
Geri
Besleme

Sekil 5. Klasik PID esdeger semasi

de(t)

m(t) = Kye(t) + K; [ e()d () + K=

+V, (18)

3. Bulgular ve Tartisma

Tiim veriler incelenirken ortam sicaklik degeri t=25 °C olarak alinmis, glines 151n1im degeri ise
4 farkl deger segilerek benzetimi yapilmustir. Bu degerler Sx=1000w/m?, Sx=750w/m?, Sx=500w/m?
ve Sx=0 olarak se¢ilmistir. Glines 1s1n1m seviyesi 0,4sn, 0,8sn ve 1,2sn degisim gostermektedir. Yiik
olarak 25Q’luk bir DA yiik kullanilmistir. Bu veriler Sekil 7°de grafik olarak verilmistir. Ayrica
sistemde kullanilan doniistiiriiciiler fotovoltaik panel ile yiik arasinda azaltan (diisiiriicli) dontistiiriicii,
yiik ile batarya arasinda yiikselten-diisiiren (artiran-azaltan) dontstiiriicii kullanilmistir. Sistemde
kullanilan denetleyicilerin oranlar1 simiilasyon iizerinden MATLAB PID TUNING iizerinden
otomatik hesaplanmistir. Bu hesaplamalar K,=2, Ki=9, A=0,5 ve p=0,5 alinmistir. Klasik kontrolor
PI degerleri ile kesir dereceli PI kontroldriin katsay1 degerleri aynidir. Kontrol tekniginde ise kesir

dereceli PI’da Caputo yaklasimi kullanilmistir. Sistemde anahtarlama frekansi 10kHz secilmistir.



-
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Sekil 6. Sistemin tek hat diyagrami

1000

g

0 0.2 0.4 06 08 1 1.2 1.4 16 18 2
Zaman (sn)

Sekil 7. Sx’in zamana goére degisimi

Sekil 8’te ise kullanilan giines panelinin akim-gerilim ve gerilim—gii¢ grafigi verilmistir.

o o

Akim (A)
o - N w F-Y

Gerilim (V)

25

Gerilim (V)

Sekil 8. Bir giines paneline ait gerilim-akim ve gerilim-gii¢ degisimleri
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3.1. MGNI Devrede Olmadan PI Kontrolor ile Alinan Sonuclar

165

Sistemi MGNI olmadan devreye alinmasi durumunda sarj yiizdesi % 90 civarinda olup, akim

ve gerilim dalgalanmasi olduk¢a fazladir. FV {izerinden bakildiginda maksimum gii¢ elde

edilememektedir. Dolayisiyla yiik tizerindeki gii¢ oldukca diisiik degerdedir. Bu verilerle ilgili
grafikler Sekil 9, Sekil 10 ve Sekil 11°de verilmistir.
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Zaman (sn)
Sekil 9. Akii akim, gerilim ve sarj ylizdesinin degisimi
Yuk Uzerindeki Akim, Gerilim ve Guc Degisimleri
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Sekil 10. Yiik iizerindeki akim, gerilim ve giiciin degisimi
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Gunes Paneli Akim, Gerilim ve Guc Degisimleri

166
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Sekil 11. Gunes panelinden ¢ekilen akim, gerilim ve gii¢ degerleri

1
Zaman (sn)

3.2. MGNI ve PI Kontrolor Devrede iken Elde Edilen Sonuclar (Acik Devre Gerilimi

Yontemi)

Sisteme Agik devre gerilimi yontemiyle MGNI uygulandiginda sarj yiizdesi % 90 civarinda

olup, akim ve gerilim dalgalanmasi olduk¢a azdir. FV {izerinden bakildiginda maksumum gii¢ elde

edilmektedir. Dolayistyla yiik {lizerindeki gili¢ oldukea yiiksek degerdedir. Bu devreye PI kontrolor

uygulandiginda dalgalanmalar minimum seviyeye c¢ekilmistir. Bu verilerle ilgili grafikler Sekil 12,

Sekil 13 ve Sekil 14’te verilmistir.
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Sekil 12. FV akim, gerilim ve gii¢ degerleri
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Sekill3. Yiik tizerindeki akim, gerilim ve gii¢c degisimi.
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Sekil 14. Akii ye ait sarj ylizdesi, akim ve gerilim degerlerinin zamana gore degisimi

3.3. MGNI ve Kesir Dereceli PI Kontrolor Devrede iken Elde Edilen Sonuclar (Agk

Devre Gerilimi Yontemi)

Sisteme Acik devre gerilimi yontemiyle MGNI uygulandiginda sarj yiizdesi % 90 civarinda
olup, akim ve gerilim dalgalanmas1 olduk¢a azdir. FV iizerinden bakildiginda maksimum gii¢ elde
edilmektedir. Dolayisiyla yiik iizerindeki gii¢ oldukca yiiksek degerdedir. Bu devreye Kesir Dereceli
PI kontrolor uygulandiginda dalgalanmalar klasik PI kontrolore gore daha azdir. Bu verilerle ilgili

grafikler Sekil 15, Sekil 16 ve Sekil 17°de verilmistir.
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Sekil 15. Kesir Dereceli PI denetleyicili PV akim, gerilim ve gii¢ degerleri
0.8 - ]
go.s
E04 ¥ ¥
£
<02
o i
0 02 0.4 06 08 1 1.2 1.4 16 18 2
ol - - - N N = : . )
S5
Eto r ¥y F
=
G 5
Oi
0 02 04 06 08 1 12 1.4 16 1.8 2
15 !
X1
S
@5 r L
0| 1 1 i 1 | J
0 02 04 06 08 1 12 14 16 18 2
Zaman (sn)
Sekil 16.Kesir Dereceli PI denetleyicili yiik tizerindeki akim, gerilim ve gii¢ degisimi.
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Sekil 17.Kesir Dereceli PI akii ye ait sarj yiizdesi, akim ve gerilim degerlerinin zamana gore degisimi
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3.4. MGNI ve PI Kontrolor Devrede iken Elde Edilen Sonuclar (Artan iletkenlik

Yontemi)

Sisteme Artan iletkenlik yontemiyle MGNI uygulandiginda sarj yiizdesi % 90 civarinda olup,
akim ve gerilim dalgalanmas1 giines 1s1nim seviyelerinde oldukg¢a azdir. Sisteme cevabi oldukga
hizlidir. FV iizerinden bakildiginda maksimum gii¢ elde edilememektedir. Dolayisiyla yiik tizerindeki
giic oldukca en yiiksek degerdedir. Bu devreye klasik PI kontrolor uygulandiginda salmimlar
minimize edilmistir. Bu verilerle ilgili grafikler Sekil 18, Sekil 19 ve Sekil 20°de verilmistir.
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Sekil 18. PID denetleyicili FV akim, gerilim ve gii¢ degerleri
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Sekil 19. PID denetleyicili yiik tizerindeki akim, gerilim ve gii¢c degisimi.
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Sekil 20. PID akii ye ait sarj yilizdesi, akim ve gerilim degerlerinin zamana gore degisimi

3.5. MGNI ve Kesir Dereceli PI Kontrolor Devrede Iken Elde Edilen Sonuclar (Artan
Iletkenlik Yéntemi)

Sisteme Artan iletkenlik yontemiyle MGNI uygulandiginda sarj yiizdesi % 90 civarmda olup,
akim ve gerilim dalgalanmas1 giines 151n1im seviyelerinde oldukg¢a azdir. Sisteme cevabi oldukga
hizlidir. FV tizerinden bakildiginda maksumum gii¢ elde edilemektedir. Dolayisiyla yiik {izerindeki
giic olduke¢a en yliksek degerdedir. Bu devreye Kesir dereceli PI kontrolor uygulandiginda 1sinim
bolgelerinde oturma zamani klasik PI gore daha hizlidir. Bu verilerle ilgili grafikler Sekil 21, Sekil
22 ve Sekil 23’te verilmistir.
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Sekil 21.Kesir Dereceli PI denetleyicili FV akim, gerilim ve gii¢ degerleri
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Sekil 22.Kesir Dereceli PI denetleyicili yiik lizerindeki akim, gerilim ve gii¢ degisimi.
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Sekil 23.Kesir Dereceli PID akii ye ait sarj yiizdesi, akim ve gerilim degerlerinin zamana gore

degisimi

3.6. MGNI ve PI Kontrolor Devrede Iken Elde Edilen Sonuclar (Degistir & Gozle

Y ontemi)

Sisteme Artan iletkenlik yontemiyle MGNI uygulandiginda sarj yiizdesi % 90 civarinda olup,
akim ve gerilim dalgalanmasi oldukga fazladir. Sisteme cevabi hizlidir. FV {izerinden bakildiginda
maksumum gii¢ elde edilemektedir. Dolayisiyla yiik iizerindeki gii¢ olduk¢a en yiiksek degerdedir.

Bu devreye klasik PI kontroldr uygulandiginda salinimlar oldukga fazladir. Bu verilerle ilgili grafikler

Sekil 24, Sekil 25 ve Sekil 26°da verilmistir.
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Sekil 24. PI denetleyicili FV akim, gerilim ve gii¢ degerleri
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Sekil 25. PI denetleyicili yiik tizerindeki akim, gerilim ve gili¢ degisimi.
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Sekil 26. PID akii ye ait sarj ylizdesi, akim ve gerilim degerlerinin zamana gore degisimi
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3.7. MGNI ve Kesir Dereceli PI Kontrolor Devrede iken Elde Edilen Sonuglar (Degistir
& Gozle Yontemi)

Sisteme Artan iletkenlik yontemiyle MGNI uygulandiginda sarj yiizdesi % 90 civarinda olup,
akim ve gerilim dalgalanmasi oldukg¢a fazladir. Sisteme cevabi hizlidir. FV {izerinden bakildiginda
maksimum gii¢ elde edilememektedir. Dolayisiyla yiik lizerindeki gii¢ oldukga en yiiksek degerdedir.
Bu devreye kesir dereceli PI kontrolor uygulandiginda klasik PI kontrolore gore salinimlar daha az
seviyede fakat genel anlamda oldukga fazladir.. Bu verilerle ilgili grafikler Sekil 27, Sekil 28 ve Sekil

29’da verilmistir.
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Sekil 27.Kesir Dereceli PI denetleyicili FV akim, gerilim ve gii¢ degerleri
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Sekil 28.Kesir Dereceli PI denetleyicili yiik lizerindeki akim, gerilim ve gii¢ degisimi.
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Sekil 29. Kesir Dereceli PI akii ye ait sarj ylizdesi, akim ve gerilim degerlerinin zamana gore degisimi

4. Sonuglar ve Oneriler

Yapilan bu ¢aliygmada MGNI, PI kontrolér ve kesir dereceli PI kontrolor devreye uygulanarak
sisteme cevab1, maksimum gii¢ noktasi, akim-gerilim cevabi ayrintili olarak incelenmis, MGNI
devrede yokken panellerin maksimum giicii aktaramadig1 goriilmiistir. MGNI devredeyken agik
devre gerilimi yonteminde sistem cevabinda dalgalanma azdir. Degistir&Gozle yontemi
incelendiginde oturma zamani acik devre gerilimi yontemine gore daha iyi, fakat dalgalanma oldukga
fazladir. Artan iletkenlik yontemi devreye alindiginda sisteme cevabi oldukga kisa, yiik tizerindeki
dalgalanma en az seviyededir. Kontrolorler kiyaslandiginda kesir dereceli PI kontrolor bulunan
devrelerde klasik PI kontrolorlere goére oturma zamanmin daha iyi oldugu goézlenmistir.
Dalgalanmalar daha az seviyededir.

Sistemdeki MGNI FV giines panellerinin etkin bir sekilde kullanimin1 saglarken akiilerin
sarj olmasinda da sisteme katkida bulunmaktadir. Yapilan benzetimler kisa siireli oldugu i¢in akiilerin
sarj durumlar1 ¢ok net olarak goézlemlenememektedir. Uzun siireli benzetin sonucunda akiilerin
doluluk oraninin diizenli bir sekilde yiikseldigi goriilmiistiir. Dolayisiyla sistem bilesenleri arasinda

en 6nemli cihazin MGNI oldugu anlagilmaktadir.
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Abstract

Alkanna tinctoria (L.) Tausch produced naphthoquinones known as DNA-topoisomerases inhibitors has been used as
the traditional therapeutic agent, especially wound healing in Turkey. The antimicrobial activity against 9 clinical
microorganisms and cytotoxicity on canine mammary carcinoma cell line (CMT-U27) of Alkanna tinctoria root extracts
(methanol, ethanol and acetonitrile) were researched by using MTT analysis. Alkanet root extracts showed
antimicrobial activity against 2 (Proteus spp. and S. haemolyticus) out of 9 microorganisms. In vitro study towards
CMT-U27 cancer cells, acetonitrile root extract at 100 ug/mL concentration showed strong and significant anti-
proliferative effect. Our results are manifested that the Alkanet acetonitrile root extract can be evaluated as potential
therapeutic agent, immediately after identification of bio-active metabolits in extract.

Keywords: Alkanet root, Alkanna tinctoria, antimicrobial, cytotoxicity

Alkanna Tinctoria (L.) Tausch Kok Ekstraktlarinin Antimikrobiyal Aktivitesi ve
Sitotoksisitesi

Oz

DNA-topoizomerazlari olarak bilinen naftokinonlari iireten Alkanna tinctoria (L.) Tausch, Tirkiye’de 6zellikle yara
iyilestirmede geleneksel terapotik ajan olarak kullanilmaktadir. Alkanna tinctoria metanol, etanol ve asetonitril kok
ekstraktlarmin 9 klinik mikroorganizmaya karsi antimikrobiyal aktivitesi ve kopek meme kanser hiicre hatti (CMT-
U27) lizerinde sitotoksititesi MTT analizi kullanilarak arastirilmistir. Alkanat kok ekstraktlari 9 mikroorganizmadan
sadece ikisine (Proteus spp. and S. haemolyticus) karsi antimikrobiayl aktivite gostermistir. CMT-U27 kanser
hiicrelerine yonelik in vitro ¢alismada, 100 ug/mL konsantrasyondaki asetonitril kok ekstrakti giiglii ve 6nemli bir hiicre
biliylimesini engelleyici etki gdstermistir. Sonuglarimiz Alkanat asetonitril kdk ekstraktinin biyoaktif metabolitlerinin
tanimlanmasini takiben potansiyel terap6tik ajan olarak degerlendirilebilecegini agikga ifade etmektedir.

Anahtar Kelimeler: Alkanat kok, Alkanna tinctoria, antimikrobiyal, sitotoksisite.
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1. Introduction

In ancient civilizations, herbal remedies were widespread used for treatment of the several
diseases. Even today, herbal metabolits in medicine are evaluated as therapeutic agents (Hayta et
al., 2014). Therefore, the newer researches in pharmaceutical industry and developing medicines are
aimed on exploring the medicinal plants and the pharmacological activities of plant metabolits
Elsharkawy et al., 2013). In folk medicine, the several therapeutic uses of Alkanna genus have
attracted attention since ancient times (Elsharkawy et al., 2013; Khan et al., 2015; Alwahibi and
Perveen, 2017). The first evidences related to the use of Alkanna tinctoria roots for the skin ulcers
treatment were found in the work of Hippocrates (Sevimli-Gur et al., 2010; Alwahibi and Perveen,
2017). The similar findings concerning to Alkanna tinctoria were also recorded by Theophrastus
and Dioscorides (Alwahibi and Perveen, 2017).

Alkanna Tausch belongs to Boraginaceae family of the Tubiflorae order, is a genus
represented by 34 (about endemic) species and 40 taxa in the flora of Turkey (Kayabasi et al., 2000;
Akcin et al., 2004; Gumus and Ozlu, 2007; Ozer et al., 2010; Sevimli-Gur et al., 2010). Alkanna
tinctoria (L.) Tausch with the blue-blooming is grown in Europe, the Mediterranean region, and
Western Asia, subtropical areas of the world (Gumus and Ozlu, 2007; Ozer et al., 2010; Mohammed
et al., 2016). Alkanna tinctoria name originates from the Spanish word alcana and Arabic al-hena. It
is also known as Alkanet or dyers, bugloss, orchanet, Spanish bugloss or Languedoc bugloss (Ozer
et al., 2010; Elsharkawy et al., 2013). Besides, it has diverse local names such as Havaciva, Egnik,
Kizilenik, Tuyluboya and Yerinegi are for A. tinctoria, in Turkey (Akcin et al., 2004).

The appearance of Alkanet root is described as dark red root of blackish externally but blue-
red inside, with a whitish core (Ozer et al., 2010; Elsharkawy et al., 2013). Since antiquity, a fine
red colouring compound produced by Alkanet roots has been used for dying cloth, giving color to
medicines, varnishes, food, wines etc. (Akcin et al., 2004; Ozer et al., 2010; Amal and Abdel-
Hamid, 2011; Elsharkawy et al., 2013; Kheiri et al., 2017). The Alkanet roots as a dye, are insoluble
in water but soluble in solvents such as ethanol, methanol, acetonitrile, ether etc (Elsharkawy et al.,
2013).

As well as its pigmentation activity, Alkanet root extracts has been traditionally performed for
wound healing, anti-nociceptive, anti-inflammatory and pain-related ailments (Gumus and Ozlu,
2007; Alwahibi and Perveen, 2017). The existence of alkannin and its derivates that have cytotoxic,
antimicrobial, antioxidant, anti-leishmanial and anti-inflammatory activities as active compunds
found in these extracts were indicated by Papageorgiou and his co-workers in 1976 (Assimopoulou
et al., 2005; Sevimli-Gur et al., 2010; Tsermentseli et al., 2013; Tung et al., 2013; Yazdinezhad et
al., 2013; Alwahibi and Perveen, 2017; Kheiri et al., 2017). Alkannin and its enantiomer shikonin in
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Alkanet root extracts are isohexenylnaphthazarine derivatives of hydroxynaphthoquinones
(Assimopoulou et al., 2005; Sevimli-Gur et al., 2010). Nowadays, the wound healing ointments
such as the trademark helixderm and histoplastin red include alkannin and related derivates as
active component (Tsermentseli et al., 2013; Alwahibi and Perveen, 2017).

Thus, present study was undertaken to determine antimicrobial and cytotoxic effects the of

Alkanna tinctoria (L.) Tausch root extracts grown in Mus, Turkey.
2. Materials and Methods

2.1. Collection and preparation root extracts of Alkanna tinctoria

Alkanna tinctoria (L.) Tausch was collected from Malazgirt mountain, Mus, Turkey in July
and August 2016. For the preparation of root extracts, the surface and the root parts of samples were
separated, then dried at room temperature. The chopped roots were then grinded at porcelain
mortar. 20 g of the powdered roots in 200 mL of each selected solvent (methanol, ethanol and
acetonitrile) were extracted on shaking incubator for 48 h at room temperature. The brown-deep red
root extracts were filtered by filter paper and then evaporated at 70°C. The dryness residues were
scraped and dissolved by methanol at the 20 mg/mL final volume and stored at 4°C until further

use.

2.2. Antimicrobial effect

Antimicrobial activity of the root extracts was evaluated against Escherichia coli,
Staphylococcus aureus, Proteus spp, Klebsiella spp, Enterococcus faecalis, Staphylococcus
haemolyticus, Bacillus subtilis and Candida albicans by Kirby Bauer disc difussion method.
Microbial strains were provided from Kilis state hospital. As positive and negative control,
chloramphenicol standard disc and pure methanol were used, respectively. These strains were
spread on Mueller Hinton Agar (MHA) and Potato Dextrose Agar (PDA) for each four extracts. 50
uL of the root extracts were embrued to blank sterile discs and then applied on the agar plates. After
incubation at 37°C and room temperature for PDA 24-48 h, inhibition zone around the disc on agar
plate were measured as millimetres (mm). PDA plates were used for C. albicans.

Traditional balm prepared from Alkanet roots is used as wound healing agent. One spoonful
butter and olive oil are melted on medium heat, then added Alkanet root pieces to mixture until the

red color is achieved (Figure 1).
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Figure 1. The preparation of traditional balm from Alkanet roots

Antimicrobial effect of this balm by dissolving in chloroform, was searched against same
microbial strains. Chloroform as negative control was used.

2.3. Cytotoxicity

Cell culture: Cytotoxic effect of the root extracts were tested on canine mammary carcinoma
cell line (CMT-U27). CMT-U27 cells were supplied from Upsala University, Prof. Dr. Eva
Héllmen. Cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)-F12 supplemented
with 10% fetal bovine serum (FBS), 1% antibiotic-antimycotic solution. Cells were maintained in a
humidified atmosphere of 5% CO2 at 37°C with medium changed every 2 to 3 days. The culture
was continued until reaching 80% confluency. Cells were detached from the culture surface using
0.25% trypsin-EDTA solution.

Cell viability assay:Plant extracts were dissolved in DMSO and further serial dilutions made
with DMEM F-12. The final DMSO concentration did not exceed 0.25% and this condition was
used as negative control. The cytotoxic effects of the root extracts on the proliferation of CMT-U27
cells were detected by using MTT cell proliferation kit (Roche, Germany). This colorimetric assay
is based on reduction of a yellow tetrazolium salt (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, MTT) by metabolically active cells. NAD(P)H-dependent
oxidoreductase enzymes in viable cells reduce the MTT reagent to formazan and occur a deep
purple color crystalline product. This insoluble product is dissolved and then, quantified by
spectrophotometrically.

MTT analysis was applied according to method described by Ustun Alkan et al (2014).
Cancer cells were transferred into a 96-well plate at a density of 1x10* cells/well and incubated for
24 h. After incubation, the medium was changed to fresh medium and cell line was treated by
different concentrations (6.25, 12.5, 25, 50 100 ug/mL) of Alkanet root extracts and DMSO (as
control). Cell viability by following 24-48 h, the absorbance of each well, including the blanks was

measured by multimode microplate reader (FilterMax F5, Molecular Devices, USA) at 595 nm.
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The average values were obtained from triplicate readings. The viable cell rate in vehicle
treated control was defined as 100% viable and % viability was measured by the formula:
Viability (%) = (sample absorbance/control absorbance) x 100
The statistical significance of results was evaluated by one-way ANOVA with Tukey post hoc test.

3. Findings and Discussion
These extracts were detected to show antimicrobial activity against 2 out of 9
microorganisms. Proteus spp. and S. haemolyticus were sensitive to all of extracts, but resistance

against methanol as negative control (Table 1).

Table 1. Antimicrobial activity of Alkanet root extracts (mm inhibition zone)

Ethanol Methanol Acetonitrile Methanol Chloramphenicol
extract extract extract
E. coli -* -* -* -* 23
S. aureus ¥ -* -* -* 20
C. albicans ¥ s _* I _®
B. subtilis -* -* -* -* 35
Enteric L Lk x . 10
bacteria
Proteus spp. 15 12 14 ¥ 25
Klebsiella spp. ¥ ¥ ¥ ¥ 35
S. haemolyticus 10 16 10 ¥ 35
E. faecalis ¥ -* % _® ok

*: Inhibition zone was not observed.

The highest inhibiton zones of the ethanol and acetonitrile root extracts were detected against
Proteus spp (Figure 2). The methanol root extract appeared the highest inhibiton zone (16 mm)

against S. haemolyticus.

Figure 2. The antimicrobial activity of Alkanet root extracts on Proteus spp. (-:negative control; +:positive
control)
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Antimicrobial effects of the ethanol and acetonitrile root extracts on S. haemolyticus were
same level of inhibition (10 mm) (Figure 3). The inhibiton was not encountered against S. aureus,
the important bacterial agent of wound infections. By comparison with inhibitory zone, the
inhibition of standard antibiotic against all test microorganisms was better effective than Alkanet

root extracts.

v

—_

A A

Figure 3. The antimicrobial activity of Alkanet root extracts on S. haemolyticus (-:negative control;
+:positive control

The microbial inhibition mechanism of extracts associates hydroxynaphthoquinones in
Alkanet root. This agent is a effective chelator of divalent metal ions. As suggested in literature, it
binds to a zinc finger domain of topoisomeras proteins and may inhibit them (Plyta et al., 1998).
The dissociation rate of the bioactive compounds is different based on by using solvent. So, our
antimicrobial results can be stated to the presence of chelator agents at different concentration in
root extracts.

Sengul et al. (2009) determined the highest inhibiton zone (10 mm) against Alcaligenes
feacalis for methanol extract, similarly our result. Alwahibi and Perween depicted that the ethanol
extract of A. tinctoria had maximum zone of inhibition against B. subtilis (28 mm) (Alwahibi and
Perveen, 2017). Khan et. al (2015) reported anti-multi-drug resistant bacterial activity of extracts of
Alkanna tinctoria leaves and the best activity against test microorganisms detected in aqueous
extract. Compared to literature, antimicrobial activity results related to ethanol and methanol
extracts had potential in inhibiting of the bacterial growth. But the traditional root cream against test
microorganisms was not effective.

The in vitro cytotoxicities of the prepared Alkanet root extracts against canine mammary
carcinoma cell line (CMT-U27) were tested by the standard MTT assay. 6.25 ug/mL and 12.5
pg/mL concentrations for each root extracts on cell viability was not statistically observed a

meaningful effective (Figure 4).
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Figure 4. Cytotoxic effect of Alkanet root extracts (6.25-12.5 pg/mL) on CMT-U27, time-dependent.

After treatment with 25 pg/mL Alkanet root extracts for 24 h showed no cytotoxicity to the
cancer cells viability. The cell viability of CMT-U27 cells was decreased dose and time-

dependently. After 48 h, the cancer cells viability was inhibited by average 10 and 40% in culture

applied ethanol and acetonitrile, respectively (Figure 5).

25 pg/ml
150+ mm Control
— Methanol
?.; 1004 i £ Ethanol
= 33 Acetonitrile
-g dededk
E
3 504
0- T T
24h 48h

Figure 5. Cytotoxic effect of Alkanet root extracts (25 pg/mL) on CMT-U27, time-dependent. ** (P <0.01):
**** (P <0.0001) as statistically significant at each time point, according to control.

The acetonitrile root extracts showed the stronger anti-proliferative and cytotoxic effect
against the cancer cell line than other extracts. Compared to the viability of cancer cells, the cell
proliferation was increased in the control group. This increase was average at 30%. For methanol
root extract, cytotoxic activity was not recorded as time-dependently.

The acetonitrile extract decreased viability of cancer cells at 50 pg/mL concentrations for 24

and 48 h (Figure 6).
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Figure 6. Cytotoxic effect of Alkanet root extracts (50 ug/mL) on CMT-U27, time-dependent ** (P <0.01):

*** (P <0.001): **** (P <0.0001) as statistically significant at each time point, according to
control.

The viabilities of CMT-U27 cells were about 58% and 44%, respectively. Compared with the
ethanol and methanol extract, it can be mentioned from a significant cytotoxic effect of acetonitrile
extract. The second best inhibitory effect in the viability of CMT-U27 cells, the distribution was to
be average 30% after treatment with ethanol extract for 48 h. The considering to viability
percentages of cancer cells treated by 100 pg/mL root extracts, the better cytotoxic activity showed

acetonitrile extract (average 80%) (Figure 7).

100 pg/ml
150+
mm Control

a? - 9 Methanol
— 100+ N Ethanol
z N =
= \ PR \‘ 3 Acetonitrile
z N N
LN §
: “THEN N =
L % % ek

LN N | [

24h 48h

Figure 7. Cytotoxic effect of Alkanet root extracts (100 pg/mL) on CMT-U27, time-dependent ** (P <0.01):
*** (P <0.001): **** (P <0.0001) as statistically significant at each time point, according to
control.

In summary, at 25, 50 and 100 pg/mL test concentrations of alkanet extracts, can be said to
show cytotoxic effects and acetonitrile be the most effective solvent. For acetonitrile root extract
with the lowest antioxidant activity, the cytotoxic activity on the cells correlated with the amount of
phenolic and flavonoid substance. On treating CMT-U27 cells with extracts for 48 h, 25, 50 and
100 pg/mL acetonitrile extracts exhibited maximum cytotoxic effect with ~40, 60 and 80%

inhibition of viability, respectively.
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4. Conclusions and Recommendations

This investigation is the first study that intended to evaluate the cytotoxic potential of the A.
tinctoria root extracts on CMT-U27 cell line. According to our results, a selective cytotoxic activity
of acetonitrile root extract can be referred. So, this extract can be evaluated as potential substance
for anticancer drug therapies. But at first, identification of biologically active compounds in extracts

are needed.
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Oz

Bu c¢alisma Nisan 2015- Mart 2018 yillar1 arasinda Canakkale kiyilarinda gerceklestirilmistir. Capari takiminda 11, 12,
13, 14 numara igneler kullanilmistir. Caparilerde tily rengi olarak beyaz, kir¢illy, sari, yesil, turuncu renkler kullanilmstir.
Kostek kalinligi olarak 0,10 mm misina ve ana beden kalinlig1 olarak 0,15 mm misina kullanilmistir. Kdstek boyu 10 cm
ve kostekler arast mesafe 15 cm olacak sekilde takimlar donatilmistir. Akinti durumuna gore 100-500 gr agirhik
kullanilmustir. Hedef tiir olan Atherina boyeri (Giimis) (414; %70,29) adet olarak en fazla yakalanan tiirdiir. Diger hedef
tiir olan Sardina pilchardus (Sardalye) ise 13 adet (%2,21) yakalanmistir. Hedef dist1 tiir olarak ise en fazla yakalanan tiir
Scomber japonicus (Kolyoz) (59; %10,02) olarak belirlenmistir. Sardalye-giimiis ¢aparisi ile yapilan aveilikta 427(%72,5)
adet hedef tiir yakalanmug iken 162 (%27,5) adet hedef dis1 birey yakalanmistir. Sardalye-giimiis ¢aparisinde kullanilan
igne numarasina gore av verimi degerlendirildiginde en fazla 12 numara igne ile (168 adet) avcilik yapilmis iken en az
en kiiciik igne olan 14 numara igne ile (123 adet) avcilik yapilmistir. Kullanilan tily rengine gore av verimi
degerlendirildiginde ise en fazla beyaz renk ile (200 adet) bireyin avciligi yapilmis iken en az yesil renk ile (81 adet) birey
yakalanmuistir.

Anahtar Kelimeler: Capari, Av kompozisyonu, Canakkale, Atherina boyeri (Gimiis), Sardina pilchardus (Sardalye)

Determination of catch composition of feathered European pilchard — Big-scale
Sand Smelt handline used in Canakkale Region

Abstract

This study was made in the Canakkale coast between April 2015 and March 2018. Number 11, 12, 13, 14 hooks were
used in the feathered handline. The colors are white, gray, yellow, green, orange and mixed color used as feather color.
Leaders with 10 cm length and 0.10 mm diameter which were equipped with hooks were knotted to 0.15 mm diameter
mainline and distance between leaders were 15 cm. According sea stream, 100-500 gr weight is used. The target species
Atherina boyeri (Risso, 1810) (Big-scale sand smelt) (414; 70.29%) are the most commonly caught species. The other
target species, Sardina pilchardus (Walbaum, 1792) (European pilchard), was caught 13 individuals (2.21%). As the
non-target species, the most caught species was Scomber japonicus (Houttuyn, 1782) (Chub mackerel )(59) (10.02%).
427 target species (72.5%) and 162 non-target species (27.5%) were caught in this target feathered handline. According
to this study, number 12 hook has maximum catch rate (168 individuals) and number 14 has minimum catch rate (123
individuals). According to catch effect of feathers color, white color has maximum catch rate (200 individual) and green
color has minimum catch rate (81 individuals).

Keywords: feathered handline, Catch composition, Canakkale, Big-scale Sand Smelt, Sardine
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1. Giris

Diinyadaki teknolojik gelismeler, her alanda oldugu gibi su iriinleri avcilik sektoriinii de
yakindan ilgilendirmektedir. Balik¢1 teknelerinin modernlesmesiyle diinya denizleri lizerindeki
avcilik baskisi artmistir.

Balik¢ilik kaynaklar1 yenilenebilir kaynaklar olmalarina ragmen, siirsiz degildir. Asil konu,
su iirinleri aveiliginin gevreyle dost bir sekilde devaminmn saglanmasidir. Ulkemizde ozellikle
bogazlar sistemi icerisinde yogun olarak balik¢ilik faaliyetleri siirdiiriilmektedir. Canakkale
Bogazi’'nin Ege Denizi ¢ikisinda tiir ¢esitliliginin olduk¢a fazla olmasindan dolay1 ¢apari ve olta
takimlar1 basta olmak {izere bir¢ok av araci kullanilmaktadir. Pelajik baliklar ¢apari, paragat, uzatma
aglari, orta su trolil ve girgir aglar gibi av araglar ile avlanmaktadir (Pope ve ark., 1975; Gurbet,
1989). Capari takimlarinin kullanim1 kolay ve maliyeti diisiiktiir. Ekosisteme diger (trol, girgir vb.)
av araclarina kiyasla daha az zarar vermektedir. Canakkale ve adalar bolgesinde ticari ve sportif amag
ile kullanilan birgok tiiylii capari modeli vardir. Bunlardan bazilar1 kolyoz, uskumru, istavrit, giimiis,
sardalye, ¢inekop, palamut, torik vb. ¢apari takimlaridir.

Orneklemenin yapildig1 giimiis baligi Uluslararas1 Doganin Korunmas: Birligi’nde (IUCN)
nesli tiikkenmekte olan tiirler listesinde asgari kaygi seviyesinde yer almis iken sardalye ise en kiigiik
endise seviyesindedir (IUCN, 2016). Glimiis (Atherina boyeri Risso, 1810) balig1 deniz, tath su ve
act su kaynakli demersal ve amfidrom bir tiirdiir (Kottelat ve Freyhof, 2007). Sardalye (Sardina
pilchardus Walbaum, 1792) balig1 ise acik deniz kaynakli bir tiir olup aci1 sularda da bulunur ve
okyanus gocii yapan bir tiir olarak bilinir (Riede, 2004). Glimiis ise kiyisal bir tiirdiir ve maksimum
derinlik dagilimi hakkinda bir bilgi bulunmamaktadir. Subtropikal bir tiir olup tercih ettigi dagilim
sicakligr 11°C dir (Cheung ark., 2013). Giimiis baliklarinin tuzluluga karsi toleransi yiiksektir.
Yetigkin bireyleri genellikle aci sulardadir. Ancak belirli donemlerde tatli sularda da bulundugu
bildirilmistir (Wildekamp ark., 1986). Ayrica durgun ve yavas akan sulari tercih ettigi tespit
edilmistir. Akarsularin asagi kisimlarinda, nehir agizlarinda, kiyisal gollerde ve denizde dagilim
gosterir (Kottelat ve Freyhof., 2007).

Her iki tiirde Canakkale’nin degerli pelajik baliklarindandir. Sardalye bdlge de yogun olarak
tiiketilen adina festivaller diizenlenen bir tiir olarak bdlge halk1 i¢in oldukca énemlidir. Ozellikle son
zamanlarda yogunlugu artan lesepsiyen bir tiir olan giimiis balig1 da besin olarak tiiketilmektedir.
Ayrica bunun yaninda bogazin en degerli balig1 olan ¢inekop ve liifer baliklarinin aveiligi zamaninda
bolgede canli yem ihtiyacini karsilamak i¢in kullanilan sardalye-giimiis caparileri havanin giizel
oldugu donemlerde kiyidan da sportif amagli olarak kullanilmaktadirlar. Av araclarinin teknik

ozelliklerinin, av verimlerinin belirlenmesi siirdiiriilebilir balik¢ilik agisindan olduk¢a 6nemlidir.
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Bu ¢alisma ile Canakkale Bogazi’nda kullanilan sardalye ve glimiis ¢apari takimlarinin avcilik

durumu belirlenmeye ¢aligilmistir.

2. Materyal ve Metot

Bu ¢aligma Nisan 2015- Mart 2018 yillar1 arasinda Canakkale kiyilarinda gergeklestirilmistir
(Sekil 1). Sardalye-giimiis ¢aparilerinde igne numaralari olarak 11, 12, 13, 14 numara igne ve tily
rengi olarak beyaz, kir¢illi, sar1, yesil, turuncu renkler kullanilmistir. Capari takimlarinda, ignelerin
siralamas1 sistematik olarak yapilmistir. Kostek kalinligr olarak 0,10 mm misina ve ana beden
kalinlig1 olarak 0,15 mm misina kullanilmistir. Kostek boyu 10 cm ve kostekler arasi mesafe 15 cm
olacak sekilde akinti ve hava durumuna gore 100-500 gr arasinda kursun kullanilarak takimlar
donatilmistir. Sabah giin dogumunda ya da giines batarken avcilig1 yogun iken tiim giin bu takimlar

ile aveilik yapilabilmektedir (Sekil 2).
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Sekil 1. Canakkale Bogazi 6rnekleme sahasi.
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Sekil 2. Calismada kullanilan sardalye-giimiis ¢apari takima.

Igne numarasi 11, 12, 13, 14 numara igne olarak 4 farkl bityiikliikte igne kullanilmistir (Sekil 3).

it ™

JJdJd

Sekil 3. Igne materyali olarak celik (galvaniz) 11, 12, 13, 14 numara igneler.

2.1. Verilerin Toplanmasi

Caligmada elde edilen tiim baliklar kullanilan renk ve yakalandiklar1 igne numarasina gore,
ayrilmig boy Olciimleri =1 mm hassasiyetli 6l¢lim tahtasi, agirliklart (W) ise = 0,01g hassasiyetli

dijital terazi kullanilarak 6l¢tilmiistiir.
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3. Bulgular ve Tartisma

Bu capari takiminda hedef tiir olan Atherina boyeri (Gliimiis) (414; %70,29 ) adet olarak en
fazla yakalanan bireydir. Diger hedef tiir olan Sardina pilchardus (Sardalye) ise 13 adet (%2,21)
yakalanmugtir. Hedef dis1 tiir olarak ise en fazla yakalanan tiir Scomber japonicus (Kolyoz) (59; %
10,02) olarak belirlenmistir. Sardalye-giimiis capari takimlari ile yakalanan tiirlerin toplam adet
olarak miktari ile hedef tiir, hedef dis1 oranlar1 ve ayrica % frekans degerleri Tablo 1’ de verilmistir.

Tablo 1. Sardalye-giimiis ¢apari takimlari ile yakalanan tiir kompozisyonu- frekans ile hedef tiir (H) ve

hedef dis1 (HD)oranlari.

Frekans Frekans H/HD

Tiir Kompozisyonu (n) (%)

Atherina boyeri (Giimiis) 414 70,29 H
Scomber japonicus (Kolyoz) 59 10,02 HD
Pagellus bogaraveo (Mandagz) 41 6,96 HD
Trachurus mediterraneus (Istavrit) 29 4,92 HD
Sardina pilchardus (Sardalye) 13 2,21 H
Pagellus acerna (Yabani m.) 11 1,87 HD
Sardinella aurita (Tirsi) 9 1,53 HD
Boops boops (Kupa) 8 1,36 HD
Spicara maena (Menekse) 3 0,51 HD
Sarda sarda (Palamut) 1 0,17 HD
Spicara smaris (Izmarit) 1 0,17 HD

589 100

Genel Toplam

Sardalye-glimiis caparisi ile yapilan avcilikta 414 adet glimiis (%70,29) ve sardalye 13 adet (%2,21)
hedef tiir yakalanmis iken 162 adet (%2,5) hedef dis1 birey yakalanmistir (Sekil 4).
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Glimus-Sardalye Caparisinde Hedef Av-
Hedef Disi Av Orani

B Hedef Disi W Hedef

Sekil 4. Sardalye-glimiis ¢aparisinde hedef av ve hedef dis1 av oranlart.

Sardalye-gilimiis ¢aparisinde kullanilan igne numarasina gore av verimi degerlendirildiginde
11,12,13,14 numara igneler i¢inde en fazla 12 numara igne ile (168 adet) avcilik yapilmis iken en az
en kiigiik igne olan 14 numara igne ile (123 adet) avcilik yapilmistir (Sekil 5).

Cekic ve Basusta (2004) yaptiklar1 ¢alismada Iskenderun Kérfezi’nde igne biiyiikliigiiniin
balik boy biiytikliigiine ve yem ¢esitliliginin de avlanma orani iizerine etkisi oldugunu tespit etmistir.
Igne boyutunun biiyiimesi ile kiigiik baliklarin yakalanma olasiliginin diisecegi, biiyiik baliklarin ise
kiiclik igneden kurtularak kagma olasiliginin olacagini belirtmistir. Yapilan bu calisma da biiyiik
ignelerin (11 ve 12 numara) kiiciik ignelere gore daha yiiksek av verimine sahip oldugu belirlenmistir.

Capari takiminda hangi biiyiikliikte ignenin kullanilacaginin belirlenmesi av verimini
dogrudan etkilemektedir. Canakkale bolgesinde kullanilan olta takimlarinin beden ve kostekleri farkl
kalinlikta misinalardan hazirlanmaktadir (Doyuk, 2006). Calisma da kullanilan ¢apari takimlarinda
(13 ve 14 numara) kiigiik igneler ve takimlarin goriinmemesi i¢in ince misinalar kullanilmistir.
Gonener ve Samsun (1996) ile Kaykac¢ ve ark., (2003) diiz ve c¢apraz ignelerin av verimini
karsilagtirdiklar1 ¢aligsmalarinda ¢apraz ignelerin daha yiiksek av miktarina sahip oldugunu ifade
etmislerdir. Ancak Canakkale bolgesinde akintinin fazla olmasi sebebi ile, kullanilan capari
takimlarinda c¢apraz igneler takimi karigtirdigindan dolayr balikgilar tarafindan pek tercih
edilmemektedir. Olta takimlar1 ile yapilan ¢alismalarin tiir c¢esitliligi degerlendirildiginde farkh

bulgulara varilmistir. Ornegin, Karadenizde Gonener ve Samsun (1996) tarafindan yapilan ¢alismada
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toplam 11 farkl tiir, Akdenizde Akamca (2004), ¢apraz ve diiz igneleri kullanarak 25 tiirde balik

yakalamistir. Diiz ignelerin kullanildig1 bu ¢alismada da 11 farkl: tiir yakalanmastir.

Giimiis-Sardalye Caparisinde igne
Numarasina Gore Av Verimi

Toplam N: 589

11 h 145
m 12 168
=
: -
s ;|
@ 13 153
20 J
14 123 Birey Sayis1 {N)

0 50 100 150 200

Sekil 5. Sardalye-glimiis ¢aparisinde igne numarasina gore av verimi

Besiroglu, 2013 cisimlerden 15181n tiim goriilebilen dalga boylar1 tam olarak bize yansidiginda
cisim beyaz goriiliir. Beyaz 151k suyun i¢inden gecerken muhtelif dalga boylar1 degisik oranlarda
emilir. Uzun dalga boylar1 (kirmiz1 ve turuncu) suya daha iyi niifuz eden kisa dalga boylaria gore
(menekse ve mor); su molekiilleri tarafindan kolaylikla emilirler. Uzun dalga boylar yilizeye yakin
derinliklerde emilirken daha derine inildik¢e goriiniirligiinii yitirdigini bildirmistir.

Bu renkler derinlik artik¢a uyarict 6zelligini yitirip bali§a siyah olarak goriiniir, Dolayisiyla
capari avciliginda yiizey sularinda bu renkler kullanigli iken derin sularda kullanisl degildir. Kisacasi
tek bir renk farkli derinliklerde farkli goriiniirliige sahiptir. Bu ¢alisma da ise tiiy rengine gore av
verimi degerlendirildiginde en fazla beyaz renk ile (200 adet) avcilik yapilmisken turuncu renk ile
(120 adet) avcilik yapilmis ve en az ise yesil renk ile (81 adet) avcilik yapilmistir (Sekil 6).

Yapilan bir ¢calismada capari takimlarindaki kahverengi (grimsi), yesil, turuncu, beyaz ve
pembe renklerle hazirlanan igneler kolyoz avciliginda denenmis ve kahverengi tiiylii igne en fazla avi
yaparak yakalanan 460 adet baligin %35’lik kismini yani 164 balig1 yakaladig goriilmiistiir (Akyasan
vd., 2016).
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Derin suda kullanilan Kolyoz ¢aparisi i¢in en fazla bireyin yakalandigi renk olarak koyu renk
olan kahverenginin olmasi ile bu ¢alisma da ise s1g sularda denenen sardalye-giimiis ¢aparisinde en

fazla bireyin beyaz renkli tiiyler ile yakalanmasi1 Besiroglu, 2013’ ii destekler niteliktedir.

Glimus-Sardalye Caparisinde Tiiy Rengine Gore Av Verimi

Renk i ‘
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YESIL

81
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Sekil 6. Sardalye-giimiis caparisinde tiiy rengine gore av verimi

Kuzey Ege Denizi’nde kupes uzatma aglari ile yapilan ¢aligmada ise hedef av (%82,82), hedef
dist av (%17,18) olarak belirlenmistir (Kale, 2008). izmir Kérfezi’nde sepet ile yapilan bir avcilikta
ise toplam avda ekonomik degere sahip 11 tiir (%74) ve hedef dis1 ava ait 8 tiir (%26) tespit edilmistir
(Oztiirk, 2010). Kuzey Ege Denizi’nde paragat ile yapilan bir ¢alismada ise toplam avin %37’si hedef
tiir, %63 hedef dis1 tiir olarak belirtilmistir (Odabasi, 2014). Bu calisma da ise 427 (%72,5) adet hedef
tir yakalanmis iken 162 (%27,5) adet hedef dis1 birey yakalanmistir. Capari takimlar ile yapilan
avcilikta hedef tiir oranlar1 degerlendirildiginde sepet ve uzatma aglar1 haricinde paragat gibi olta
ignelerinin kullanildig1 kiy1 takimlari icinde ¢apari takimlar1 hedef tiire yonelik bireyleri daha fazla

yakalamaktadir.
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4. Sonuclar ve Oneriler

Canakkale balik¢ilig icin de capari avciligr hem amatér hem de ticari balikgilikta dnemli bir
gelir kaynagidir. Bu sebepten dolay1 bolgede kiigiik 6l¢ekli balik¢ilik yapan her teknede her mevsim
kullanilan capari balikgilign gelistirilmeli ve yonetimsel anlamda desteklenmelidir. Ulkemizde
balik¢ilik yonetiminin gelisimine paralel olarak, bu tiir av araclarinin verimliliginin arttirilmasi igin
tire 0zgii av araclart ile avcilik yontemleri 6zendirilmelidir. Ayrica balik¢ilikta kullanilan av
araglarinin teknik 6zellikleri belirlenerek kullanilan av araglari icin bir diizenleme getirilmelidir. Bu
calismanin materyali olan olta balik¢ilig1 i¢indeki ¢apari takimlari i¢in bu durum degerlendirildiginde
yakalanan tiirlerin en az zarar gérecegi standart bir igne agiz agikligi uygulamasi ve standart bir 6l¢iim
uygulamas: getirilmelidir. Ayrica yapilan ¢alismanin sonunda 6zellikle bolge de son zamanlarda artig
egilimindeki lesepsiyen bir tiir olan ve ticari olarak degerlendirilen giimiis balig1 i¢in biyolojik
caligmalarin yapilmasinin gerekliligi ortaya ¢ikmustir.

Calisma da kullanilan igne numarasi azaldikg¢a yani ignenin agiz agiklig kiigiildiik¢ce hedef av
oraninda azalma goriilmektedir. Denizde kaldiklarinda diger av araclar1 gibi hayalet avciliga neden
olmayan, ticari avcilikta ve amatdr balikcilikta 6nemli olan bu av aracina gereken 6nem verilerek
yakalanmak istenilen baliga gore igne se¢imi yapilmalidir. Dolayisiyla hedef dis1 avin Oniine

gecebilmek i¢in avlanacak baliga gore igne tipi ve igne numarasi segmeye 6zen gosterilmelidir.
Tesekkiir
Bu ¢alisma Tiibitak 2140582 no’lu proje tarafindan desteklenmistir.
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Abstract

In most applications where electrical energy needs to be converted to mechanical energy, the most common direct
current motors are preferred after asynchronous motor. Since the motors used in most industrial systems are required to
produce a high development momentum, it is inevitable to draw high currents from the grid at start times. This high
starting current must be kept under control as it increases the power consumption and can seriously damage the stator
and rotor windings of the motor. A suitable drive and monitoring system is required for this current control operation.
Fuzzy logic controller has adaptive features; it can produce strong results in systems with uncertainties, variable
parameters and load distribution. In this study, the starting current of a serial connected DA motor fed from the Zeta
converter was first investigated by computer simulation using a fuzzy set-PI controller. The fuzzy-tuned-Pl control
method was compared to the same motor under the same conditions as conventional Pl and fuzzy logic. Matlab /
Simulink software was used for simulation. According to the simulation results, it is observed that the fuzzy-tuned-PlI
controller has a stronger response than the classical Pl and fuzzy logic control and the motor draws lower current at the
time of development.

Keywords: Zeta Converter, Serial DC Motor, DC Converter, Fuzzy tuned-Pl controller, Pl controller, Fuzzy logic
controller.

Bulanik Ayarh-PI denetleyicili Zeta Konvertoriin Siirdigii, Seri DC Motorunun
Kalkinma Akiminin Etkili Denetimi

Oz

Elektrik enerjisinin mekanik enerjiye doniistiiriilmesi gereken pek ¢ok uygulamada asenkron motordan sonra en yaygin
olarak dogru akim motorlar tercih edilir. Cogu endiistriyel sistemde kullanilan motorlardan yiiksek kalkinma momenti
iiretmesi istendiginden, baslangic zamanlarinda sebekeden yiiksek akimlarin cekilmesi kacinilmazdir. Bu yiiksek
baslangi¢ akimi, gii¢ tiiketimini artirmasinin yaninda motorun stator ve rotor sargilarina ciddi zarar verebildiginden
mutlaka kontrol altinda tutulmalidir. Bu akim kontrol islemi igin uygun bir siiriicii ve denetim sistemi gerekir. Bulanik
mantik denetleyici uyarlanabilir 6zelliklere sahip oldugundan; belirsizliklere, degisken parametrelere ve yiik dagilimina
sahip sistemlerde giiglii sonuglar iiretebilmektedir. Bu ¢aligmada ilk olarak, Zeta Ceviriciden beslenen seri bagl bir DA
motorunun baslangi¢ akimi, bulanik ayarli-PI denetleyici ile bilgisayar simiilasyonu yoluyla incelenmistir. Bulanik
ayarli-PI denetim metodu, ayn1 motora ayni durumlar altinda klasik PI ve bulanik mantik ile karsilastirilmustir.
Simiilasyon i¢in Matlab/Simulink yazilimi kullanilmistir. Simiilasyon sonuglar1 gore bulanik ayarli-Pl denetleyicinin
klasik Pl ve bulanik mantik denetime gore daha giiglii cevap verdigi ve motorun kalkinma aninda daha diigiik akim
cektigi gdzlenmistir.

Anahtar Kelimeler: Zeta konvertor, Seri DA Motoru, Bulanik ayarli-PI denetleyici, PI denetleyici, Bulanik mantik
denetleyici.
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1. Introduction

Hazardous wastes from fossil fuels have revealed the issue of global warming, which has
encouraged researchers to work on renewable energy sources. In particular, photovoltaic systems
(PV), which do not emit CO2 and have a modular structure, have a special place in renewable
energy sources (Dinger F.).

In recent years, photovoltaic systems have been rapidly spreading with increasing incentives
in the world. As is known, photovoltaic solar panels produce DC output voltage. DC voltage and
power obtained from solar panels are mostly used for feeding loads after conversion to AC voltage
by various techniques. Various solar cell manufacturing techniques and materials have been
developed. There are many solar panels made of many materials such as amorphous silicon, copper
indium gallium selenite and cadmium telluride (Lee, T. D. and Ebong, A. U).

There are many studies on reducing the costs of solar panels and increasing their efficiency.
Some researchers have shown that solar cells with more than 30% efficiency are produced today
(Prayeen, J. and VijayaRamaraju, V.).

Photovoltaic power generation systems are designed in two ways, either on grid-connected or
off grid-connected (Kaundinya, D.P. and at all.). Because the production of solar energy is directly
related to weather conditions, a spare energy storage system, ie a battery, is needed to ensure the
continuity of the off-grid systems. In the case of grid-connected systems, the energy produced is
used as a storage element in a sense, so there is no need for battery use.

The designs of DC converters may vary. Design differences can make the converters superior
or handicap compared to each other. Some of the DC converters reduce voltage, some increase
them and some increase and decrease them. In order for the converters to function in the desired
voltage range, they must also have a good control system. This control work is done by means of
proportional control (P), proportional-integral control (PI), proportional-derivative control (PD),
proportional-derivative control (PD) and proportional-integral-derivative control (PID) methods,
which are commonly classical controllers (Wu, Z. and at all.). After the classical inspection, DC
converters with fuzzy logic control (FLC) (Saygin and Kerem) algorithm, which give very
successful results in all kinds of engineering applications, have become very popular.

Fuzzy logic-controlled DC converters have low electrical performance as well as low costs.
Recently, Fuzzy-Tuned PI control (Rasoanarivo and at all.), which combines classical control with

fuzzy logic control, has also yielded very good results.
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2. Materials and Methods

The main scheme of the system consisting of a zeta converter consisting of a DC motor
connected to the PI, Fuzzy and Fuzzy Pl Tuned Controller, respectively, is proposed in Figure 1.
The DC supply voltage is supplied by a zeta-type converter of the DC motor connected in series.
Samples taken to control the development current of the motor within the desired reference range
enter the control unit. The control signals at the controller output turn into PWM signals and operate

the zeta converter switches. Thus, control of development flow is provided.
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Figure 1. Starting Current Pl, Fuzzy and Fuzzy-Tuned Pl controllers and Zeta Converter Controlled Serial
Connected DC Motor System Block Diagram

2.1. Zeta Converters

Zeta topology from switched mode DC / DC converters, which is an important operating area
of power electronics, is a lesser known relative of the SEPIC topology.The most important feature
of these two converters is that in converters that increase the voltage to high levels, they provide a
positive output voltage that is equal to or smaller than the input voltage as well as reducing circuit
complexity and cost.However, the Zeta converter also has the advantage of a significantly reduced

output surge voltage. headings.
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Zeta converters are used in power factor correction and voltage regulation designs. The
traditional Zeta converter is configured from two inductors, a series of capacitors and a diode ( Lin,
B.R.). The most common operating modes of these PWM transducers can be described as
continuous inductor current mode (CICM or CCM) and discontinuous inductor current mode
(DICM or DCM) (Mattavelli, P.). The basic circuit connection of the Zeta converter is given in

Figure 2.

— L1
[

_Ro
WA

Figure 2. Circuit diagram of PWM Zeta Converter.

2.1.1. Continuous Conduction Mode (CCM)

In CCM mode, the switch has two lower operating ranges on and off. These are the duty cycle
in the transmission mode of the switch and the duty cycle in the transmission mode of the diode.
Assuming that the loss is 100% yield, the task cycle can be expressed by equation (1) in the D1
statement for a Zeta converter running in CCM.

—_ "o
D= |:|:r'[ +¥ 1 (1)
D,V
VD = |: J_—__Il:l_:l (2)
i = D, =
vi (1-D) M, ©)

Here, Vi and Vo are the input and output voltages of the PWM Zeta converter. This can be
rewritten as shown in equation (2) to obtain the output voltage of the converter in CCM mode.The
maximum value of the Duty cycle is Dimax, the smallest value of the input voltage is in Vimin and the
additional small value of the Duty cycle is Dimin, the maximum value of the input voltage is in
Vimax. The DC to DC conversion ratio of the PWM Zeta converter is given in equation (Rashid
M.H.).
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2.1.2. Discontinuous Conduction Mode (DCM)

In DICM, the switching period is divided into three lower ranges.The third time interval of the
operating cycle is not zero and the inductor current is not continuous.Three separate time intervals
are D1Ts, D2Ts and DsTs with D1 + D2 + D3 = 1 for a fixed switching frequency.The Ds is the switch
and diode shutdown ratio.The output voltage of the converter in DCM is given in equation (Mohan,

N.). DC voltage conversion rate (Ma) is obtained by equation (Bose B. K.).

oW
VI:' - .D: (4)
Vo _ Dy _
v. =5, M ®)

2.2. Modeling of Zeta Converter-Fed Serial DC Motors

Figure 3 shows a DC motor load connected to the Series fed by the Zeta Converter.It is
assumed that the power switch in the converter circuit is ideal; there is no loss of inductance and

capacitor, and Vi represents an ideal voltage source at the input without internal resistance.

Figure 3. Zeta Converter-fed Serial DC motor load.

In view of the above assumptions, the state variables of the system in Figure 2 can be written
in the form of the matrix form equation (6).In Equation 1, i.(t) is the transducer inductance current,
vc(t) is the transformer voltage, ia(t) is the DC motor current, the Vi transducer is the input DC
voltage and indicates the state of the power switch.DC motor equations consisting of mechanical

and electrical components are given in equations (7) and (8).

L 0 T o, s
N o | 2 B o ©

dt c



Karadeniz Fen Bilimleri Dergisi 9(1), 196-211, 2019 201

diaft) .
LA Ejr = U [:tj - RAIA - szs (7)

=% = —Bw, +K.K, — T, (8)

/

In summary, the expressions in Equations 6, 7 and 8; La: inductance of armature windings,
Ra: resistance of armature windings, ia: armature current, ws: angular velocity of motor shaft, J:
moment of inertia, B: friction viscous coefficient, Tv: load torque, Ke: a coefficient according to the
number of motor windings and K : the motor is a coefficient calculated according to the number of
poles.The inductance current i., capacitor voltage vc, the motor armature current ia and the angular
velocity ws in the formulas of equations 6, 7 and 8 can be easily solved by many numerical analysis
methods.In this study, it was solved by the Euler method in mathematical process libraries in

Matlab program.

2.3. Control Systems

2.3.1. P1 Controller

The PI controller structure is simple and has a controller structure that provides very good
results for many control systems (Pal A. K.). The control block diagram of the classical Pl

controller is given in Figure 4. According to DC converter reference voltage input circuit, output
voltage, is controlled by the PI controller (Yanmaz, K. and at all). On activated equations are as

follows.
—Reference—»?—Error K¢ F—Proportional Output—p
Integral
Feedback J‘
Ki

Figure 4. Pl Controller Block Diagram

2.3.2. Fuzzy Logic Controller (FLC)

Fuzzy Logic control algorithm is based on digitizing a set of heuristic control rules.It is
important to note that fuzzy logic is used to evaluate uncertain, fuzzy sets and rules for expressing

linguistic terms (Zadeh L. A.). As is known, the structure of the fuzzy logic controller consists of
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three parts. These sections are briefly mentioned in the an “Fuzzification”sistem phase and the data
obtained from the system are converted to fuzzy values (Elmas C. and at all). The second stage is
“Rule Base”, where fuzzy data is processed by fuzzy rules. In the last stage, which is called
“Defuzzification”, the data is converted to the exact number of fuzzy results. A fuzzy logic

controller system is generally shown in Figure 5.
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Figure 5. Basic configuration of a FLC.

2.3.3. Fuzzy-Tuned PI1 Controller (FT-PIC)

The simplified block diagram of the Fuzzy-Tuned PI Controller is shown in Figure 10.
Membership functions for this controller type inputs error (e), change of error (de) and controller
output (du) are defined on the normalized domain [-1, 1] as shown in Figure 11 (Mengi O. O.).

Membership functions (MF) of B is defined on [0, 1] as shown in Figure 6.

Control
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Figure 6. Basic configuration of a FT-PIC.
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3. Simulation Results and Discussion

Figure 7 show the connection of this power system designed Simulink. The zeta converter in
the system is connected to the PI, FLC and Fuzzy-Tuned PI controllers by manual switches. The
reference voltage applied to these controllers is given in Figure 8. It provides the current error
between the reference current and the output current signal produced by the zeta converter, which
enables the transmission of power to the secondary winding by generating electrical docks for the
primary windings of the transformers according to the PWM method with the control voltage of the
control signals. According to the type of feedback signal of the controllers, the DC motor can

control the voltage, current, torque or speed effectively.

Fuzzy-Tuned P1

VARIABLE
REFERENCE2

| REFEF RANS
ufk)

@]_M »{GERI BESLEME SWITCHZ —
" |}—»|REFERANS e ° i
|E|——r:wncri
| »|GERI BESLE .
VARIABLE — o

REFERENCE
Sc6

E % DC_Motor Tar a2z -
Scopel SWITCH1 Shp; 240V; 18.2A; 1750pm
FWVM Block Pl Cantroler -
o —5 (i .
b Cans@nti de ~
: gL mp c1 7
.l%‘ ] ST e, . i P A - —'!
m Mosfet2 =Va .‘Eil ]
Va_m _%-
=D E L1 é T { _! Sooped
Min_m in
w3
. la_m
Figure 7. The block diagram of the whole system.
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Figure 8. The reference output voltage signal.

Table 1 shows the motor parameters that are used in simulation.
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Table 1. DC Motor parameters.

Parameter Symbol Value
Armature Resistance Ra 1.1Q
Armature Inductance La 0,09H

Inertia Torque J 0,053 kg.m?
Friction Constant B 0.01 N.m.s/rad
Motor Constants Ke 0,97
Motor Constants Kt 1.4

Load Torque TL 5N.m

System results with Pl controller, Fuzzy logic controller and Fuzzy-Tuned PI controller
obtained from simulation in Matlab / Simulink program are shown in separate figures. For each
graph, the horizontal axis represents the time and the vertical axis represents the green electrical and

mechanical parameters on the system.

3.1. CASE 1: Zeta Converter with PI Controller

Figure 9 shows the variation of the output voltage Vo with the given reference sine of the PI-
controlled Zeta Converter. In Figure 10, vo output voltage (Volt), w motor speed (rpm), ia motor
current (Amperes) and Te torque (Newton.meter) value of the motor are given over time. Figure 11
also shows the current and voltage variations of the L1, L2, C1 and C2 elements in the Zeta converter
circuit.

The results obtained when the indirect current control method with the PI controller is used to
control of the zeta converter output voltage signals are shown Figures 9. The PI controllers used in
the indirect current control method of the system under variable ambient conditions and constant

change in load were set to Ke = 10, K; = 100.
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Figure 9. Variation of the output voltage v, over time with the reference signal of the Zeta converter with Pl

control.
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Figure 10. Variation of the output voltage, w motor speed, ia motor current and T. torque value of the motor

with time controlled by PI controlled Zeta Converter.



Karadeniz Fen Bilimleri Dergisi 9(1), 196-211, 2019 206

YYoltage acrosz C1 “aoltage acrass C2
1500 T T T T T T T T T 1500 T T T T T T

1000

500

500

500 i i i i i i i i i 0

Current through C2
T T T

100

Yoltage across L1 “oltage across L2

Ao00f-- - ....... e e L ! (RN SRS S R

500 i i i i ; i i i
Current thraugh L2
T T T

40

20
1]

-20

A0

-60

Figure 11. Current and voltage changes of L1, L», C; and C; elements in the zeta converter circuit.

3.2. CASE 2: Zeta Converter with Fuzzy Logic Controller

Figure 12 shows the variation of the output voltage vo with the given reference sine of the
Fuzzy-controlled Zeta Converter. In Figure 13, vo output voltage (\Volt), w motor speed (rpm), ia
motor current (A) and Te torque (Nm) value of the motor are given over time. Figure 14 also shows
the current and voltage variations of the L1, L2, C1 and C2 elements in the Zeta converter circuit.

a 08 1 15 2 25 3 38 4 45 5
Figure 12. Variation of the output voltage v, over time with the reference signal of the Zeta converter with

Fuzzy Logic Control.
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Figure 13. Variation of the output voltage vo, w motor speed, ia motor current and T, torque value of the
motor with time controlled by Fuzzy Logic controlled Zeta Converter.
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Figure 14. Current and voltage changes of L1, L», C; and C; elements in the zeta converter circuit.
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3.3. CASE 3: Zeta Converter with Fuzzy-Tuned PI Controller

Figure 15 shows the variation of the output voltage vo with the given reference sine of the
Fuzzy-Tuned PI controlled Zeta Converter. In Figure 16, vo output voltage, w motor speed, ia motor
current and Te torque value of the motor are given over time. Figure 17 also shows the current and

voltage variations of the L1, L2, C1 and Cz elements in the Zeta converter circuit.

Figure 15. Variation of the output voltage vo over time with the reference signal of the Zeta converter with

Fuzzy-Tuned PI Control.

Yoltage Yo
| | | |
Rotor speed w

2000 T T T T T T
1800 et ...................... e T ............ .......... T G -
o0k E T PP TRRRIT: e T O PR RN O PR TR -
so0f- : : : : : 7

0 i i i i i I i i

Armature Curent i

0 ! ! ' T ! ! ! '
2m : : ‘ : : 5 7
100 TS PP PRTRRI ............. S PP T U PR TR -
0 : : : : T

100 i I I 1 i I I I

Tarque T
100 ! ! ' T ! ! ! '
g0
0

0 i I i i i i I i i

0 08 1 18 2 25 3 35 4 45 g

Figure 16. Variation of the output voltage v,, w motor speed, ia motor current and T. torque value of the

motor with time controlled by Fuzzy Logic controlled Zeta Converter.
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Figure 17. Current and voltage changes of L1, L, C; and C; elements in the zeta converter circuit.

4. Conclusions and Recommendations

The data of the four points with the largest amplitude current fluctuations during the
simulation are given in Table 2 to examine the effects of the Serial DC Motor connected to the

system on the starting current.

Table 2. Effects of Different Type Controllers on Motor Starting Currents

Time (s) Pl Controller Fuzzy Logic Controller ~ Fuzzy-Tuned Pl Controller
0,1500 239,250 A 244,300 A 250,010 A
0,5800 244,100 A 248,040 A 250,550 A
1,0655 263,600 A 265,250 A 268,961 A
2,2390 278,000 A 276,280 A 279,465 A

In this study, electrical performance of a power system connected to a zeta converter is
examined using different controller structures. The main load of the system is a series connected
DC motor that draws a lot of current. The ON-OFF signals provided to the power electronics-based
switch of the zeta converter, which is a power converter in the system, are provided to generate
signals with the PWM pulse width required to follow the desired reference variable. These variable

pulses are connected to the zeta converter via control elements based on Pl, Fuzzy Logic and
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Fuzzy-Tuned PI, respectively. The results are quite successful. However, Fuzzy Logic and Pl based
controllers were more effective than Fuzzy Adjusted Pl controllers when their effects on
development flow were examined. In the 5 second simulation of these three controllers, data were
obtained from four points, the largest amplitude current fluctuations. There is no striking difference
between the current amplitudes at these points. However, the classical fuzzy-based controller (FLC)
performed slightly better than the others at its largest overrun. With all this in mind, Fuzzy Logic

(FL) is the most successful of the controllers used for this system.
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Abstract

In this study, the performance of the connecting rod bearing of the one cylinder 4-stroke diesel Ricardo Hydra Engine
was investigated at different oil supply pressure (3 bar, 5 bar, 7 bar) by examining the performance of the selected
connecting rod bearing as an example; radial journal bearing users and bearing designers. Width the change of the oil
supply pressure at the dynamically loaded connecting rod bearing; how the minimum bearing clearance, the maximum
oil film pressure, the friction torque, the shaft orbit in connecting rod bearing and the hydrodynamic power losses that
occur in the journal bearing have been theoretically investigated. Using the Ricardo ORBIT V1.2 software analysis were
performed using the Finite Volume Method which provides a fast and accurate solution commonly used in the literature.
At the different connecting rod bearing width; how it affected the performance of the journal bearing under dynamic load
was carefully examined. From the results of the research; increased oil supply pressure; It has been determined that the
bearing clearance, the maximum oil film pressure is increased, the friction torque and hydrodynamic power losses
increase. The orbit drawn by the shaft orbit in connecting rod bearing is stable. The results of this research showed that
the different oil supply pressure plays an important role in minimum bearing clearance, the maximum oil film pressure,
the friction torque, the shaft orbit in connecting rod bearing and the hydrodynamic power losses under the dynamic load.

Keywords: Ricardo Hydra Engine, oil supply pressure, connecting rod bearing.

Farkh Yag Besleme Basincinin Kaymah Yatak Performansina Etkisi

Oz

Bu ¢aligmada, tek silindirli 4 zamanli dizel Ricardo Hydra motorunun biyel kolu yataginin performansi farkli yag besleme
basincinda (3 bar, 5 bar, 7 bar) incelenmistir. Dinamik olarak yiiklenen biyel kolu yatagindaki yag besleme basinci
degisiminin; minimum yatak bosluguna, maksimum yag filmi basincina, siirtiinme torkuna, mil merkezinin ¢izdigi
yoriingeye ve yatak yuvasinda meydana gelen hidrodinamik gii¢ kayiplarina nasil tesir ettigi teorik olarak incelenmistir.
Ricardo ORBIT V1.2 yazilimi kullanilarak, literatiirde yaygin olarak kullanilan hizli ve dogru bir ¢6ziim sunan Sonlu
Hacim Yontemi ile analizler gergeklestirilmistir. Farkli yag besleme basinglarinda; biyel kolu yataginin dinamik yiik
altindaki performansini nasil etkiledigi dikkatlice incelenmistir. Arastirma sonuglarindan; artan yag besleme basinct;
Yatak boslugunun, maksimum yag filmi basincinin arttirildigy, siirtiinme momentinin ve hidrodinamik gii¢ kayiplarinin
arttig1 belirlenmistir. Mil merkezinin ¢izdigi yoriingesinde hemen hemen sabit oldugu goriilmistiir. Bu arastirmanin
sonuglarirnda, farkli yag besleme basincilarinin yatagin minimum yatak bosluguna, maksimum yag filmi basincina,
siirtiinme torkuna, biyel kolu yatagindaki mil merkezi yoriingesine ve dinamik yiik altindaki hidrodinamik gii¢ kayiplarina
tesir ettigini gostermistir.

Anahtar Kelimeler: Ricardo Hydra motor, yag besleme basinci, biyel kolu yatagi.
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1. Introduction

A journal bearing is common in many types of machinery. The main function is to support
radial load and facilitate motion as well as transfer of power. A journal bearing consists of two main
components where the shaft called journal rotates freely in its bushing known also as bearing. Ahmad
M.A., Kasolang S. and at al. investigated the effects of the oil groove position on the friction force
and moment in hydrodynamic journal bearings. Axial groove is a common supply method of
distributing lubricant within a journal bearing. Lubricant is generally fed at a specific supply pressure
to ensure that the journal and the bearing surface are separated. Shearing action between lubricant
and bearing parts creates frictions which contribute to power loss in journal bearing. In this study, an
experimental work conducted to determine the effect of oil groove location on torque and frictional
force in hydrodynamic journal bearing. A journal diameter of 100mm with a ’2 length-to-diameter
ratio used. The oil supply pressure set at The supply pressure was set to 0.2, 0.5, and 0.7 MPa at seven
different groove locations, namely, -45°, -30°, -15°, 0°, +15°, +30°, and +45°. Measurements of
torque and frictional force obtained for speed values of 300, 500 and 800 rpm at different radial loads.
They observed that the change in oil groove location has affected the fluid frictional force and friction
coefficient to some extent (Ahmad et al. 2014). Brito F.P., Miranda A.S. and Fillon M. investigated
the effects of grooves in single and twin axial groove journal bearings under varying load direction.
Multi axial groove hydrodynamic journal bearings often preferred over single grooved ones to
improve lubricant distribution. However, when assessing the influence of loading angle for a twin
axial groove bearing, the authors detected the occurrence of phenomena such as strong negative flow
rate in one of the grooves for a broad range of loading angles which was deleterious to bearing
performance. Conversely, single groove bearings display acute starvation for specific loading ranges.
The authors used a previously proposed thermohydrodynamic approach to compare the role of single
and twin groove bearings under variable loading direction. Results show that a groove deactivation
strategy (using check valves) might be a best-of-both-worlds strategy, optimizing groove flow rate
distribution, reducing temperature and eccentricity levels (Brito et al. 2012). In the present study, the
performance of the connecting rod bearing of the one clinder 4-stroke diesel Ricardo Hydra Engine
was investigated at different oil supply pressure (3 bar, 5 bar, 7 bar) by examining the performance
of the selected connecting rod bearing as an example; radial journal bearing users and bearing

designers.
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2. Material and methods

Using the Ricardo ORBIT V1.2 software analysis were performed using the Finite Volume
Method which provides a fast and accurate solution commonly used in the literature (Ricardo, 2000).
The starting point of any fluid-film lubrication analysis is solving the general hydrodynamic Reynolds
Equation as expressed in Equation (1) subject to the edge pressure boundary conditions given in

Equations (2) and (3) Thus,

6(h36P) 16(h36P)_1V6h wdh | dh

— — —_— =—-—— — 1
0z \12u 0z R2 00 \12u 06 R208 20z 0t ()

with the following boundary conditions:
z=0, P(z,0)= P;; 2)

z=L, P(z,0)= P, 3)

The finite volume method is a powerful technique that overcomes the limitations of other
approaches. It a conserves mass and rigorously determines the point of rupture and reformation of the
oil film within the bearing clearance zone via application of the JFO (Jakobsson-Floberg-Olsson)
boundary conditions. A mass conserving algorithm originally proposed by Elrod is implemented to
solve Reynolds Equation (Woods, 1989). The key point of this approach are:

Consideration of compressibility effects of the lubricant via usage of the bulk modulus B, where

B=p5 @

Introduction of the nodal mass fraction variable @ which has dual interpretations,

Oil densit
@ ;=L =— Y (floaded cell; a; ; > 1) (5)
, Pc Density at cavitation ’

a;; = void fraction (cavitated cell; a; j < 1) (6)
Introduction of a nodal switch function such that,

g =1 (floaded cell; a; ; > 1) (7)
gi;=0 (cavitated cell; ; ; < 1)

Using Equation (5)-(7) to express nodal oil film pressures as
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Pj=F+Bgyjla;;—1) ®)
Writing the governing Reynolds Equation in terms of the variable a as

omy , Om, _ d|pcaijhil

20 ' 9z ot ©
where
9gi gdi
(ma)c Pc— 2 (al] 1hl] 1[1 gl] 1] + gl} 1hl] 1 + = ST [h hi,j—l]) (10)
(m,), = (h_3) B (gi—l,j[ai—l,j_l]"'gi,j[a'i,j—l]) 1)
zJ)p 121 avg Pc A,
Vy 9i-1,j9i,j
(my). = Pc;(ai—uhi—u[l — Gi—j] + Givjhioa + % [hi; — hi—l,j]) (12)

And the terms with subscripts p and c represent the Poisseuille and Couette flow components
of the mass flux terms my and m, in the 8 and z directions pespectively.
Application of Equation (9) to computational cell that define the bearing clearance zone

generates a system of linear algebraic equations of the form

[Al{a} = {R} (13)

where [A] is the coefficient matrix associated with the column of unknown values of {a} , and
{R} is a column of known terms associated with Equation (9). The ADI (Alternating Direction
Implicit) technique is employed to solve Equation (9) and this is a computationally of the coefficient
matrix [A].

The finite volume technique is the preferred method amongst the three solvers since it a) is
mass conserving b) tracks cavitating regions rigorously and c) is computationally fast. In particular,
the finite volume method is the solver of choice when it comes to accurately accounting for oil holes

and calculation of rise in oil temperature (Gulwadi, 2003).

3. Results and Discussion

Bearing dynamic load diagram effect of full circumferential grooves. Results from three oil

supply pressure values on the connecting rod bearing are presented and discussed in this section. The
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graph of the change of the bearing load (total bearing load, horizontal and vertical components of the
bearing load) to the crank angle of the 4-stroke diesel Ricardo Hydra Engine connecting rod bearing

is shown in Figure 1.
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Figure 1. Graph of change of the bearing load (total bearing load, horizontal and vertical
components of bearing load) to the crank angle of 4000 rpm

When the analysis of Figure 1 was analyzed, it was seen that the maximum bearing load was
5349,3 N and 10° crank angle, while the minimum bearing load was 710° at the crank angle and 193
N. The graph of the change in the oil supply pressure of the journal bearing when the oil supply
pressure of the journal bearing is changed in the connecting rod bearing the same dynamic load effect
is given in Figure 2. It shows that as the oil supply pressure increases, the maximum and minimum

values of the minimum journal bearing clearance in the connecting rod bearing generally increase.
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Figure 2. Effects of varying oil supply pressure on minimum journal bearing clearance

When the data in Figure 2 were examined, it was seen that the minimum value of the minimum
journal bearing clearance was 3,1 um at the crank angle of 267°, the highest value was 20,7 um and
it was at the value of 1° crank angle. At the oil supply pressure 5 bar, the lowest value of the minimum
journal bearing clearance occurs at crank angle of 266° oil supply pressure a magnitude of 3,36 um,
whereas its highest value is 21,9 um and occurs at a crank angle of 2°. At oil supply pressure of 7
bar, the minimum value of the minimum bearing clearance is 3,82 um at the crank angle of 274
degrees, and the maximum value of the minimum bearing gap is at the crank angle of 3,5° and 23
um. The increase in minimum journal bearing clearance at the same time means the increase in oil
film thickness keeping the minimum oil film thickness at higher values is good for bearing
performance. This helps reducing the risk of interaction between shaft and bearing and hence enabling
safe operation of the bearing generally speaking, in terms of minimum journal bearing clearance
bearing performance is enhanced at higher oil supply pressure than at lower oil supply pressure.
Figure 3 shows variation of peak oil film pressure at different oil supply pressure under constant
dynamic load. At constant crank angle, the maximum values of peak oil film pressure in Figure 3 are

clearly seen to decrease as the oil supply pressure increases.
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Figure 3. Effects of varying oil supply pressure on peak oil film pressure

From the figure it is seen that the lowest of the peak oil film pressure at oil supply pressure 3
bar occurs at 711° crank angle with a value of 2,44 MPa, whereas the peak oil film pressure is 17
MPa and occurs at 376,5° crank angle. When the oil supply pressure is 5 bar, the lowest value of the
peak oil film pressure is 2,72 MPa and takes place at a crank angle of 711,3°. The greatest of the
maximum oil film pressure in this case is exhibited at a crank angle of 378° with a value of 16 MPa.
At oil supply pressure 7 bar, the smallest value of peak oil film pressure is 3,22 MPa and occurs at a
crank angle of 711,8°, while the maximum value is 15,5 MPa and is found to take place at a crank
angle of 380,5°. The increase in oil supply pressure led to corresponding increase in the minimum oil
film thickness and the increased oil film layer affected peak oil film pressure negatively. Provided
that the load is the same, it is important that at oil supply pressure, oil film is kept at low level for
better journal bearing performance. Based on the maximum value of peak oil film pressure, it is also
said here, that the journal bearing performance at oil supply pressure is better than that at oil supply
pressure. The graph showing variation of effects of oil supply pressure on friction torque is given in

Figure 4.
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Figure 4. Effects of oil supply pressure on friction torque

From Figure 4, it is clearly seen that at constant crank angle the oil supply pressure increases
the friction torque. Thus, at oil supply pressure of 7 bar, the friction torque value of 1,79 Nm. In
addition, it was found that at oil supply pressure 3 bar the friction torque exhibits its minimum value
of 0.589 Nm at a crank angle of 1° and its maximum value of 1,42 Nm at 266° crank angle. An
increase in friction torque or in other words, high friction torque negatively affects the bearing
performance. The graph showing the effects of engine oil supply pressure variations on the power

losses on the journal bearing is given in Figure 5.
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Figure 5. Effects of oil supply pressure variations on power loss
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From the figure, it is clearly seen that at the same crank angle, as the oil supply pressure
increases the power losses in the radial journal bearings generally increase, too. The increase in oil
supply pressure has led to an increasing oil film thickness and this led to power losses. generally,
under the same load conditions, power losses in journal bearings tend to increase at different running
oil supply pressure, In order to lower the power loss resulted from friction, it is necessary to reduce
the coefficient of friction. The effects of oil supply pressure variations on the journal orbits are shown
in Figure 6. In is seen from Figure 6 that the journal orbits look very similar to each other and that
the most suitable journal orbit is obtained at 5 bar oil supply pressure. The circumferential and
transversal pressure distributions of the journal orbit under dynamic load and rotating at 4000 rpm
are shown in Figure 7. Analysis Figure 7, it is found that the peak oil film pressure is 21,01 MPa and

occurs at a crank angle of 378.
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Figure 6. Effects of oil supply pressure variations on journal orbits
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Figure 7. Journal orbit in a dynamically loaded journal bearing running at 4000 rpm (a); pressure
distributions on circumferential direction (b); pressure distributions on transverse direction (c)

4. Conclusions

In this study, it has been investigated how the minimum journal bearing clearance value, the
maximum oil film pressure value, friction moment value, power losses and shaft orbit are affected by
the increase in oil supply pressure in connecting rod bearing under dynamic load. The results are
summarized below.

As the oil supply pressure increases, it is seen that the maximum values of the minimum journal
bearing clearance in the connecting rod bearing are generally increased, but the minimum values of
the minimum journal bearing clearance decrease.

Journal bearing performance at higher oil supply pressure is better than the performance at
lower oil supply pressure as far as the peak oil film pressure is concerned.

It has been determined that with the increase in the oil supply pressure in the connecting rod
bearing, the friction moment values occurring in the journal bearing have also increased.

An increase in oil supply pressure on a radial journal bearing running under a dynamic load
generally tends to increase the power losses on the journal bearing.

The journal orbits look very similar to each other and that the most suitable journal orbit is

obtained at 5 bar oil supply pressure.
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