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ONSOZ

Diinya, ekonomide ve enerji sektdriinde dengelerin degistigi ve son derece dinamik
oldugu bir donemden ge¢mektedir. Diistik maliyetli ve biiyiik petrol kaynaklarinin
bulundugu Orta Dogu’da yasanan gelismeler, kiiresel enerji giivenligini uluslararas:
glindemin st sirasina tasimaktadir. Diger yandan enerji talebi ve cevre iliskisi onemini
korumakta, en zengin kaynaklara sahip tilkeler igin bile enerji verimliligi ve gevresel etki
ana giindemi olusturmaktadir.

Ulkelerin kalkinma, refah ve gelismelerini saglamada birincil derecede énemli olan
enerji, uluslararasi sistemde en stratejik araglardan biri haline gelmistir. Enerji politikalar1
kisa vadede enerji kaynaklariin uluslararasi pazarlara giivenli bicimde ulasmasini, arz
ve fiyatlama gibi konular1 ele alirken, uzun vadede ise kalkinma planlamalarin1 ve
politikalarini igermektedir. Enerji kaynaklarina sahip olmak, enerji tiretebilmek ve elde
edilen enerjiyi pazara ulastiracak tasima yollarini kontrol altinda tutmak, gtintimtizde
devletlerin dis politika yapiminda agirlik verdikleri konular arasindandir. Enerji
glivenligi, ulusal ve kiiresel boyutta, devletlerin oniimtizdeki donemlerde de dis
politikalarmna yon veren temel konulardan biri olmay stirdiirecektir.

Kiresel mali kriz nedeniyle bircok tilke ekonomisinin daralma gosterdigi bir dosnemde
Turkiye ekonomisi, 2008 yilindaki yavaslamanin ve 2009 yilindaki kii¢tilmenin ardindan
toparlanarak onemli oranda buytme saglamistir. Bu ekonomik biiytimenin
saglanmasinda enerji sektorii hayati bir rol oynamaktadir. 2003-2016 arasinda birincil
enerji arzimizin yilda ortalama %4,2 buiytimiis olmasi ekonominin enerji tiiketimiyle
beraber buyuduguni gostermektedir.

Turkiye, gelismekte olan {ilkeler igerisinde gectigimiz 15 yillik donemde enerji talep
artistnin en hizli gerceklestigi tilkelerden biri olmustur. Bu durumda Ulkemizin
belirledigi enerji stratejisi, ¢ok kritik ve uzun donemli etkileri olacak bir konudur. Aym
zamanda ekonomik gelisme ile paralel olarak enerji ile birlikte dogal kaynaklarin
yonetimi de stratejik onemini korumaktadir.

2015-2019 Milli Enerji ve Maden Politikas: Stratejimiz dogrultusunda basta yerli komtir
olmak tizere riizgar, giines, hidrolik, jeotermal gibi yerli ve yenilenebilir enerji
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kaynaklarimizin enerji portfdytindeki paymin artirilmasina yonelik ¢abalarimiz ¢evreci
bir anlayis ve stirdiiriilebilirlik ilkesi dogrultusunda yogunlastirilmistir.

Bolgeleraras1 petrol ve dogal gaz ticaretinin rotalarma gore 2030 Yilina kadar petrol
ticaretinin iki kat artmasi beklenirken bolgeler arasi gaz ticaretinin ti¢ kat artacagi tahmin
edilmektedir.

Ttrkiye, mevcut uluslararasi boru hatlar ile hem ihtiyaglarmi karsilayip gelir saghyor
hem de enerji kaynaklarinin transferine aracilik ederek stratejik 6nemini artirryor.
Turkiye, hayata gegirilecek uluslararasi boru hatt1 projeleriyle de Orta Asya, Hazar ve
Orta Dogu bolgelerindeki zengin dogal gaz ve petrol rezervlerini Avrupa'nin ana tiiketim
merkezlerine ulastiran en 6nemli enerji kopriilerinden biri olacak.

Kiiresel iklim degisiyor ve ekosistem, insan saglig1 ve ekonomiye yonelik giderek artan
kritik riskler getiriyor. Bu degisimler, diinya ¢apindaki insan faaliyetlerinin bir sonucu
olarak atmosfere ytiksek miktarlarda sera gazi salindigindan dolay1 gerceklesiyor. Bu
faaliyetler arasinda hepsinden 6nemlisi elektrik {iretimi, 1stnma ve tasimacilik icin fosil
yakitlarin yakilmas: var. Fosil yakitlarin yanmas: da cevreye ve insan saghgma zararh

hava kirleticilerin salinmasina neden oluyor.

Kiresel olarak enerji kullanimi, insan faaliyetlerinden aciga ¢ikan sera gazi emisyonlar:
arasinda acik ara en biiytik kaynag: temsil ediyor. Kiiresel sera gazi emisyonlarmin
neredeyse tigte ikisi, 1sinma, elektrik, tasimacilik ve sanayide kullanilacak enerji icin fosil
yakitlarin yanmasiyla iliskilendiriliyor.

Enerji krizi ve enerji savaslar1 20.yy’dan beri tizerine ¢okca ¢izilip konusulan iki kavram.
Artan niifus orani ve daha konforlu bir yasam istegi enerji krizlerine yol agarken, enerji
savaslar1 daha siyasi bir konu olarak karsimiza ¢ikiyor. Somiirgeciligin dogusundan bu
yana siiregelen zamanda, zengin enerji kaynaklarina sahip topraklarin paylasimi
konusunda bir giic savasi yasanmustr.

Stuper giic diye tabir edilen devletler ve terdr gruplari enerji odakhi bir strateji
izlemektedir. Bundan dolay1 yasanan uluslararas: siyasi krizlerin ve ¢atismalarin temel
sebeplerine baktigimizda enerji faktoriintin oldugu goriiliir. Tiirkiye'nin artan elektrik
ihtiyacinin karsilanmas1 amaci dogrultusunda onemli yatirnmlar gerceklestirilirken,
tilkenin toplam kurulu giictinde ve dolayisiyla elektrik tiretiminde son 30 yilda kayda
deger bir artis yasand1. 1980'1i yillarin ortasinda 10.000 MW’in altinda olan kurulu giig,
2018 sonu itibariyle 88.550 MW seviyesine ¢ikt.
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Ontimiizdeki yirmi-otuz y1l igin petrol ve dogalgaz arzinda rezervler agisindan bir sorun
olmasa da yeni rezervlerin aranmasi, iiretilmesi, tiiketiciye ulastirilmasi gibi konular,
uluslararas: iliskileri etkileyen temel problem alanlari olmaya devam edecek
gorinmektedir.

Bu sene dordiinciisii diizenlenen konferansimiz kamu, 6zel sektdor ve akademik
kurumlar: biraraya getirerek karsilikli gortis alis verisinde bulunma firsati vermistir.
Enerji sektortii ve gevre basta olmak tizere miihendislik teknolojileri konularinda yapilan
glincel akademik calismalar, yaklasik 50’si yurt disindan olmak tizere 300’e yakin
katilimcr tarafindan sunulmustur. Gergeklestirilen olan oturumlarda, enerji piyasalari,
sanayide enerji verimliligi, yenilenebilir enerji teknolojileri ile makine, insaat, gida ve
elektrik elektronik miihendisliklerinin kapsamina giren bircok farkli alanda sorunlar
tartisilacak ve akademik ¢6ztim Onerileri ortaya konulmustur. Kongremiz Mavera
Kongre ve Sanat Merkezi'nde bulunan 5 farkli salonda, toplam 18 oturumda yapilmis
olup, 300’e yakin katilimc1 hocamiz 167 akademik bildiri sunmustur.

Organizasyon Komitesi Baskamn

Do¢.Dr. Adem ATMACA

Enerji Sistemleri Miithendisligi Boltim Baskani

Gaziantep Universitesi

Ekim 2019
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EFFECT OF TEMPERATURE ON ANAEROBIC DIGESTION OF SEWAGE SLUDGE

Soukaina Aitlahyane®, Zehor Aityacine
Laboratoire génie de I’Environnement Ressources Faculté des sciences et techniques,
Université Sultan Moulay Slimane, Béni Mellal, aitlahyanesoukaina@gmail.com

Hafida Hanine
Laboratoire de biointerface et biofilm Faculté des sciences et techniques, Université
Sultan Moulay Slimane, Béni Mellal.

Brahim Lekhlif
Hydrologie traitement et épuration des eaux et changement climatiques Ecole Hassania
des ingénieurs.

ABSTRACT: In Morocco, the volumes of wastewater discharged were estimated at 470
Mm? per year in 1994 and would reach 900 Mm3 per year by 2020 (Ministry of Agriculture
and Agricultural Development, Morocco 2008). Like developing countries, most
wastewater is discharged into the natural environment without treatment. Nevertheless,
in recent years, the increase in demand for water for human, industrial and agricultural
consumption and the repeated droughts in Morocco have raised awareness among
decision-makers to consider wastewater as a significant water resource, hence the need
to consider a national wastewater treatment programme. As part of this policy, ONEE
has set up several wastewater treatment plants at various sites. Many water treatment
plants have been built and the State plans to increase the number of WWTPs nationwide
to 280 water treatment plants by 2020. Wastewater treatment generates, on the one hand,
clean, sanitized water discharged into the receiving environment or ready for reuse by
various processes (bacterial beds, activated sludge, infiltration-percolation), and on the
other hand, huge quantities of wastewater sludge that constitute an economic and
environmental problem on a national scale. As a result, sludge management systems
were sought. Among these sectors, we find anaerobic digestion, which seems an
attractive option for the degradation of fermentable waste into useful products such as
biogas and high quality compost. In this context, we carried out an experimental study
on the anaerobic digestion of fermentable sludge. Two tests were installed, one with
heating and the other without heating. The results of the physico-chemical analyses
showed that anaerobic digestion with heating gave the best results in terms of:

- Production of biogas.

- A pH value of 7.8 shows that we have a favorable environment for anaerobic digestion
and that the methanogen process has been successfully completed.

- A reduction in COD and Organic Matter of 80% and 81% respectively, which clearly
shows the reduction in organic load.
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Keywords: Wastewater treatment sludge, bio-methanization, physico-chemical
characterization, anaerobic digestion.
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THE DISINFECTION BY-PRODUCTS (THMS) LEVELS IN DRINKING TAP WATER AT
MOSTAGANEM REGION (NORTHERN WEST ALGERIA)-ALGERIA

BENHAMIMED EL-Attafia

Department of Biology, Faculty of Natural and Life Sciences, Abdelhamid Ibn Badis
University of Mostaganem, Algeria, elattafia.benhamimed@univ-mosta.dz

ABSTRACT: Chlorine is commonly used for the disinfection of drinking water in
Algeria. During chlorination, chlorine reacts with organics matter in water to form the
chlorination by-products including trihalomethanes. The high concentration autorised in
drinking water is 100pg/1. These are carcinogenic compounds for humans. This problem
leads us to undertake a study about hyperchloration and trihalomethanes analysis in
drinking water, especially in Mostaganem region. For this, 18 samples of tap water are
collected and analyzed using headspace solid-phase microextraction during the year
2017. The results obtained have shown that the maximal concentration is 172.61pug/1 was
in Achaacha region and 17.54pg/1in Salamandre area. It was concluded that the drinking
tap water distributed in Mostaganem region, contains a considerable amount of
Trihalomethanes, chlorodibromomethane and bromoform are in majority, this could
impact directly on consumer’s health during a long period of time.

Key words: Analyse, tap water, Trihalomethanes, Mostaganem.
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SYNTHESIS AND CHARACTERIZATION OF ACTIVATED CARBON PRODUCED
FROM WASTE HUMAN HAIR MASS USING CHEMICAL ACTIVATION

Meryem Dokumaci

Recep Tayyip Erdogan University

Engineering Faculty

Department of Energy Systems Engineering Rize, Turkey
meryemdokumacii@gmail.com

Safak Cam

Recep Tayyip Erdogan University
Faculty of Arts and Sciences,
Department of Chemistry

Rize, Turkey
safak.cam.36@gmail.com

Vagif Nevruzoglu

Recep Tayyip Erdogan University

Engineering Faculty

Department of Energy Systems Engineering, Rize, Turkey
vagif.nevruzoglu@erdogan.edu.tr

Derya Bal Altuntas

Recep Tayyip Erdogan University
Engineering Faculty

Department of Bioengineering, Rize, Turkey
derva.balaltuntas@erdogan.edu.tr

ABSTRACT: In this study, hair waste was converted into active carbon for the first time
and its characteristics were analyzed. As chemical activation tool, zinc chloride (ZnCly)
was impregnated and then carbonized under different temperatures (250-300°C).
Scanning Electron Microscope (SEM) images showed increase in the pores density, radius
and volume of pores. X-ray diffraction analysis (XRD) showed that the samples had an
amorphous structure. In Fourier transform infrared (FT-IR) spectroscope analysis, C=C
and N-H vibrations observed in 1515-1520 cm™ wave number of protein molecules were
found to disappear with the increase in temperature. With Raman spectroscopy, the
behaviours of D peak at 1344 cm! wave number and G peak at 1566 cm wave number
expressing structure layout in carbonized structures were analyzed depending on the
temperatures. Between these intensities, (ID/IG) rate was found to differ in direct
proportion to temperature. XRD spectrums showed that the samples are converted into
amore irregular crystal structure. All these results implied that the waste hair mass could
be used as an adsorbant material.
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Key words: Human hair, chemical activation, carbonization, active carbon.
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THE EFFECTS OF ALCOHOL ADDITION TO FUEL ON PISTON WEAR IN A TWO-
STROKE ENGINE

Salih 6zer
Mus Alparslan University, Faculty of Engineering and Architecture, Mechanical
Engineering s.ozer@alparslan.edu.tr

ABSTRACT: In this study, the effects of adding 20% by volume of methanol and ethanol
into the fuel of a motorized scythe with a two-stroke gasoline engine, which is also used
as a hand tool, were investigated. The effects of the added fuels obtained on this purpose
on the fuel consumption value on the engine, the amount of drowsiness, piston and
piston wear are investigated. For this reason, the effects of the motor scythe have been
investigated for 50 hours and 100 hours. With the addition of methanol and ethanol, it
was determined that the fuel consumption value compared to gasoline and the amount
of wear increased when the wear increased.

Key words: Two-stroke engine, Alcohol, Abrasion.

IKI ZAMANLI BIR MOTORDA YAKITINA ALKOL ILAVESININ PISTON
ASINMASINA ETKILERI

OZET: Bu calismada el aleti olarak da gegen iki zamanl benzinli bir motora sahip
motorlu tirpananin yakitinin igerisine hacimce %20 oraninda metanol ve etanol ilavesinin
etkileri incelenmistir. Bu amacla elde edilen ilave edilen yakitlarin motor tizerindeki yakat
tikketim degerine, kuruntu birakma miktarina, piston ve segman asintilarina etkileri
incelenmistir. Bu nedenle motorlu tirpan normal ¢calisma stirelerinde 50 saat ve 100 saatlik
stirelerde calistirilarak etkileri incelenmistir. Metanol ve etanol ilavesi ile benzine gore
yakit tiiketim degerinin ve asinmanin arttigr kuruntu miktarmin ise azaldigi tespit
edilmistir.

Anahtar sozciikler: ki zamanli motor, Alkol, Asinma

GIRIS

Enerji makinelerin is yapabilme kabiliyeti olarak tanimlanmaktadir. Makineler is
yaparken enerji kaynagi olarak kati, sivi ve gaz yakitlarini kullanmaktadir. Diinyada bu
tiir yakitlar petrol kokenlidir. Bu nedenle petrole alternatif olabilecek yakitlar tizerinde
arayislar artmaktadir. Bu alanin basinda da icten yanmali motorlarda kullarilan yada
kullanilabilecek potansiyele sahip cok cesitli biyolojik kokenli yakitlarla ilgili yayinlar
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artmaktadir. Bunun yaninda kendisi petrol tiretemeyip disaridan petrol alan tilkelerde
de kendi kaynaklar: ile {tiretilebilecek yakit arayislari devam etmektedir. Bu asamada
calismalar hem yerli kaynaklarla {iretilebilen hem de cevreci yakitlar tizerinde
durmaktadir (Bayrag ve ark. 20018).

Fakat yapilan ¢alismalar kullanim alanlarmin biiytikltigu goz éniinde bulundurularak
genelde biiytik silindir hacmine sahip dort zamanli motorlarda denenmektedir. Fakat
giinliik hayatta kullandigimiz bircok el aletinde (jenerator, capalama makinesi, sulama
makinesi, ¢im makinesi, ilaglama makinesi vb.) de icten yanmali motorlar
kullanilmaktadir (MAPAS 2019). Bu tiir el aletleri bircok is yeri ve fabrikada siklikla
kullanilmaktadir. Bu tip el aletleri stirekli tasinmasi gerektigi icin kiictik motor
hacimlerine sahip motorlar kullanilmaktadir. Benzinli yada dizel secenekleri ile satisa
sunulan bu ev tipi araclarda tasitlarda kullanilan yakitlar kullanilmaktadir. Bir icten
yanmali motor yakitin yakildigr alan altindaki pistonu ile itme giicti saglanarak
calismaktadir. Silindir igerisinde yakilan yakitin yanma sonras: olusturdugu itme gticti
ile el aletine hareket enerji aktarilmaktadir. Icten yanmali motorlar ¢alisma kosullarina
gore iki yada dort zamanl olarak adlandirilmaktadir. El tipi aletler stirekli tasinmasi
gerektigi icin genellikle kompakt ve hafif motorlar olan iki zamanli motorlar tercih
edilmektedir. El tipi aletlerde kullanilan iki zamanli motorlarda ekstra bir yaglama
sistemi olmayip yakit igerisine katilan yaglama yag: ile segmanlarin yaglama islemi
gerceklestirilmektedir (Mengi 2004). Yaglama isleminde de genel olarak yakit igerisine
1:50 oraninda katilan 2T diye tabir edilen yaglar karistirilmaktadir. Bu yaglar motorun
uzun siiren ¢calismasi esnasinda bazen gorevini yerine getiremeyip adhezyon olusmasina
neden olabilmektedir. Asinma tipinin en basiti olan adhezyon demirin demir ile
sturtlinmesi ile olusup surtiindiigti parcalara zarar vermektedir. Icten yanmali
motorlarda segmanin gomlek ile siirtiinmesi yada pistonun silindir gomlegi ile
stirtiinmesi piston ve segmanlara zarar verebilmektedir. Bu durumda galisan motorlar
zamanla giicten diiserek calisamaz duruma gelebilmektedir (Kaleli 2019). Alkoller
bitkisel kaynaklardan tretilebilmektedir. Genel olarak tasitlarda en ¢ok kullanilan
alternatif yakit olarak 6n plana c¢ikmaktadirlar. Glintimtizde bir¢ok tilkede %15lere
kadar benzin igerisine katilarak kullanilan 6rnekleri mevcuttur (Onurbasavcioglu 2013).

Daha 6nce yapilan calismalar incelendiginde alkollerin ytiksek oktan sayisinin motorun
calismasinda iyilesmelere neden oldugu, hatta sikistirma oraninin artirilmasi ile motor
giliciinde artislarin gortilebilecegi bildirilmistir (Balki ve ark.2012; Thahur et al. 2017).
Benzin igerisine alkol ilavesi ile yapilan bir¢ok calisma ise belirli bir oranda kullanima
kadar motor performansi acisindan olumsuzluklarin olusmadigini belirtmektedir (Wua
et al,, 2011). Yapilan calismalar emisyonlar agisindan benzine alkol ilavesinde bazi
iyilestirmelerin olustugunu da gostermektedir (Yiiksek ve ark. 2019).

Zulfattah et al. (2019), iki zamanl tek silindirli bir motorda buji tirnak sayisinin ve yakit
icerisine kattiklar1 ilave biyolojik yaglarin emisyonlara etkilerini incelemislerdir.
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Etkilerini gorebilmek icin deney motorunu rélanti, orta gaz kolu konumu ve tam gaz kolu
konumunda calistirarak emisyon parametrelerini incelemislerdir. Tirnak sayisinin
artmasi ile emisyonlarin degistigini bildirmislerdir.

Raviteja, etal. (2019), iki zamanli motora sahip insansiz hava aracinda yakat katkis: olarak
alkol ttirti olan nitrometanin itme, devir, tork, giic, frene 6zgti yakit tiiketimi ve fren 1s1l
verimi gibi motor etkilerini incelemisler ve metanol ilavesinin sonuglar1 ile
kiyaslamislardir. Elde ettikleri veriler gostermistir ki kiitlece %40 karistm oranlarinda
metanol yakitana gore nitrometan ilavesiyle motor itisinde yaklasik% 24 artis
gorulmustir.

Bu calismada iki zamanh tek silindirli 3 hp’lik benzinli bir motora sahip ¢im bigme
makinesinde gerceklestirilmistir. Bu motorlarin bir yaglama sistemi olmay1p yag benzin
yada dizel yakitinin igerisine dogrudan karistirilarak segmanlarin yaglama islemi
gerceklestirilmektedir. Bu ¢alismada da benzin igerisine hacimsel olarak %20 oraninda
etanol ve metanol ilave edilmesinin piston ve segman asintisina ile yakit tiiketim
degerine etkisi incelenmistir. Her bir yakit karisimi ile motorun 50 ve 100 saat dogal
calistirilma kosullarinda calismasi saglanmustir.

YONTEM

Bu calismada tek silindirli, iki zamanli benzinli bir motorlu ¢im tirpani kullanilmistir.
Makinenin bazi teknik 6zellikleri Tablo 1’de verilmektedir. Kullanilan motorlu tirpan
makinesi sekil 1’de gosterilmektedir. Deneylerde kullanilan metanol ve etanol %99,6
saflik oranindadir. Deney yakitlarinin 6zellikleri Tablo 2 ve 3’de verilmektedir.

Tablo 1. Motorlu Tirpanin Teknik Ozellikleri (STHIL 2019).

STHIL FS460

Silindir Hacmi 45,60 cm3
Motor Giictu 3 HP
Toplam Agirlik 8,5 kg
Benzin Deposu 0,75 1t

Tablo 2. Motor yaginin 6zellikleri (OPET 2019a).
FULLTRAC 2T
Viskozite (mm?/s) 42,3
Yogunluk (g/m3) 0,873
Parlama noktas1 (°C) 180
Akma Noktasi (°C) -12

Tablo 3. Kullanilan yakitlarin 6zellikleri (Ozer, 2014; OPET2019b; Onurbasavcioglu ve
ark.2013) .
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Benzin Metanol Etanol
Kimyasal Formulii CsH1o-C1oHze CHsOH  CoHsOH
Yogunluk (g/m?3) 0,732-0,755 0,796 0,788

Parlama Noktas1 (°C) -45--13 -40--21 12-20
Isil Deger (Mj/kg) 44,3 20,11 26,9
Oktan Sayist 95 108,7 108,6
Viskozite (mm2/s) 0,37-0,44 0,59 1,19

Uretici firma bu iiriinii i¢in benzin igerisine 1:50 oraninda yaglama yag: ilave edilmesini
onermektedir (STHIL 2019b). Yakat karisimlar: igin dncelikle benzin ve alkol karisimlar:
olusturulmustur. Benzin icerisine hacimce %20 oraninda etanol ve metanol ilave
edilmistir. Hazirlanan bu karisima 1:50 oraninda yag ilave ederek deneylerde
kullanilacak yakitlar hazirlanmistir. Yakitlar guinliik olarak hazirlanmis ve calisma
boyunca stireler bir kronometre ile kayit altina alinarak toplam calisma stiresi tespit
edilmistir. Yakit tiiketim degerinin o6lgiilmesi icin bir depo yakitin titkenme siiresi
kronometre yardimu ile dlgtilmiisttir.

¥ i A0
Sekil 1. Motorlu tirpanin goriiniisii.

Her bir yakit karistminin kullanimindan ©nce motorun piston ve segman seti
yenilenmistir. Tim pistonlar ve segman setlerinde yerli tiretim olan Episan markal
trtinler kullamilmistir. Takilan ve sokiilen motor piston ve segman setleri sekil 2'de
gosterilmektedir. Belirlenen kullanim stirelerinden sonra motor piston ve segman seti
soktilerek tortulu ve tortulardan temizlenmis sekilde 0,0000 hassasiyetindeki bir terazide
tartilmistir. Deneyler tim yakit karisimlar icin tekrarlanmustir. Olusturulan karisimlar
grafiklerde B100 (%100 benzin) BE20 (%80 benzin+%20 Etanol) ve BM20 (%80
benzin+ %20 Metanol) olarak ifade edilmektedir.

D
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Sekil 2. Sokiilen (a) ve Takilan (b) piston ve segmanlar.

Sekil 3. Adhezyona maruz kalmus piston.
BULGULAR

Sekil 4’de alkol ilavesinin yakit tiiketimine etkisi verilmektedir. Yakit tiiketim degeri
motorun rolanti durumu yada tam gaz durumuna gore degisiklik gosterebilmektedir. Bu
nedenle yakit tiiketim degeri motorun tam gaz kolu konumunda calistirilmasi ile
olctilmistiir. Gaz kolu diigmesi tam gaza getirilerek 0,75 litrelik deponun bitmesi
saglanmis ve bu stirede kronometre ile 6l¢tim yapilmustir. Yakat tiiketim degeri yakitlarin
1s1l degeri ile dogru orantilidir. Yapilan calismalar 1s11 degeri diisiik yakitlardan daha
fazla tuiketilmesi gerektigini bildirmektedir. Deney sonugclar: literatiirde daha once
yapilmis bir¢ok calisma ile benzerlik gostermistir.

36
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Sekil 4. Bir depo (0,75 1t) yakit karisiminin tiiketim siiresi.

Sekil 5’de 50 ve 100 saatlik kullanim sonrasinda piston ve segmanlardaki toplam kuruntu
miktar1 gosterilmektedir. Motorun calisma stiresi uzadikca piston ve segmanlardaki
kuruntu miktarinda artis goriilmiistiir. Benzin igerisine alkol ilavesi ile birlikte kuruntu
miktarinda azalma gortilmustiir. Bu durumu benzin igerisine ilave edilen alkoller ile
yakit karisimindaki toplam karbon (C) miktarindaki azalmanin neden oldugu
dustintilmektedir. Ayrica alkoller yakitlarin viskozitesini diistirmekte ve benzin
icerisindeki yagin ¢oziilmesine de neden olmaktadir. Bu durumda kuruntu miktarini

azaltmus olabilir.

m 50 saat =100 saat

0,12

0,1

0,08

0,06
0,04 -
0,02 -

Kuruntu Miktar (gr)

B100

BM20
Yakit Karisimlar

BE20

Sekil 5. Toplam kurunu miktar1 degisimi.
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Motorun 50 saatlik ve 100 saatlik kullanimi sonrasinda kuruntulardan temizlenerek
tartilan piston ve segmanlardaki ilk duruma gore degisimi Sekil 6'da verilmistir.
Kullanim siiresinin artmasi ile asinti miktarmin arttigy gortilmektedir. Bilindigi gibi
pistonlar calisma esnasinda silindir gomlegine dayanarak calismaktadir. Bu nedenle
yaglamanin zayifladig1 noktalarda asinmanin olmasi beklenilen bir durumdur. Alkol
ilavesi ile birlikte asint1 miktarinda artis olmustur. Bu durum yakitlarin viskozitesindeki
azalma ile agiklamak miimkiindiir. Azalan viskozite degeri yaglamanin tam manasiyla
gerceklesmesine engel olmaktadir. Bu nedenle alkol kullanim1 benzine gore stirttinmeyi
arttirmaktadr.

m50saat m 100 saat

0,2

Asmma Degisimi (%)
o
[EEY

B100 BM20 BE20
Yakit Karisimlan

Sekil 6. Toplam asint:1 miktar1 degisimi.

Yapilan calismada ayrica ilk ¢alistirma durumunda benzine gore daha iyi bir performans
elde edildigi gortlmektedir. Bu durum alkollerin buharlasma sicakliklarinin benzine
gore daha dustik olmasindan kaynaklanmaktadir. Elle cekilerek ilk ateslemenin
saglandig1 bu araclarda yakitlarin bu 6zelligi 6nemli bir avantaj getirmektedir.

SONUCLAR VE ONERILER

Bu calismada el aletlerinde kullanilan iki zamanli bir motorda alkol ilave edilmesinin
etkileri incelenmistir. Elde edilen sonuclar gostermektedir ki;

. Iki zamanli motora sahip bir el aletinde hacimce %20 oraninda alkol ilave edilerek
calistirilabilir.

. Alkol ilavesi ile birlikte yaglamada aksilikler olmakta ve asinma miktar:
artmaktadir.

. Motorun {irettigi kuruntu miktarinda azalma goriilmektedir.

Bu calismanin devamu niteliginde emisyonlar ile ilgili calismalar da yapilmalidir. Bu
nedenle emisyonlar agisindan da incelenerek deneyler tekrarlanmalidir.
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ABSTRACT: In this study, a 3-cell PEM fuel cell stack model that has serpentine flow
channels with 150 cm? active layer has been developed to show contour plots of molar
concentrations of reactant gases, temperature and protonic potential. The model
equations were solved using the commercial CFD software ANSYS Fluent® 16.2 and
Gambit® 2.4.6 as a pre-processor. It was found from simulations that H> concentration
on the anode side in did not cause a visible decrease from the inlet to the outlet because
of excessive flow rate required for chemical reactions. Also as shown in the figures
clearly, the oxygen decreased and water concentration increased from the inlet of the
channels to the outlet of the channels due to the reactions on the cathode side.

Key words: CFD, PEM fuel cell stack, Molar concentration distribution

INTRODUCTION

Fuel cell that is expected to provide clean and efficient form of power generation by
definition is an electrochemical device which changes chemical energy into electrical
energy. Additionally PEM fuel cell are the most promising clean energy technologies in
many applications like portable, automotive and stationary due to their high power
density at low operating temperatures among the fuel cells.

Modelling plays a very significant role in determining the best configuration for the
reactant transport and the optimum operating conditions of PEM fuel cell in order to
improve the performance. In literature, several modelling work has been investigated in
order to understand the effect of operating and design parameters to the PEM fuel cell
performance.
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Kahveci and Taymaz (2018) established a 3-D single PEM fuel cell model that was
operated in 333-353K, the pressure range of 1-3atm, gas diffusion layer (GDL) porosity
range of 0.3-0.6, both anode and cathode relative humidity range (RH) of 10-100% to
investigate the performance. The current density and power density was measured
according to these varying operation parameters. Also they compared simulation results
with the experimental data reported in literature. It showed good agreement between the
model and experimental results.

Sezgin et al. (2016) observed a 3-D model of High Temperature PEM fuel cell by using
COMSOL Multiphysics. Also they compared their results with experimental results 0.133
m/s Hz velocity, 1.3 m/s air velocity for 10 S/m proton conductivity at 160°C cell
temperature.

Shao et al. (2019) built a 2-D PEMFC model described by the Butler-Volmer equation,
Darcy’s law and Maxwell-Stefan equations, to simulate the current density distribution
and liquid water distribution in cathode by using COMSOL Multiphysics. Their results
are that to achieve a more efficient water management to pretend the flooding in the
cathode in the PEMFC, the material with appropriate smaller porosity should be used or
a higher air mass flow rate should be applied in cathode to remove the produced liquid
water in time.

Carcadea et al. (2019) investigated numerically the effect of the catalyst microstructure
on a 5 cm? PEM fuel cell performance. They found that a higher platinum loading and a
lower particle radius were recommended to achieve better performance.

Wilberforce et al. (2019) studied a 3-D single serpentine model of PEM fuel cell in order
to obtain the effect of humidification of reactive gases comparing with experimental
results. They found that simulation with 100% relative humidity of oxygen and air
showed a better results than the use of pure oxygen. Also flow rate of gases and their
flow patterns played an important role in the improvement of water management and
fuel cell performance.

Park and Li (2007) performed a 3-D numerical simulation covering the entire flow
channel and GDL in a serpentine PEM fuel cell to understand the effect of cross leakage
flow on pressure distribution. The simulation indicated that permeability and thickness
of GDL were the two most important parameters influencing the cross flow and the
resultant pressure drops.

Solati et al. (2019) investigated the influence of different configurations of catalyst, gas
diffusion and membrane on the performance of the radial fuel cell. The maximum net
power of the cell at the voltage of 0.5 V was found to be 1.594 W and 1.037 W for the R4C
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and R2CV models, respectively, and showed that it is possible to increase the cell power
through modifying the configuration of the layers without any additional cost.

Wei et al. (2019) developed a 3-D PEMFC having 25 cm? active layer to investigate the
effects of flow mode and relative humidity on cell performance. They found that
membrane conductivity was improved from 10.35 to 11.11 S/m by using counter flow
mode instead of co-flow mode. Also with high RH (%100) the membrane would contain
more water and have a high conductivity.

Dawes et al. (2009) developed a 3-D PEM fuel cell model to investigate the effects of water
flooding on cell performance parameters. It was determined that the GDL permeability
had little or no effect on the current densities due to the diffusion dominated nature of
the gas flow. Although the diffusivity model improved the power of model, a multiphase
model would represent a significant improvement.

Qin et al. (2018) established a fuel cell stack model based on the flow network method to
determine the pressure and mass distributions of the reactant gas and coolant streams by
the flow network method incorporating the cross flow effect. The optimal designs for the
fuel cell stack obtained as the cathode flow channel with a cross section of 0.25%0.25mm?2

,the cooling channel with a width of 2.16 mm, a depth of 0.6 mm ,a the mass flow rate of
1.992x10-2 kg/s.

In this study a structured grid scheme was employed which was built with a pre-
processing software, GAMBIT 2.4.6. Then, the grid was imported into finite volume based
commercial software, ANSYS-FLUENT 16.2. The PEMFC Module is an add-on module
based on FLUENT CFD package for computations. This 3-D PEM fuel cell stack model
with 3x70x70 mm? active layer has been investigated by determining the current density,
oxygen ,hydrogen and water molar concentration distributions took into account the
mass, momentum, energy, species, charge conservation equation as well as combines
electrochemistry reaction inside the fuel cell.

METHODS

In paper, the model presented is a 3-D, isothermal, single-phase, steady-state model that
resolves coupled transport processes in membrane, catalyst layers, gas diffusion layers
and reactant flow channels of a PEM fuel cell (Fig.1). Dimensions of PEM fuel cell model
components are given at Table 1.

Table 1 Dimensions of PEM Fuel Cell Model

Value
(mm)
Gas channel depth 1

Parameter
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Gas channel width 1

Rib width 1
GDL thickness 0.2232
Catalyst layer
thickness 0.0287

Membrane thickness 0.23

Figure 1. PEM Fuel Cell Stack and Its Components

Modeling Approach

Basic equations used during fuel cell operation are as follows:

Conservation of mass equation:
V. (pt) = Sy,

The source terms are;

Sm = SHZ + Sva + Swlp + Sawve
Sm = SOZ + Sva + Swlp + Scwve

g _MuAal
H 2F
5, = _ Mo, Acyl
2 4F

IS
N—"

—_
o = 2
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Momentum transport equation:

V.(ptt) = =VP + V. (uVii) + S,; (6)
Here g is the permeability. S, ; is the sink source term for porous media in x, y and z-
directions;

Spi = = (T by 7)

Species transport equation:
V.(pmpid) = V.(Jp) + S, (8)
Here n denotes for H,, 0, water vapor and liquid water. The source terms are the same
as those of the conservation of mass equation. The diffusion mass flux (J) of species n in
n-direction is:

Omgn

]E,n = _st,n ¢ (9)

Energy equation:
V.(puh) =V.(kVT) + Sy (10)
The source term S;, can be obtained by energy losses and heat source by phase change.

The heat source from the electrochemical reaction:
1Acy

She = Mrxn [;] — WeenAcy (11)
The local current density of the cell is calculated from the open circuit voltage (V,.) and
the losses;

I= aTm{Voc — Veeuw — 1} (12)

Where t is the membrane thickness and o,, is the membrane conductivity and defined as;
_ Mm,dry _ i _ l

0 = (0.514 o 0.326) Lexp (1268 (To T)) (13)

The procedure to model PEM fuel cell is (Fig.2);
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The solution strategy was based on the SIMPLE algorithm. Momentum equations were
solved for the velocity followed by solving the equation of continuity, which updates the
pressure and the flow rate. A HP-PC-Intel®Xeon® CPU E5-2650v2@2.6 GHz, 2.6 GHz, 64
GB was used to solve the set of equations. The computational time for solving the set of
equations was about 476 min. Physical and electrochemical parameters are shown in
Table 2, operating and boundary conditions of PEMFC model are given in Table 3.

Table 2 Physical and Electrochemical Parameters of PEM Fuel Cell Model

Anode Cathode

Parameter Value Unit Parameter Value  Unit
Reference  current 10000 A/ m? Reference  current 20 A/ m?
density density

Reference 1 kmol/m3 Reference 1 kmol/m3
concentration concentration

Reference 3e-05 m?/s Reference diffusivity 3e-05 m2/s
diffusivity

GDL viscose le+12 1/ m? GDL viscose le+12 1/ m2
resistance resistance

GDL porosity 0.5 - GDL porosity 0.5 -
Catalyst porosity 0.5 - Catalyst porosity 0.5 -
Catalyst 200000 1/m Catalyst 200000 1/m
surface/volume surface/volume

Concentration 0.5 - Concentration 1 -
exponent exponent
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Exchanie coefficient 2 Exchange coefficient 2 -

Open circuit voltage 2.85 \Y%

Active layer 0.015 m?2
Membrane 1100 kg/kmol
equivalent weight

Boundary Conditions

Boundary conditions are set as follows: constant mass flow rate at the channel inlet (mass
flow inlet type) and constant pressure condition at the channel outlet (pressure outlet
type). The membrane-GDL interface was defined as a wall. The anode voltage was
grounded (V = 0) and the cathode voltage was adjusted 2.7 V,24V,21V,18V,15V,
1.2 V respectively less than the open-circuit potential (2.85 V). Boundary of PEM fuel cell
stack model is given at Fig. 3. The current density values which correspond to each
voltage value in the simulation results were noted. Both anode and cathode terminals
were assigned wall boundaries. Hydrogen and oxygen velocities are evaluated from the
chemical stoichiometric ratio, operational pressure and temperature by the following
equations:

Ug,in
= Iref 1 R. Tin,cell 1
-_ - . MEA. . .
“ Ne. F XHz,in Pa,in Ach
Uc,in
Z Iref 1 R. Tin,cell 1
-_ - . MEA. . e
¢ Ne. F XOZ,in Pc,in Ach

Wall teeminal-a

& V=0

Outlet-al

Ontlet-cl

miesd Outlel-s2

Inletscl _ il
Inlet-a2

Tulet-c2 Outleten3

| Ontletci

Tnlet-a3 8
Inslet-c3.

Wall tesminal-¢

, betwesn L2V/2.7V

Figure 3. Boundary of PEM Fuel Cell Stack Model

(14)

(15)
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Table 3. Operating and Boundary Conditions of PEM Fuel Cell Model

Zone Parameter Unit Value
Operation kPa 200
pressure

Anode Operation K 333
temperature
RHa % 100

Mass flow rate kg/s  1.659x10-
3

Mass fraction of - 0.378
H»
Mass fraction of - 0.622
HO
Operation atm 200
pressure

Cathode Operation K 333
temperature
RH. % 100

Mass flow rate kg/s  2.910x10-
2

Mass fraction of - 0.247
Oz

Mass fraction of - 0.0097
HO

Mesh Independence Study

A grid independence test was carried out to determine the number of optimum meshes
and to check that the results are independent of the grid. The number of cells for tests,
the grids were 45150, 697200 and 5107200 respectively. As shown in the Fig. 4, no
considerable difference in the results for the number 2 and number 3 grids and thus the
results of the number 2 grid are used for the simulations. The computational time for
solving the set of equations was about 476 min for number 2 grid model.
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o 1000000 2000000 3000000 4000000 SO000000  S000000
Mesh number

Figure 4. Mesh Independence Study for Three Different Grid

RESULTS AND FINDINGS

D

The fact that the Ha concentration on the anode side in the Fig. 5 does not cause a visible
decrease from the inlet to the outlet is due to the fact that the flow rate is higher than the
required for chemical reactions. Similar results were obtained in single-cell analysis at
previous studies. As shown in Fig. 6, due to the reactions on the cathode side, the oxygen

concentration decreases from the inlet of the channels to the outlet of the channels.
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Figure 5. Molar Concentration Distributions of H> for Given Operating Conditions at
0.6 V in 3-Cell Fuel Cell Stack.

e S B RS A s e =

2

Figure 6. Molar Concentration Distributions of O: for Given Operating Conditions at
0.6 V in 3-Cell Fuel Cell Stack.




Zix UEMK 2019 Proceedings Book @ 51
b ‘ ’ 24/25 October 2019 Gaziantep University, TURKEY 1'

Figure 7. Molar Concentration Distributions of H20 for Given Operating Conditions
at 0.6 V in 3-Cell Fuel Cell Stack.

It is observed as shown in Fig. 7 that the largest amount of water molar concentration
was obtained in the mid region of anode side and the water observed at the anode region
is due to the fact that the hydrogen gas is fully humidified. Also in Fig. 7, it is seen that
the water formed as a result of the reactions on the cathode side creates an increase from
the inlet to the outlet and does not create an excessive change on the anode side and
provides the desired humidity in the membrane layers.

>

rd

Figure 8. Temperature Distributions for Given Operating Conditions at 0.6 V in 3-Cell
Fuel Cell Stack.

The temperatures in the middle layers are higher than the temperature of the components
of the edge cells, because the temperature cannot be removed as a result of the reactions.

(Fig.8)



PR UEMK 2019 Proceedings Book @
24/25 October 2019 Gaziantep University, TURKEY ."

AN
\ 4

Figure 9. Contours of Protonic Potential for Given Operating Conditions at 0.6 V in 3-
Cell Fuel Cell Stack.

It is shown that the protonic potential for given operating conditions at 0.6 V in 3-cell Fuel
cell stack from anot side to cathode side in Fig.9. It is expected that the protonic potential
shows an increasing properties from the anode to the cathode, since the reactions take
place on the cathode side.

CONCLUSIONS

In this study a 3-D CFD model of PEM fuel cell stack with serpentine flow channels was
developed to investigate stack temperature, molar concentration of reactant gases at each
cell. The temperature and mass flow distributions in the fuel cell stack have been obtained
from the modeling. The structured grid scheme was employed which was built with a
pre-processing software, GAMBIT 2.4.6. Then, the grid was imported into finite volume
based commercial software, ANSYS-FLUENT 16.2. The PEMFC Module is an add-on
module based on FLUENT CFD package for computations. The distributions of oxygen,
hydrogen and water molar concentration were taken into account the mass, momentum,
energy, species, charge conservation equation as well as combines electrochemistry
reaction inside the fuel cell. In the numerical study, verification was performed under the
highest operating conditions obtained from the experiments in previous studies.
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ABSTRACT: Carbon materials are studied in high-tech electronics such as diodes,
transistors similar devices (Feng et al., 2018). The use of porous carbon materials in
electronic devices and their application in energy storage areas are important in terms of
developing more economical methods and reducing the dimensions. Although a large
number of carbon channel transistors have been reported in the literature in recent years,
transistor applications of carbon from biomass as porous carbon are limited. Most of the
carbon materials are originated from fossil sources that are diminishing. So, renewable
carbon resources are gaining importance. Biomass is the only renewable carbon resource.
It can be converted to carbonized material called biochar by pyrolysis. However, in order
to apply the biochar to carbon-based electrical devices, its structure needs to be improved.
In this study, biochar obtained from industrial tea wastes was converted to high
performance and n-dopped carbon material (graphene-like) by chemical and physical
methods (Roy, 2017; Smith et al., 2019). The upper contact / upper door structured field
effect transistors (FETs) were made by using these carbon materials that silver paint was
used as contact point paste (Kog et al., 2019;). The newly derived carbon materials were
characterized by SEM, XRD, Raman Spectroscopy, FT-IR, TGA methods. The current -
voltage (I-V) characteristics of the developed FETs were determined.

Key words: industrial tea waste, carbon, field effect transistor
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CAY ATIGI BIYOKUTLESINDEN TURETILEN YUKSEK PERFORMANS
KARBONUN TRANSISTOR UYGULAMALARINA UYGUNLUGUNUN
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OZET: Diyotlar, transistorler ve benzeri aygitlar gibi ileri teknoloji alanlarinda karbon
malzemeler calisiimaktadir (Feng vd., 2018). Gozenekli karbon materyallerin elektronik
aygitlarda kullanimi ve enerji depolama alanlarinda uygulamalar: da daha ekonomik
yontemler gelistirilmesi ve boyutlarin kiigtilttilmesi bakimimndan énemlidir. Son yillarda
literatiirde cok sayida karbon kanalli transistor rapor edilmis olsa da, gozenekli karbon
olarak biyokiitleden elde edilen karbonun transistér uygulamalar: sirli sayidadir.
Karbon malzemelerin cogu, giderek tiikenmekte olan fosil kaynaklardir. Bu sebeple
yenilenebilir karbon kaynaklar1 onem kazanmaya baslamaktadir. Biyokiitle tek
yenilenebilir karbon kaynagidir. Piroliz yontemi ile biyokomiir olarak adlandirilan
karbonize materyale doniistiiriilebilir. Ancak biyokomiirtin karbon tabanli elektriksel
aygitlara uygulanabilmesi igin yapisinin gelistirilmesi gerekmektedir. Bu calismada,
endistriyel cay atiklarindan elde edilen biyokomiir, kimyasal ve fiziksel yontemlerle
yiiksek performans ve n-katkili karbon materyale (grafen benzeri) dontisturtilmiistir
(Roy, 2017; Smith vd., 2019; ). Olusturulan bu karbon ile tist kontak / tist kap1 yapili alan
etkili transistorler gitimtis boya kullanilarak kontaklar1 gergeklestirilmis ve
karakterizasyonlar1 yapilmustir (Kog¢ vd., 2019). Yeni tiiretilen karbon materyal SEM,
XRD, Raman Spektroskopisi, FT-IR, TGA yontemleriyle karakterize edilmistir.
Gelistirilen alan etkili karbon transistoriin akim-gerilim (I-V) karakteristikleri
belirlenmistir.

Anahtar sozciikler: endistriyel cay atig1, karbon, alan etkili transistor
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ABSTRACT: Electronic devices generally consist of circuits containing semiconductor
materials. Semiconductor materials can be organic and/or inorganic, such as polymers
and metal oxides [1]. Current studies are being conducted on the use and development
of carbon in semiconductor technology [2]. Recently, unlike nano-carbon or graphene
materials, the use of porous carbon materials in electronic devices and their applications
in energy storage areas have been among the research subjects in terms of developing
more economical and greener methods [3]. Porous carbon, also called as biochar, can be
obtained by pyrolysis of biomass, a renewable energy source. Biochar is generally
amorphous, rich in surface functional groups, and its electrical conductivity is negligible
[4]. However, the carbon structure can be developed into graphite / graphene-like
structures by thermal and / or chemical methods. The presence of surface functional
groups also facilitates N and / or P type doping onto the structure. In addition, the
mineral elements existing in the biomass also enhance the semiconductivity properties.
Diodes are the simplest and most basic semiconductor devices with one P type and one
N type sides. Applying porous and doped carbon to diodes can produce electronic
devices with advantages such as directing signals, providing flexibility, low power
consumption, high switching speed, diminishing dimensions and lower cost [5].

Key words: yari iletken karbon, biyokiitle, diyot

YARI ILETKEN KARBON MATERYALIN BiYOKUTLEDEN GELISTIRILMESI ve
DIYOT UYGULAMALARI

OZET: Elektronik aygitlar genellikle yari iletken malzemeler iceren devrelerden
olusmaktadir. Yar1 iletken malzemeler polimerler ve metal oksitler gibi organik ve
inorganik temelli olabilmektedir [1]. Karbonun yar1 iletken teknolojisinde kullanimi ve
gelistirilmesi yontinde gtincel calismalar yapilmaktadir [2]. Son zamanlarda, nano-
karbon veya grafen materyallerinden farkli olarak, gozenekli karbon materyallerin
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elektronik aygitlarda kullanim1 ve enerji depolama alanlarinda uygulamalar: da daha
ekonomik ve cevreci yontemler gelistirilmesi bakimindan arastirma konular: arasinda
yer almistir [3]. Gozenekli karbon, biyokémdir olarak da adlandirilir, yenilenebilir enerji
kaynag1 olan biyokiitlenin pirolizi ile elde edilebilir. Biyokomiir genellikle amorf
yapidadir, ytizey fonksiyonel gruplarinca zengindir ve elektriksel iletkenligi ihmal
edilecek duizeyde diistiktiir [4]. Ancak karbon yapisi grafit/grafen benzeri yapilara
termal ve/veya kimyasal yontemlerle gelistirilebilir. Yiizey fonksiyonel gruplarin varligs,
yapiya N ve/veya P tipi katkilmay1 da kolaylastirir. Ayrica biyokiitlenin icerdigi mineral
elementler de yari iletkenlik 6zelligini gelistirici yonde etki eder.

Diyotlar, yapisinda bir adet P tipi ve bir adet N tipi yar1 iletken bulunan en basit ve temel
yar1 iletken aygitlardir. Gozenekli ve katkilanmis karbonun diyotlarda uygulanmasi ile
sinyallerin dogrultulmasi, esneklik saglanmasi, diisiik giic tiiketimi, ytiksek anahtarlama
hizi, boyutlarin kiictiltiilmesi ve diistik maliyet gibi avantajlara sahip elektronik aygitlar
uretilebilir [5].
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ABSTRACT: Energy is a key part of modern economies. Possession of energy is
necessary for rising living standards, having larger economies, social and economic
development. Increasing the use of renewable and sustainable energy sources and
developing energy storage technologies are very important for meeting the increasing
energy demand of human beings as well as reducing the negative factors of climate
change and environmental pollution.

Supercapacitors are energy storage devices with high power density, fast charging and
discharging properties, also known as ultracapacitors or electrochemical double layer
capacitors [1]. Electrodes are the most important components that affect the performance
of supercapacitors. Metal oxides, polymers and carbon-based materials are used as
electrode materials [2]. It is aimed to develop carbon energy storage material that uses
biomass as an alternative, renewable, sustainable, domestic and clean carbon source. It is
proposed to produce supercapacitor material with high energy storage capacity, high
galvanostatic charge-discharge cycle and low impedance properties by boron doping of
biochar which is obtained by pyrolysis of biomass. Developing energy storage systems
by using entirely domestic resources are targeted.

Key words: supercapacitor, biomass, boron
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BIYOKUTLEDEN BOR KATKILI SUPERKAPASITOR ENERJi DEPOLAMA
MALZEMELERININ GELISTIRILMESI

OZET: Enerji, modern ekonomilerin anahtar parcalarindan bir tanesidir. Yasam

standartlarmin artmasi, daha biiyiik ekonomilere sahip olma, sosyal ve ekonomik
kalkinma gibi nedenlerle enerjiye sahip olmak gereklidir. Fosil kaynaklarin giderek
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tiikkendigi ve sebep oldugu iklim degisikliginin etkilerinin iyice hissedildigi gtinimiizde
yenilenebilir ve stirdiirtilebilir enerji kaynaklarmin kullaniminin artmasi ve enerji
depolama teknolojilerinin gelistirilmesi, hem insanoglunun artan enerji ihtiyacinin
karsilanmasi hem de iklim degisikligi ve cevre kirliligine neden olan negatif faktorlerin
azaltilmasi i¢in ¢cok 6nemlidir.

Superkapasitorler; ultrakapasitorler veya elektrokimyasal cift tabakali kapasitorler
olarak da bilinen, yiiksek giic yogunlugu, hizli sarj ve desarj ozellikleri olan enerji
depolama araglaridir [1]. Stiperkapasitorlerdeki performansi etkileyen en énemli parca
elektrotlardir. Elektrot materyali olarak metal oksitler, polimerler ve karbon esasl
malzemeler kullanlir [2]. Alternatif, yenilenebilir, stirdtirtilebilir, yerli ve temiz karbon
kaynag1 olarak biyokiitlenin kullanildig1 enerji depolama materyali gelistirilmesi
hedeflenmektedir. Biyokiitlenin pirolizi ile elde edilen ve yiizey fonksiyonel gruplarinca
zengin olan “biyokomiirin” bor katkilanmasi ile enerji depolama kapasitesi ytiksek,
galvanostatik sarj-desaj dongtisti cok ve impedans: diisiik stiperkapasitér materyali
tiretilmesi amaclanmustir. Boylece tamamen yerli kaynaklar kullanilarak enerji depolama
sistemlerinin gelistirilmesi hedeflenmektedir.

Anahtar sozciikler: superkapasitor, biyokiitle, bor
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ABSTRACT: Due to the diminishing fossil fuel reserves of the world and the increasing
need for energy, there has been a growing interest in technologies that use energy
efficiently. Fuel cells are one of them. Direct carbon fuel cells (DCFC) are systems
operating at high temperatures, using solid carbon as fuel, and converting chemical
energy in carbon by electrochemical reactions into electricity. The fuel cell performance
using biochar derived from biomass as renewable, clean and alternative carbon fuel was
determined by modeling with Matlab program. In this study, the direct carbon fuel cell-
solid model of Liu et al. [1] was referenced and biochar was accepted as fuel [2, 3]. The
effects of cell temperature, electrical conductivity, density and particle size of carbon on
fuel cell voltage were determined by Matlab modeling. During modeling, 3 main losses
affecting fuel cell performance were evaluated; activation losses due to electrochemical
reaction, ohmic losses due to ionic and electronic conductivity and concentration losses
due to mass transfer. The high performance values for DCFC were found to be close to
the graphite fuel used systems when having high electrical conductivity biochar has been
used. It can be concluded that the use of biochar with high electrical conductivity as a
fuel in DCFCs increases the fuel cell performance.

Key words: Direct Carbon Fuel Cell (DCFC), Matlab, Modeling, Biochar

BIYOKOMUR YAKITI KULLANILAN DOGRUDAN KARBON YAKIT PIiLININ
MODELLENMESI

OZET: Diinyanin azalan fosil yakit rezervleri ve enerjiye olan ihtiyacin artmasi nedeniyle
enerjinin verimli kullanildig1 teknolojilere ilgi artmustir. Yakit pilleri bunlardan bir
tanesidir. Dogrudan karbon yakait pilleri (DCFC) ytiksek sicaklikta calisan, yakit olarak
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kat1 karbonu kullanan ve karbondaki kimyasal enerjiyi elektrokimyasal reaksiyonlarla
elektrige donitistiiren sistemlerdir. Yenilenebilir, temiz ve alternatif karbon yakit olarak
biyokiitleden ttiretilen biyokomiirtin kullanildigr yakit pili performansi, Matlab
programu ile modellenerek belirlenmistir. Bu calismada Liu vd. [1]'nin dogrudan karbon
yakit pili katt modeli referans olarak alinmustir. Biyokomiin DCFC’lerde yakit olarak
kullanilmasmin uygun oldugu bulunmustur [2, 3]. Hiicre sicakliginin, karbonun
elektriksel iletkenliginin, yogunlugunun ve parcacik biiytkligtintin yakit pili gerilimi
tizerindeki etkileri bu calismada Matlab modelleme ile belirlenmistir. Modelleme
yapilirken yakit pili performansimi etkileyen 3 ana kayip degerlendirilmistir;
elektrokimyasal reaksiyondan kaynaklanan aktivasyon kayiplari, iyonik ve elektronik
iletime bagli omik kayiplar ve kiitle transferi nedeniyle olusan konsantrasyon
kayiplaridir. Biyokiitlenin elektriksel iletkenliginin yiiksek oldugu degerlerde grafit
kullanilan sistemlere yakin performans degerleri bulunmustur. Elektriksel iletkenligi
yiiksek olan biyokomirtin DCFC’ler de yakit olarak kullanilmasimin yakit pili
performansini arttirdig: sdylenebilir.

Anahtar sozciikler: Dogrudan Karbon Yakit Pilleri (DCFC), Matlab, Modelleme,
Biyokomdir
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ABSTRACT: Electric circuits are the electrical systems that are needed at every level of
our daily life. It is used in many fields such as cooling, heating, lighting, sound
production, motion and communication. Transmission of electrons through conductive
channels is provided in electrical circuits. Conductive metals are generally used in
conductive channels such as gold, silver and copper. The use of conductive carbon
materials in electrical circuits for more environmentally friendly, economic, domestic and
renewable circuits is being investigated [1-3]. In this study, carbon material (biochar) was
derived from industrial tea waste biomass - a renewable biomass energy source - by
pyrolysis. Carbon composites were prepared impregnation of conductive metals.
Biochar, rich in surface functional groups, is very advantageous in the production of
carbon composite materials. As next step, an ink of carbon composite was prepared with
ethyl cellulose / terpinol then applied as an electrical circuit through a circuit pattern.
Detailed characterization of the derived material was performed, such as SEM, XRD,
FTIR and the conductivity of the electrical circuit was determined. Thus, renewable,
sustainable, alternative organic electricity circuit has been developed by using local and
domestic biomass energy source.

Key words: electrical circuit, renewable carbon, tea waste
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YENILENEBILIR KARBONUN ELEKTRIK DEVRESINDE
UYGULANABILIRLIGININ ARASTIRILMASI

OZET: Elektrik devreleri, giinliik yasantimizin her alaninda ihtiya¢ duyulan ve kullanimi
en ust diizeyde olan elektriksel sistemlerdir. Sogutma, 1sitma, aydinlatma, ses tiretimi,
hareket, haberlesme gibi bircok alanda kullanilmaktadir. Elektirk devrelerinde
elektronlarim iletken kanallardan gegerek iletimi saglanir. iletken kanallarda genellikle
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altin, gtimiis, bakir gibi iletken metaller kullanilir. Daha gevreci, ekonomik, yerli ve
yenilenebilir devreler icin iletken karbon materyallerin elektrik devrelerinde kullanim
arastirllmaktadir [1-3]. Bu calismada yenilenebilir biyokiitle enerji kaynag1 olan cay
fabrika atig1 biyokiitlesinden piroliz ile biyokomiir karbon materyali tiiretilmistir. Iletken
metallerle katkilanarak elektriksel iletkenligi gelistirilmis karbon kompozitleri
gelistirilmistir. Ytizey fonksiyonel gruplarinca zengin olan biyokomiir, kompozit
materyallerin tiiretilmesi acisindan oldukga avantajlidir. Daha sonra etil seltiloz/ terpinol
ile miirekkebi hazirlanan karbon materyal, ¢ikarilan kalip tizerinden elektrik devresi
olarak uygulanmistir. Turetilen materyalin SEM, XRD, FTIR gibi detayl
karekterizasyonlar: yapilmis, elektrik devresinin iletkenligi belirlenmistir. Boylece
yenilenebilir, stirdurtilebilir, altenatif organik elektrik devresinin yerel ve yerli biyokiitle
enerji kaynagi kullanilarak gelistirilebilecegi gosterilmistir.

Anahtar sozciikler: elektrik devresi, yenilenebilir karbon, cay atig:
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ABSTRACT: Proton exchange membrane fuel cells (PEMFCs) are considered as
promising alternative energy sources when the optimal performance criteria is supplied.
Membrane or catalyst layer’s thickness is one of the design parameters affecting system
performance in PEM fuel cells using pure hydrogen on the anode side and air on the
cathode side. In this study, a three dimensional, steady-state and single-phase numerical
model was developed by using ANSYS FLUENT 18.1, a CFD software with a Fuel Cell
and Electrolysis Module based on finite volume method in order to investigate the
thickness effect of membrane and catalyst layer on the performance of the PEM fuel cell.
Modeling findings are presented in the form of polarization curves, which show the
effects of the different design parameters on the performance of the PEMFC. As a result
of this study, it is observed that the cell performance is improved as the membrane or
catalyst layer’s thickness decreases.

Key words: Computational Fluid Dynamics, Membrane Thickness, Catalyst Layer’s
Thickness, Cell Performance

INTRODUCTION

A fuel cell is an electrochemical energy converter that converts the chemical energy of the
fuel directly into electricity without combustion process. Fuel cells operate quietly
compared to internal combustion engines, cleaner, more efficient, simple structured
modern energy carriers. They can be classified by electrolyte type and can be listed as
follows: proton exchange membrane fuel cell (PEMFC), solid oxide fuel cell (SOFC),
molten carbonate fuel cell (MCFC), phosphoric acid fuel cell (PAFC) and alkaline fuel
cells (AFC) (Sharaf and Orhan 2014; Ding et al. 2013). Among several types of fuel cells,
the proton exchange membrane fuel cells (PEMFCs) are the most promising and
attractive energy technologies for stationary and portable transportation applications
based on its high power density, low noise, harmless and long-lasting.
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Most of the studies related to the operating parameters affecting the cell performance
have been conducted in the literature (Freire et al. 2014; Khazaee et al. 2012; Ahmadi et
al. 2016; Caglayan et al. 2016). Optimum design of the flow channels within the bipolar
plates is a key parameter affecting the overall performance of the fuel cell. During the last
twenty years, lots of studies have been performed in order to enhance the cell
performance by designing a novel flow field (Bilgili et al. 2015; Shen et al. 2018; Kuo et al.
2008; Afshari et al. 2017; Soong et al. 2005).

Jourdani et al. (2017) developed a three-dimensional PEMFC model to analyze the
membrane thickness effect on the single PEMFC performance. Four different membrane
thicknesses (125e-6 m, 100e-6 m, 75e-6 m, 50e-6 m) have been studied in order to get the
best cell performance after the model validation. It is recorded that, the performance of
PEMFC depends strongly on the characteristics of the membrane. Numerical results
indicated that higher current densities are obtained using a thinner membrane.

Xia et al. (2018) carried out numerical simulations by using a three-dimensional model of
high-temperature PEMFC in COMSOL to investigate the effects of the physical
parameters (operating temperature, membrane’s thickness and catalyst layer’s thickness)
on the cell performance. Cell performance is enhanced as the operating temperature
increases. It could be drawn from this study, better cell performance has been obtained
with a thinner membrane and catalyst layer.

Fadzillah et al. (2015) developed a two-dimensional simulation model by using MATLAB
to determine the effects of the gas diffusion layer’s thickness and porosity on the cell
performance. Simulation results indicated that thinner GDL produced a higher-
performance cell. Higher porosity GDL corresponds to better cell performance.

Lee et al. (2004) investigated the effects of the gas diffusion layer’s thickness and
fabrication method on cell performance. The main goal of this study is to find the
optimum gas diffusion layer’s thickness and to analyze the characteristics of the
electrodes fabricated by several methods.

Ferng et al. (2014) investigated the effects of the different parameters which are PBI
loading, operating temperature, gas flow rate, electrode thickness and porosity, and acid
doping level to improve the performance of a PBI-based PEMFC. It could be drawn from
this study, thinner electrode thickness, higher acid doping level and smaller porosity
positively affect the performance of the PBI-based PEMFC.

METHODS

Numerical Model
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In this study, numerical simulations are performed based on a single-phase, single-
channel proton exchange membrane PEM fuel cell with a conventional flow field by using
a commercial flow solver ANSYS FLUENT 18.1 PEM fuel cell add-on module. The PEM
fuel cell model consists of major components that are porous membrane, two straight gas
flow channels, two catalyst layers (CLs), two gas diffusion layers (GDLs). The geometry
of the single-channel PEM fuel cell is generated by using ANSYS Design-Modeler.
Parameters of the PEM fuel cell used in the numerical model are shown in Table 1. The
mesh structure is created by using ANSYS Meshing for generated geometry. Zone names
and types are specified because it is required in the ANSYS FLUENT PEM fuel cell add-
on module. Mesh file is uploaded on ANSYS FLUENT, set up the case, set the operating
and boundary conditions and run the calculations. Postprocess the results. The model is
validated compared to an experimental data is provided in this paper. The model is
constructed to replicate the cell employed by Wang et al. (2003). The numerical model
has been analyzed by changing one parameter. Three different membrane thicknesses
have been selected to see the effects of the membrane thickness on the cell performance.
In this same way, the numerical model is analyzed under the three different catalyst
layer’s thicknesses to see the effect of the catalyst layer’s thickness. F-Cycle of Multigrid
cycle setting and BCGSTAB (Bi-Conjugate Gradient Stabilization Method) are used to
converge the solution for species, potential and saturation equations. The current density
values are recorded by taking individual solution for the cell potential values that are
0,45V, 0,50V, 0,55V, 0,60V, 0,65V, 0,70V, 0,75V, 0,80V, 0,85V and 0,90V. Figure 1 shows a
good agreement between the simulation and experimental data.
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Figure 1. Validation of Simulation Data with Experimental Data

Table 1. Geometric and Electrochemical Parameters
Parameters Value Unit
Channel width 1 mm
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Channel depth 1 mm
Channel length 70 mm
Active area(XxZ) 0,00021 m?
Catalyst layer thickness 0,01,0,02,0,03 mm
GDL thickness 0,3 mm
Membrane thickness 0,075,0,1,0,125 mm
Operating temperature 343 K
Operation pressure 300 kPa
Mass flow rate on the anode side  6e-07 kg/s
Mass flow rate on the cathode side 5e-06 kg/s
Gas diffusion layer porosity 0,5 -

Anodic exchange coefficient at the 1/2 -
Cathodic exchange coefficient at 1/2 -
Anodic exchange coefficient at the 2 -
Cathodic exchange coefficient at 2 -

Reference diffusivity of H» 3e-05 m2/s
Reference diffusivity of O» 3e-05 m2/s
Viscous resistance of GDL le+12 1/m?2
Surface/Volume ratio of CL 200000 1/m

Governing Equations

In the CFD model development, the following assumptions are used;

1. The PEM fuel cell operates at steady-state conditions.

2. 3D domain, the single-phase model is presumed.

3. The gas flow regime is laminar and incompressible due to the low velocities.

4. Reactants and products are considered to be ideal gases.

5. The gas diffusion layers, catalyst layers, and membrane are assumed as isotropic and
homogeneous.

6. Viscous dissipation and buoyancy effects are negligible.

7. The membrane is impermeable to the water and reactant gases.

8. There is no contact resistance at the interfaces between the different layers.

9. The electrochemical reaction is governed by the Butler-Volmer equation in PEMFC
modeling.

10. The membrane is completely moistened and its proton concentration is constant.
partial differential equations used for the numerical analysis as follows: mass,
momentum, energy, species and charge conservation equations. The gas transport
equations for three-dimensional PEMFC can be expressed as follows:

Conservation of mass:

The general conservation of mass is expressed for all processes which are fluid flow,
phase change, electrochemical reactions, etc. in fuel cells as follows:
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V-(epv) =0 (1)

Where v, g, p, V are the velocity vector, porosity, density and del operator, respectively.

Conservation of momentum:
V- (epW) = —eVp+V - (en® VW) +S_ )

Where p is the fluid pressure, u® is dynamic viscosity and Snis the source term that

varies in each region of the fuel cell. In gas channels, the source term of the momentum
equation is expressed as Sn=0. In the porous regions, the source term is represented as
follows:

2 3)
Where k is the permeability of the gas diffusion layers or catalyst layers, € is the porosity
coefficient respectively.

Conservation of energy:

(pcp)eff (V-VT) =V (kg VT) +S, (4)

Where G, T, k and Seare the specific heat capacity, temperature, thermal conductivity
and source term of the energy equation, respectively.

Conservation of species:

V-(evC)=V-(DFVC)+S, ()

In the porous medium, Dj" is a function of porosity which is described as a common
relationship is given by the Bruggeman model,

D, o =D, (6)

Where Dxis the species diffusion coefficient. Species volumetric source terms for the
PEMEFC are expressed as follow:

Source term for hydrogen:
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Source term for oxygen:

I\/IW,OZR
S =-— 2Ry

Source term for water:

MWHO (9)
= "OR
8 =52 Re,

Conservation of charge:
V- (evh,) =S, (10)

RESULTS AND FINDINGS
Thickness Effect of Membrane

The membrane thickness is a key parameter affecting cell performance. In this paper,
numerical analyses are carried out to investigate the effect of membrane thickness on the
cell performance in three different values which are taken as 0,075 mm, 0,1 mm and 0,125
mm. All other parameters are kept constant. To see the effect of membrane thickness on
polarization curve, a total of 30 different boundary conditions are defined in FLUENT.
Figure 2 shows the change of current density compared to the cell potential. Power
density based on a cell potential is represented as Figure 3. The results indicated that
better cell performance can be obtained by using a thinner membrane. Figure 4 shows the
largest molar water concentration in the PEMFC at 0,075 mm for the same voltage level.
The electrochemical reaction has been accelerated as the membrane thickness decreased.
Water formation is increased, and thus ionic resistance is reduced.
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\VJ
Figure 4. Contours of Molar Concentration of H->O : a) 0,125 mm, b) 0,1 mm, c) 0,075
mm

Thickness Effect of Catalyst Layer

The operating temperature and operating pressure are set as 343 K, 300 kPa respectively,
and the proton exchange membrane has a thickness of 0,1 mm. Numerical analyses are
performed to investigate the effects of the three different values (0,01 mm, 0,02 mm and
0,03 mm) on cell performance. Figure 5 shows the change of current density compared to
the cell potential. Power density based on a cell potential is represented in Figure 6. For
the effect of catalyst layer’s thickness, the thinner catalyst layer results in best
performance of PEMFC.
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Figure 5. Cell Performance at Different Catalyst Layer’s Thicknesses with I-V Graph
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CONCLUSION

In this present paper, a 3-D computational model containing a conventional straight flow
tield is developed to investigate the thickness effects of membrane and catalyst layer on
the performance of PEMFC. The numerical model is developed by using ANSYS
FLUENT 18.1, a CFD software. The simulation model is validated with experimental
data. The governing equations were solved by the finite volume method. Effective cell
performance is achieved with decrease of membrane thickness provided that enough
humidification. Membrane thicknesses are selected as 0,075 mm, 0,1 mm and 0,125 mm,
respectively. The temperature is taken as 343 K. The operating temperature should not
be too high because of overheating of membrane. The maximum current density is
obtained as 1,90354 A/cm? when the cell potential is 0,45 V and the value of membrane
thickness is 0,075 mm. The maximum power density is obtained as 0,91947 W/cm? when
the cell potential is 0,55 V and the value of membrane thickness is 0,075 mm. When the
catalyst layer’s thickness decreases from 0,03 mm to 0,01 mm, improved cell performance
has been obtained according to the numerical results. The maximum current density has
been obtained as 1,77042 A/cm?, when the cell potential is 0,45 V and the values of the
catalyst layer and membrane thicknesses are 0,01 mm and 0,1 mm, respectively.
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ABSTRACT: Lagoons should be protected against potential pollutants and hazards as
they are used extensively for recreational purposes such as fishing and swimming. In this
study, temperature, pH and salinity were measured onsite weekly at three stations in the
south of the Kamil Abdus Lagoon (Station 1), north (Station 2) and in the Marmara Sea
(Station 3) between 7 November 2018 and 16 April 2019. Water samples were also
collected and prepared in the laboratory and heavy metal concentrations (Cu, Cd, Cr, Pb,
Ni, Zn, As, Co, Fe, Mn, Se, Ba, Al) were determined by ICP-OES. The temperature varies
between 4 and 16.9 °C at stations 1 and 2, while it is between 8.6 and 17.4°C at Station 3.
The salinity values at Station 3 where sea water is measured are generally higher than
lake salinity values at Station 1 and 2. According to the Water Pollution Regulation, both
the pH values of seawater at the station no. 3 and of fresh water at stations 1 and 2 are
suitable. The pH ranges at station 1 and 2 indicate the Class I water quality of the lagoon.
Stations 1 and 2 were suitable for the fresh water limit of the pH in the EPA Aquatic Life
Criteria table, while station 3 exceeded slightly the salt water limit by 8.62 on 20 March
2019. Within the scope of the General Quality Criteria of Sea Water Regulation, at station
3, copper, cadmium, chromium, lead, nickel and arsenic concentrations are below the
limit value, but zinc concentration has exceeded the limit value. According to the Quality
Criteria of Inland Water Resources, copper, cadmium, chromium, iron, manganese,
barium, aluminum I., arsenic, cobalt I, lead, nickel, zinc IIL., Selenium IV. water quality
class.

Key words: sea water, freshwater, lagoon, heavy metal, water quality.
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KAMIL ABDUS LAGUNU’NDE TATLI VE TUZLU SUYUN SU KIRLILIGININ
KONTROLU YONETMELIGI KAPSAMINDA INCELENMESI

OZET: Lagiinler balikailik, plaj gibi rekreasyon amaciyla yogun bir sekilde
kullanildiklarindan dolay1r potansiyel kirletici ve tehlikeli kaynaklarma kars:
korunmalidir. Bu calismada haftalik olarak 7 Kasim 2018 ve 16 Nisan 2019 tarihleri
arasinda Kamil Abdus Lagiinii'niin giineyinde (Istasyon 1), kuzeyinde (istasyon 2) ve
Marmara Denizi'nde (Istasyon 3) ii¢ istasyonda sicaklik, pH ve tuzluluk yerinde 6lctildii.
Ayrica su ornekleri toplanarak laboratuvarda hazirlamip agir metal konsantrasyonlar:
(Cu, Cd, Cr, Pb, Ni, Zn, As, Co, Fe, Mn, Se, Ba, Al) ICP-OES cihaziyla belirlendi. istasyon
1ve2'de sicaklik 4 ile 16,9 °C arasinda, istasyon 3'te 8,6ile 17,4 °C arasinda degismektedir.
Deniz suyunun 6lciildigii Istasyon 3'teki tuzluluk degerleri Istasyon 1 ve 2'deki gol
tuzluluk degerlerinden genellikle daha ytiksektir. Su Kirliligi Yonetmeligi'ne hem 3 nolu
istasyondaki deniz suyunun hem de 1 ile 2 nolu istasyonlardaki tatl: suyun pH degerleri
uygundur. 1 ve 2 nolu istasyonlardaki pH araliklari lagtintn I. Smf su kalitesini
gostermektedir. EPA Akuatik yasam kriter tablosundaki pH'in tatli su sinirma 1 ve 2 nolu
istasyonlar uygunken tuzlu su smirmi 3 nolu istasyon sadece 20 Mart 2019'da 8,62 degeri
ile ¢ok az asmustir. Su Kirliligi Yonetmeligi deniz suyunun genel kalite kriterleri
kapsaminda 3 nolu istasyonda bakir, kadmiyum, krom, kursun, nikel ve arsenik
konsantrasyonlar1 limit degerin altindadir fakat cinko konsantrasyonu limit degeri
asmistir. Kita I¢i Su Kaynaklarmin Kalite Kriterlerine gére bakir, kadmiyum, krom,
demir, mangan, baryum, aliminyum I, arsenik, kobalt II., kursun, nikel, ¢inko III,
selenyum IV. su kalite sinifina girmektedir.

Anahtar sozciikler: deniz suyu, tath su, lagiin, agir metal, su kalitesi.

Tegekkiir: Bu calisma Marmara Universitesi Bilimsel Arastirma Projeleri Koordinasyon
Birimince Desteklenmistir. Proje Numarasi: FEN-C-YLP-110718-0405

GIRIS

Kamil Abdus Lagiinti (Tuzla Balik Golii), Kocaeli Yarimadasi'nin giineybatisiyla Tuzla
Yarimadasi’'min kuzeyinde konumlanmaktadir. Lagiin alan1 kiy1 bolgesi oldugundan
dalga ve akintilarin etkisindedir. Denizden bir kiy1 kordonu ile ayrilir. Lagiin bir dereyle
beslenmekle birlikte 6zellikle lodoslu havalarda deniz sularinin istilasi sonucu sulari
ytikselmektedir (Atalay, Ekinci& Bayrak, 2015).
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Marmara denizinde 1970 ile 2018 yillar1 arasinda aylik ortalama deniz suyu sicaklig: 8 ve
24,1°C araliginda degismektedir (Tarim ve Orman Bakanligi Meteoroloji Genel
Midirligi, 2019). Tuzluluk Karadeniz'de %018, Marmara denizinde %022 civarindadir.

Kamil Abdus Lagtinti denizle baglantis1 olan bir gol oldugundan kendine has ekolojiye
sahiptir (Acar, 2003). Kamil Abdus Lagtinti cografi konumu bakimindan mineral su
kaynaklarindan etkilenmektedir (Ates Can, 2014 ve Senol, 2012). Ayrica Marmara
denizinin kiy1 morfolojisi sebebiyle Kamil Abdus Lagtinii su seviyesi degisimlerinden de
etkilenmektedir (Ertek, 2016, Alpar, 2016, Ceylan ve Ceylan, 2010).

Lagtin alanindaki dogal ormanlar tahribat sonucu ortadan kalkmustir. Degisik kus tiirleri
de tehlike altindadir. Kamil Abdus Lagiinti, son yillarda yapilasmanin artmas: ve atik
girdisinin kontrol altina alinamamasi sonucu bataklik olma tehlikesiyle kars: karsiya
gelmistir. Tuzla tersanelerinin lagiine yakinligindan dolay: tersaneden cikan atiklar ve
Umur Deresi'nin aktigi donemlerde tasidigi endistriyel atiklar lagiine karigmustir.
Lagtintin hidrografik yapisinda ortaya ¢ikan ani degisimler biyolojik yapiy: da etkilemis,
ani Oltimlere sebep olmustur. Kiyida yapilan dolgu alanlari, tersane ve limanlar
dalgalarin asindirma ve biriktirme faaliyetlerinde kesintilere sebep olmustur. Bunun
sonucunda yapay alanin arkasindaki dogal kiymin gelisimi durmustur.

Kamil Abdus Lagunii'ndeki tim bu olumsuz kosullar lagiinti kurtarmaya yonelik
calismalarm yapilmasini zorunlu hale getirmistir. Lagiin alan1 cevresel ve dogal kiiltiirel
ozelliklerinden dolay: Kiiltiir ve Tabiat Varliklarmi Koruma Kurulu'nca dogal parka
dontisturtlmiis ve 1. Derece sit alani ilan edilmistir. Bu nedenle lagiinde ve lagiiniin
Marmara Denizi ile baglantisindaki plajda su kalitesi oldukca onemlidir. DSI, IBB, Tuzla
Belediyesi ve Istanbul Cevre Vakfi'nca siirdiiriilen Tuzla Ekolojik Dirilis Projesi dahilinde
lagitine dogal su sirkiilasyonunun tekrar kazandirilmasi amaglanmais, bu proje vasitasiyla
lagtintin bir¢ok canli tiirtine tekrar yasam alani olmasi bir nebze de olsa saglanmistir

(Atalay vd., 2015).

Su Kirliligi Kontrolti Yonetmeligi pH limitleri (Tablo 1), deniz suyundaki element
konsantrasyonlari limitleri (Tablo 2) ve kita ici su kaynaklarinin kalite kriterleri (Tablo 3)
bu calismada Kamil Abdus Lagiiniiniin degerlendirilmesinde kullanilmistir (EPA
Quality Criteria for Water, 1986 ve Gazete, 2004 a,b,c).

Tablo 1. pH Limit Degerleri (EPA Quality Criteria for Water, 1986 ve Gazete, 2004a, b,
<)

EPA SKKY gollerin SKKY  SKKY kita i¢i su kaynaklar:
kontrolii

Tatlt Tuzlu Rekreas Cesitli Deniz L IL. IIL. IV. Sinif

su su yon kullanimlar  suyu Smi  Sinif Simif

f
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6,59 6,585 6,5-8,5 6-10,5 6,090 65- 6,5- 6,0- 6,0-9,0
8,5 8,5 9,0 disinda
Tablo 2. SKKY Deniz Suyunun Genel Kalite Kriterleri (Gazete, 2004b)
Element Limit
(pg/L)
Bakir 10
Kadmiyum 10
Krom 100
Kursun 100
Nikel 100
Cinko 100
Arsenik 100

Tablo 3. SKKY Kita I¢i Su Kaynaklarinin Siniflarina Gére Kalite Kriterleri (Gazete,

2004c¢)
Element L. IL. III. IV.
Smif Sinif  Smif  Simf
Bakir (pg Cu/L) 20 50 200 > 200
Kadmiyum (pg 3 5 10 >10
Cd/L)
Krom (toplam) (pg 20 50 200 > 200
Cr/L)
Kursun (pg Pb/L) 10 20 50 > 50
Nikel (pg Ni/L) 20 50 200 > 200
Cinko (pg Zn/L) 200 500 2000 > 2000
Arsenik (pg As/L) 20 50 100 > 100
Kobalt (pg Co/L) 10 20 200 > 200
Demir (pg Fe/L) 300 1000 5000 > 5000
Mangan (pg Mn/L) 100 500 3000 > 3000
Baryum (pg Ba/L) 1000 2000 2000 > 2000
Aliminyum  (pg 300 300 1000 >1000
Al/L)
Sicaklik (°C) 25 25 30 > 30

Kamil Abdus Lagtinti'nde 1990 yilinda Orhon ve Kirath tarafindan yapilan calismada
lagtindeki ¢oztinmiis oksijenin diistik, Ni ve Fe haricindeki agir metallerin uygun
degerlerde oldugu tespit edilmistir (Acar, 2003). Kayhan ve Ozhatay’in caligmasinda ise
Kamil Abdus Lagtinii'nde kadmiyum (Cd), aliiminyum (Al) ve demir (Fe) birikimi insan,
balik, kus ve diger canlilar agisindan incelenmistir. Diinya Saglik Orgiitii (WHO), Avrupa
Komisyonu (CEU) ve T.C. Cevre ve Sehircilik Bakanlig standartlariyla karsilastirilmistir.
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Cd degerlerinin yiiksek, Al ve Fe degerlerinin ise normal diizeylerde oldugu belirtilmistir
(Kayhan ve Ozhatay, 2004).

[stanbul’ daki goller; Terkos, Omerli, Elmals, Alibey, Darlik, Samandira (Aydos),
Sazlidere, Catalca Buytikkokmusgdl ve Kugtikkokmusgol iken lagtinler Biiytikcekmece,
Kictikcekmece ve Kamil Abdus Lagtinti’diir. Bu gollerin arasinda Kamil Abdus Lagtinii
flora ve fauna agisindan 1. Derece Dogal Sit olarak tescil edildiginden (T.U.L.K., 2014) ve
lagtiniin Marmara denizi ile baglantisinda plaj bulundugundan su kalitesi oldukca
onemlidir.

[stanbul’da Marmara denizinde rekreasyon amaciyla kullanilan 3 plajdaki su kalitesi
parametrelerinden nikel ve kursun agir metalleri 2009 yilinda Su Kalitesi
Yonetmeligindeki limit degerlerin altinda gozlenmistir (Bozkurt vd., 2014).

Meksika nin Pasifik kiyilarinda 2013-2014 yillarinda pH, iletkenlik, tuzluluk, agir metal
konsantrasyonlar1 (arsenik, bakir, kadmiyum, krom, civa, nikel, kursun ve ¢inko) limit
degerlerin altinda (Pérez-Moreno vd., 2016) iken Endonezya’min Palu kiyilarinda agir
metal konsantrasyonlar1 (¢inko ve kursun) limit degerlerin tizerindedir (Rahmadani vd.,

2015).

Gilltik Lagtinii'nde Haziran 2011 ve Mayis 2012 tarihleri arasinda yapilan ¢alismada
sicaklik, pH, iletkenlik ve tuzluluk degerleri normal seviyelerde tespit edilmis olup,
¢ozlinmiis oksijen degerlerinin lagtintin kimi bolgelerinde yasami gticlestirecek kadar
diisiik oldugu belirlenmistir (Ozdemir ve Alparslan, 2013).

Balik Goli'nde (Samsun) 2010 yilinda ilkbahar (Nisan/Mayis) ve sonbahar
(Ekim/Kasim) karisim donemlerinde yapilan calismada; sonbahar doneminde
tuzlulugun artmasi sonucu iletkenligin de arttig1, tuzluluktaki artisin sebebinin sonbahar
doneminde denizle baglantiy1 saglayan bogazdan goliin i¢ kesimlerine giren tuzlu su
oldugu, pH ve ¢oztinmiis oksijen degerlerinin dogal koruma alanlar1 bazinda kritik
diizeylerde oldugu ve goliin IlL.smif su kalitesine sahip oldugu tespit edilmistir (Ciice
vd., 2011).

Romanya’daki Razim-Sinoie Lagiin Sistemi’nde 2016 yilinda Mayis ve Agustos olmak
tizere iki donemde yapilan calismada; pH degerleri bazik sulara yakin olarak ¢lgtilmiis,
Golovita, Zmeica ve Sinoie gollerinde krom degerlerinin arastirilan diger metallere (Cu,
Zn, Fe, Mn, Ni) nazaran ytiksek oldugu tespit edilmistir. Calismada sistemdeki cevresel
kosullarin iyi oldugu ve su 6rneklerinin de bunu yansittig1 belirtilmistir (Catianis vd.,
2018).

Akyatan Lagiinii'nde Aralik 2007 ve Kasim 2008 tarihleri arasinda yapilan calismada;
lagitin boyunca alkali bir ortam (pH dolayisiyla) tespit edilmistir (Demir vd., 2014).
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Arnavutluk’taki Karavasta Lagtinti'nde 2013 yilinda yapilan calismada; pH, 3. ve 4.
[stasyonlarda yiiksek bulunmustur. Buna sebep olarak fitoplankton yogunlugundan
kaynaklanan ytiiksek fotosentez orani gosterilmistir. Coztinmiis oksijen degerlerinin iyi
bir biyolojik verimliligi isaret ettigi belirtilmistir. Sudaki bakir ve krom konsantrasyonlari
yiiksek, kadmiyum ve ¢inko konsantrasyonlar1 ditisiik bulunmustur. Bakir
konsantrasyonunun ytiksek olmasina sebep olarak lagiin cevresinde yapilan tarimsal
faaliyetler gosterilmistir (Koto vd., 2014).

Meksika'nin Karayip kiyilarinda (Akumal kasabas1) Eyliil 2007 ve Eylul 2008 tarihleri
arasinda yapilan calismada; en yiiksek sicaklik deniz suyunda, en diistik sicakliklar
kaynaklarda ve Lagartos Lagtinii'nde ol¢tilmiistiir. En yiiksek pH deniz suyunda, en
duistik pH ise Akumal Korfezi'nin glineyindeki bir kaynakta tespit edilmistir. Akumal
Korfezi'ndeki sualt1 kaynag1 en diistik tuzluluga sahip olup, en yiiksek degerler deniz
suyunda elde edilmistir (Herndndez-Terrones vd., 2015).

Karagol'de (Sivas) Kasim 2011 ve Kasim 2012 tarihleri arasinda yapilan ¢alismada; gol
sicaklik ve iletkenlik bakimindan iyi durumda (SKKY gore Lsmif) bulunmakla birlikte
pH degerleri suyun bazik karakterde oldugunu (SKKY gore I - III. Sinif) gostermektedir.
Gol suyu Cd ve Pb elementleri bakimindan I. Smiftir. Cu elementi kisin tespit edilmezken
ilkbaharda birden artis gosterdigi goriilmiistiir. Buna sebep olarak gol gevresindeki
meyve bahgelerinde bakim ve budama islemlerinde kullanilan bordo bulamac1 (goztast)
gosterilmistir. Dolayisiyla Cu elementi agisindan goliin su kalitesi SKKY gore II. Smaftir.
Fe elementi kis aylarinda diisiik seviyelerdeyken ilkbaharda en yiiksek degerine
ulasmistir. Bu bakimdan goliin su kalitesi SKKY gore I. Staftir (Mutlu vd., 2013).

Uluabat Golii'nde Haziran 2008 ve Mayis 2009 tarihleri arasinda yapilan calismada
sicaklik ve iletkenligin yazin maksimum, kisin minimum degerlerde oldugu
gozlenmistir. pH degerleri gol sularmin bazik karakterde oldugunu gostermektedir.
Cozunmis oksijen degerleri kis mevsiminde ytiksek, yaz mevsiminde diisiik seviyelerde
gozlenmistir (Ileri vd., 2014).

Tecer Golii'nde (Sivas) Mart 2011 ve Subat 2012 tarihleri arasinda yapilan calismada;
sicaklik uygun degerlerde bulunmus olup (SKKY gore 1.Sinif), pH degerlerine gol suyu
biraz bazik olarak (SKKY gore I - II1.Smif) nitelendirilmistir. Coztinmiis oksijen uygun
seviyelerde olup (SKKY gore 1.51mnif), iletkenlik degerlerine gore de su kalitesi SKKY gore
LSmuftir. Gol sular1 Pb degerleri agisindan SKKY gore I1.Smif, Cd degerleri acisindan ise
IIL.Smif olarak nitelendirilmistir. Cu degerleri kisin iz seviyelerdeyken ilkbaharda birden
artis gostermistir. Buna sebep olarak (yine Sivas’ta bulunan Karagol'de oldugu gibi) gol
cevresindeki meyve bahgelerinde bakim ve budama islemlerinde kullanilan bordo
bulamaci (goztast) gosterilmistir. Bundan dolay: su kalitesi Cu degerleri agisindan SKKY
gore IL.Smuf 6zelligi gostermektedir (Mutlu vd., 2018).
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Arnavutluk’ta Butrinti Lagtinti'nde 2011 y1l1 Agustos ay1 boyunca yapilan ¢alismada pH
degerleri lagiin suyunun bazik karakterde oldugunu gostermekte olup, ¢oziinmiis
oksijen degerlerinin lagtintin biyolojik verimliligini olumlu etkiledigi belirtilmistir. Pb
degerlerinin bir istasyon hari¢ AB standartlarmin (7,2 pg/L) altinda oldugu, yine Cd
degerlerinin de standart degerin (1 pg/L) altinda olculdiigu belirtilmistir. Cr degerleri
ytizeyde WHO limit degerinin (50 pg/L) altinda iken dipte sadece iki istasyonda bu
degerin tizerindedir. Cu degerlerinin de ayni sekilde limit degerlerin altinda oldugu
tespit edilmistir (Topi vd., 2012).

Kolombiya, Cartagena Korfezi'nde Eyliil 2014 ve Agustos 2015 tarihleri arasinda Tosic ve
dig. tarafindan yapilan calismada tuzlulugun yagmur mevsiminde azaldigi tespit
edilmistir. Buna sebep olarak da ayn: donemde kanaldan korfeze yapilan tatli su desarjt
gosterilmistir. Sicakligin hem ytizey sularinda hem de dip sularinda kuru/rtizgarh
mevsim boyunca diisiik oldugu belirlenmistir. Yagmur mevsimi boyunca derinlerde
¢oziinmiis oksijen degeri 4 mg/L'nin altina diiserken, mevsim gegislerinde yiizeye yakin
sularda da benzer durum gorulmiistiir (Tosic vd, 2017).

Tunus Lagiinii'niin giiney kisminda Abidi ve dig. tarafindan Temmuz 2013 ve Subat 2014
olmak tizere iki farkli donemde gergeklestirilen calismada, sicaklik ve tuzluluk
degerlerinin mevsimsel olarak degiskenlik gosterdigi gortilmiistiir. pH degerleri lagiin
sularinin bazik karakterde oldugunu gostermektedir (Abidi vd., 2018).

Meksika'nin Karayip kiyilarindaki Bacalar Lagitini'nde Tobdén Veldzquez ve dig.
tarafindan Kasim 2016 ve Haziran 2017 olmak {izere iki farkli donemde gerceklestirilen
calismada, diistik iletkenlik degerlerinin bir tatli su sistemini isaret ettigi belirtilmis olup,
sicaklik degerlerinin iki donemde de stabil oldugu gozlenmistir. pH degerleri gol
sularmnin yer yer asidik karakterde oldugunu gostermektedir (Tobon Velazquez vd.,
2019).

Fransa’da Bages-Sigean ve Canet-St.Nazaire lagiinlerinde Vouvé ve dig. tarafindan Mart
2009, Haziran-Temmuz 2009 ve Ekim 2009 olmak iizere {i¢ farkli donemde
gerceklestirilen calismada, tuzluluk degerlerinin Bages-Sigean Lagiinii'niin kuzey
kismimin tath su etkisi altinda, giiney kismunin ise deniz etkisi altinda oldugunu
gosterdigi belirtilmis olup; en ytiksek tuzluluk degerinin Canet-St.Nazaire Lagiinii'nde
elde edildigi gortilmiistiir. pH degerleri lagtinlerdeki suyun cogunlukla bazik karakterde
oldugunu gostermektedir. Cu degerleri Bages-Sigean Lagtini’niin giiney kisminda
yiiksekken lagtintin kuzey kisminda Cd degerleri yiiksektir. Canet-St.Nazaire
Lagtinti'nde Cu degerleri Bages-Sigean Lagtinti'nden daha yiiksek olup, Cd degerleri
hemen hemen ayni seviyededir (Vouvé vd., 2014).
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Arnavutluk’ta Narta Lagtinti'nde Kotori ve dig. tarafindan Eylil 2013 tarihinde yapilan
calismada; pH degerleri normal seviyelerde tespit edilmistir (Kotori vd., 2015).

Adryaman’da Golbasi Golii'nde Uckun tarafindan Agustos 2017 ve Kasim 2017 olmak
tizere iki farkli donemde gerceklestirilen calismada; goliin su kalitesi fizikokimyasal
parametreler acisindan Lsimf olarak belirlenmistir. Hem Agustos hem de Kasim
donemlerinde en yiiksek konsantrasyona sahip olan metalin krom oldugu tespit
edilmistir. Sudaki toplam metal konsantrasyonunun Agustos doneminde Kasim
donemine gore genelde daha yiiksek oldugu belirtilmistir. Agustos ve Kasim dénemleri
arasinda krom ve cinko konsantrasyonlarinda belirgin farklhiliklar tespit edilmistir.
Ancak, sudaki metal konsantrasyonlarmin EPA’ya ait icme sularinda izin verilen

maksimum agir metal konsantrasyonlar1 limit degerlerinin altinda oldugu ilave
edilmistir (Alkan, 2019).

[skenderun Korfezi'nde Goycincik ve dig. tarafindan Kasim 2014 ve Mart 2015 tarihleri
arasinda yapilan ¢alismada; Al, Cr, Fe, Cu, Se konsantrasyonlarinin ytiiksek, Ni ve As
konsantrasyonlarinin diisiik oldugu tespit edilmistir (Tarim ve Koy Isleri Bakanligi nin
“Su Urtinleri Yonetmeligi”nde belirtilen limit degerlere gore). Elde edilen sonuglara gore
Iskenderun Korfezi'nin Al, Cr, Fe, Cu, Se yoniinden kirlenmeyle karsi karsiya kaldig
belirtilmistir. Ancak Ni ve As konsantrasyonlarinin kimi aylarda farkhiliklar gosterdigi
tespit edilmis olup; bunun sebebinin aritilmis ve aritilmamus sularin bolgeye desarji ve
liman ve insan kaynakli faaliyetlerin olusturdugu mevsimsel farkliliklar oldugu ifade
edilmistir. Ozellikle K istasyonundan alman oOrneklerde Ni, Fe, Cr ve Al
konsantrasyonlarinin diger istasyonlara gore oldukca yiiksek oldugu gozlenmistir. Buna
sebep olarak bolgeye yapilan evsel atik kaynakli desarjlar gosterilmistir (Goycincik vd.,
2018).

Bafa Golii'nde Kara tarafindan 2018 yili Nisan ayinda yapilan calismada; goldeki agir
metal konsantrasyonlar: o¢lgtilmiis, gol sular1 S K.K.Y'ye gore 1l.simf olarak tespit
edilmistir. Ayrica toksik ve antropojenik olabilen As, Cd, Cr, Pb, Co ve Ni elementlerine
ait konsantrasyon degerlerinin Yertistii Su Kalitesi Yonetmeligi'ndeki yillik ortalama ve
maksimum cevresel kalite standartlarina uygun oldugu belirtilmistir. Al, Cu ve Zn
konsantrasyonlar1 baz1 6l¢iim noktalarinda standartlarin biraz tizerinde olctilmiistiir.
Ayrica golde olgiilen element konsantrasyonlarinin sulama ve hayvansal igme suyu
kullanim amaglari i¢in uygun degerlerde oldugu tespit edilmistir (Kara, 2019).

Egirdir Golii'nde Bulut ve Kubilay tarafindan Nisan 2013 ve Ocak 2014 tarihleri arasinda
yapilan calismada; sicaklik degerlerinin standartlara uygun oldugu, pH degerlerinin
biraz yiiksek olmasma karsmn (gol cevresindeki kire¢ taslarindan dolay1) standartlari
asmadig1 tespit edilmistir (Bulut ve Kubilay, 2019).
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Tunus’da Gabes Korfezi'nde El Zrelli ve dig. tarafindan 2013 yili Eyliil aymda yapilan
calismada; pH degerleri 3 istasyonda (CE, LG ve GH1) standartlarin altinda tespit
edilmis; bunun sebebi olarak endtistri kaynakli desarjlar gosterilmistir. Yine aym
istasyonlarda su sicakliginin standartlar1 astig1, Cd, Zn ve Cr konsantrasyonlarinin da
yiiksek degerlerde oldugu belirtilmistir (El Zrelli vd., 2018).

I[spanya’da Mar Menor Lagiinii'nde Pérez-Ruzafa ve dig. tarafindan Ocak 2010 - Haziran
2012, Subat 2016 - Aralik 2017 ve Ocak 2018 - Kasim 2018 olmak tizere ti¢ farkli donemde
gerceklestirilen calismada, sicaklik ve tuzluluk degerlerinin 6trofikasyon asamalar:
boyunca uygun degerlerde oldugu belirtilmistir (Pérez-Ruzafa vd., 2019).

[ran’da Gomishan Lagiinii’'nde Basatnia ve dig. tarafindan Temmuz 2010 ve Aralik 2010
tarihleri arasinda yapilan calismada; su sicakliginin Temmuz ay1 hari¢ uygun degerlerde
oldugu, pH degerlerinin de standartlara uygun oldugu tespit edilmistir. Tuzluluk
degerlerinin 6l¢iim periyodu boyunca artis gosterdigi, ancak Hazar Denizi'nden buiytik
miktarlarda su girisi oldugu zamanlarda golun orta kisimlarinda diisiis gosterdigi
belirtilmistir. Coztinmiis oksijen 6zellikle goliin kuzey kesimlerindeki iyi havalanmadan
dolay1 ytiksek degerlerde olgiilmiistiir (Basatnia vd., 2018).

Kolombiya’da Juan Polo Lagiinii'nde Baldiris-Navarro ve dig. tarafindan 2001 ve 2015
yillar1 arasinda ytriitilen calismada; pH degerlerinin standartlara uygun oldugu
belirtilmis; tuzluluk degerlerinin genis bir aralikta (%2 - 53,2) degisim gosterdigi, bunun
lagtintin ¢cogunlukla yagmurlu mevsimde gerceklesen tuzlanmasmin bir isareti oldugu
ve sebep olarak da lagiin ile deniz arasinda devamli bir etkilesimin olmayis
gosterilmistir (Baldiris-Navarro vd., 2018).

Kiiba’da El Cobre Blue Lagiinii’'nde Rodriguez Gdmez ve dig. tarafindan Subat 2017 ve
Nisan 2017 tarihleri arasinda yapilan calismada; su sicakligi degerlerinin standartlara
uygun oldugu, pH degerlerinin ise standartlarin altinda oldugu tespit edilmistir.
Ogzellikle pH degerlerinden dolay1 gol sulari ortalama diizeyde asidik ve fazlasiyla
oligohalin olarak nitelendirilmistir. Coztinmiis oksijen degerleri ise standartlarin
tizerinde tespit edilmistir (Gamez vd., 2019).

YONTEM

Kamil Abdus Lagtinti'nde, cevresel kirliligin arastirilmasi amaciyla sahada belirlenen 3
istasyonda ($ekil 1a) 6 ay boyunca her hafta sicaklik, pH ve tuzluluk olctilerek su
numunesi toplanmistir ve laboratuvarda hazirlanan numunelerde agir metal
konsantrasyonlar1 Indiiktif Eslesmis Plazma Optik Emisyon Spektrometresi (ICP-OES)
cihaziyla ($Sekil 1b) belirlenmistir. Birinci istasyon tersane yakinindaki lagiintin kuzeyi,
ikinci istasyon lagiiniin giineyi ve {ti¢linctisii Marmara Denizi'ne girilen Tuzla Halk
Plajr’dur.
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Polietilen siseler %40 nitrik asit iceren deiyonize su icinde 24 saat bekletildikten sonra
deiyonize su cihazindan (ELGA purelab) su ile 3 kez calkalanmis (Sekil 2a) ve ettivde
(Binder) kurutulmustur. Numuneler, 3-4 m uzunlugundaki teleskopik gubugun tepesine
tutturulmus olan beher kullanilarak (Sekil 2b), ytizeyin 50 cm altinda bir derinlikten
alinmuistir. Numune siseleri, deniz suyu ile ti¢ kez calkalandiktan sonra, siseler tamamen
doldurulmustur. Deniz suyunun sicaklik, pH ve tuzluluk degerleri denizin altina
batirilmis 6lgtim cihazimnin (WTW) problar ile belirlenmistir (Sekil 2c). Daha sonra,
Strickland & Parsons, 1968'deki yontemlere goére analiz icin Marmara Universitesi
laboratuvarmna transfer edilmek tizere o©rnekler buz tizerinde saklanmustir.
Laboratuvarda, 6rnekler 0,45 um PTFE filtreden (Sartorius) steril siringa ile stiztilmtisttir
(Sekil 2d). Mikropipet (Brand) kullanilarak (Sekil 2e) %2 nitrik asit (Merck) ilave edilmis
ve cihazda analiz baslayana kadar buzdolabinda saklanmistir. Ttim numunelerde (Sekil
2f) ICP-OES (Spectro Blue marka) cihazi ile metal konsantrasyonlar: belirlenmistir.

Indiiktif Eslesmis Plazma Optik Emisyon Spektrometresi (ICP-OES) teknigi ile plazma
igerisinden gegirilen numunelerin 1s181n1n optik 6zelliklerine bagh olarak dalga boylarina
gore elementlerin kalitatif ve kantitatif analizi yapilir. Kati numuneler ekstraksiyon ya da
parcalama sonrasi cihaza verilirken sivi ve gazlar dogrudan verilir. Bu teknik numunenin
plazmanin yaklasik 6000-10000 °C sicakligina maruz kalarak gaz fazma gectiginde
atomlarm emisyon olctimiine dayanir. Numune ¢ozeltisinin plazma ytiksek 1sis1 ile
iyonlasarak kiitle agirliklarina gore elementlerin tayinini yapan Indiiktif eslesmis
plazma-kiitle spektrometresi (ICP-MS) tekniginde ppt dedeksiyon limitinde 6l¢cim
yapilabilirken ICP-OES’te ppb seviyesinde o¢lgtim yapilabilir. Gaz faz atomlarimin
konsantrasyonunu 6l¢mek i¢in 15181 absorpsiyonunun kullanildig1 Atomik Absorpsiyon
Spektrometresinde katot ve anot arasinda yiiksek bir voltaj gecirilir ve metal atomlar:
belli bir emisyon spektrumuyla 1sik tretir. ICP; Atomik Absorpsiyon
Spektrometresinden daha hizlidir ve ayni anda 69 elementi analiz edebilir.
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(b)

Sekil 1. (a) Arastirma Alanz: 1. istasyon Kamil Abdus Lagiiniiniin Tersane Yakinindaki
Kuzeyi, 2. Istasyon: Lagiiniin Giineyi Ve 3. Istasyon: Tuzla Halk Plaji (b) ICP-OES
cihaz1

Marmara Demiza

| e ] A = e . :

Sekil 2. (a) Deiyonize Su Cihazi, (b) Numune Toplama Aparati, (c) Sicaklik, pH Ve
Tuzluluk Olgiim Cihazi, (d) Filtre Ve Siringalar, (e) Mikropipetler (f) Laboratuvarda
Hazirlanan Numuneler
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BULGULAR

Lagtinde sicaklik degerleri Kasim ayinda 13,3 ve 16,9°C arasinda, Aralik aymda 6,2 ve
10,2°C arasinda, Ocak ayinda 4,0 ve 9,7°C arasinda, Subat ayinda 6,5 ve 11,2°C arasinda,
Mart ayinda 9,7 ve 15,9°C arasinda ve Nisan ayinda 14,5 ve 19,1°C arasinda ol¢tilmiistiir
(Sekil 3a). pH degerleri Kasim ayinda 7,40 - 8,28 arasinda, Aralik ayinda 8,02 - 8,16
arasinda, Ocak aymnda 8,10 - 8,22 arasinda, Subat ayinda 8,16 - 8,29 arasinda, Mart ayinda
8,22 - 8,36 arasinda ve Nisan ayinda 8,11 - 8,19 arasinda olgtilmiistiir (Sekil 3b). Tuzluluk
degerleri 6lgtim stiresi boyunca 19,68 - 23,24 degerleri arasinda degisiklik gostermistir
(Sekil 3c).

Denizde ise sicaklik degerleri Kasim ayinda 14,7 ve 17,4°C arasinda, Aralik ayinda 8,9 ve
12,8°C arasinda, Ocak ayimnda 9,1 ve 10,8°C arasinda, Subat ayinda 9,1 ve 9,7°C arasinda,
Mart aymda 8,6 ve 12,7°C arasinda ve Nisan ayinda 15,4 ve 16,3°C arasinda dlctilmuistiir.
pH degerleri Kasim ayinda 8,36 - 8,40 arasinda, Aralik ayinda 8,06 - 8,29 arasinda, Ocak
ayimnda 6,75 - 8,24 arasinda, Subat ayinda 8,25 - 8,51 arasinda, Mart ayinda 8,35 - 8,62
arasinda ve Nisan aymda 8,34 civarinda olgtilmiistiir. Tuzluluk degerleri 6lcim stiresi
boyunca 19,68 - 23,24 degerleri arasinda degisiklik gostermistir.

Altiminyum, arsenik, baryum, krom, mangan, demir, kobalt, nikel, bakir, ¢inko, kursun,
kadmiyum, selenyum konsantrasyonlar1 sirasiyla 0,574-266,102, 2,765-25,808, 0,474-
55,185, 0,638-9,732, 0,413-97,097, 1,191-187,333, 0,479-13,271, 1,017-127,92, <0,1818, 1,725-
942,685, 4,706-30,75, 0,098-2,132, 0,937-28,411 araligindadir (Sekil 4).
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Sekil 4. istasyonlardaki.Aglr Metal Konsantrasyonlar:

2009 yilinda Kugtiksu, Fenerbahge ve Suadiye sahillerinde Bozkurt ve dig. yapilan
calisma ile kiyaslandiginda; sicaklik degerleri Subat aymnda Kiigiiksu ve Fenerbahce
sahillerine gore ytiksek, Suadiye sahili ile uyumludur. Mart aymnda Kiigiiksu sahiline
gore yiiksek, Fenerbahge ve Suadiye sahilleri ile uyumludur. Nisan ayinda {i¢ sahile gore
de diistiktiir. pH degerleri Subat ve Mart aylarinda ti¢ sahile gore de ytiksektir. Nisan
ayinda ti¢ sahille de uyumludur. Ni ve Pb degerleri {i¢ sahile gore de diistiktiir.

2013 yilinda Meksika’da Playa Blanca, El Calvario ve Troncones kiyilarinda Pérez-
Moreno ve dig. tarafindan yapilan calisma ile kiyaslandiginda; sicaklik ve iletkenlik
degerleri ti¢ kiyrya gore de diistiktiir. pH degerleri sonbaharda Playa Blanca ve El
Calvario kiyilarma gore ytiksek, Troncones kiyisina gore diistiktiir. Kista Playa Blanca
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kiyisina gore diisiik, El Calvario ve Troncones kiyilarma gore yiiksektir. [lkbaharda tig
kiyiya gore de yiiksektir. As degerleri ti¢ kiytya gore de ytiksek olup Cd, Cu, Cr, Ni, Pb
ve Zn degerleri ti¢ kiyiya gore de dustiktiir.

2013 yilinda Karavasta Lagtini'nde Topi ve dig. tarafindan yapilan calisma ile
kiyaslandiginda; sicaklik ve pH degerleri tiim istasyonlara gore diistiktiir. iletkenlik
degerleri 1 ve 2. Istasyonlarla uyumlu, diger istasyonlara gore yiiksektir. Cu ve Cr
degerleri tiim istasyonlara dustik olup Cd ve Pb degerleri tim istasyonlara gore
ytiksektir.

2010 yilinda Gomishan Lagtinti'nde Basatnia ve dig. tarafindan yapilan calisma ile
kiyaslandiginda; sicaklik degerleri Kasim ve Aralik aylarinda lagtinle uyumludur. pH ve
iletkenlik degerleri her iki ayda da lagtine gore ytiksektir.

2014 yilinda Iskenderun Korfezi'nde Goycmcik ve dig. tarafindan yapilan calisma ile
kiyaslandiginda pH degerleri Kasim, Aralik, Subat ve Mart aylarinda tiim istasyonlarda
korfeze gore yiiksek olup Ocak ayinda duistiktiir. Cr, Fe, Ni, Cu ve As degerleri tim
istasyonlara gore diistiktiir.

2011 yilinda Tecer Golii'nde Mutlu ve dig. tarafindan yapilan ¢alisma ile kiyaslandiginda;
pH, tuzluluk ve iletkenlik degerleri ilkbahar, sonbahar ve kis mevsimlerinde gole gore
yiiksektir. Pb degerleri ilkbahar ve kis mevsimlerinde gole gore yiiksek olup sonbahar
mevsiminde gole gore dustiktiir. Cd degerleri ilkbahar ve sonbahar mevsimlerinde gole
gore dustik olup kis mevsiminde gole gore yiiksektir. Cu degerleri tic mevsimde de gole
gore dustiktiir. Fe degerleri ilkbahar mevsiminde gole gore diisiik olup sonbahar ve kis
mevsimlerinde gole gore ytiksektir.

SONUC

Su Kirliligi Yonetmeligi'ndeki deniz suyunun genel kalite kriterlerine gore 3 nolu
istasyondaki deniz suyunun 6,75 ve 8,62 aralig1 icindeki pH degerleri uygundur. Su
Kirliligi Yonetmeligi'ndeki goller, goletler, batakliklar ve baraj haznelerinin dogal
koruma alan1 ve rekreasyon kullaniminda 6trofikasyon kontrolii sinir degerlerine gore 1
ve 2 nolu istasyonlardaki tath suyun 7,4 ve 8,36 aralif1 icindeki pH degerleri de
uygundur.

Su Kirliligi Kontrolti Yonetmeligi kita ici su kaynaklarinin simuflarmna gore kalite
kriterlerine gore pH lagtintin L. sinif su kalitesini gostermektedir.

EPA Akuatik yasam kriter tablosundaki pH'1n tath su simirina 1 ve 2 nolu istasyonlar
uygunken tuzlu su simirini 3 nolu istasyon sadece 20 Mart 2019'da 8,62 degeri ile asmustur.
Su Kirliligi Yonetmeligi deniz suyunun genel kalite kriterleri kapsaminda 3 nolu
istasyonda bakir, kadmiyum, krom, kursun, nikel ve arsenik konsantrasyonlar: limit
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degerin altindadir fakat c¢inko konsantrasyonu 27.12.2018, 16.01.2019, 5.2.2019
tarihlerinde limit degeri asmustr.

Kita Igi Su Kaynaklarmin Kalite Kriterlerine gore bakir, kadmiyum, demir, mangan,
baryum, altiminyum I., arsenik, kobalt IL., kursun, nikel, ¢inko III., selenyum IV. su kalite
smifina girmektedir.

Insanlarin balikcilik vb. rekreasyon amaciyla kullanimi ve su canhilarmimn yasami
acisindan onemli olan Kamil Abdus Lagtinti'ntin korunmas: gerekmektedir.
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ABSTRACT: This research investigates the effect of addition micron-sized coal particles
to diesel fuel on engine performance and emissions. Micron-sized coal particles used in
this study was prepared by the mechanical ball milling process. The obtained coal
particles were characterized by Scanning Electron Microscopy (SEM) and energy
dispersive X-rays (EDX) analysis. The micron-sized coal particles were dispersed in a
mass fraction of 300 ppm with diesel fuel and B20 by ultrasonication and the resulted
fuels were labeled as D+C and B20+C, respectively. Pure diesel (D) and B20 without coal
particles were used to set baseline data for comparison. Engine performance and
emission tests were performed at a constant engine speed of 1500 rpm and full engine
load. Addition of micron-sized coal particles to diesel fuel improved the brake thermal
efficiency by 6.3% and reduced the NOx emissions by 11.8%. Improvement in engine
performance and exhaust emissions were also observed for B20+C fuel.

Keywords: Micron-sized coal particles, Nano-additives, Diesel engine, Biodiesel,
Performance and emissions

INTRODUCTION

The diesel engine is the most efficient internal combustion engine widely used in car, bus,
truck, railroad, marine, industrial and agricultural applications (Pulkrabek, 1997).
However, diesel-powered vehicles and equipment emit a big amount of pollutants such
as NOx and PM which cause serious health and environmental hazards (Bhandarkar,
2013; Heywood, 1988). Therefore, a major concern has been raised for scientists to find an
effective way of reducing pollutant emissions. There are some methods of reducing
pollutant exhaust emissions: exhaust gas recirculation (EGR), after-treatment methods,
fuel injection/combustion system design and fuel modification. Nevertheless, among
these methods fuel modification is the more effective and cheaper countermeasure to
high emissions, agreed by many researchers (Chen et al., 2018).
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With the advancement in nanotechnology in recent years enabled production different of
type and size particles that considered one of the best fuel additive to improve fuel
properties, combustion and exhaust emissions (Mehregan & Moghiman, 2018; Saxena et
al., 2017). That is why many studies have been conducted on nanoparticle additives. Chen
et al. (2018) investigate the effects of aluminum oxide, carbon nanotube (CNT), and
silicon oxide nanoparticles on combustion characteristics, engine performance and
emissions of a diesel engine. The results indicated that brake specific fuel consumption
for CNT blends decreased up to 19.8% and thermal efficiency for aluminum oxide blends
enhanced by 18.8%. CNT resulted in a significant improvement in NOx emissions while
CNT blends were the least stable fuel. According to Mehregan and Moghiman (2018),
manganese oxide and cobalt oxide addition to B20 fuel resulted in a reduction in brake
specific fuel consumption, NOx and CO emissions while thermal efficiency considerably
increased compared to those of base fuel. An experimental study on zinc oxide (ZnO) and
ethanox as additives with biodiesel in CI conducted by Ashok et al. (2017). The study
revealed that due to the catalytic effect of nanoparticles ZnO improved the engine
efficiency by 4.7% and reduced NOx emissions by 12.6% at full load. In addition, ethanox
resulted in a maximum decrease in NOx emissions of 17.8% by inhibiting the formation
of free radicals. Annamalai et al. (2016) investigated the effects of using cerium oxide
(CeO2) nanoparticles as an additive in biodiesel-water emulsion fuel on engine
combustion, performance, and exhaust emissions. The findings indicated that the
addition of cerium oxide nanoparticles to emulsion ensured a drastic reduction in CO,
HC and NOx emissions and smoke opacity. Moreover, owing to the large surface area to
volume ratio of nanoparticles, the evaporation, and atomization rate of the fuel enhanced
which eventually led to an improvement in brake thermal efficiency. Devarajan et al.
(2019) analyzed the engine performance and emissions biodiesel-fueled engine with the
addition of copper oxide (CuO) nanoparticles. Copper oxide nanoparticles were blended
with mahua oil biodiesel at a mass fraction of 100 ppm. It was observed that the inclusion
of copper oxide nanoparticles to biodiesel reduced the NOx, CO, HC, and smoke
emissions. Besides, CuO nanoparticles improved engine performance parameters.
Sivakumar at al. (2018) studied the effects of aluminum oxide (Al2Os) nanoparticles as an
additive to biodiesel fuel on a diesel engine parameters, and showed that the addition of
100 ppm aluminum oxide to biodiesel fuel resulted in reduced CO, HC, and smoke
emissions while an increase was observed in NOx emissions. The blending aluminum
oxide particles to biodiesel produced better engine performance than that of the base fuel.
Wu et al. (2018) investigated the effect of carbon coated aluminum (Al@C) nanoparticles
as a fuel additive to biodiesel-diesel blends on diesel engine performance and exhaust
emissions. It was determined that adding of carbon coated aluminum nanoparticles
reduced brake specific fuel consumption, NOx and CO emissions. However, with the
addition of carbon coated aluminum nanoparticles, the emissions of particulate number
increased. By further analyzing exhaust gas it was noticed that after combustion the
carbon coated aluminum nanoparticles transformed into alumina particles.
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The overall results concluded from the previous studies indicated that the addition of
nanoparticles to diesel/biodiesel fuel results in the more homogeneous fuel-air mixture,
more complete combustion, which ultimately leads to better thermal efficiency and fewer
exhaust emissions. However, the matter of concern with the addition of nanoparticles as
a fuel additive is that extra metal oxide emissions emitted from the burning of metallic
nanoparticles (Soudagar et al., 2018). This results in a possible risk related to human
health and environment because of exposure of metal oxide particles as an additional
pollutant released into the atmosphere (Saxena et al., 2017). In addition, the inclusion of
nanoparticles to fuel could result in an increase in fuel cost (Gumus et al., 2016).
Therefore, it is necessary to find new organic particles that do not lead to extra harmful
emissions and also to make economic fuel additives for commercial applications. Within
this context, this present study which is presented for the first time, according to the best
of the author’s knowledge, focused on the investigation of micron-sized coal particles as
a fuel additive that could overcome the drawbacks of the addition of nano-sized metallic
particles.

METHODS

The easily and economically available coal supplied from a mining company in Corum,
Turkey is chosen for micron-sized coal particles preparation. Firstly, coal pieces without
any pre-treatment were ground into about a size of 5 mm and then filled into the stainless
steel mill jar of the ball milling machine. In the next step, coal pieces were milled for a
one-half hour with a rotating speed of 1200 rpm. The grounded micron-sized coal
particles are used as a fuel additive. A photographic view of coal particles before and
after the milling process is shown in Figure 1.

Figure 1. A Photographic View of Coal Particles Before (a) and After (b) Milling
Process

The characterization of coal particles was done by combined techniques of Scanning
Electron Microscope (SEM) and energy dispersive X-ray (EDX) analysis. The SEM image
and the spectrum of EDX analysis of the coal particles are presented in Figure 2 and
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Figure 3, respectively. As seen in Figure 2, coal particles have a different diameter and
almost spherical shape. The diameter of randomly selected three coal particles was
measured as 240 nm, 530 nm, and 570 nm. Due to less milling time, the diameter of coal
particles has not been obtained in nano-scale (<100 nm). EDX results in Figure 3, indicates
that more than one peaks appear in the spectrum due to many chemical substances inside
the coal particles. One can see that the highest three peaks belong to carbon, oxygen, and
iron, respectively. Also, it can be concluded that silicon, sulfur, aluminum, calcium and
magnesium and potassium present in the coal particles. But the mass ratios presented in
the spectrum may not indicate the exact mass ratios of substances since EDX analysis is
not a sensitive method to determine the elemental composition of a matter.

Figure 2. The SEM Image and of Coal Particles

Figure 3. EDX spectrum of Coal Particles



UEMK 2019 Proceedings Book -
24/25 October 2019 Gaziantep University, TURKEY 1"

/4

Produced micron-sized coal particles dispersed in diesel (D) and a diesel-biodiesel blend
(B20) fuel at a mass concentration of 300 ppm by ultrasonication process at 40 kHz for the
time duration of 30 min. At the end of the ultrasonication process, as seen in Figure 4, a
darker liquid fuel formed due to the physical color of coal particles. Micron-sized coal
particles dispersed fuels were labeled as D+C and B20+C and pure diesel fuel and B20
(20% corn oil biodiesel +80% diesel fuel by volume) was selected as base fuel.

The engine performance and emissions test were conducted on a test setup consisting of
a 4-stroke diesel engine, Eddy current dynamometer, exhaust gas analyzer, and related
measurement instruments. The engine used in this study was a single-cylinder, natural
aspirated, water-cooled, direct injection diesel engine with a cylinder bore of 87.5 mm, a
stroke of 110 mm and a compression ratio of 17.5:1. Rated engine power is 3.5 kW at full
engine load and 1500 rpm. A schematic sketch of the experimental setup is shown in
Figure 5. Engine performance and emissions test were performed at full engine load and
1500 rpm engine speed. The selected engine operating parameters yielded the same
amount of brake power output for each fuel to make a comparison. Exhaust gas analyzer
was used to measure the volumetric concentrations of CO and NOx emissions. Before
measurements, the engine was allowed to run for 30 minutes until the engine cooling
water temperature and exhaust gas temperature has reached steady-state values and all
data were measured subsequently at least three times. The average values were taken
into consideration to reduce the experimental uncertainties. Measurements were first
done for base fuels namely D and B20. After collection the base data, the engine was run
with D+C and B20+C fuel. The uncertainties of the measured and calculated quantities
are presented in Table 1.

Figure 4. The Images of Prepared Test Fuels
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Figure 5. Experimental Setup

Table 1. The Uncertainties of the Measured and Calculated Quantities

Parameter Measurement Resolution Uncertainty
Range
Brake torque 0-90 Nm 0.1 Nm +1.5 %
Engine speed 0-9999 rpm 1rpm +0.06 %
Air flow rate - - <+0.8 %
Fuel flow rate - - <£0.7 %
Temperature - 0.1°C 1°C
Brake thermal - - <+0.9 %
efficiency
CcO 0-10 % vol. 0.001 % +3%
NOx 0-4000 ppm 1 ppm + 25 ppm
RESULTS AND FINDINGS

Brake thermal efficiency (BTE) of the test fuels presented in Figure 6. Brake thermal
efficiency is a significant performance parameter used to identify the engine’s capability
to convert fuel chemical energy into useful work. It can be clearly seen in this figure that
B20 base fuel presented higher BTE than that of base diesel fuel. In spite of the low heating
value of B20 fuel, the oxygen in the chemical structure of the biodiesel could improve the
combustion quality, and thus enhance the BTE. The BTE results revealed that the
inclusion of micron-sized coal particles in both D and B20 presented an improvement in
BTE compared to base fuels. Addition of 300 ppm coal particles to D and B20 resulted in
an increase in BTE by 6.32% and 3.34%, respectively. This increase in BTE could be due
to the catalytic effect of coal particles. In addition, adding micron-sized coal particles
could improve the fuel properties such as thermal conductivity, evaporation rate and
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thus it provides short ignition delay and more complete combustion. Similar increases in
BTE by adding nanoparticles to fuel were observed by many researchers (Chen et al,,
2018; Gumus et al., 2016; Mehregan & Moghiman, 2018).
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Figure 6. Brake Thermal Efficiency

The measured exhaust temperature (EGT) of test fuels is shown in Figure 7. The highest
exhaust temperature was measured for diesel fuel owing to its high heating value. But
this is not the only reason for high exhaust temperature. The presence of oxygen in the
fuel could increase the fuel oxidation rate and decrease ignition delay, which contributes
more effective power production. In addition, low exhaust gas temperature could be
considered as the indication of the more efficient conversion of the heat energy into
effective power. This finding could be confirmed by BTE results, in other words, the fuel
that gives low exhaust temperature leads to an increment in BTE. Inclusion of micron-
sized coal particles in base fuels led to a decrease in exhaust gas temperature because of
its catalytic effect. Addition of 300 ppm coal particles to D and B20 resulted in a decrease
in EGT by 2.84% and 1.80%, respectively.
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Figure 7. Exhaust Gas Temperature

Figure 8 shows the CO emissions for test fuels. CO emission value for D and B20 was
measured as 0.14% and 0.16%, respectively. The potential reasons for high CO emission
for B20 could be its high fuel consumption, high viscosity, high density, and lower
volatility of biodiesel. At full engine load, due to low energy content more B20 fuel must
be injected in the cylinder in order to produce the equal brake power when compared to
diesel fuel, so there would not be enough time to completely burn of all injected fuel.
High viscosity and low volatility of the biodiesel could worsen the fuel-air mixing
process. As a result, CO emission increased. It is noticed also in Figure 8 that adding of
micron-sized coal particles to base fuels led to different behavior in CO emissions. It was
determined that the inclusion of 300 ppm coal particles in diesel fuel led to an increase in
CO emissions by 12.85%. This was due to the increase in the carbon content of the base
fuel (Chen et al., 2018). However, the addition of coal particles to B20 fuel presented lower
CO emission by 15.63% compared to base B20 fuel. In spite of an increase in the carbon
content of B20 fuel owing to coal particle adding, the influence of oxygen in the biodiesel
and catalytic effect of coal particles resulted in a decrease in CO emissions.

101
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All fuels that include micron-sized coal particles presented a decrease of NOx emissions
as shown in Figure 9. This was caused by the catalytic effect of coal particles that
accelerate the combustion rate. Micron-sized coal particles could reduce the ignition
delay thus less fuel being burned in the premixed combustion phase, resulting in low
NOx emissions (Heywood, 1988). Addition of 300 ppm micron-sized coal particles to D
and B20 resulted in a decrease in NOx emissions by 11.79% and 3.37%, respectively. The
trend observed in NOx emissions is in agreement with the results concluded from
research using nanoparticles (Debbarma & Misra, 2018; Pandian et al., 2017;
Paramashivaiah et al., 2018).
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Figure 9. NOx emissions
CONCLUSIONS

This study revealed that micron-sized coal particles could have the potential to replace
metal-based nanoparticles. Along with this, the coal particle could overcome the side
effects of metal nanoparticles. The obtained results from this study showed that the
addition of coal particles to diesel and B20 fuel resulted in an improvement in brake
thermal efficiency and NOx emissions. In the frame of engine experiments, no issues
related to the engine functionality were observed. This observation indicates that micron-
sized coal particles can be used in a CI without any modification.

RECOMMENDATIONS

Since this study is the first research on using micron-sized coal particles as a fuel additive,
could not be done a comprehensive experimental study, however, Authors are planning
to make further research on this subject. Further studies are required to determine coal
particle size and its dosage value, which will provide the optimum engine performance
and exhaust emissions. Another aspect should be investigated is the stability of coal
particles added fuels. In addition, an economic analysis of coal particle use should be
done.
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ABSTRACT: Exceeding of the allowable stress, loss of stability and large deflections are
the leading problems in design of beams. In most cases, beams fail due to excessive stress
under increasing loads. However, depending on the mechanical properties of the
structural material and the cross-section geometry, some beams can make undesired
large deflections without exceeding allowable stress limits. The Euler-Bernoulli beam
theory, which is a useful simplification to calculate the deflection curves of laterally
loaded beams, leads to acceptable results for small deflections. Unfortunately, this theory
fails in large deflection analysis due to invalid assumptions. Solution of the large
deflection problems mostly involves calculation of integrals and/or dealing with long
equations. This paper revisits the large deflection analysis of highly flexible beams and
presents a surrogate model to reduce the computational cost of the exhaustive procedures
involving large deflection analysis such as optimization with metaheuristics.

Key words: beam; cantilever; large deflection; deflection curve; surrogate model

INTRODUCTION

Since Bernoulli presented the first precise formulation of elastica in 1691 (Levien, 2008),
many studies are conducted on the deflection of highly flexible beams. However, it would
be appropriate to mention some of the latest studies. Barten (1945) presented the solution
for large deflection of the cantilever beam subjected to a concentrated load at its free end.
Bisshopp and Drucker (1945) introduced the solution of large deflection problem for a
cantilever beam which is subjected to a concentrated load acting at its free end in terms
of elliptic integrals. Mattiasson (1980) provided the numerical solutions of large
deflection problems for various systems including a cantilever beam subjected to a
concentrated load acting at its free end. De Bona and Zelenika (1997) presented an
analytical solution for the large deflections of slightly curved cantilever strips. Lee (2002)
studied the large deflection of cantilever beams that include material and geometrical
non-linearities; a numerical solution is presented by using a fifth order Runge-Kutta
method. Belendéz et al. (2002, 2003) conducted numerical and experimental studies on
large deflections of cantilevers. Kumar et al. (2004) presented genetic algorithms for large
deflection analysis of simply supported and cantilever beams; validating the accuracy of
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presented method by numerical solutions. Caire and Vaz (2007) investigated the large
deflection of a cantilever beam made of linear viscoelastic material that is subjected to a
concentrated load at its free end; the numerical solutions are obtained by shooting
method and a fourth order Runge-Kutta algorithm. Chen (2010) proposed an integral
approach for bending of cantilever beams which can be used to calculate large deflections
of even non-uniform beams under arbitrarily distributed loads. Scarpello and Ritelli
(2011) provided analytical solutions for large deflections of highly-flexible beams under
various loading cases concerning Lauricella hypergeometric functions and validated the
analytical results. Tari (2013) presented an approximate analytical solution for the large
deflections of cantilever beams under combined tip point loading. This paper presents a
surrogate model to calculate (approximately) the deflection curves of highly-flexible
beams with less computational effort. Consider the beam given in Figure 1.

(a) (b)
Figure 1. a) Deflected Cantilever Beam, b) Detailed View of the Deflection Curve Near
Point “n”

In Figure 1, n is an arbitrary point on the beam. x,, and y,, indicate the x and y coordinates
of the point n on the deflected beam, respectively. z is the axis of bending, L is the
cantilever length, s is the longitudinal axis of the deflected cantilever, 8 is the angle
between the x axis and the tangent of the curvature, d6 is the angle between the normals
of the infinitesimal part (ds) of the deflection curve. Finally, r is the radius of the
curvature. The infinitesimal length of the deflected beam can be calculated as ds = rd6.
Thus, with the assumption of “beam length remains the same” (which means that the s
coordinate of a random point on the beam is same for both unloaded and loaded
configurations) and “shear forces have no effect on deflection”, following equation can
be written by using the well-known relation between curvature and bending moment
(Timoshenko, 1940).

d9| M, 1
dsl ~ El, (1)
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where E is the Young's modulus, I, is the moment of inertia, and M, is the bending
moment about z axis. It can be seen from Equation 1 that the rotation function varies with
respect to the form of the bending moment gradient. Four common loading cases are
considered in this study (Figure 2), which produce moment gradients of various orders.

! p
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(c) (d)

Figure 2. Considered Loading Cases a) Constant Moment (Case I), b) Concentrated
Load at Free End (Case II), ¢) Uniformly Distributed Load (Case III), d) Combined
Loading of Concentrated Load at Free End and Uniformly Distributed Load (Case IV)

In Figure 2a, M is the magnitude of the bending moment. Similarly, P is the magnitude
of the concentrated load in Figure 2b, and q is the magnitude of uniformly distributed
load in Figures 2c and 2d. Finally, A is the concentrated load multiplier in Figure 2d.
Following equilibrium equations that relate the deformation to the load magnitude can
be written for Case I (Equation 2), Case II (Equation 3), Case III (Equation 4), and Case IV
(Equation 5).

do

El——-M=0 )
s
d<6

El— —P = 3
d§2 cos0 =0 (3)
d<6

Elﬁ—q(L—s)c059=O (4)
d?e

EIF—[q(L—s)+AqL] cosf =0 ()

Equation 2 can be solved for 8 by implementing the boundary condition that the rotation
is zero at fixed end (6 = 0 at s = 0). Boundary conditions for Equations 3, 4, and 5 are
“rotation is 0 at fixed end (8 = 0 at s = 0) and bending moment is 0 at free end (d6/ds =
0 ats = L)”; these equations (Equations 3, 4, and 5) can be solved numerically by shooting
method (Stoer and Bulirsch, 1992). Then, x and y coordinates of any point on the deflected
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beam can be calculated by Equations 6 and 7, respectively with a numerical integration
method such as Simpsons’ rule (Adams, 1999).

N

x(s) = f cos 6 ds (6)
0
N

y(s) = f sinfds (7)
0

THE SURROGATE MODEL

The form of the deflection curve depends on the load magnitude, cantilever length,
Young’s modulus, and the moment of inertia. The dimensionless coefficients for each
considered loading case are developed to be used in the surrogate model (see Table 1). It
can be said that the deflection curves of two beams having the same ¢ values under the
same loading case is identical.

Table 1. Dimensionless ¢ Coefficients

Loading Case c
C I 2ML
ase EL
PL?
Case I1
2EI,
2ql3
Case II1 q
3EL,
2qL3(1 422
Case IV M
3EL,

First, the equilibrium equations for considered loading cases (Equations 2, 3, 4, and 5) are
solved numerically for various ¢ values and interpolating rotation functions are
constructed. Then, s/L —x/L and s/L —y/L curves for each loading case are obtained
with respect to ¢ by substituting corresponding functions into Equations 6 and 7,
respectively. It is found that for any value of ¢, position of a point on the deflection curve
of a cantilever beam can be approximated by the bivariate polynomials given in
Equations 8 and 9.

x(c,s) =L Zn: Zn: K™t (%)j—l (8)
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In Equations 8 and 9, K;j and Kij; are the elements of the coefficient matrices K* and K.
Note that taking n = 5 is adequate to obtain satisfactory approximations.

TUNING

The K;j and Kl?; matrices are calculated for the values of ¢ between 0.5 and 5.0; the smallest

considered c value is determined by comparing the difference of the obtained deflection
curves with the presented study and the Euler-Bernoulli beam theory. The deflection
curve of the cantilever beams are obtained with respect to ¢ with 0.05 intervals by the
numerical procedure explained in the introduction part. Each deflection curve is obtained
precisely by calculating x and y coordinates of 100 nodes. Then, Equations 8 and 9 are
titted to three-dimensional ¢ — s/L — x/L and ¢ — s/L — y/L data with the Jaya Algorithm
(Venkata Rao, 2016). The relation between ¢ and the deflection curve for Case I is given
in Figure 3.

(a) (b)

Figure 3. The “c - Deflection Curve” Relation for Case I
a)c—s/L—x/L,byc—s/L—y/L

In Figure 3a, the relative x coordinates (x/L) are nearly equal to the relative s coordinates
(s/L) for small smaller values of c. The x/L ratio significantly decreases by increasing c¢
(as expected). The K* and K” matrices to determine the surfaces presented in Figures 3a
and 3b are given in Equations 10 and 11, respectively.

[0.04415 10001 —13.123 31.066 —24.581]
| 024174 —10.166 71.629 —169.23 133.56 |
K*=|-031872 13375 —94.038 —195.06 —174.29|107 (10)
015561 —6.5113 45651 —107.20 83.924 J
—0.01574 0.61534 —3.9213 7.4232 —1.6580
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[—0.00575 0.13550 —0.14717 —-2.4476 5.7702 1
| 0.01750 —0.16928 2496.8 22413 —38.439]|
K¥ =| 0.00560 —0.95731 12.275 —48.359 65.183 |107° (11)

Il—0.02710 1.4765 —13.011  39.995 —96.820JI
0.01541 —0.70629 5.4384 —14.547 14.014

Figure 4 presents the relation between the presented dimensionless coefficient (c¢) and
deflection curve components (x/L and y/L) for Case II

Figure 4. The “c - Deflection Curve” Relation for Case II
ayc—s/L—x/L,b)c—s/L—y/L

The K* and K” matrices are given in Equations 12 and 13, respectively for the plots given
in Figures 4a and 4b.

- 0.11104  9997.1  4.5063  591.37 —311.43
—0.22374 —2.9105 123.80 —3967.7 2042.0
K*=|-29918 151.68 —1284.6 1309.8 —381.43|107° (12)
0.78495 —36.520 279.44 —61.016 —39.487

L—0.06242  2.7950 —20.470 -6.3897 8.8000 -
—0.28538 12.833 —151.74 202.33 —68.265]

14621 —60.897 11286 —3917.2 23.091
KY =|-0.96090 22.455 —2880.8 —1322.3 1231.1 |107° (13)
—0.02927 7.0351 39255 499.63 —331.75
[ 0.01344 —1.0492 —22.147 —45567 27.497

Similarly, the “c - deflection curve” relation for uniformly distributed load along the
beam (Case III) is presented in Figure 5.
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Figure 5. The “c - Deflection Curve” Relation for Case III
ayc—s/L—x/L,b)c—s/L—y/L

The K* and K” matrices given in Equations 14 and 15 are for the surface plots presented
in Figures 5a and 5b, respectively.

—0.01965 10000 —6.3753 —3.5438 3.6387 1
0.12426 —5.4326 38.879 29.007 —26.490]|
K*=1-0.86194 41.170 -336.19 —111.48 14567 |107° (14)
0.12610 —5.2592 35.667 47.139 —36.229

L—0.00574 0.21145 -1.1818 -—3.6368 2.4140
—0.01444  0.42982 —9.6231 —7.8642 6.7851

0.07472  —-2.1664 3799.4  —2455.7 587.92
KY =1-0.08538 2.3471 —55.397 —58.508 46.695 |[107° (15)
—0.05947  2.6528 —54.706  20.043 0.99480
L 0.00628 —0.25375 5.0238 —0.58629 —0.82585

The form of the deflection curve varies due to the value of the concentrated load
multiplier (1) for Case IV. Therefore, different K* and K¥ matrices will be obtained for
each A value to build an accurate surrogate model. In this study, the results are presented
for 2 = 0.5 (Figure 6).
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(a) (b)

Figure 6. The “c - Deflection Curve” Relation for Case IV
ayc—s/L—x/L,b)c—s/L—y/L

Finally, the K* and K” matrices are given in Equations 16 and 17 to obtain the surfaces
given in Figures 6a and 6b, respectively.

—0.01594 10000 53594 —0.39736 1.6016 |

0.09815 —4.3068 30941  31.576 —24.937|
K* =|-0.68692 31774 —250.45 —424.74 28571 |1075 (16)
0.09057 —3.5500 22293 12253 —71.364)

L—0.00370 0.11617 —0.47215 —9.3590 5.1576J
(—0.00091 —-0.24091 -14.882 —24.174 15.674

—0.00214  1.6845 3829.8 —1734.0 222.61 ]|
KY =1 0.01707 —2.8634 —97.048 —195.01 121.45 |

—0.05280  2.3946 —49.975 26.717 —3.7837 J
£ 0.00461 —0.18193 5.0204 —0.20548 —0.93486

1075 (17)

VALIDATION

In this part, the results obtained by the presented model and a finite element analysis
(FEA) software are compared. The ABAQUS software is utilized for finite element
analysis; one dimensional cantilever beam models are generated and loads are applied to
the beams that satisfy certain ¢ values. The x and y coordinates of the deflection curve of
each numerical example are noted. The results are presented in the plot given in Figure 7
for c = 1.0.



‘\ UEMK 2019 Proceedings Book f"‘g 114
f .' ’ 2 24/25 October 2019 Gaziantep University, TURKEY *E"
0,0 02 0a ¥ o6 0.8 1,0
0,0
0,1
0,2
=
N
0,3
04 || eCasel
X Casell
05 [{ecCaselll
+Case IV (1=0.5)
0,6

Figure 7. The deflection curves for c = 1.0

In Figure 7, the ticks indicate the values obtained by ABAQUS software. The continuous
lines show the deflection curves obtained by the surrogate model presented in this study.
The deflection curves for ¢ = 2.0 is given in Figure 8.

0,0 0.2 oa YL o6 08 1,0
0,0

0,2
~
N
0,4
¢ Casel
0,6 || xCasell
e Caselll
+ Case IV (A=0.5)
0,8

Figure 8. The deflection curves for c = 2.0

Finally, the deflection curves for ¢ = 4.0 are as presented in Figure 9.
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Figure 9. The deflection curves for ¢ = 4.0

It can be seen from Figures 7, 8, and 9 that the results obtained by the surrogate model
perfectly coincide with the finite element solutions.

CONCLUSION

A surrogate model to calculate the deflection curves of highly flexible cantilever beams
is presented. The relation between the deflection curve shape and the loading case is
modeled by bivariate polynomials introducing dimensionless coefficients that involve
the load magnitude, cantilever length, Young’s modulus of the material, and the moment
of inertia of the beam section with respect to the bending axis. The values for parameters
of the surrogate model are provided for constant moment, concentrated load at free end,
uniformly distributed load, and combined loading of concentrated load at free end and
uniformly distributed load cases with respect to the introduced dimensionless
coefficients. Finally, the results obtained by the presented model are validated through
finite element analysis. It is shown that the presented model provide nearly identical
solutions to those obtained with the ABAQUS software. The presented surrogate model
can be used to reduce the computational cost in applications such as structural
optimization.
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