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OZET

Endiistriyel uygulamalarda sik¢a kullanimiyla karsilastigimiz 1s1 degistiricilerde, 1s1
transferini iyilestirmek igin gelistirilen yOntemlerden biri de is akigkani olarak
nanoakiskanlarin kullanilmasidir. Is akiskani olarak hibrit bakir oksit aliimina (CuO +
Al203) nanoakigkanmin kullanildigi bu ¢alismada, tiirbiilanshi akista nanoakiskanin, es
merkezli i¢ ige borulu ve plakali 1s1 degistiricilerindeki performansi deneysel olarak
incelenmistir. Deneylerde hibrit nanoakigskan, es merkezli i¢ ige borulu 1s1 degistiricisinde
agirlik¢a %0,5 ve %1 derisimlerinde, plakali 1s1 degistiricisinde agirlikga %1 derisiminde
kullanilmistir. Hibrit nanoakiskan i¢inde ¢okelmeyi engellemek ve ¢ozeltinin homojenligini
artirmak icin agirlik¢a %0,2 derisiminde Triton X-100 katyon tipi ylizey aktiflestirici ilave
edilmistir. Deneyler sonucunda 1s1 transfer katsayisindaki artis, agirlikca %0,5 ve %1
derisimlerde, es merkezli i¢ ice boru 1s1 degistiricisinde, paralel akista %4,1 ve %7.,4, zit
akista %5,4 ve %8, agirlikca %1 derisimde plakali 1s1 degistiricisinde %15,1 oraninda
olmustur.
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ABSTRACT

One of the methods developed to improve heat transfer in the heat exchangers, which are
frequently used in industrial applications, is the use of nanofluids as a working fluid. In this
study, hybrid copper oxide alumina (CuO + Al203) nanofluid was used as the working fluid
and the performance of the nanofluid in the turbulent flow in concentric tube and plate heat
exchangers was investigated experimentally. In the experiments, hybrid nanofluid was used
in concentrations of 0,5% and 1% by weight in concentric tube heat exchanger and 1% by
weight in plate heat exchanger. Triton X-100 cation type surfactant was added at a
concentration of 0,2% by weight to prevent precipitation in the hybrid nanofluid and to
increase the homogeneity of the solution. As a result of the experiments, the increase in the
heat transfer coefficient was 0,5% and 1% by weight concentration, in the concentric tube
heat exchanger, 4,1% and 7,4% in the parallel flow, 5,4% and 8% in the counter flow, and
15,1% in the plate heat exchanger at 1% by weight concentration.
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SIMGELER VE KISALTMALAR

Bu calismada kullanilmis simgeler ve kisaltmalar, agiklamalar1 ile birlikte asagida

sunulmustur.

Simgeler Aciklamalar

A Is1 transfer yiizey alan1 (m?)

D Test borusu ¢ap1 (m)

f Stirtlinme katsayist

G Yiizeye gelen toplam 1sinim miktari (W)
h Is1 tasimim katsayis1 (Wm2K)

k Is1 iletim katsayis1 (W m™ °C?)

L Test borusu uzunlugu (m)

Nu Nusselt sayisi

Pr Prandtl sayis1

Q Is1 miktar1 (W)

R Yaricap (m)

Ri I¢ ortam havasinin 1s11 direnci (m?KW™1)
Ro Dis ortam havasinim 1s1l direnci (m?KW™1)
Rw Duvar 1s1] direnci (m?KW™?)

Rt Toplam 1s1l direng (M*KW?)

Re Reynolds sayis1

Tt Cevre sicakligr (K)

Tw Duvar (Yizey) sicakhigi (K)

U Toplam 1s1 transfer katsayis1 (Wm™2K™1)
Umax Maksimum hiz (ms™?)

Vavg Ortalama hiz (ms™)

AP Basing diisiimii (Pa)

p Akigkan yogunlugu (kgm)

n Verim (%)



1. GIRIS

Refah seviyesindeki art1 yonlii biiyiime beraberinde enerji ihtiyaci da dogurmaktadir. 1973
petrol krizinden sonra enerji tiiketimindeki artis enerji kithigini ortaya ¢ikarmistir. Her yil
artmakta olan enerji ihtiyaci ve bu ihtiyacinin biiyiik cogunlugunu karsilamak i¢in kullanilan
fosil yakit rezervindeki azalis yeni kaynaklar aramaya ve mevcut kaynaklarin verimli bir
sekilde kullanilmasini zorunlu kilmistir. Mevcut teknolojinin gelisimi ve yeni teknolojilerin
saglanmasi i¢in arastirmalar yapilmaya baslamistir. Ozellikle sanayide oldukca genis bir
kullanim alanina sahip olan 1s1 degistiricilerinde, 1s1 transferinin iyilestirilmesi i¢in yapilan

calismalar oldukca fazladir.

Is1 transferi verimini artirmak enerji tasarrufu bakimindan 6nemlidir. Isitma, sogutma, enerji
iiretimi, mikro elektronik alanlar1 gibi uygulamalarda kullanilan su, madeni yag, etilen glikol
gibi temel 1s1 transferi akigkanlarinin 1s1 iletkenliklerindeki diisiik performanslari, 1s1
transferinde verimin ve hizin diisiik olmasina neden olmaktadir. Bu performansin artirilmasi
icin akigkan icerisine eklenen milimetre veya mikrometre boyutlarindaki metal partikilleri
1s1 transferi cihazlarinda ¢okelmeye bagl olarak korozyon olusmasi, kanallarda delinme ve
ani basing diisiisii gibi sikintilara yol agmaktadir. Bu tip sorunlarin ¢6ziimii i¢in akigkanlara
nano boyutta partikillerin eklenmesi ile olugan nanoakigkanlar tiretilmeye ve kullanilmaya
baslanmistir. Nanoakiskanlarin kullanilmasiyla 1si1l iletkenlik ve 1s1 kapasitesinin artmasi

dogal olarak sistemin veriminde de artis1 saglamaktadir.

Son donemlere kadar yapilan pek ¢ok calismada nanoakigkanlar tekli metal partikiller
olarak yani Al;O3 ya da CuO seklinde su ya da yag karisimina karigtirilarak kullanilmstir.
Yapilan arastirmalar sonucunda nano partikillerin hibrit olarak kullanilmasi giindeme

gelmigtir.

Bu tez ¢alismasinda bakir oksit aliimina (CuO + Al203) hibrit nanoakiskaninin es merkezli
i¢ ice boru tipi ve plakali 1s1 degistiricilerinde tiirbiilansl akis sartlarinda 1s1l performansinin
deneysel olarak incelenmesi amaglanmistir. Kurulan deney diizeneklerinde ¢esitli sicaklik
ve akig debilerinde hibrit nanoakiskandan soguk akiskana olan 1s1 transferi incelenmistir.
Elde edilen deney sonuglarinda 1sil performansin arttigi gézlemlenerek literatiire katki

saglanmstir.






2. KAYNAK TARAMASI

Is1 transferi degistiricilerinde genellikle iletim ve tasinimla 1s1 transferi ger¢eklesmektedir.
Coziimlemelerin dogrulugu agisindan 1s1 transferi degistiricileri ve bagli bulunduklari sistem

i¢indeki akisin analizi 6nemlidir.
2.1. Is1 Transferi ve Borularda Akis

Is1 akistyla olan enerji transferi iletim (kondiiksiyon), tasinim (konveksiyon) ve 1simnim
(radyasyon) olmak iizere ui¢ yontemle olabilmektedir. Iletim ile 1s1 transferi, malzeme
icerisinde meydana gelen sicaklik farkiyla gerceklesir. Akis termodinamigin 2.yasasi geregi
1s1 akismnin yiiksek sicakliktaki bélgeden diisiik sicakliktaki bdlgeye dogrudur. Iletimle 1s1
transfer h1z1 (Qjierim), sistem icerisindeki sicaklik farki ve 1s1 iletiminin gerceklestigi
dogrultuya dik yiizey alani ile dogru orantili, bu dogrultudaki uzaklikla ters orantili olarak
degismektedir. Fourier Is1 Iletim Kanunu bu durumun ifade edilebilmesi amaciyla

gelistirilmis bir bagintidir ve Kartezyen koordinatlar i¢in asagidaki sekilde ifade edilebilir

[1].

ar ar

dT
Qx = _kAE'Qy == —kAE,QZ == _kAE (21)

Tasinim ile 1s1 transferi, bir yiizey ile hareketli bir akiskan arasinda gerceklesir. Taginim
mekanizmasi bir sistem igerisindeki akis pompa, fan gibi zorlayici dis bir cihaz vasitasiyla
saglantyorsa zorlanmis tasinim, herhangi bir zorlayici dis kuvvet gerekmeden (1sinan
havanin yiikselmesi, soguyan havanin algalmasi gibi) olusuyorsa dogal taginim olarak
adlandirilir. Is1 transfer hizi, iletimle 1s1 transferine benzer olarak, tasinimla 1s1 transferi de
sicaklik farki ile dogru orantili olarak degisir ve Newton’un Soguma Yasasi bu hizin ifade

edilebilmesi i¢in gelistirilmis bir bagintidir [1].
Qtaslnlm = hA(T,, — Tf) (2.2)

Isinim ile 1s1 transferi, havasi alinmig bir ortamda bulunan ve sicakligi ¢evre kosullarindan
farkli olan bir katt malzeme ile ¢evre arasinda gerceklesir. Malzemenin yansiticilik (¢),

sogurganlik (a) ve gecirgenlik (t) 6zellikleri 1s1 transferinde etkilidir.



c+a+1=1 (2.3)

Opak malzemelerde gegirgenlik sifirdir ve boylece sogurganlik ve yansiticilik malzemenin
1s1 1simniminin belirgin degiskenleri olur. Opak bir malzemenin yiizeyinden gevreye 1sinimla
olan net 1s1 transferi, malzeme tarafindan sogurmayla gergeklesen enerji transferi ile
malzeme yiizeyinden yayilimla ger¢eklesen enerji transferi arasindaki fark kadardir. Yayma
katsaysi (g) ve Stefan-Boltzmann katsayisi (6=5,67. 10 [W m?K* ] ) 1sinimla transferde
etkilidir [1].

Ql§mlm = A(SO-T\:; —aG) (2.4)

Boru i¢indeki akis laminer, tiirbiilansli veya kararsiz halde olabilir. Diislik hizlarda laminer
akis gozlenirken akis hizinin kritik bir degeri asmasi durumunda tiirbiilansli olusur. Bu hiz
degerinden Onceki belirli hiz araliginda ise laminer ve tiirbiilansl akis arasinda kararsiz bir
akis s0z konusudur [1]. Boru i¢inde akista laminer veya tiirbiilanslt olma kosulu akigkanin
ozelliklerine, ilgilenilen probleme bagli olarak degismekle birlikte en genel kabule gore
Re<2300 i¢in akis laminer, 2300<Re<10000 i¢in akis gecis bolgesinde ve Re>10000 i¢in
akis tiirbiilansh olarak kabul edilmektedir. Laminer akis i¢in hidrodinamik giris uzunlugu ve

151l giris uzunlugu yaklasik olarak belirlenebilir ve sirasiyla asagidaki gibi yazilabilir [2].

Lh,laminer = 0,05 Re D (25)
Lt,laminer = 0,05Re PrD = Pr Lh,laminer (2-6)

Genel kabuller altinda (sikistirilamaz ve sabit termofiziksel 6zellikteki akiskanlar) dairesel

bir boru igerisinde tam gelismis akis i¢in hiz profili ise [2]:

w(r) = 2Wg(1— ) (2.7)

Benzer sekilde tam gelismis akis i¢in yazilabilen ve hem laminer hem de tiirbiilansh

durumda gegerli olan basing kaybi [2]:

2
AP = f L2 (2.8)

Dairesel bir boruda sabit yiizey akisinda (q) ve sabit yiizey sicakliginda (Ty) tam gelismis

akis i¢cin Nusselt bagintilar asagidaki sekilde bulunabilir [1].



Nu = hTD = 4.36,(qs = sabit) (2.9)

Nu =2 =3.66, (T, = sabit) (2.10)

Pratikte miihendislik problemlerinin ¢ogunda incelenen akis tiirbiilanshdir. Giris etkilerinin
borunun c¢apmin 10 kati uzaklikta ihmal edilebilir oldugunun kabul edildigi pratikte,

tiirbiilansh akista hidrodinamik ve 1s1l giris uzunluklar1 yaklasik olarak ayni alinabilir [1].

Lh,laminer = Lh,tiirbiilansll = 10D (2-11)

Bu durum bize tiirbiilansh akis i¢in giris uzunluklarinin Re sayisindan neredeyse hig
etkilenmedigini gostermektedir. Tirbiilansli boru akisi i¢in ¢ok sayida hiz profili

tiiretilmesine karsin kuvvet yasasi hiz profili bunlarin icerisinde en basiti ve en iyi bilinenidir

[2].

u o_ _ryi/m
— (1 R) (2.12)
Burada “n” Reynolds sayisina bagli olarak degisen bir sabittir ve n=7 pratikteki bir¢ok akis
icin yaklasik ¢oziimler sunar. Teorik olarak belirlenmesi zor olan tiirbiilansh akiglardaki 1s1
transfer katsayisi bagintilar1 genel olarak deneysel verilerden elde edilir. Nusselt sayisi
tiirbiilansh akista siirtiinme faktoriiyle iliskilidir ve Chilton-Colburn Benzerligi kullanilarak

yazilabilir [2].

Nu = 0,125 f Re Pr/3 (2.13)

2.2. Is1 Degistiricileri

Katt bir tabaka ile birbirinden ayrilmis, sicakliklari farkli iki veya daha fazla akigkan
arasinda birbirine karigsmaksizin 1s1 transferi gergeklestirmek i¢in kullanilan cihazlara 1s1
degistiricisi denir [3]. Is1 degistiricilerde 1s1 transferi, akigkanla yiizey arasindaki taginim ve
akiskanlar1 ayiran kati cidarla arasindaki iletimin incelenmesidir. Is1 degistiricilerinin
performansi kirlilik ve basing diisimiinden de etkilenmektedir. Is1 degistiricilerin
petrokimya, enerji santralleri, klima santralleri, 1s1 geri kazanimi, kagit iiretimi, siit ve gida
endiistrisi gibi genis bir kullanim alanina sahip olmasi liretiminde de farklilasmaya neden

olmustur. Cizelge 2.1.’de kullanilan 1s1 degistiricisi ¢esitleri gosterilmistir.



Cizelge 2.1. Is1 degistiricisi ¢esitleri

Is1 Transferi Birim Hacimdeki Is1 Kullanilan Ist Transferi
Sekline Transferi Alanina Yapisina  Akisin Akis Mekanizmasina
Gore Gore Gore Yonune Gore Gore

Tek Fazli
Dogrudan  Kompakt (700 m? /m® Zorlanmis  veya

Temaslh ’e esit ya da biiytlik) Borulu Paralel Akigh Dogal Taginim
Kompakt  Olmayan
Dolayli (700 m? /m® ‘’den Faz Degisimi ve
Temaslh klcuk) Plakal1 Karsit Akisht Isima
Kanatcikli  Capraz Akish Isima ve Tasimnim

Cok Gegisli
Rejeneratif Akish

Grafit

Boru tipi 1s1 degistiricilerinden govde borulu 1s1 degistiricilerinde akiskanlardan birisi
borunun i¢inden akarken, diger akiskan gdvde tarafinda boruya paralel veya ¢apraz olarak
akmaktadir. Yiiksek basinca dayanikli olmasi, karsit akis elde etmesinin kolay olmasi,
bakimiin kolay olmasi ve piyasadan kolay temini gibi avantajlari olan ¢ift borulu 1s1
degistiricilerinde, akigkanin biri i¢ borudan akarken digeri dig borudan akar. Genellikle
havuz ve depolardaki akiskanlarin sicakliklarinin kontrolliinde tercih edilen spiral borulu 1s1
degistiricilerinde dlz borululara gore 1s1 transfer katsayisi yiiksektir. Cevre havasinin
borularin disinda aktigi, boru i¢inden gegen akiskani sogutmak ya da yogusturmak amaciyla

hava sogutmali boru tipi 1s1 degistiricisi kullanilmaktadir [3].

. ealc Eﬂ‘ﬂlf Borular
" Ahighan Arca
Aloiglean Girigi Govde Kafz
Girizi
_lmﬁ:l'r AN A—
~— W ‘f e | ~
..,h_:: 7 ‘L‘ 77 Y ”....\
N m— N —
" r e ‘h\
7 7 1l
Asurma
On Kafa Plakan Soduic Sycale
Aloskan  Alaskan
Ciloag Ciloup

Sekil 2.1. Boru tipi 1s1 degistirici



Plakal1 1s1 degistiricilerinden contali plakali 1s1 degistiricisinde plakalar arasinda bulunan
bosluklardan sicak ve soguk akiskan birbirine karismadan akarlar. Is1 transfer katsayisinin
ve 1s1l etkinliginin yiiksek (0.90-0.95), kirlenme katsayis1 ve plaka maliyetinin diisiik olmasi,
bakiminin kolay olmasi ve ekstra plakalarin ilave edilmesi avantajlariyken conta
malzemesinin sicaklig1 kisitlamasi ve si1zint1 riskini dogurmasi, kapasitesinin sinirli olmast
ve iki fazli gaz akis i¢in uygun olmamasi dezavantajlar1 arasindadir. Spiral plakali 1s1
degistiricilerinde her biri bir akiskan i¢in uzun ince iki metal plakanin paralel kanal
olusturacak sekilde spiral seklinde sarilmasi ile elde edilir. Lamelli 1s1 degistiricilerinde ise
birbirine nokta veya elektrikli dikis kaynagi ile birbirlerine tutturulmus yassilastirilmis
borulardan (lamellerden) yapilmis bir demetin bir gévde igine yerlestirilmesiyle elde edilir.
Kaynak plakali yani contasiz plakali 1s1 degistiricileri, 30 bar basincin ve 260 °C sicakligin
iistiinde ¢alisamayan contali plakali 1s1 degistiricilerinin dezavantajlarinin giderilmesiyle
iretilmistir. Conta probleminin ortadan kaldirilip sizinti sorununun ¢dziilmesine ragmen

temizlik ve bakim i¢in sokiilemez [3].

(a) (b) (c)

Sekil 2.2. Plakali 1s1 degistiriciler (a) Spiralli, (b) Lamelli, (¢) Contali

Is1 degistiricilerinde ¢okelme/kristallesme, ¢6ziinmez kat1 parcaciklar, asinma, biyolojik ve
kimyasal reaksiyon sonucunda 1s1 degisim yiizeylerinde kirlenme meydana gelir. Kirlenme;
e Isil performans: diisQrr,
e Basing kaybini artirir,
e Asinmay1 destekler.
Asinma (korozyon), 1s1 transfer ylizeyinin deforme olmasi durumudur. Kirlenme ve asinma

olusumunu engellemek i¢in 1s1 degistiricilerine ¢esitli kimyasallar veya cihazlar eklenir [4].



2.3. Is1 Transferini Artirma Yontemleri

Bir sistemin 1s1 transferi performansini artirmak hem enerji hem de ekonomik olarak tasarruf
edilmesine olanak saglar. Is1transferi performansini etkileyen en biiyiik problem 1s1 transfer
katsayisini artirmaya yoneliktir. Is1 transfer yilizeyinde yapilacak olan iyilestirmeler verimi
onemli Ol¢iide artiracaktir. Is1 transferini etkilen diger bir faktor ise 1s1l direnctir. Isil
direncin diigmesine bagli olarak 1s1 degistiricisinin performansinda gozle goriiliir bir artis

olacaktir. Is1 transfer yiizeyleri i¢in 1s1l direng denklem 2.14’te gosterildigi sekilde yazilabilir

[5].

1 1 R; 1 R
UA nihid; M4 Nohodo  Modo

(2.14)

Is1 degistiricilerinin 1s1l performansi ile hidrolik performansi arasinda bir baglanti vardir. Is1
transferi iyilestirmesi yaparken hidrolik performans acisindan sorunlu bir yap1 olusmamast,
181 degistiricinin performans artigini saglayacaktir. Basing diigiimiine bagli olarak degisen

pompalama giiclinlin diistiriilmesi hidrolik performansi iyilestirecektir [5].

Is1 transferi iyilestirmesi i¢in kullanilan; yiizey kaplama, piiriizlii yiizey olusturma, yiizey
artirma, sokiiliip takilabilir tiirbiilator kullanimi, girdapl akis cihazi kullanimi, sarmal boru
yapilari, ylizey gerilim cihazlart ve katki maddesi eklenmesi pasif yontemler olarak
adlandirilirken, elektrostatik alan, yiizey-akiskan titresimi, vakum, jet akisi, emme ve
enjeksiyon gibi disardan ek gii¢ verilmesi gereken yontemler ise aktif yontemler olarak

adlandirilmaktadir [6].

2.4. Nanoakiskanlar

Nanoakiskanlar; boyutlar1 nm olan kat1 ile akiskan siispansiyonudur. Yapilan arastirmalar
partikiil boyutu, partikiil boyut dagilimi, nanopartikiiliin hacimsel orani, sicaklik, pH,
nanopartikiiliin ve temel akigkanin 1s1l iletkenligine bagl olarak nanoakiskanlarin geleneksel
akigkanlardan ¢ok daha iyi 1s1 transferi artis1 sagladigini ortaya koymustur. Nanoakiskanlarin

baslica 6zelliklerini siralayacak olursak [7];



o

S
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Nanoakiskanlarin en 6nemli 6zelligi, 1s1l iletkenliginin beklenenden, hatta teoriksel
tahminlerden daha fazla olmasidir. Temel akigkana kiyasla nanoakiskanin 1s1l iletkenlik
giiclii bir sekilde sicakliga baglidir. Nanopartikiillerin genis yiizey alam1 daha fazla 1s1
transferine olanak saglar.

Ayn1 zamanda nanoakiskanlarin viskoziteleri de temel akiskana kiyasla daha fazladir.
Kararlhilik: Nanoakiskanlar ¢ok kii¢iik olduklarindan agirliklar: diisiiktiir ve bu nedenle
¢Okelmesi daha azdir.

Tikanma olmadan mikro kanal sogutmasi: Nanoakigkanlar sadece 1s1 transferi
uygulamalart i¢in degil ayni zamanda yiiksek 1s1 yiiklemesi gerektiren mikro kanal
uygulamalar1 i¢in de idealdir. Mikro kanal ve nanoakiskan birlikte kullanildiginda
oldukea iletken akiskan ve genis 1s1 transfer ylizey alani saglar. Mikro partikiiller bu
sekilde uygulanamaz ciinkii mikro kanallarin tikanmasina neden olur.

Asinma (erozyon): Nanopartikiiller cok kiigtiktiirler ve kati cidara uyguladiklart ivme
cok azdir. Bu da 1s1 degistiricileri, pompalar ve boru hatlarinda ki asinma ihtimalini
azaltir.

Nanoakigkanlarin kullanilmasi pompalama giiciinii azaltir.

Stirtiinme katsayisini azaltir. Nanoakiskanlar stirtiinmeyi etkili bir sekilde diisiirebilir.
Maliyet ve enerji tasarrufu saglar. Ciinkii nanoakiskan kullanilan 1s1 degistiricisi
sistemleri daha kugcik ve daha hafif Uretilirler.

Nanoakigkanlarin uygulamalar: daha etkili akis ve yaglama, sogutma ve 1sitma saglar.
Nanoakigkanlar elektronikte, niikleer uygulamalarda, biyomedikal alet ve ekipmanlarda,

tagimacilikta ve endiistriyel sogutmada, yeni ve kritik uygulamalarda kullanilir.

2.4.1. Nanopartikill ve temel sivi

Nanopartikiil tlirtindeki cesitlilik nanoakiskanlar1 da etkilemistir. Cizelge 2.2°de de

gosterildigi gibi dort ¢esit nanoakigkan grubu vardir.
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Cizelge 2.2. Nanopartikiil tiiriine gore nanoakigkanlar

Nanopartikil Nanoakiskan

Seramik Nanoakiskanlar Al>O3, CuO, SiC

Saf Metal Nanoakiskanlar Ag, Au, Cu, Fe, Ni

Alasim Nanoakiskanlar Ag-Cu, Ag-Al, Al-Cu

Karbon Esasli Nanoakiskanlar Karbon Nanotip, Elmas, Grafit

Metal ve metal oksitleriyle kiyaslandiginda, Karbon nanotiiplerin daha yiiksek 1sil
iletkenlikleri vardir. Karbon nanotiip iceren nanoakigkanlar ilk olarak Choi et al.[8]
tarafindan calisilmistir. %1 hacimsel oraninda nanopartikiil i¢eren, ¢ok cidarli karbon
nanotupler ile a-Olefin yagindan olusan nanoakiskanin 1sil iletkenliginde %160 artis oldugu
belirtilmistir. Bunun birinci nedeni olarak da karbon nanotiiplerin 1s1l iletkenliginin grafite
benzemesi gosterilmistir. Hatta 1s1l iletkenlik degerinin, oda sicakliginda en iyi 1s1l iletken
olan dogal elmas: bile gectigi belirtilmistir. Ikinci neden olarak ise nanotiiplerin en iyi en/boy

oranina sahip olmasi gosterilmistir.

Su, etilen glikol, makine yag1 ve etanol gibi 1s1 transferinde yaygin olarak kullanilan sivilar,

nanoakiskan olusumunda temel s1v1 olarak tercih edilmektedir.

2.4.2. Nanoakiskan hazirlama yontemleri

Akiskanin 1s1l iletkenligi artirmak i¢in nanoakigkanin hazirlanmasi sirasinda kullanilan iki

yontem vardir.

Tek Adim Yontemi: Partikillerin temel sivinin igine direkt olarak dagildigi bu siire¢ direkt
buharlagtirmali, kimyasal indirgeme, tozaltt nano partikil Gretimi, lazer ablasyon,
mikrodalga 1s1ma, poliol ve faz transfer yontemlerinden olusmaktadir [10]. Wang vd. (2002)
mikrodalga 1s1ma yontemi, Lo vd. (2005) tozalti nano partikul Gretimi ile Sandhya vd. (2013)

kimyasal indirgeme yontemi CuO nanoakiskani sentezlemislerdir [11,12,13].

Iki Adim Yéontemi: Yaygin olarak kullanilan bu yéntemde, nano partikiller énce kuru toz
haline getirildikten sonra pekistirmeli manyetik gii¢ ¢alkalayicisi, ultasonik c¢alkalayici,

yiksek parcalayict karistirici, homojenlestirici veya bilyali degirmen yardimiyla
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nanoakigkanin i¢ine homojen olarak dagitilir. Bu yontemle oksit nanoakiskanlar1 hazirlamak

metal nanoakiskanlar1 hazirlamaktan olduk¢a uygundur [14].

Cizelge 2.3. Literatirdeki nanoakigkanlarin hazirlanmasiyla ilgili caligmalar

Yazar, Kaynak Nanoakiskan Yiizey Aktiflestirici

Eastman vd. (1998), [9] Al203/ Su Yok

Hong vd. (2000), [15] Karbon Nanottpler / Su  Sodyum Lauryl Sulfat
(NaC12H25S04)

Murshed vd. (2005), [16] TiO2 / Su Oleik Asit (C18H3402)

Godson vd. (2011), [17] Ag/Su Yok

Sozen vd. (2018), [18] TiO2 / Su Sodyum Dodesil Benzen
Silfonat  (CigH20NaOsS)  ve
Triton X-100

Kilig vd. (2018), [19] TiO2/Su Triton X-100

2.4.3. Nanoakiskanlarin termofiziksel 6zellikleri

Malzemelerin 1s1 gegisi ve 1s1 depolanmasiyla ilgili 6zgiil 1s1, 1s1l genlesme katsayisi, 1s1l
iletkenlik ve 1sil 1gmimi ile sicaklik, basing, 6zgiil hacim gibi termodinamik hal
degiskenlerini kapsayan Ozelliklere termofiziksel 6zellik denir. Nanoakiskanlarin
termofiziksel 6zellikleri; nanopartikillerincinsi, sekli, boyutlari, orani, temel akiskanin cinsi
gibi bir¢ok parametreye bagli olarak 6zgiil 1s1 kapasitesi, 1s1 iletim katsayisi, yogunluk ve

viskozite gibi termofiziksel 6zellikleri degismektedir.

Temel siv1 igerisine nanopartikiil eklenmesi ile olusan nanoakiskanin 1s1l iletkenligi artar.
Baslica nedeni ise nanopargaciklarin 1s1l davranisini kontrol eden Brown hareketidir. Diger
bir nedeni ise kat1 pargaciga yakin sivi molekiilleri arasindaki katmanlt yapilar sayesinde 1s1l
iletisimin olusmasidir [20]. Nanoakiskanlarin 1si1l iletkenligini etkileyen temel sivi,
nanopartikiiliin cinsi, sekli, boyutu, derisim, sicaklik ve pH gibi parametrelerle ilgili

literatiirde bir¢ok ¢alisma mevcuttur [21-39].

Cizelge 2.4’de yaygin olarak kullanilan malzemelerin 1s1 iletim katsayilari gosterilmistir
[40].
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Cizelge 2.4. Yaygin olarak kullanilan malzemeler ve 1s1 iletim katsayilari

Malzeme Tirii Malzeme Is1 iletim Katsayis1 (W/mK)
Bakir 401
Metalik Malzemeler Glimiis 429
Allminyum 237
Silisyum 148
Metalik Olmayan Alimina 40
Malzemeler Elmas 3300
Karbon Nanotupleri 3000
Su 0,613
Temel St Etilen glikol 0,253
Motor yagi 0,145

Viskozite, pompalama i¢in gerekli olan gii¢, akis kanallarinda gerceklesen basing diisiisii ve
kanal yiizeylerinde olusan asinma gibi olaylarla dogrudan iliskilidir. Nanoakiskanin
viskozitesi nano parcacik tiirii, boyutu, sekli, derisimi, kayma hizi ve sicaklik gibi bir¢cok

parametreye baglidir [41-48].

Ozgiil 1s1 nanoakiskanlarin 1s1 aktarimini etkileyen 6nemli parametrelerden bir tanesidir. Bir
maddenin 6zgil 1s1s1, 1 gram maddenin sicakligin1 1 °C yiikseltmek i¢in gerekli olan 1s1
enerjisidir. Nanoakigkanlarin 6zgiil 1s1 degerlerinin dl¢limiiyle ilgili ¢alismalar yapilarak

literatiire kazandirilmistir [49-52].

Literatiirde nanoakiskanlar ile ilgili yapilmis olan ¢alismalar sonucunda yogunlugun arttik¢a

1s1l iyilesmenin arttigi goriilmiistiir [53-55].

2.4.4. Nanoakiskanlarla 1s1 transferinin iyilestirilmesi

Is1 transferinde kullanilan akigskanlara nazaran nanoakiskanlar ihmal edilebilir basing
kaybinda iyi bir denge ile yiiksek 1s1l verim gostermistir. Endistriyel uygulamalarda
nanoakigkan kullanimi, yiizey alaninda, akiskanin 1sil kapasitesinde gosterdigi artiglar

nedeniyle 1s1 transferini biiyiik 6l¢iide artirmaktadir [56].
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2.5. Literatir Ozeti

Nanopartikiillerle yapilan, ilk calismalar Argonne National Laboratory tarafindan
ylriitilmiis fakat bu pargaciklar1 iceren sivilari nanoakiskan olarak tanimlayan ilk

aragtirmact Choi olmustur.

Choi vd. (1999), yaptiklar1 ¢alismada, suda, makine yaginda, etilen glikol ve sivi vakum
pompasi i¢inde dagitilan Al>O3, ve Cu nanopartikiillerini kullanarak akigkanlarin termal
iletkenligini hesaplamiglardir. Deneysel sonuglarina gore, nanopartikiil ve akiskan
karigimlarmin termal iletkenliklerinin temel akigskanlara bagli olarak artis gostermekte

oldugunu sdylemislerdir [57].

Daha sonra nanoakigkanlarin, 1s1 transferi iyilestirmesi konusunda biiyiik bir potansiyele
sahip oldugu goriilmiis ve bu alanda oldukga genis bir galisma ile literatiir olusturulmustur

[58-102].

Is1 transferini artirmak i¢in biikiilmis serit, diiz serit ve yay gibi katki maddesi eklenmis

nanoakigkanlarin kullanildigi ¢alismalarda vardir [103-105].

Gunlimiz sartlarinda enerjinin ¢ok pahali olmasi enerji depolamak, enerjiyi daha verimli
kullanmak ve 1s1 transfer artirma yontemlerini kullanmak bir¢ok endiistri i¢in zorunluluk
olmustur. Is1 degistiricilerinde 1s1 transferini artirmak i¢in, nanoakiskanlarin kullanilmasinin

uygun olabilecegi yapilan ¢aligmalarda belirtilmistir [106-136].

Aragtirmacilar nanoakigkanlarin 1s1l iletkenligi lizerine ¢aligmalar yapmuslardir [137-173].

Cizelge 2.5.°de de goriildiigii gibi nanopargaciklarin eklenmesi, temel akigkanin 1sil

iletkenligini ciddi ol¢iide arttirmustir.
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Cizelge 2.5. Literatiirde nanoakigkanlarin 1sil iletkenligiyle ilgili caligmalar

Yazar, Kaynak Nanopartikil ~ Temel Boyut  Partikil Isil
akiskan (nm) orani (%) iletkenlikteki

artis (%)

Chon vd. (2005), 47 4,0 29

[31]

Das vd. (2003), [34] 38,4 4,0 9,4-24,3

Chandrasekar  vd. 43 0,33-3,0 9,7

(2012), [104]

Lee vd. (2008), 30 0,01-0,3 44

[133]

Li vd. (2007), [138] 36 6,0 28,2

Zhang vd. (2007), 20 5,0 15

[139] Su

Timofeeva vd. 40 5,0 10

(2007), [140]

Chandrasekar  vd. 43 0,33-3,0  1,64-9,7

(2010), [96]

Putra vd. (2003), 131 4,0 24

[141]

Serebryakova  vd. 13 1,5 5

(2015), [142]

Syamundar vd. 36 1,5 32

(2014), [143] Etilen

Mostafizur vd, Al20s Glikol/Su 13 0,005  147-833

(2014), [144] 0,15

Pang vd. (2012), 40-50 05 10,74

[145]

Elis vd. (2015), 30-50 1,0 17

[146]

Xie vd. (2002), [25] 60,4 5,0 29

Wang vd. (1999), 28 5,0 245

[57] Etilen

Lee vd. (1999), Glikol 38,4 5,0 18

[147]

Minsta vd. (2009), CuO Su 29 3,3-9,3 15

[148]

Vajjha ve Das CuO Etilen 29 6,0 60

(2009), [149] Glikol

Sozen vd. (2016), tiip tipi 181 esanjoriinde Al2O3 ve ugucu kil dahil olmak tizere iki farkl

nanoakiskan kullanmistir. Ugucu kiil ve Al203z nanoakiskanlarinin kullanilmasinin 1sil

verimi %2,8-31,2 arasinda arttirdigini belirtmislerdir [174].

Son yillarda yapilan ¢alismalarda nanoakigkanlar hibritlenerek kullanilmaya baslanmistir

[175-177].
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Makishima (2004), yaptig1 caligmalarda iki veya daha fazla metal nanoakiskan homojen
olarak karistirildiginda elde edilen hibrit nanoakiskanin normal nanoakigkana kiyasla 1s1
transfer dzellikleri ile termofiziksel ve hidrodinamik 6zelliklerinde umut verici gelismeler

gbzlemlenmistir [178].

Hayat ve Nadeem (2017), Ag-CuOf/su hibrit nanoakigskani ile yaptigi calismada hibrit
nanoakiskanin 1s1 olusumu, kimyasal reaksiyon ve termal radyasyon varliginda bile normal
nanoakiskanlara kiyasla yiiksek 1s1 transfer hiziyla iyi bir performans ortaya koydugunu

gozlemlemislerdir [179].

Selimefendigil ve F. Oztop (2018), TiO2, Cu ve Al,Os'iin termal performansini karsilastirmas

ve Cu nanoakiskanlarin nispeten daha iyi sonuglar verdigini bulmuslardir [180].

Esfe vd. (2017), tek duvarli karbon nanotiiplerin (SWCNT) MgO-Etilen glikol hibritinin ayr1
ayrt SWCNT ve MgO nanoakigkanlarina gore 1sil iletkenligini arastirmis ve hibrit

nanoakiskanin diger iki nanoakiskana gore termal iletkenliginin yiiksek oldugunu gérmiistiir
[181].

Cizelge 2.6.’da hibrit nanoakiskanin 1s1 degistiricilerinde kullaniminin 6zeti verilmistir [182-

188].
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Cizelge 2.6. Hibrit nanoakiskanlarin 1s1 degistiricilerinde kullanimi

Yazar Temel Nano Partikl Partikul Is1 Sonug
S1v1 partikil ~ boyutu orant (%)  degistirici
(nm) tipi

Madhesh  Saf su Cu/ 55 0,1-2,0 Karsit Suya gore

vd. [182] TiO2 akish Nu sayisi
%52
artmistir.

Allahyar  Saf su AlLOs/ 80 0,1-0,4 Spiralli Suya gore

vd. [183] Ag (97,5/ 2,5) Nu sayisi
%31,58
artmistir.

Hormozi  Saf su AlLO3/ 80 0,2 Sarmal Suya gore

vd. [184] Ag (97,5/2,5) bobin Nu sayist
%6,425
artmistir.

Hussein  Etilen AIN 30 1-4 Cift Etilen

[185] glikol borulu glikole
gore Nu
sayisi
%35
artmistir.

Megatif ~ Saf su TiOo/ 27 ligcap 4, 0,1-0,2 Govde Is1

vd. [186] CNTs dis ¢ap <8 borulu transfer
katsayist
%38
artmigtir.

Bhattad Su Al>Os/ - 0,01-0,03 Plakalh Ist

vd. [187] MWCNT transfer
katsayist
%39,16
artmistir.

Bahiraei  Su CNT/ - 0,1-0,9 Mini Is1

vd. [188] FesO4 icinFe304/ kanalli transfer

0-1,35i¢in katsay1st
CNTs %53,8

artmigtir.
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3. DENEY VE YONTEM

Bu calismada, hibrit nanoakiskanin hem es merkezli i¢ ige boru tipi 1s1 degistiricisinde
paralel ve zit akis altindaki hem de plakali 1s1 degistiricisinde saf suya karst performansi

Olclilmiistiir.
Kullanilan hibrit nanoakiskanin bilesimi %99,5 saflikta, 78 nm boyutunda Al>O3
(Aliiminyum Oksit) ile %99,5 saflikta, <77 nm boyutunda CuO (Bakir Oksit) ihtiva

etmektedir.

Cizelge 3.1.’de baz1 sicaklik degerleri i¢in Al203 ve CuO igin 6zgiil 1s1 (cp) degerleri
verilmistir [189].

Cizelge 3.1. Bazi sicaklik degerleri icin Al203ve CuO i¢in 6zgiil 1s1 (cp) degerleri

T (K) Cp (J/kg. K)
A|203 CuO
200 501.368170 437.488214
250 657.604378 485.322773
300 779.219505 533.157332
350 872.000078 565.088943
400 942.909544 588.094789
500 1041.280490 618.392105
600 1103.853430 639.009366

Deneyde kullanilan nanoakiskanlarin TEM (Transmisyon Elektron Mikroskobu) goriintiileri

Resim 3.1 ve Resim 3.2°de gosterilmistir.

Resim 3.1. CuO TEM goriintisu
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Resim 3.2. Al,03 TEM goriintst

3.1. Deneysel Calisma

Calismada, nano malzemeler es merkezli i¢ ice boru 1s1 degistiricisinde saf su ile %0,5 ve
%]1, plakal1 1s1 degistiricisinde saf su ile %1 kiitlesel derisimde karistirllmistir. Hazirlanan
¢ozeltide ¢okelmelere engel olmak i¢in %0,2 oraninda (C14H220(C2H40)n) formiline sahip
yiizey aktiflestirici olan Triton X-100 maddesi eklenmistir. Yiizey aktifligi 6zelligiyle temas
acilarini azaltan Triton X-100 ‘lin kullanimi ile nano parcaciklarin dis tabakasi daha kolay

1slanmuis, yilizey geriliminin de diislis saglanmistir.

Hibrit nanoakiskanin kararli ve homojen karigsmasi i¢in, hazirlanan ¢ozelti ultrasonik banyo

cihazinda 2 saat bekletilmistir.

Resim 3.3. Ultrasonik banyo cihaz1

Cizelge 3.2. Ultrasonik banyo cihazinin 6zellikleri

Ozellik Deger
Voltaj (V/Hz) 230/50
Ultrasonik gi¢ (Peak/W) 600/300

Ultrasonik frekans (kHz) 28
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Sonug¢ olarak hazirlanan hibrit nanoakigkan ¢ozeltisi deney Oncesi ve deney sirasinda

kararlilik gostererek herhangi bir ¢okelme ya da topaklagsma sorunu ortaya ¢ikarmamaistir.

Resim 3.4.’de hibrit nanoakigkanin ultrasonik banyo cihazindan ¢iktiktan 24 saat sonraki

hali verilmistir. Goriildiigii iizere herhangi bir katilagsma veya ¢okelme sorunu olugsmamastir.

Resim 3.4. Hibrit nanoakiskan ¢ozeltisi

Es merkezli boru 1s1 degistiricisi Sekil 3.1°de de gosterildigi gibi hem paralel akisa hem de
zit akisa izin verecek sekilde tasarlanmustir. V1, V2, V3, V4 vanalan acgik V5, V6, V7
vanalari kapali konumdayken paralel akis; V1, V4, V5, V6, V7 vanalari acik V2, V3 vanalar
kapali konumdayken ise zit akis ger¢eklesmektedir.

Ta -
|
|

|T5 Tank
. Sirkiilasyon Pompasi
ITg
Soguk ,
Akiskan V6

Giris Debimetre

V3 .
- T10 ﬁ

Sekil 3.1. Es merkezli i¢ ice boru 1s1 degistiricisi deney diizenegi
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Deney diizeneginde kullanilan parametreler Cizelge 3.3’de verilmistir.

Cizelge 3.3. Es merkezli i¢ ige borulu 1s1 degistiricisi deney diizenegi parametreleri

Parametreler Ozelligi ve Kapasitesi
Pompa Basma Yiiksekligi (mSS) 1,5

Isitict Giicti (kW/Adet) 1,5

Soguk Akiskan Debimetresi (gs™) 4-50

Sicak Akiskan Debimetresi (gs™) 0,016-0,167
Isil Cift Tipi ve Sayisi J/10

Is1 Degistirici I¢ Boru I¢ Cap (mm) 7,9

Is1 Degistirici Ic Boru Dig Cap (mm) 9,5

Is1 Degistirici Dis Boru Ic Cap (mm) 111

Is1 Degistirici Dis Boru Dis Cap (mm) 12,7
Ortalama Is1 Transferi Alani (m?) 0,0288
Alas Alani (m?) 49x10°®

Es merkezli borulardan i¢teki borudan sicak akiskan olan hibrit nanoakiskan, distaki borudan
ise soguk akigkan su gegmektedir. Paslanmaz celikten imal edilmis tank igine yerlestirilmis
elektrikli 1sitict ile 1sitilan sicak akigkanin, i¢ borudaki dolasimi tek yonlu hat Uzerinde
sirkiilasyon pompa ile gergeklestirilmistir. Sistemin emniyeti i¢inse yliksek sicaklik karsi
devre kesiciler, ani basing ylikselimine kars1 disardan otomatik basing diisiirme vanasi ile
sistemdeki su seviyesini kontrol icin su seviyesi gozetleme cami yerlestirilmistir. Soguk
akiskanin debisini 6lgmek i¢in bir adet, sicak akiskanin diisiik ve yiliksek debisini ayr1 ayri
olgmek i¢in sisteme iki adet debimetre konulmustur. Sistemin sicakligimi1 6l¢gmek iginse
farkli noktalara J tipi 10 adet termokupl ile Sl¢ciim sonuglarini okuyabilmek i¢in dijital

sicaklik gostergesi yerlestirilmistir.

Plakali 1s1 degistiricisi Sekil 3.2.’de gosterildigi gibi atmosferik briilor, 1s1 degistiricisi, 60°
oluk ag¢ili 16 paslanmaz celik oluklu levhadan olusan plakali 1s1 degistirici, sicak akigkan
sirkiilasyon pompasi, debi olcer, dort adet K tipi termokupl ve dijital termometreden

olusmustur.
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i

| Sirkiilasven
Y T2 T1 Pompas1
Data Plakah Is1
Logger Degistiricisi
T4 T3
Alas Olger

v
Soguk Su Cikis

Soguk Su Giris
Sekil 3.2. Plakali 1s1 degistiricisi deney diizenegi

Iki déngiiden olusan deney diizeneginin birincisi, sicak akiskanm ana 1s1 degistiricisi ile
plakali 1s1 degistiricisi arasinda dolasan sicak dongiidiir. Akiskanin 1sitilmasinda kullanilan
atmosferik briilorde LPG kullanilmstir. ikinci dongii ise soguk suyun debimetreden gecerek
plakali 1s1 degistiricisine girdigi soguk dongiidiir. Bu dongii acik dongii olup su, 1siy1

emdikten sonra sistemden tahliye edilir.

Deney diizeneginde kullanilan parametreler Cizelge 3.4’de gosterilmistir.

Cizelge 3.4. Plakali 1s1 degistiricisi deney diizenegi parametreleri

Parametreler Ozelligi ve Kapasitesi
Plaka Uzunlugu (mm) 208

Plaka Genisligi (mm) 76

Baglanti Noktalari Arasindaki Dikey Mesafe (mm) 172

Baglanti Noktalar: Arasindaki Yatay Mesafe (mm) 42

Plaka Kalinlig1 (mm) 0,4

Plaka Sayist 16

Egim Agisi 60°

Kullanmilan Isil Cift Tipi K

Kullanilan Isil Cift Sayisi 4
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3.2. Teorik Analiz

Hazirlanan hibrit nanoakiskanin termofiziksel 6zellikleri partikiil hacmi konsantrasyonunun
(¢) fonksiyonu kullanilarak hesaplanmistir. Bu baglamda hibrit nanoakiskanin yogunlugu
Denklem 3.1°de, 6zgiil 1s1s1 Denklem 3.2°de, termal iletkenlik katsayis1 Denklem 3.3’de ve

dinamik viskozitesi Denklem 3.4°de verildigi sekildedir.

pnanoakl§kan = ¢p X (1 o d)) X ptemel swt (3'1)
= X - X .
Cpnanoakzskan ¢CP (1-¢) Cptemel st (32)
k 'k"l+2themelswt+2x¢x(k artikil~Ktemel SWL)
k — k X partiki p 33
nanoakiskan temel stvt [kpartikiil+zxktemel stm_zX¢X(kpartikﬁl_ktemel SLVL) ( )
'unanoaktskan = Hiemel sun X (1 +2.5X d)) (3'4)

Hem es merkezli i¢ i¢e borulu 1s1 degistiricisinde hem de plakali 1s1 degistiricisinde 1s1 gegisi,
sicak akiskandan atilan 1s1 (Qgcq) Ve 1sitict akiskana olan 1s1 transferi (Qsoguk) olarak

tanimlanir ve Denklem 3.5 ve 3.6’da gosterildigi sekilde hesaplanir.

Qstcak = Mgcar X Cp,stcak X (Tswak,giris - Tswak,glkls) (35)
Qsoguk = msoguk X Cp,soguk X (Tsoguk,glkls - Tsoguk,giris) (36)
Qsoguk ile Qg,cqr degerlerinin esit olmasi beklenirken 1s1 degistiricisinin performansi ve 1sil

kayiplardan kaynaklanan nedenlerden dolay1 ortalama 1s1 transfer miktar1 kullanilir.

. Qsicak+Qsoguk
Qortatama = w (37)

Es merkezli boru boyunca 1s1 gegisi, akiskan ile boru yiizeyi arasindaki 1s1 transferi Denklem

3.8 ile hesaplanr.
Q = U X AXAT, (3.8)

Burada U (W/m?K) borunun toplam 1s1 transferi katsayisii, A (m?) borunun i¢ yiizeyi 1s1
transfer alanini, AT}, ise akigkan ile boru i¢ yiizeyi arasindaki logaritmik ortalama sicaklik

farkini ifade etmektedir.
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T iris—T'sop —(T —Tso0s iri
ATln — ( sicak,giris soguk,clkl$) ( sicak,gikis soguk,glns) (39)

In Tszcak,giris_Tsoguk,glkls
TSLcak,glkls‘Tsoguk,giris

Toplam 1s1 transfer katsayis1 U (W/m?K) ise Denklem 3.10 ile hesaplanir.

u=-—2 (3.10)

T AXAT,

Q 1s1 transferi miktar1 es merkezli i¢ ice boru 1s1 degistiricisinde Qgcqr, plakall 1s1

degistiricisinde Q,ytqiamq 0larak alinir.

Sistemdeki ekserji kaybi (X) ise Denklem 3.11 ile hesaplanur.

. . T kcik . Tsop k,cik
X= (T X mszcakaktskan X Cp X IH(M)) + (Tcevre X msogukakl§kan X Cp X IH(M)) (311)

gevre sicak,giris soguk,giris

3.3. Belirsizlik Analizi

Belirsizlik analizi, deneyler sonucu elde edilen verileri degerlendirmek ile test kosullarindan,
cihaz se¢iminden, kalibrasyondan, okuma hatasi, dl¢lim problarinin tipi veya baglanti

noktalarindan kaynaklanan belirsizliklerin belirlenmesi i¢in kullanilan bir yontemdir [190].

Denklem 3.12’de bagimsiz degiskenler olarak verilen xq,x,,x3, ..., x,blyUKlerinin
etkiledigi R degeri ve bu R biyiikligiiniin toplam belirsizligi de Wgr olarak ifade
edilmektedir. Bagimsiz degiskenlerin hata oranlar1 ise wy, w,, ws, ..., w,, olarak ifade edilir
[191]. Verilerin 6lgme belirsizlikleri deneylerin (i¢ defa tekrarlanmasiyla ortalama degerler
alinmig olup her bir sicakliklik i¢in standart sapma degeri %2.0-2.4 arasindadir.

Wy = [(;—iwl)z + (;—iwz)z + -t (aTRWn)Z]l/Z (3.12)

Cizelge 3.5’de 1s1 degistiricilerinde kullanilan ekipmanlarin teknik 6zellikleri ile belirsizlik

oranlar1 verilmistir.
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Cizelge 3.5. Is1 degisticilerinde kullanilan cihazlarin 6zellikleri

Is1 Cihaz Teknik Ozellikleri Belirsizlik
Degistirici
Es Sicaklik dlgiim  J-tipi, Ol¢iim Aralig1 0°C-350°C + 0,588 °C
merkezli  cihaz Dogruluk: + 0,4% veya 0,5°C
icice boru  Akis dlcer Soguk su 4-50 gms™  Sicak su 1-10 ldk! +5,36 %
tipi Dogruluk: + 5% Tam 6lcekli okuma +513%
Sicaklik 8lgiim  K-tipi, Olgiim Aralig: -200°C-1300°C +0,519°C
Plakall ti cihazi Dogruluk: + 0,4°C
akalltip Akis oOlger Olgiim aralig1 0,8-8 Idk* +513%

Dogruluk: + 5%
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4. BULGULAR VE TARTISMA

Hibrit bakir oksit aliimina (CuO + Al2O3) nanoakiskaninin kullanildigi bu calismada,
tiirbiilansh akista nanoakiskanin, es merkezli i¢ i¢e borulu ve plakali 1s1 degistiricilerindeki

performansi deneysel olarak incelenmistir.

4.1. Es Merkezli I¢ ice Boru Is1 Degistiricisi

CuO+AI,03 hibrit nanoakigskaninin es merkezli i¢ ige borulu 1s1 degistiricisinde davranisini
belirlemek i¢in 8 1 karisimin i¢inde %0,5 ve %1 parcacik konsantrasyonlarinda, 3, 4, 5, 6, 7,
8 ve 9 I/dk akis debilerinde 10 g/sn soguk su debisi ve 72°C sicak akigkanin giris sicakligi

sartlar1 saglanarak paralel ve zit yonlii akiglarda deneyler yapilmustir.

4.1.1. Paralel Akis

Paralel yonlii akista su ve CuO+Al203/su hibrit nanoakiskani igin nanoakigkan akis hizina
bagli olarak toplam 1s1 transfer katsayisinin degisimi Sekil 4.1.’de, sicak taraf 1s1 transfer
sayisinin degisimi Sekil 4.2.°de ve soguk taraf 1s1 transfer sayisinin degisimi Sekil 4.3.’te

gosterilmistir.

——su Hibrit (%0,5) —#— Hibrit (%1)

5000
4500
4000
3500
3000

2500
2 3 4 5 6 7 8

Sicak akigkan debisi (I/dk)

Toplam 1sI transfer katsayisi (W/m2K)

©

10

Sekil 4.1. Paralel yonlii akista toplam 1s1 transfer katsayisindaki degisimi
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—+—su Hibrit (0,5%) —@— Hibrit (%1)
26000
24000
22000
20000
18000
16000
14000

12000

Sicak akigkan isi transfer katsayisi
(W/mZ2K)

10000
2 3 4 5 6 7 8

Sicak akigkan debisi (I/dk)

©

10

Sekil 4.2. Paralel yonlii akista sicak akigkan 1s1 transfer katsayisindaki degisim

——su Hibrit (%0,5)  —#— Hibrit (%1)

3900
3700

3500

Soguk akiskan isi transfer katsayisi
(W/mZ2K)
N w w
(e} = w
o o o
o o o

2 3 4 5 6 7 8
Sicak akigkan debisi (It/dk)

©

10

Sekil 4.3. Paralel yonlii akista soguk akiskan 1s1 transfer katsayisindaki degisim

%0,5 ve %1 pargacik konsantrasyonlari i¢in toplam 1s1 transfer katsayinda sirasiyla
maksimum %7,1 ve %12,4 ortalama %4,1 ve %7,4 artis saglanmistir. Bu artiglar sicak taraf
akiskan i¢in maksimum %5,2 ve %14,3 ortalama %3 ve %9,8 olurken soguk taraf iginse

maksimum %6,8 ve %12,3 ortalama %4.,4 ve %9,2’dir.
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Sekil 4.4.”de paralel akista Reynolds sayisindaki degisimin toplam 1s1 transfer katsayisindaki

degisim tlizerindeki etkisi goziikmektedir.

Paralel Akis
2
> 5000
(%]
© 4500
4
& < 4000
2 E 3500
E ~
ey E 3000
2
£ 2500
i
8_ 2000
= 7961 9288 10615 11942 13269 14596 15923
Reynolds Sayisi
e=@==saf su ==@==Hibrit 0.5% Hibrit 1%

Sekil 4.4. Paralel yonlii akista Reynolds sayis1 - toplam 1s1 transfer katsayisi iligkisi

4.1.2. Zat Aks

Z1t yonlii akista su ve CuO+Al203/su hibrit nanoakiskani i¢in nanoakiskan akis hizina bagh
olarak toplam 1s1 transfer katsayisinin degisimi Sekil 4.5.’de, sicak taraf 1s1 transfer sayisinin
degisimi Sekil 4.6.’da ve soguk taraf 1s1 transfer sayisinin degisimi Sekil 4.7.°de

gosterilmistir.

——su Hibrit (%0,5)  —— Hibrit (%1)

(o]
o
o
o

5500

5000

4500

4000

3500
2 3 4 5 6 7 8 9 10

Sicak akigkan debisi (I/dk)

Toplam 1s1 transfer katsayisi (W/m2K)

Sekil 4.5. Zit yonlii akista toplam 1s1 transfer katsayisindaki degisim
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——su Hibrit (%0,5) —— Hibrit (%1)
26000
o
> 24000
0
£ 22000 ,
Ko}
@ _ 20000
S X
= £ 18000
22
& 16000
X
24
X 14000
X
8 12000
%)
10000
2 3 4 5 6 7 8 9 10
Sicak akigkan debisi (I/dk)
Sekil 4.6. Zit yonlii akista sicak akigkan 1s1 transfer katsayisindaki degisim
——su Hibrit (%0,5) —— Hibrit (%1)
3900
5 3700
=
©
2 3500
©
X
S 3300
2 ~~
£ 3100
G E
g
S < 2900 .
X
24
® 2700
4
>
2 2500
n 2 3 4 5 6 7 8 9 10

Sicak akigkan debisi (I/dk)

Sekil 4.7. Zat yonlii akista soguk akigkan 1s1 transfer katsayisindaki degisim

%0,5 ve %] parcacik konsantrasyonlar1 i¢in toplam 1s1 transfer katsayinda sirasiyla
maksimum %9,5 ve %11,8 ortalama %5,4 ve %8 artis saglanmistir. Bu artislar sicak taraf
akiskan i¢in maksimum %9,2 ve %15,9 ortalama %3,7 ve %10,5 olurken soguk taraf i¢inse

maksimum %5,4 ve %11 ortalama %2,9 ve %9 ‘dur.
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Sekil 4.8.°de zit yonlii akista Reynolds sayisindaki degisimin toplam 1s1 transfer
katsayisindaki degisim iizerindeki etkisi gdziikmektedir.

Zit Akis

5800
5600
5400
5200
5000
4800
4600
4400
4200
4000
7961 9288 10615 11942 13269 14596 15923

Toplam isi transfer katsayisi (W/m?2K)

Reynolds Sayisi

==@=s5af Su ==@==Hibrit 0.5% Hibrit 1%

Sekil 4.8. Zit yonlii akista Reynolds sayisi - toplam 1s1 transfer katsayisi iligkisi

CuO+Al203 hibrit nano malzemenin saf su ile %1 kiitlesel derisimde hazirlanmis ¢6zeltisi
plakali 1s1 degistiricisinde soguk akigkanin hacimsel debisi 3, 4, 5, 6 ve 7 l/dk igin soguk
akiskan giris sicakligi 21 °C iken ¢ikis sicakligi 40, 45, 50 ve 55°C “de test edilmistir. Sicak
akiskan, sirkiilasyon pompasi yardimiyla ana 1s1 degistirici ile plakali 1s1 degistirici arasinda

19 1/dk debiyle dolasmaktadir. Plakali 1s1 degistiricisinde kullanilan plaka sayis1 16°dir.

40°C soguk akiskan ¢ikis sicakliginda yapilan ¢alismada toplam 1s1 transfer katsayisindaki
artts maksimum %34 ortalama %21,7 (Sekil 4.9) olurken birim zamanda transfer edilen 1s1
miktarindaki artis maksimum %17,6 ortalama %11,7 (Sekil 4.10) ve soguk akiskana olan 1s1
transfer katsayisindaki artis maksimum %34,6 ortalama %23,6 (Sekil 4.11) olmustur.



30

40 °C —8—su —@—nanoakigkan
5000
4000
3000
2000

1000

Soguk akiskan debisi (I/dk)

Toplam Isi Transfer Katsayisi (U(W/m2K))

Sekil 4.9. Toplam 1s1 transfer katsayisindaki degigim (40°C)

40 °C =@==Su  ==@=Nanoakiskan

11000
10000
9000
8000
7000
6000
5000
4000
3000

2000
2 3 4 5 6 7

Birim Zamanda Transfer Edilen Isi
Miktari (Q (W))

Soguk Akiskan Debisi (I/dk)

Sekil 4.10. Birim zamanda transfer edilen 1s1 miktarindaki degisim (40°C)
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40 °C —@—su —@—nanoakigkan

7000
6000

5000
4000 ®

3000
2000
1000

Soguk Akiskana Olan Isi Transferi (h (W/m2K))

Soguk akiskan debisi (I/dk)

Sekil 4.11. Soguk akiskana olan 1s1 transfer katsayisindaki degisim (40°C)

Soguk akigkan ¢ikis sicakliginin 45°C oldugu ¢alismada toplam 1s1 transfer katsayisindaki
artts maksimum %15,2 ortalama %11,7 (Sekil 4.12) olurken birim zamanda transfer edilen
1s1 miktarindaki artig maksimum %16,3 ortalama %12 (Sekil 4.13) ve soguk akiskana olan
1s1 transfer katsayisindaki artis maksimum %21,1 ortalama %15,9 (Sekil 4.14) olmustur.

45 oC =S ==@==Nanoakiskan

4500
4000
3500
3000
2500
2000
1500

1000
2 3 4 5 6 7 8

Soguk Akiskan Debisi (I/dk)

Toplam Isi Transfer Katsayisi (U(W/m?2K

Sekil 4.12. Toplam 1s1 transfer katsayisindaki degisim (45°C)
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45 oC =@=3Su  =@=Nanoakigkan

13000

11000

9000

7000

5000

3000

Birim Zamanda Transfer Edilen Isi Miktari (Q
(W))

N
w

4 5 6
Soguk Akiskan Debisi (I/dk)

~
(o]

Sekil 4.13. Birim zamanda transfer edilen 1s1 miktarindaki degisim (45°C)

45 °C == Su ==@==Nanoakiskan

6000
5500
5000
4500
4000
3500
3000
2500

2000
2 3 4 5 6

Soguk Akiskan Debisi (I/dk)

~
(o]

Soguk Akiskana Olan Isi Transferi (h (W/mZ2K))

Sekil 4.14. Soguk akiskana olan 1s1 transfer katsayisindaki degisim (45°C)

50°C soguk akigkan ¢ikis sicakliginda yapilan ¢alismada toplam 1s1 transfer katsayisindaki
artts maksimum %23,8 ortalama %14,5 (Sekil 4.15) olurken birim zamanda transfer edilen
1s1 miktarindaki artig maksimum %15,6 ortalama %12,1 (Sekil 4.16) ve soguk akiskana olan
181 transfer katsayisindaki artis maksimum %22,4 ortalama %14,9 (Sekil 4.17) olmustur.



50 °C «=@==Su  ==@==Nanoakiskan

__ 4500
4000
3500
3000
2500
2000
1500

1000
2 3 4 5 6 7

Soguk Akiskan Debisi (I/dk)

Toplam Isi Transfer Katsayisi (U (W/mZK)

Sekil 4.15. Toplam 1s1 transfer katsayisindaki degisim (50°C)

50 °C ==y ==@==Nanoakiskan
17000
15000
13000
11000
9000
7000
5000

3000
2 3 4 5 6 7

Soguk Akiskan Debisi (I/dk)

Birim Zamanda Transfer Edilen Isi Miktari
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Sekil 4.16. Birim zamanda transfer edilen 1s1 miktarindaki degisim (50°C)
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Sekil 4.17. Soguk akigkana olan 1s1 transfer katsayisindaki degisim (50°C)

Son olarak soguk akiskan ¢ikis sicakliginin 55°C oldugu ¢alismada ise toplam 1s1 transfer
katsayisindaki artis maksimum %26,3 ortalama %16,3 (Sekil 4.18) olurken birim zamanda
transfer edilen 1s1 miktarindaki artis maksimum %26 ortalama %15,6 (Sekil 4.19) ve soguk
akigkana olan 1s1 transfer katsayisindaki artis maksimum %39,1 ortalama %20,8 (Sekil 4.20)

olmustur.

55 °C =@=Su  =@=Nanoakiskan
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Toplam Isi Transfer Katsayisi (U (W/mZ2K))

Sekil 4.18. Toplam 1s1 transfer katsayisindaki degisim (55°C)
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Sekil 4.19. Birim zamanda transfer edilen 1s1 miktarindaki degisim (55°C)
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Sekil 4.20. Soguk akiskana olan 1s1 transfer katsayisindaki degisim (55°C)

Yapilan deneyler sonucu sicakliga bagli olarak toplam 1s1 transfer katsayisindaki iyilesme
oranlar1 Sekil 4.21°de, birim zamanda transfer edilen 1s1 miktarindaki iyilesme oranlar1 Sekil
4.22°de ve soguk akiskana olan 1s1 transfer katsayisindaki iyilesme oranlar1 Sekil 4.23’te

gosterilmistir.
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Toplam IsI Transfer Katsayisi (U (W/m?K))
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Sekil 4.21. Toplam 1s1 transfer katsayisindaki iyilesme oranlari

Birim Zamanda Transfer Edilen Isi Miktari (Q (W))
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Sekil 4.22. Birim zamanda transfer edilen 1s1 miktarindaki iyilesme oranlari
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Soguk Akiskana Olan Isi Transferi (h (W/m?K))
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Sekil 4.23. Soguk akiskana olan 1s1 transfer katsayisindaki iyilesme oranlari

Plakal1 1s1 degistiricisinde yapilan deneyler sonucunda, toplam 1s1 transfer katsayisinda
ortalama %15,1; birim zamanda transfer edilen 1s1 miktarinda ortalama %12,8 ve soguk

akiskana olan 1s1 transfer katsayisindaki artista da ortalama 9%18,1°lik bir artis

gbzlemlenmistir.
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5. SONUCLAR VE ONERILER

Bu tez calismasinda CuO+Al;O;z hibrit nanoakigkaninin, es merkezli i¢ ige boru 1s1
degistiricisinde, paralel ve zit akis kosullarinda kiitlece %0,5 ve %1 derisimlerinde, sicak
akigkanin giris sicakligi 72°C ile 3, 4, 5, 6, 7, 8 ve 9 1/dk akis debisinde, plakali 1s1
degistiricisinde ise kiitlece %1 derisiminde soguk akiskanin hacimsel debisi 3, 4, 5, 6 ve 7
I/dk i¢in soguk akiskan ¢ikis sicakligi 40, 45, 50 ve 55°C ‘de 1sil verim {iizerindeki

performansi incelenmistir.

Es merkezli i¢ ice boru 1s1 degistiricisinde yapilan deneylerde, %0,5 pargacik
konsantrasyonunda toplam 1s1 transfer katsayisinda paralel akista %4,1, zit akista %9,5, %1
parcacik konsantrasyonunda ise toplam 1s1 transfer katsayisinda paralel akista %7,4, zit
akista %11,8 artis saglandig1 sonucuna ulagilmistir. Par¢acik konsantrasyonundaki artis ile
1s1 transferindeki iyilesmenin aynmi dogrultuda seyrettigi goriilmiistiir. Ayrica 1s1
degistiricisinde paralel akis yerine zit akisin tercih edilmesi durumunda verimin artacagina

da deneyler sonucunda elde edilen veriler ile ulasilmistir.

Plakal1 1s1 degistiricisinde yapilan deneylerde, %1 pargacik konsantrasyonunda toplam 1s1
transfer katsayisinda %15,1 oraninda artis saglandigi Olgiilmistiir. Ayrica plakali 1s1
degistiricisinde kullanim1 sirasinda elektronik gaz valfi iizerinde yapilan olgiimlerde,
nanoakiskanin saf suya kiyasla daha diisiik basin¢larda daha yiiksek hacimsel debilere ¢iktig1
saptanmistir. Olgiim cihazinda, soguk akiskan cikis sicakligi 55°C°de 7 1/dk debiye
cikildiginda saf suda LPG basmcinin 21.39 mbar oldugu okunurken, hibrit nanoakiskanin
ayni1 kosullarda kullanildig1 deney sirasinda LPG basincinin 19.65 mbar oldugu goriilmiistiir.
Bu degerler kiyaslandiginda CuO+Al2O3 hibrit nanoakiskani tercih edildigi zaman LPG
kullanimindaki azalis olacagi bunun da hem yakit tasarrufu saglayacagi hem de ¢cevreye CO2

saliniminda azalma olacagi sonucuna ulasilmistir.

Yapilan deneyler sonucunda elde edilen verilerde, CuO+Al>O3 hibrit nanoakiskaninin
geleneksel c¢alisma akigskanlarina gore yiliksek 1s1 taginim katsayisina sahip oldugu
goriilmiistiir. Bu da hibrit nanoakigkanin 1s1 transferi uygulamalar i¢in iyi bir alternatif

olabilecegini gostermektedir. Ayrica 1 litre LPG yakiminda g¢evreye 1,51 kilogram CO>
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[192] salindig1 g6z Oniine alindiginda CuO+Al203 hibrit nanoakigkaninin dogayla barisik bir

kullanma akiskan1 oldugu asikardir.

CuO+Al203 hibrit nanoakiskaninin 1sil verim tizerine etkisiyle ilgili yapilacak diger
caligmalarda kiitlece %1,5-2 derisimleri denenebilir. Es merkezli i¢ ige boru 1s1
degistiricisinde soguk akiskan suyun debisi 15-20 gr/s i¢in bakilabilir. Ayrica plakali 1s1
degistiricisinde plaka sayisinin hibrit nanoakiskanin verime katkis1 iizerinde etkisi

olcilebilir.

Gilinlimiizde nanoakigkan kullaniminda karsilasilan basing diistisiinden kaynakli yiik kaybi,
pompalama guclindeki artis, yiiksek maliyetli olusu gibi zorluklar kullanim alanindaki
yayilimini azaltmaktadir. Sanayide yaygin kullanimina gecilmesi i¢in bilimsel arastirmalar
ve deneyler ile karsilasilan sorunlarin ¢6ziime kavusturulmasi gerekmektedir. Kullanilacak
1s1 degistiricisine uygun nanoakigkan, uygun konsantrasyon ve ¢aligma sicakliginda se¢imi
yapilmalidir. Ayrica, bilimsel calismalarin arastirma odakli degil sonu¢ odakli olarak

yapilmasi ile sanayide kullaniminin yayginlagsmasinin saglanacagi tahmin edilmektedir.



10.

11.

12.

13.

14.

15.

41

KAYNAKLAR

Cengel, Y. A., (2011). Is: ve Kiitle Transferi, Ugiincii Basim, Giiven Bilimsel, Izmir.

Cengel, Y. A., ve Cimbala, M. J., (2015). Akiskanlar Mekanigi, Ugiincii Basim, Palme
Yayincilik, Ankara.

Genceli, O.F. (1999). Is: Degistiricileri, Birsen Yayinevi, Istanbul.

Kacar, E. N. ve Erbay, L. B., (2013). Is: Degistiricilerin Tasarimina Bir Baks,
Mdhendis ve Makina, Ankara.

Saha, K. S., Tiwari, M., Sunden, B., and Wu, Z., (2016). Advances in Heat Transfer
Enhancement, Springer, Switzerland.

Kelesoglu, B., (2010). Yon Degistiren Kanal Akislarinda Isi Transferinin Incelenmesi,
Doktora Tezi, YTU Fen Bilimleri Enstitiisii, Istanbul.

Goharshadi E.K., Ahmadzadeh H., Samiee S. and Hadadian M., (2013). Nanofluids for
Heat Transfer Enhancement-A Review, Physicsl Chemistry Research, 1 (1), 1-33.

Choi S.U.S., Zhang Z.G., Yu W., Lockwood F.E. and Grulke E.A., (2001). Anomalous
Thermal Conductivity Enhancement in Nanotube Suspensions, Applied Physics
Letters, 79, 2252-2254.

Eastman, J. A., Choi, U. S,, Li, S., Thompson, L. J., and Lee, S. (1998). Enhanced
Thermal Conductivity through the Development of Nanofluids. Materials Research
Society Symposium-Proceedings, California, USA.

Angayarkanni, S.A. and Philip, J., (2015). Review on thermal properties of nanofluids:
Recent developments, Advances in Colloid and Interface Science, 225:146-176.

Wang, H., Xu, J.Z., Zhu, J.J. and Chen, H.Y., (2002). Preparation of CuO nanoparticles
by microwave irradiation, Journal of Crystal Growth, 244: 88-94.

Lo, C.H., Tsung, T.T., Chen, L.C., Su, C.H. and Lin, H.M., (2005). Fabrication of
copper oxide nanofluid using submerged arc nanoparticle synthesis system (SANSS),
Journal of Nanoparticle Research, 7.

Sandhya, S.U. and Nityananda, S.A., (2013). A Facile One Step Solution Route to
Synthesize Cuprous Oxide Nanofluid, Nanomaterials and Nanotechnology.

Solangi, K.H., Kazi, S.N., Luhur, M.R., Badarudin, A., Amiri, A., Sadri, R., Zubir,
M.N.M., Gharahkhani, S. and Teng, K.H., (2015). A comprehensive review of thermo-
physical properties and convective heat transfer to nanofluids, Energy, 89:1065-1086.

Hong, T. K., Yang, H. S., and Choi, C. J. (2000). Study of the enhanced thermal
conductivity of Fe nanofluids. Journal of Applied Physics, 97, 1-4.


https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=zqI_ZOq-b18GC2rT9c2JGsm9G7myIHX2TRvGY2i66BdCV8dr1ih2dYz5O0UbM-DH
http://www.physchemres.org/article_2791.html
https://www.researchgate.net/publication/224436606_Anomalous_Thermal_Conductivity_Enhancement_in_Nanotube_Suspension
https://www.osti.gov/biblio/459378-enhanced-thermal-conductivity-through-development-nanofluids
https://www.researchgate.net/publication/281546567_Review_on_Thermal_Properties_of_Nanofluids_Recent_Developments
https://www.sciencedirect.com/science/article/pii/S0022024802015713
https://link.springer.com/article/10.1007/s11051-004-7770-x
https://www.researchgate.net/publication/286610623_A_Facile_One_Step_Solution_Route_to_Synthesize_Cuprous_Oxide_Nanofluid
https://www.sciencedirect.com/science/article/pii/S0360544215008610
https://www.researchgate.net/publication/224493078_Study_of_the_Enhanced_Thermal_Conductivity_of_Fe_Nanofluids

42

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Murshed, S.M.S., Leong, K.C. and Yang, C. (2005). Enhanced Thermal Conductivity
of TiO2 Water Based Nanofluids, International Journal of Thermal Sciences, 44(4),
367-373.

Godson Asirvatham L., Raja B., Lal DM. and Wongwises S. (2011). Convective heat
transfer of nanofluids with correlations, Particuology, 9, 626-631.

Sozen, A., Gurd, M., Menlik, T., Karakaya, U. and Ciftci, E. (2018). Experimental
Comparison of Triton X-100 And Sodium Dodecyl Benzene Sulfonate Surfactants on
Thermal Performance of TiO2-Deionized Water Nanofluid in a Thermosiphon.
Experimental Heat Transfer, 42, 138-149.

Kilg, F., Sozen, A., and Menlik, T. (2018). Effect of Titanium Dioxide/Water
Nanofluid Use on Thermal Performance of The Flat Plate Solar Collector. Solar
Energy, 164, 101-108.

Keblinski, P, Eastman, J.A. and Cahill, D.G. (2005). Nanofluids for Thermal Transport,
Materials Today, 8(6), 36-44.

Wei X., Zhu H., Kong T. and Wang L.(2009).Synthesis and Thermal Conductivity of
Cu20 Nanofluids, International Journal of Heat and Mass Transfer, 52:4371-4374.

Long J., Dong J., Wang X., Ding Z., Zhang Z., Wu L., Li Z. and Fu X. (2009),
Photochemical Synthesis of Submicronand Nano-Scale Cu20 Particles, Journal of
Colloid and Interface Science, 333 791-799.

Tok, ALY, Boey, F.Y.C. and Zhao, X.L (2006), Novel Synthesis of AI203
Nanoparticles by Flame Spray Pyrolysis, Journal of Materials Processing Technology,
178 270-273.

Gongcalves, J. S., Santos, V., Leal, S. H., Santos Juniorl, L. S., Santosl, M. R. M. C.,
Longo, E. and Matos, J. M. E. (2009), Experimental Variables in The Synthesis of
Anatase Phase TiO2 Nanoparticles, 11th International Conference on Advanced
Materials, Rio de janeiro Brazil.

Xie, H., Wang, J., Xi, T., Liu, Y. and Ai, F. (2002). Dependence of The Thermal
Conductivity of Nanoparticle-Fluid Mixture on The Base Fluid, Journal of Materials
Science Letters, 21(9), 1469-1471.

Yang, L., Xu, J., Du, K. and Zhang, X. (2017). Recent Developments on Viscosity and
Thermal Conductivity of Nanofluids, Powder Technology, 317, 348-369.

Eastman, J.A., Choi, S.U.S., Li, S. and Tohmpson, L.J. (2001). Anomalously Increased
Effective Thermal Conductivities of Ethyleneglycol-Based Nanofluids Containing
Copper Nanoparticles, Applied Physics Letters, 78(6), 718-720.

Xie, H., Wang, J., Xi, T. and Liu, Y. (2002). Thermal Conductivity of Suspensions
Containing Nanosized SiC Particles, International Journal of Thermophysics, 23(2),
571-580.


https://www.sciencedirect.com/science/article/pii/S129007290500013X
https://www.sciencedirect.com/science/article/pii/S1674200111001398
https://www.tandfonline.com/doi/full/10.1080/08916152.2018.1445673
https://www.researchgate.net/publication/327722152_Effect_of_titanium_dioxidewater_nanofluid_use_on_thermal_performance_of_the_flat_plate_solar_collector
https://www.sciencedirect.com/science/article/pii/S1369702105709366
https://www.sciencedirect.com/science/article/pii/S0017931009002695
https://www.ncbi.nlm.nih.gov/pubmed/19278684
https://www.researchgate.net/publication/242258226_Novel_Synthesis_of_Al2O3_Nano-Particles_by_Flame_Spray_Pyrolysis
https://www.sbpmat.org.br/icam2009dir/submission/autor/arquivos/BB590.pdf
https://link.springer.com/content/pdf/10.1023/A:1020060324472.pdf
https://www.sciencedirect.com/science/article/pii/S0032591017303583
https://www.researchgate.net/publication/224439140_Anomalously_Increased_Effective_Thermal_Conductivity_of_Ethylene_Glycol-Based_Nanofluids_Containing_Copper_Nanoparticles
https://link.springer.com/article/10.1023/A:1015121805842

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

43

Lomascolo, M., Colangelo, G., Milanese, M. and Risi, A. (2015). Review of Heat
Transfer in Nanofluids: Conductive Convective and Radiative Experimental Results,
Renewable and Sustainable Energy Reviews, 43, 1182-1198.

Teng, T.P., Hung, Y.H., Teng, T.C., Mo, H.E. and Hsu, H.G. (2010). The effect of
Alumina/Water Nanofluid Particle Size on Thermal Conductivity, Applied Thermal
Engineering, 30(14-15), 2213-2218.

Chon, C.H., Kihm K.D., Lee S.P. and Choi S.U.S. (2005). Empirical Correlation
Finding The Role of Temperature and Particle Size for Nanofluid (Al203) Thermal
Conductivity Enhancement, Applied Physics Letters, 87(15), 153107.

Kang, H.U., Kim, S.H., and Oh, J.M. (2006). Estimation of Thermal Conductivity of
Nanofluid Using Experimental Effective Particle Volume, Experimental Heat
Transfer, 19(3), 181-191.

Duangthongsuk, W. and Wongwises, S. (2009). Measurement of Temperature-
Dependent Thermal Conductivity and Viscosity of TiO2-water Nanofluids,
Experimental Thermal and Fluid Science, 33(4), 706-714.

Das, S.K., Putra, N., Thiesen, P. and Roetzel, W. (2003). Temperature Dependence of
Thermal Conductivity Enhancement for Nanofluids, Journal of Heat Transfer, 125(4),
567-574.

Abareshi, M., Goharshadi, E.K., Zebarjad, S.M., Fadafan, H.K. and Youssefi, A.
(2010). Fabrication Characterization and Measurement of Thermal Conductivity of
Fe304 Nanofluids, Journal of Magnetism and Magnetic Materials, 322(24), 3895-
3901.

Ding, Y., Alias, H., Wen, D. and Williams, R.A. (2006). Heat Transfer of Aqueous
Suspensions of Carbon Nanotubes (CNT Nanofluids), International Journal of Heat
and Mass Transfer, 49(1-2), 240-250.

Xie, H., Wang, J., Xi, T., Liu, Y., Ai, F. and Wu, Q. (2002). Thermal Conductivity
Enhancement of Suspensions Containing Nanosized Alumina Particles, Journal of
Applied Physics, 91(7), 4568-4572.

Wang, X., Zhu, D. and Yang, S. (2009). Investigation of pH and SDBS on
Enhancement of Thermal Conductivity in Nanofluids, Chemical Physics Letters,
470(1-3), 107-111.

Hong, K.S., Hong, T.K. and Yang, H.S. (2006). Thermal Conductivity of Fe
Nanofluids Depending on The Cluster Size of Nanoparticles, Applied Physics Letters,
88(3), 031901.

Das, S. K., Choi, S. U., Yu, W., and Pradeep, T. (2007). Nanofluids: Science and
Technology (First edition). New Jersey: John Wiley & Sons Publication.


https://www.sciencedirect.com/science/article/pii/S1364032114010338
https://www.sciencedirect.com/science/article/pii/S1359431110002425
https://aip.scitation.org/doi/abs/10.1063/1.2093936?journalCode=apl
https://www.tandfonline.com/doi/full/10.1080/08916150600619281
https://www.sciencedirect.com/science/article/pii/S0894177709000156
https://www.researchgate.net/publication/275382317_Temperature_Dependence_of_Thermal_Conductivity_Enhancement_for_Nanofluids
https://www.sciencedirect.com/science/article/pii/S0304885310005421
https://www.sciencedirect.com/science/article/pii/S0017931005004618
https://aip.scitation.org/doi/10.1063/1.1454184
https://www.sciencedirect.com/science/article/pii/S0009261409000475
https://aip.scitation.org/doi/10.1063/1.2166199

44

41.

42.

43.

44,

45,

46.

471.

48.

49,

50.

51.

52.

Nguyen, C.T., Desgranges, F., Galanis, N., Roy, G., Maré¢, T., Boucher, S. and Mintsa,
H.A. (2008). Viscosity data for Al203-water nanofluid-hysteresis: is heat transfer
enhancement using nanofluids reliable, International Journal of Thermal Sciences,
47(2), 103-111.

Suganthi, K.S. and Rajan, K.S, (2012). Temperature induced changes in ZnO — water
nanofluid: zeta potential, size distribution and viscosity profiles, International Journal
of Heat and Mass Transfer, 55(25-26), 7969-7980.

Turgut, A., Tavman, I., Chirtoc, M., Schuchmann, H.P., Sauter, C. and Tavman, S.
(2009). Thermal conductivity and viscosity measurements of water-based TiO2
nanofluids, International Journal of Thermophysics, 30(4), 1213-1226.

Sundar, S.L., Singh, M.K. and Sousa, A.C.M. (2013). Investigation of thermal
conductivity and viscosity of Fe304 nanofluid for heat transfer applications,
International Communications in Heat and Mass Transfer, 44, 7-14.

Saeedinia, M., Akhavan-Behabadi, M.A. and Razi, P. (2012). Thermal and rheological
characteristics of CuO—Base oil nanofluid flow inside a circular tube, International
Communications in Heat and Mass Transfer, 39(1), 152-159.

Chandrasekar, M., Suresh, S. and Bose, A.C. (2010) Experimental investigations and
theoretical determination of thermal conductivity and viscosity of Al203/water
nanofluid, Experimental Thermal and Fluid Science, 34(2), 210-216.

Halelfadl, S., Estellé, P., Aladag, B., Doner, N. and Maré, T. (2013). Viscosity of
carbon nanotubes water-based nanofluids: influence of concentration and temperature,
International Journal of Thermal Sciences, 71, 111-117.

Yu, W., Xie, H., Chen, L. and Li, Y. (2009). Investigation of thermal conductivity and
viscosity of ethylene glycol based ZnO nanofluid, Thermochimica Acta, 491(1-2), 92-
96.

Wang, B.X., Zhou, L.P. and Peng, X.F. (2006). Surface and size effects on the specific
heat capacity of nanoparticles, International Journal of Thermophysics, 27(1), 139-
151.

Tiznobaik, H. and Shin, D. (2013). Enhanced specific heat capacity of high-
temperature molten salt-based nanofluids, International Journal of Heat and Mass
Transfer, 57(2), 542-548.

De Robertis, E., Cosme, E.H.H., Neves, R.S., Kuznetsov, A.Y., Campos, A.P.C. and
Landi, S.M. (2012). Application of the modulated temperature differential scanning
calorimetry technique for the determination of the specific heat of copper nanofluids,
Applied Thermal Engineering, 41, 10-17.

Liu, Y.and Yang, Y. (2017). Investigation of specific heat and latent heat enhancement
in hydrate salt based TiO2 nanofluid phase change material, Applied Thermal
Engineering, 124, 533-538.


https://www.sciencedirect.com/science/article/pii/S1290072907000579
https://www.sciencedirect.com/science/article/pii/S0017931012006618
https://link.springer.com/article/10.1007/s10765-009-0594-2
https://www.sciencedirect.com/science/article/pii/S0735193313000420
https://www.sciencedirect.com/science/article/pii/S0735193311001734
https://www.sciencedirect.com/science/article/pii/S0894177709001678
https://www.sciencedirect.com/science/article/pii/S129007291300080X
https://www.sciencedirect.com/science/article/pii/S0040603109001373
https://link.springer.com/content/pdf/10.1007/s10765-006-0022-9.pdf
https://www.sciencedirect.com/science/article/pii/S0017931012008289
https://www.sciencedirect.com/science/article/pii/S1359431112000051
https://www.researchgate.net/publication/317249985_Investigation_of_specific_heat_and_latent_heat_enhancement_in_hydrate_salt_based_TiO_2_nanofluid_phase_change_material

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

45

Pastoriza-Gallego, M.J., Casanova, C, Paramo, R. and Pineiro, M.M. (2009). A study
on stability and thermophysical properties (density and viscosity) of AlI203 in water
nanofluid, Journal of Applied Physics, 106(6), 123-129.

Ganeshkumar, J., Kathirkaman, D., Raja, K. and Velraj, R. (2015). Experimental study
on density, thermal conductivity, specific heat and viscosity of water ethylene glycol
mixture dispersed with carbon nanotubes, Thermal Secience, 21, 255-265.

Teng, T.P. and Hung, Y.H. (2014). Estimation and experimental study of the density
and specific heat for alumina nanofluid, Journal of Experimental Nanoscience, 9(7),
707-718.

Shanthi, R., Anandan, S. and Ramalingam V., (2012). “Heat Transfer Enhancement
Using Nanofluids An overview”, Thermal Science, C. 16, S. 2, s. 423-444.

Choi, S., Wang, X. and Xu, X. (1999). Thermal Conductivity of Nanoparticle-Fluid
Mixture, Journals of Thermophysics and Heat Transfer, 13, 474-480.

Colangelo, G., Favale E., Laforgia D. and Rissi A. (2011). Results of Experimental
Investigations on the Heat Conductivity of Nanofluids Based On Diathermic Oil for
High Temperature Applications, Applied Energy, 97, 828-833.

Alizad, K., Shafahi M. and Vafai, K. (2012). Thermal Performance and Operational
Attributes of the Startup Characteristics of flat-shaped Heat Pipes Using Nanouids, Int.
J. Heat Mass Transfer, 55, 140-155.

Alasadi, M., Albadr, J. and Tayal, S. (2013). Heat Transfer Through Heat Exchanger
Using AI203 Nanofluid at Different Concentrations, Case Studies in Thermal
Engineering, 1, 38-44.

Dumitrache, F., Huminic, A., Huminic, G. and Morjan, 1., (2001). Experimental Study
of the Thermal Performance of Thermosyphon Heat Pipe using Iron Oxide
Nanoparticles, International Journal of Heat and Mass Transfer, 54(1), 656-661.

Sonawane, S. S., Khedkar, R. S. and Wasewar K. L. (2013). Water to Nanofluids Heat
Transfer in Concentric Tube Heat Exchanger: Experimental Study, International
Conference on Engineering, 51, 318-323.

Kumar, M., Yadav, V. K., Verma, B. and Srivastava, K. K., (2015). Experimental study
of convective heat transfer in miniature double tube hair-pin heat exchanger, Procedia
Technology, 24:669-676.

Chavda, N. K., (2015). Effect of Nanofluid on Heat Transfer Characteristics of Double
Pipe Heat Exchanger: Part-II: Effect Of Copper Oxide Nanofluid, International
Journal of Research in Engineering and Technology, 4(4):688- 697.

Prasad, P. D., Gupta, A. V. S. S. K. S., and Deepak, K., (2015). Investigation of
trapezoidal-cut twisted tape insert in a double pipe U-tube heat exchanger using
Al203/water nanofluid, Procedia Materials Science, 10:50-63.


https://aip.scitation.org/doi/abs/10.1063/1.3187732?journalCode=jap
https://www.researchgate.net/publication/276512825_Experimental_study_on_density_thermal_conductivity_specific_heat_and_viscosity_of_water_-_ethylene_glycol_mixture_dispersed_with_carbon_nanotubes
https://www.tandfonline.com/doi/full/10.1080/17458080.2012.696219
https://www.researchgate.net/publication/257837053_Heat_transfer_enhancement_using_nanofluids_An_overview
https://www.researchgate.net/publication/254954603_Termal_Conductivity_of_Nanoparticle-Fluid_Mixture
https://www.sciencedirect.com/science/article/pii/S0306261911007239
https://pdfslide.net/documents/thermal-performance-and-operational-attributes-of-the-startup-characteristics.html
https://www.sciencedirect.com/science/article/pii/S2214157X13000075
https://www.sciencedirect.com/science/article/pii/S0017931010004801
https://jmerd.org.my/Paper/Vol.%2041,%20No.%201%20(2018)/190-198.pdf
https://www.researchgate.net/publication/305109874_Experimental_Study_of_Friction_Factor_During_Convective_Heat_Transfer_in_Miniature_Double_Tube_Hair-pin_Heat_Exchanger
https://www.researchgate.net/publication/277510552_Effect_Of_Nanofluid_On_Heat_Transfer_Characteristics_Of_Double_Pipe_Heat_Exchanger_Part-II_Effect_Of_Copper_Oxide_Nanofluid
https://www.sciencedirect.com/science/article/pii/S2211812815002631

46

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Saeedan, M., Nazar, A. R. S., Abbasi, Y., and Karimi, R., (2016). CFD Investigation
and neutral network modeling of heat transfer and pressure drop of nanofluids in double
pipe helically baffled heat exchanger with a 3-D fined tube, Applied Thermal
Engineering, 100:721-729.

Pak B.C. and Cho Y., (1998). Hydrodynamic and heat transfer study of dispersed fluids
with submicron metallic oxide particle, Experimental Heat Transfer, 11 (1998), pp.
151-170.

Wen D. and Ding Y., (2004). Experimental investigation into convective heat transfer
of nanofluid at the entrance region under laminar flow conditions, International
Journal of Heat Mass Transfer, 47, 5181-5188.

Anoop K.B., Sundararajan T. and Das S.K., (2009b). Effect of particle size on the
convective heat transfer in nanofluid in the developing region, Int. J. Heat Mass
Transfer, 52 (9-10), 2189-2195.

Heris S.Z., Esfahany M.N. and Etemad S.G., (2007). Experimental investigation of
convective heat transfer of Al203/water nanofluid in circular tube, International
Journal of Heat Mass Transfer, 28, 203—210.

Hwang K.S., Jang S.P. and Choi S.U.S., (2009). Flow and convective heat transfer
characteristics of water-based AI203 nanofluids in fully developed laminar flow
regime, International Journal of Heat Mass Transfer, 52, 193-199.

Sommers A.D. and Yerkes K.L., (2010). Experimental investigation into the
convective heat transfer and system-level effects of Al203-propanol nanofluids,
Journal of Nanoparticle Research, 12, 1003-1014.

Fotukian S.M. and Esfahany M.N., (2010a). Experimental study of turbulent
convective heat transfer and pressure drop of dilute CuO/water nanofluid inside a
circular tube, International Communications in Heat and Mass Transfer, 37, 214-2109.

Fotukian S.M. and Nasr Esfahany M., (2010b). Experimental investigation of turbulent
convective heat transfer of dilute y-Al203/water nanofluid inside a circular tube,
International Journal of Heat and Fluid Flow, 31, 606-612.

Tiwari, A. K., Ghosh, P. and Sarkar, J. (2013). Performance comparison of the Plate
Heat Exchanger using Different Nanofluids, Experimental Thermal and Fluid Science,
49, 141-151.

Sarafraz, M. M., and Hormozi, F. (2015). Intensification of forced convection heat
transfer using biological nanofluid in a double-pipe heat exchanger, Experimental
Thermal and Fluid Science, 66:279-289.

El-Maghlany, W. M., Hanafy, A. A., Hassan, A. A. and El-Magid, M. A., (2016).
Experimental study of Cu-water nanofluid heat transfer and pressure drop in a
horizontal double-tube heat exchanger, Experimental Thermal and Fluid Science,
78:100-111.


https://www.sciencedirect.com/science/article/pii/S1359431116300758
https://www.tandfonline.com/doi/abs/10.1080/08916159808946559
https://www.sciencedirect.com/science/article/pii/S0017931004002984
https://www.sciencedirect.com/science/article/pii/S0017931009000180
https://www.researchgate.net/publication/222693593_Experimental_investigation_of_convective_heat_transfer_of_Al2O3water_nanofluid_in_circular_tube
https://www.sciencedirect.com/science/article/pii/S0017931008003931
https://link.springer.com/article/10.1007/s11051-009-9657-3
https://www.sciencedirect.com/science/article/pii/S0735193309002486
https://www.sciencedirect.com/science/article/pii/S0142727X10000536
https://www.researchgate.net/publication/257295107_Performance_comparison_of_the_plate_heat_exchanger_using_different_nanofluids
https://www.sciencedirect.com/science/article/pii/S0894177715000977
https://www.sciencedirect.com/science/article/pii/S089417771630139X

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

47

Goodarzi, M., Kherbeet, A. S., Afrand, M., Sadeghinezhad, E., Mehrali, M., Zahedi,
P., Wongwises, S. and Dahari, M., (2016). Investigation of heat transfer performance
and friction factor of a counter-flow double-pipe heat exchanger using nitrogen-doped,
graphene-based nanofluids, International Communications in Heat and Mass Transfer,
76:16-23.

Pourahmad, S., and Pesteei, S. M., (2016). Effectiveness-NTU analyses in a double
tube heat exchanger equipped with wavy strip considering various angles, Energy
Conversion and Management, 123:462-469.

Sundar, S. L., Bhramara, P., Ravi Kumar, T. N., Singh, K. M., and Sousa, M. C. A,
(2017). Experimental heat transfer, friction factor and effectiveness analyis of FE304
nanofluid flow in a horizontal plain tube with return bend and wire coil inserts, Internal
Journal of Heat and Mass Transfer, 109:440-453.

Mousavi, S. V., Sheikholeslami, M., and Gerdroodbary, M. B., (2016). The Influence
of magnetic field on heat transfer of magnetic nanofluid in a sinusoidal double pipe
heat exchanger, Chemical Engineering Research and Design, 113:112-124.

Alhusseny, A., Turan, A., and Nasser, A., (2017). Rotating metal foam structures for
performance enhancement of double-pipe heat exchangers, International Journal of
Heat and Mass Transfer, 105:124-139.

Sumathi, B. A. L., and Vijay, K., (2017). Cfd Analysis on Double Pipe Hair-Pin Heat
Exchanger with Different Nano Fluids, 1JITR, 5(3):6471-6476.

Xuan Y. and Li Q., (2003). Investigation on convective heat transfer and flow features
of nanofluids, Journal of Heat Transfer, 125,151-155.

Chen H., Yang W., He Y., Ding Y., Zhang L. and Tan C., (2008b). Heat transfer and
flow behaviour of aqueous suspensions of titanate nanotubes (nanofluids), Powder
Technology, 183, 63-72.

Duangthongsuk W. and Wongwises S., (2008a), Heat transfer enhancement and
pressure drop characteristics of TiO2-water nanofluid in a double-tube counter flow
heat exchanger, International Journal of Heat Mass Transfer. 52, 2059-2067.

Duangthongsuk W. and Wongwises S., (2008b). Effect of thermophysical properties
models on the predicting of the convective heat transfer coefficient for low
concentration nanofluids, International Communications in Heat and Mass Transfer.
35, 1320-1326.

Yang Y., Zhang Z.G., Grulke E.A., Anderson W.B. and Wu G., (2005). Heat transfer
properties of nanoparticle-in-fluid dispersions (nanofluids) in laminar flow, Int. J. Heat
Mass Transfer, 48 (6), 1107-1116.

YuW., France D.M., Smith D.S., Singh D., Timofeeva E.V. and Routbort J.L., (2009).
Heat transfer to a silicon carbide/water nanofluid, International Journal of Heat Mass
Transfer, 2, 3606-3612.


https://www.researchgate.net/publication/303179556_Investigation_of_heat_transfer_performance_and_friction_factor_of_a_counter-flow_double-pipe_heat_exchanger_using_nitrogen-doped_graphene-based_nanofluids
https://www.sciencedirect.com/science/article/pii/S0196890416305520
https://www.sciencedirect.com/science/article/pii/S0017931016335207
https://www.researchgate.net/publication/305393542_The_Influence_of_magnetic_field_on_heat_transfer_of_magnetic_nanofluid_in_a_sinusoidal_double_pipe_heat_exchanger
https://www.sciencedirect.com/science/article/pii/S0017931016316696
https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwixi8HC_uznAhVkTxUIHQh-CpYQFjAAegQIAhAB&url=https%3A%2F%2Fwww.ijitr.com%2Findex.php%2Fojs%2Farticle%2Fdownload%2F1762%2Fpdf&usg=AOvVaw2ugDKDPZNvW03Sw2ZC9yfS
https://asmedigitalcollection.asme.org/heattransfer/article-abstract/125/1/151/463264/Investigation-on-Convective-Heat-Transfer-and-Flow?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S0032591007005839
https://www.sciencedirect.com/science/article/pii/S0017931008006248
https://www.sciencedirect.com/science/article/pii/S0735193308001516
https://www.sciencedirect.com/science/article/pii/S0017931004004508
https://www.sciencedirect.com/science/article/pii/S0017931009001719

48

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Williams W., Buongiorno J. and Hu L.W., (2008). Experimental investigation of
turbulent convective heat transfer and pressure loss of alumina/water and
zirconia/water nanoparticle colloids (nanofluids) in horizontal tubes, Journal of Heat
Transfer, 130, 042412/1-042412/7.

Rea U., McKrell T., Hu L.W. and Buongiorno J., (2009). Laminar convective heat
transfer and viscous pressure loss of alumina—water and zirconia—water nanofluids,
International Journal of Heat and Mass Transfer, 52, 2042—-2048.

Buongiorno J., (2006). Convective transport in nanofluids. Journal of Heat Transfer,
128, 240-50.

Sharma K.V., L. Sundar Syam and Sarma P.K., (2009). Estimation of heat transfer
coefficient and friction factor in the transition flow with low volume concentration of
Al203 nanofluid flowing in a circular tube and with twisted tape insert, International
Communications in Heat and Mass Transfer, 36, 503-507.

Sundar L.S. and Sharma K.V., (2010a). Turbulent heat transfer and friction factor of
Al203 nanofluid in circular tube with twisted tape inserts, International Journal of
Heat and Mass Transfer, 53, 1409-1416.

Sundar L.S. and Sharma K.V., (2010b). Heat transfer enhancements of low volume
concentration Al203 nanofluid and with longitudinal strip inserts in a circular tube,
International Journal of Heat and Mass Transfer, 53 (19-20), 4280-4286.

Chandrasekar M., Suresh S. and Chandra Bose A., (2010). Experimental studies on
heat transfer and friction factor characteristics of Al203/water nanofluid in a circular
pipe under laminar flow with wire coil inserts, Experimental Thermal and Fluid
Science, 34 (2), 122-130.

Suresh S., Chandrasekar M. and Chandrasekhar S., (2011a). Experimental studies on
heat transfer and friction factor characteristics of CuO/water nanofluid under turbulent
flow in a helically dimpled tube, Experimental Thermal and Fluid Science, 35, 542—
549.

Suresh S, Chandrasekar M and Selvakumar P., (2011b). Experimental studies on heat
transfer and friction factor characteristics of CuO/water nanofluid under laminar flow
in a helically dimpled tube. Heat Mass Transfer, doi:10.1007/s00231-011-0917-2.

Suresh S., Venkitaraj K.P. and Selvakumar P., (2011c). Comparative study on thermal
performance of helical screw tape inserts in laminar flow using Al203/water and
CuO/water nanofluids, Superlattices and Microstructures, 49, 608-622.

Suresh S. Venkitaraj, K.P., Selvakumar P. and Chandrasekar M., (2012a). A
comparison of thermal characteristics of Al203/water and CuO/water nanofluids in
transition flow through a straight circular duct fitted with helical screw tape inserts,
Experimental Thermal and Fluid Science, 39, 37-44.


https://www.researchgate.net/publication/245362883_Experimental_Investigation_of_Turbulent_Convective_Heat_Transfer_and_Pressure_Loss_of_AluminaWater_and_ZirconiaWater_Nanoparticle_Colloids_Nanofluids_in_Horizontal_Tubes
https://www.sciencedirect.com/science/article/pii/S0017931008006200
https://asmedigitalcollection.asme.org/heattransfer/article-abstract/128/3/240/477257/Convective-Transport-in-Nanofluids?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S0735193309000505
https://www.sciencedirect.com/science/article/pii/S0017931009006760
https://www.sciencedirect.com/science/article/pii/S001793101000298X
https://www.sciencedirect.com/science/article/pii/S0894177709001460
https://www.sciencedirect.com/science/article/pii/S0894177710002463
https://link.springer.com/article/10.1007/s00231-011-0917-2
https://www.sciencedirect.com/science/article/pii/S0749603611000486
https://www.sciencedirect.com/science/article/pii/S0894177712000052

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

49

Wongcharee K. and Eiamsa-ard S., (2011). Enhancement of heat transfer using
CuO/water nanofluid and twisted tape with alternate axis, International
Communications in Heat and Mass Transfer, 38, 742—748.

Wongcharee K. and Eiamsa-ard S., (2012). Heat transfer enhancement by using
CuO/water nanofluid in corrugated tube equipped with twisted tap, International
Communications in Heat and Mass Transfer, 39, 251-257.

Saeedinia M, Akhavan-Behabadi MA and Nasr M., (2012). Experimental study on heat
transfer and pressure drop of nanofluid flow in a horizontal coiled wire inserted tube
under constant heat flux, Experimental Thermal and Fluid Science, 36, 158-168.

Suresh S., Selvakumar P., Chandrasekar M. and Srinivasa Raman V., (2012b).
Experimental studies on heat transfer and friction factor characteristics of AI203/water
nanofluid under turbulent flow with spiraled rod inserts, Chemical Engineering and
Processing, 53 24-30.

Chandrasekar M., Suresh S. and Senthilkumar T.,(2012). Mechanisms proposed
through experimental investigations on thermophysical properties and forced
convective heat transfer characteristics of various nanofluids — A review, Renewable
and Sustainable Energy Reviews, 16(6),3917-3938.

Chun BH, Kang HU and Kim SH, (2008). Effect of alumina nanoparticles in the fluid
on heat transfer in double-pipe heat exchanger system, Korean Journal of Chemical
Engineering, 25 (5), 966-971.

Daungthongsuk W. and Wongwises S., (2007). A critical review of convective heat
transfer of nanofluids, Renewable and Sustainable Energy Reviews. 11/ 5, 797-817.

Duangthongsuk W. and Wongwises S., (2010). An experimental study on the heat
transfer performance and pressure drop of TiO2—-water nanofluids flowing under a
turbulent flow regime, Int. J. Heat Mass Transfer, 53 (1-3), 334-344.

Demir H, Dalkilic AS, Kirekci NA, Duangthongsuk W and Wongwises S., (2011).
Numerical investigation on the single phase forced convection heat transfer
characteristics of TiO2 nanofluids in a double-tube counter flow heat exchanger,
International Communications in Heat and Mass Transfer, 38 (2), 218-228.

Zamzamian A, Oskouie SN, Doosthoseini A, Joneidi and Pazouki A M., (2011).
Experimental investigation of forced convective heat transfer coefficient in nanofluids
of AI203/EG and CuO/EG in a double pipe and plate heat exchangers under turbulent
flow, Experimental Thermal and Fluid Science, 35 (3), 495-502.

Gut, J. A. W., and Pinto, J. M. (2003). Modeling of plate heat exchangers with
generalized configurations. International Journal of Heat and Mass Transfer, 46,
2571-2585.

Gut, J. A. W., and Pinto, J. M. (2004). Optimal configuration design for plate heat
exchangers. International Journal of Heat and Mass Transfer, 47, 4833-4848.


https://www.sciencedirect.com/science/article/pii/S0735193311000479
https://www.researchgate.net/publication/257241262_Heat_transfer_enhancement_using_CuOwater_nanofluid_in_corrugated_tube_equipped_with_twisted_tape
https://www.sciencedirect.com/science/article/pii/S0894177711001919
https://www.sciencedirect.com/science/article/pii/S0255270112000049
https://www.sciencedirect.com/science/article/pii/S1364032112001967
https://link.springer.com/article/10.1007/s11814-008-0156-5
https://www.sciencedirect.com/science/article/pii/S1364032105000626
https://www.sciencedirect.com/science/article/pii/S0017931009005055
https://www.sciencedirect.com/science/article/pii/S0735193310002939
https://www.sciencedirect.com/science/article/pii/S089417771000227X
https://www.sciencedirect.com/science/article/pii/S0017931003000401
https://www.sciencedirect.com/science/article/pii/S0017931004002170

50

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

125.

Dovic, D., Palm, B., and Svaic, S. (2009). Generalized correlations for predicting heat
transfer and pressure drop in plate heat exchanger channels of arbitrary geometry.
International Journal of Heat and Mass Transfer, 52, 4553-4563.

Gherasim, 1., Galanis, N., and Nguyen, C. T. (2009). Effects of dissipation and
temperature-dependent viscosity on the performance of plate heat exchangers. Applied
Thermal Engineering, 29, 3132-3139.

Lin,J. H., Huang, C. Y. and Su, C. C. (2007). Dimensional analysis for the heat transfer
characteristics in the corrugated channels of plate heat exchangers. International
Communications in Heat and Mass Transfer, 34, 304-312.

Lee, H., Hwang, Y., Radermacher, R. and Chun, H. H. (2013). Thermal and hydraulic
performance of sinusoidal corrugated plate heat exchanger for low temperature lift heat
pump. International Journal of Refrigeration, 36, 689-700.

Luan, Z., Zhang, G., Tian, M., and Fan, M. (2008). Flow resistance and heat transfer
characteristics of a new-type plate heat exchanger. Journal of Hydrodynamics, Ser. B,
20, 524-529.

Vlasogiannis, P., Karagiannis, G., Argyropoulos, P., and Bontozoglou, V. (2002). Air-
water two-phase flow and heat transfer in a plate heat exchanger. International Journal
of Multiphase Flow, 28, 757-772.

Benli, H., GUl, H., ve Durmus, A. (2006). Degisik yiizey profiline sahip tek gegisli
plaka tipli 1s1 degistiricilerinde 1s1 transferinin incelenmesi. Firat Universitesi Fen ve
Muhendislik Bilimleri Dergisi, 18, 569-575.

Zhu, J., and Zhang, W. (2004). Optimization design of plate heat exchangers (PHE) for
geothermal district heating systems. Geothermics, 33, 337-347.

Dwivedi, A. K., and Das, S. K. (2007). Dynamics of plate heat exchangers subject to
flow variations. International Journal of Heat and Mass Transfer, 50, 2733-2743.

Sencan, A., Selbas, R., ve Kilig, B. (2010). Isitma ve sogutma uygulamalarinda
kullanilan plakali 1s1 esanjorlerinin deneysel analizi. Tubav Bilim Dergisi, 3, 35-44.

Bayram, G., ve Sahin, A. S. (2004). Plakali 1s1 esanjoriinde farkli sogutkanlar
kullanilarak iki farkli sogutma sisteminin deneysel analizi. Sileyman Demirel
Universitesi Yekarum E-Dergi, 2, 20-25.

Devecioglu A. G. and Orug, V. (2017). The influence of plate-type heat exchanger on
energy efficiency and environmental effects of the air-conditioners using R453A as a
substitute for R22. Applied Thermal Engineering, 112, 1364-1372.

Yang, J., Jacobi, A., and Liu, W. (2017). Heat transfer correlations for single-phase
flow in plate heat exchangers based on experimental data. Applied Thermal
Engineering, 113, 1547-1557.


https://www.sciencedirect.com/science/article/pii/S0017931009001975
https://www.sciencedirect.com/science/article/pii/S1359431109001239
https://www.sciencedirect.com/science/article/pii/S0735193306002302
https://www.sciencedirect.com/science/article/pii/S0140700712003076
https://www.sciencedirect.com/science/article/pii/S100160580860089X
https://www.sciencedirect.com/science/article/pii/S0301932202000101
https://atif.sobiad.com/index.jsp?modul=makale-detay&Alan=fen&Id=AV72Thu7ylTLcd5mnza1
https://www.researchgate.net/publication/240432159_Optimization_design_of_plate_heat_exchangers_PHE_for_geothermal_district_heating_systems
https://www.sciencedirect.com/science/article/pii/S0017931006006612
https://dergipark.org.tr/en/download/article-file/200864
https://dergipark.org.tr/en/download/article-file/204138
https://www.sciencedirect.com/science/article/pii/S1359431116328551
https://www.sciencedirect.com/science/article/pii/S1359431116326680

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

51

Kumar, B., Soni, A., and Singh, S. N. (2018). Effect of geometrical parameters on the
performance of chevron type plate heat exchanger. Experimental Thermal and Fluid
Science, 91, 126-133.

Gherasim, 1., Taws, M., Galanis, N., and Nguyen, C. T. (2011). Heat transfer and fluid
flow in a plate heat exchanger part I. experimental investigation. International Journal
of Thermal Sciences, 50, 1492-1498.

Gherasim, I., Galanis, N., and Nguyen, C. T. (2011). Heat transfer and fluid flow in a
plate heat exchanger. Part 11: assessment of laminar and two-equation turbulent models.
International Journal of Thermal Sciences, 50, 1499-1511.

Tiwari, A. K., Ghosh, P., and Sarkar, J. (2013). Heat transfer and pressure drop
characteristics of CeO2/water nanofluid in plate heat exchanger, Applied Thermal
Engineering, 57, 24-32.

Srinivas, T., and Vinod, A. V. (2015). Heat transfer enhancement using cuo/water
nanofluid in a shell and helical coil heat exchanger. Procedia Engineering, 127, 1271-
1277.

Tiwari, A. K., Ghosh, P. and Sarkar, J. (2015). Particle concentration levels of various
nanofluids in plate heat exchanger for best performance. International Journal of Heat
and Mass Transfer, 89, 1110-1118.

Eiamsa-ard, S., Kiatkittipong, K., and Jedsadaratanachai, W. (2015). Heat transfer
enhancement of TiO2/water nanofluid in a heat exchanger tube equipped with
overlapped dual twisted-tapes. Engineering Science and Technology an International
Journal, 18, 336-350.

Huang, D., Wu, Z., and Sunden, B. (2016). Effects of hybrid nanofluid mixture in plate
heat exchangers. Experimental Thermal and Fluid Science, 72, 190-196.

Kumar, V., Tiwari A. K., and Ghosh, S. K. (2016). Effect of chevron angle on heat
transfer performance in plate heat exchanger using ZnO/water nanofluid. Energy
Conversion and Management, 118, 142-154.

Sarafraz, M., and Hormozi, F. (2016). Heat transfer, pressure drop and fouling studies
of multiwalled carbon nanotube nanofluids inside a plate heat exchanger. Experimental
Thermal and Fluid Science, 72, 1-11.

Behrangzadeh, A., Heyhat, M. M. (2016). The effect of using nano-silver dispersed
water based nanofluid as a passive method for energy efficiency enhancement in a plate
heat exchanger. Applied Thermal Engineering, 102, 311-317.

Lee, J. H., Hwang, K. S., Jang, S. P., Lee, B. H., Kim, J. H., Choi, S. U. S., and Choi,
C. J. (2008). Effective viscosities and thermal conductivities of aqueous nanofluids
containing low volume concentrations of AI203 nanoparticles. International Journal
of Heat and Mass Transfer, 51, 2651-2656.


https://www.sciencedirect.com/science/article/pii/S0894177717302959
https://www.sciencedirect.com/science/article/pii/S1290072911000949
https://www.sciencedirect.com/science/article/pii/S1290072911000937
https://www.sciencedirect.com/science/article/pii/S1359431113002251
https://www.sciencedirect.com/science/article/pii/S1877705815038436
https://www.sciencedirect.com/science/article/pii/S0017931015006225
https://www.researchgate.net/publication/272892700_Heat_transfer_enhancement_of_TiO2water_nanofluid_in_a_heat_exchanger_tube_equipped_with_overlapped_dual_twisted-tapes
https://www.sciencedirect.com/science/article/pii/S0894177715003325
https://www.sciencedirect.com/science/article/pii/S0196890416302333
https://www.sciencedirect.com/science/article/pii/S0894177715003192
https://www.researchgate.net/publication/299360424_The_effect_of_using_nano-silver_dispersed_water_based_nanofluid_as_a_passive_method_for_energy_efficiency_enhancement_in_a_plate_heat_exchanger
https://www.sciencedirect.com/science/article/pii/S0017931007006680

52

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Li, C. H., and Peterson, G. P. (2007). The effect of particle size on the effective thermal
conductivity of Al203-water nanofluids. Journal of Applied Physics, 101, 312-320.

Zhang, X., Gu, H., and Fujii, M. (2007). Effective thermal conductivity and thermal
diffusivity of nanofluids containing spherical and cylindrical nanoparticles.
Experimental Thermal and Fluid Science, 31, 593-599.

Timofeeva, E. V., Gavrilov, A. N., McCloskey, J. M., and Tolmachev, Y. V. (2007).
Thermal conductivity and particle agglomeration in alumina nanofluids: experiment
and theory. Physics Review, 76, 203-221.

Putra, N., Roetzel, W., and Das, S. K. (2003). Natural convection of nanofluids. Heat
and Mass Transfer, 39, 775-784.

Serebryakova, M. A., Dimov, S. V., Bardakhanov, S. P., and Novopashin, S. A. (2015).
Thermal conductivity, viscosity and rheology of a suspension based on Al203
nanoparticles and mixture of 90% ethylene glycol and 10% water. International
Journal of Heat and Mass Transfer, 83, 187-191.

Syamsundar, L., Venkata Ramana, E., Singh, M. K., and Sousa, A. C. M. (2014).
Thermal conductivity and viscosity of stabilized ethylene glycol and water mixture
Al203 nanofluids for heat transfer applications: an experimental study. International
Communications in Heat and Mass Transfer, 56, 86-95.

Mostafizur, R. M., Bhuiyan, M. H., Saidur R., and Abdulaziz, A. R. (2014). Thermal
conductivity variation for methanol based nanofluids. International Journal of Heat
and Mass Transfer, 76, 350-356.

Pang, C., Jung, J. Y., Lee, J. W,, and Kang, Y. T. (2012). Thermal conductivity
measurement of methanol-based nanofluids with AI203 and SiO2 nanoparticles.
International Journal of Heat and Mass Transfer, 55, 5597-5602.

Elis, J. M. E., Suganthi, K. S., Manikandan, S., Anusha, N., and Rajan, K. S. (2015).
Cerium oxide—ethylene glycol nanofluids with improved transport properties:
preparation and elucidation of mechanism. Journal of the Taiwan Institute of Chemical
Engineers, 49, 183-191.

Lee, S. Choi, S. U. S, Li, S., and Eastman, J. A. (1999). Measuring thermal
conductivity of fluids containing oxide nanoparticles. ASME Journal of Heat Transfer,
121, 280-289.

Mintsa, H. A., Roy, G., Nguyen, C. T., and Doucet, D. (2009). New temperature
dependent thermal conductivity data for water-based nanofluids. International Journal
of Thermal Sciences, 48, 363-371.

Vajjha, R. S., and Das, D. K. (2009). Experimental determination of thermal
conductivity of three nanofluids and development of new correlations. International
Journal of Heat and Mass Transfer, 52, 4675-4682.


https://aip.scitation.org/doi/abs/10.1063/1.2436472?journalCode=jap
https://www.sciencedirect.com/science/article/pii/S0894177706000951
https://www.ncbi.nlm.nih.gov/pubmed/18233838
https://www.researchgate.net/publication/226565983_Natural_Convection_of_Nanofluids
https://www.sciencedirect.com/science/article/pii/S0017931014010916
https://www.sciencedirect.com/science/article/pii/S0735193314001444
https://www.sciencedirect.com/science/article/pii/S0017931014003457
https://www.sciencedirect.com/science/article/pii/S0017931012003699
https://www.sciencedirect.com/science/article/pii/S1876107014003289
https://www.researchgate.net/publication/235626585_Measuring_Thermal_Conductivity_of_Fluids_Containing_Oxide_Nanoparticles
https://www.sciencedirect.com/science/article/pii/S1290072908000707
https://www.sciencedirect.com/science/article/pii/S0017931009003913

53

150. Jeong, J., Li, C., Kwon, Y., Lee, J., Kim, S. H. and Yun, R. (2013). Particle shape effect
on the viscosity and thermal conductivity of ZnO nanofluids. International Journal of
Refrigeration, 36, 2233-2241.

151. Yiamsawasd, T., Dalkilic, A. S., and Wongwises, S. (2012). Measurement of the
thermal conductivity of titania and alumina nanofluids. Thermochimica Acta, 545, 48-
56.

152. Khanlari, A., Sozen, A.and Variyenli, H.(2019), Simulation and experimental
analysis of heat transfer characteristics in the plate type heat exchangers using
TiO2/water nanofluid, International Journal of Numerical Methods for Heat & Fluid
Flow, Vol. 29 No. 4, pp. 1343-1362. https://doi.org/10.1108/HFF-05-2018-0191

153.Aydm, D., Sozen, A., Giirii, M., Khanlar, A. and Variyenli, i, (2019). Investigation of
the Influences of Kaolin-Deionized Water Nanofluid on the Thermal Behavior of
Concentric Type Heat Exchanger, Heat and Mass Transfer.

154.Sozen, A., Ozturk, A. and Ozalp, M., (2019). Influences of alumina and fly ash
nanofluid usage on the performance of recuperator including heat pipe bundle,
International Journal of Environmental Science and Technology, 16(9):5095-5100.

155.Karakaya, U., Glri, M., Sézen, A., Aydin, D. and Bilici, 1., (2019). Experimental
Investigation of Thermophysical Properties of Nano Mineralogical Fluids, Journal of
Polytechnic-Politeknik Dergist, 22(3):619-626.

156. Sozen, A., Khanlari, A., Ciftgi, E., and Gird, M., (2019). Experimental and Numerical
Study on Enhancement of Heat Transfer Characteristics of a Heat Pipe Utilizing
Aqueous Clinoptilolite Nanofluid, Applied Thermal Engineering, 160.

157.S6zen, A., Khanlari, A., and Ciftci, E., (2019). Experimental and Numerical
Investigation of Nanofluid Usage in A Plate Heat Exchanger for Performance,
Improvement International Journal Of Renewable Energy Development (IJRED), 8(1):
27-32.

158. Su, U.O,, Sozen, A., and Menlik, T., (2019). Heat Pipe Evacuated Tubular Solar
Collector Performance Improvement By Applications of Nanofluid, Polytechnic-
Politeknik Dergisi, 22(1):245-257.

159. Khanlari, A., S0zen, A., Ciftci, E., and Guru, M., (2019). Heat Transfer Enhancement
of Plate Heat Exchanger Utilizing Kaolin-Including Working Fluid, Proceedings of the
Institution of Mechanical Engineers, Part A: Journal of Power and Energy, 233(5):
626-634.

160. Gdri, M., Sozen, A., Karakaya, U., and Ciftci, E., (2019). Influences of Bentonite-
Deionized Water Nanofluid Utilization at Different Concentrations on Heat Pipe
Performance: An Experimental Study, Applied Thermal Engineering, 148:632-640.


https://www.sciencedirect.com/science/article/pii/S0140700713002028
https://www.sciencedirect.com/science/article/pii/S0040603112003127
https://www.emerald.com/insight/search?q=Adnan%20S%C3%B6zen
https://www.emerald.com/insight/content/doi/10.1108/HFF-05-2018-0191/full/html
https://link.springer.com/article/10.1007/s00231-019-02764-1
https://pubag.nal.usda.gov/catalog/6558867
https://www.semanticscholar.org/paper/Experimental-investigation-of-thermophysical-of-Karakaya-Gürü/33b59ab1a5bdbfee7aa95707a066fff997798585
https://www.sciencedirect.com/science/article/pii/S1359431119321015
https://ejournal.undip.ac.id/index.php/ijred/article/view/21777
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F3sgsHXkrHwkwb4eWjV&field=AU&value=Su,%20Umut%20Onder
https://dergipark.org.tr/tr/pub/politeknik/issue/42822/512092
https://www.researchgate.net/publication/331252590_Heat_transfer_enhancement_of_plate_heat_exchanger_utilizing_kaolin-including_working_fluid
https://www.sciencedirect.com/science/article/pii/S1359431118342340

54

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Khanlari, A., S6zen, A., Variyenli, I.,and  Giri, M., (2019). A Comparison
Between Heat Transfer Characteristics of TiO2/Deionized Water and
Kaolin/Deionized Water Nanofluids in the Plate Heat Exchanger, Heat Transfer
Research, 50(5):435-440.

Sozen, A., Guclier, S., and Kiling, C., (2019). The Heat Transfer Enhancement Of
Concurrent Flow And Counter Current Flow Concentric Tube Heat Exchangers By
Using Hexagonal Boron Nitride/Water Nanofluid, Thermal Science.

Oztirk, A., Ozalp, M., Sézen, A., and Girii, M., (2019). Performance improvement of
the heat recovery unit with sequential type heat pipes using TiO2 nanofluid, Thermal
Science, 23(3):1755-1764, Part B.

Sézen, A., Ciftci, E., Kegel, S., Giirii, M., Variyenli, H.I., and Karakaya, U., (2018).
Investigation Of Diatomite-Containing Nanofluid Usage As The Working Fluid In A
Wickless Loop Heat Pipe: Experimental And Numerical Study, Heat Transfer
Research, 49(17):1721-1744.

Ahmed, S.A., Ozkaymak, M., S6zen, A., Menlik, T., and Fahed, A., (2018). Improving
car radiator performance by using TiO2-water nanofluid, Engineering science and
technology, 21(5):996-1005.

Sozen, A., Menlik, T., Glrl, M., and Aktas, M., (2017). Utilization of Blast Furnace
Slag Nano-fluids In Two-Phase Closed Thermo-Syphon Heat Pipes for Enhancing
Heat Transfer, Experimental Heat Transfer, 30(2):112-125.

Sézen, A., Ozdemir, B., Variyenli, 1., and Gurl, M., (2017). Upgrading the Thermal
Performance of Parallel and Cross-Flow Concentric Tube Heat Exchangers Using
MgO Nano-fluid, Heat Transfer Research, 48(5), 419-434.

Sozen, A., Variyenli, 1., Ozdemir, B., and Gurl, M., (2016). Improving the Thermal
Performance of Parallel and Cross-Flow Concentric Tube Heat Exchangers Using Fly-
ash Nano-fluid, Heat Transfer Engineering, 37(9):805-813.

Sozen, A., Menlik, T., Girii, M., Boran, K., Kilig, F., Aktas, M., and Cakir, M.T.,
(2016). A Comparative Investigation on The Effect Of Fly-Ash And Alumina
Nanofluids on The Thermal Performance Of Two-Phase Closed Thermo-Syphon Heat
Pipes, Applied Thermal Engineering, 96:330-337.

Sozen, A., Menlik, T., Giiri, M., Irmak, A.F., Kilig,F and Aktas, M., (2016).
Utilization of Fly-ash Nanofluids in Two-Phase Closed Thermosyphon (TPCT) for
Enhancing Heat Transfer, Experimental Heat Transfer, 29(3):337-354.

Sézen, A., Ozbas, E., Menlik, T., Iskender, U., Kiling, C., and Cakir, M.T., (2015).
Performance Investigation of a Diffusion Absorption Refrigeration System Using
Nano-size Alumina Particles into Refrigerant, International Journal of Exergy,
48(4):443-461.


http://www.dl.begellhouse.com/journals/46784ef93dddff27,6dfd6bf43906c30c,16de76f938ccfc09.html
http://www.doiserbia.nb.rs/img/doi/0354-9836/2019/0354-98361800283S.pdf
https://www.researchgate.net/publication/322109552_Performance_improvement_of_the_heat_recovery_unit_with_sequential_type_heat_pipes_using_TiO2_nanofluid
https://www.researchgate.net/publication/325029686_Investigation_of_Diatomite-Containing_Nanofluid_Usage_as_the_Working_Fluid_in_a_Wickless_Loop_Heat_Pipe_Experimental_and_Numerical_Study
https://www.sciencedirect.com/science/article/pii/S2215098618300624
https://www.tandfonline.com/doi/full/10.1080/08916152.2016.1179356
https://www.researchgate.net/publication/308391779_Upgrading_the_thermal_performance_of_parallel_and_cross-flow_concentric_tube_heat_exchangers_using_mgo_nanofluid
https://www.tandfonline.com/doi/full/10.1080/01457632.2015.1080574
https://www.sciencedirect.com/science/article/pii/S1359431115012740
https://www.researchgate.net/publication/277951778_Utilization_of_Fly-Ash_Nanofluids_in_Two-Phase_Closed_Thermosyphon_TPCT_for_Enhancing_Heat_Transfer
https://www.researchgate.net/publication/285185956_Performance_investigation_of_a_diffusion_absorption_refrigeration_system_using_nano-size_alumina_particles_in_the_refrigerant

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

55

Sozen, A., Menlik, T., Guri, M., and Oztas, S., (2015). Heat Transfer Enhancement
Using MgO/Water Nanofluid in Heat Pipe, Journal of the Energy Institute, 88:247-
257.

Sézen, A., Ozbas, E., Menlik, T., Cakir, M.T., Giirii, M.,and Boran, K., (2014).
Improving the Thermal Performance of Diffusion Absorption Refrigeration System
with  Alumina Nanofluids: An Experimental Study, International Journal of
Refrigeration, 44:73-80.

Sozen, A., Variyenli, H.I., Ozdemir, M.B., Giirii, M., and Aytag, I. (2016) Heat
Transfer Enhancement Using Alumina and Fly Ash Nanofluids in Parallel and Cross-
Flow Concentric Tube Heat Exchangers, Journal of the Energy Institute, vol. 89, pp.
414-424.

Madhesh, D. and Kalaiselvam, S. (2015). Experimental study on heat transfer and
rheological characteristics of hybrid nanofluids for cooling applications, Journal
Experimental Nanoscience 10 1194-1213.

Selimefendigil, F. and Oztop, H.F. (2019). Corrugated conductive partition effects on
MHD free convection of CNT-water nanofluid in a cavity, International Journal Heat
Mass Transfer. 129 265-277.

Manikandan, S. and Rajan, K.S. (2017). New hybrid nanofluid containing encapsulated
paraffin wax and sand nanoparticles in propylene glycol-water mixture: potential heat
transfer fluid for energy management, Energy Conversion Managemant 137 74-85.

Makisima, A. (2004). Possibility of hybrids materials, Ceram. Japan. 39 90-91.

Hayat, T. and Nadeem, S. (2017). Heat transfer enhancement with Ag—CuO/water
hybrid nanofluid, Results Physics 7 2317-2324.

Selimefendigil, F. and Oztop, H.F. (2018). Mixed convection of nanofluids in a three
dimensional cavity with two adiabatic inner rotating cylinders, International Journal
Heat Mass Transfer 117 331-343.

Hemmat Esfe, M., Alirezaie, A. and Rejvani, M. (2017). An applicable study on the
thermal conductivity of SWCNT-MgO hybrid nanofluid and price-performance
analysis for Energy management, Applied Thermal Engineering 111 1202-1210.

Madhesh, D., Parameshwaran, R. and Kalaiselvam, S. (2014). Experimental
investigation on convective heat transfer and rheological characteristics of Cu-TiO2
hybrid nanofluids, Experimental Thermal Fluid Science 104-115.

Allahyar, H.R., Hormozi, F. and ZareNezhad, B. (2016). Experimental investigation
on the thermal performance of a coiled heat exchanger using a new hybrid nanofluid,
Experimental Thermal Fluid Science 324-329.


https://www.sciencedirect.com/science/article/pii/S1743967114202005
https://www.researchgate.net/publication/261953746_Improving_the_Thermal_Performance_of_Diffusion_Absorption_Refrigeration_System_with_Alumina_Nanofluids_An_Experimental_Study
https://www.sciencedirect.com/science/article/pii/S1743967114203898
https://www.tandfonline.com/doi/full/10.1080/17458080.2014.989551
https://www.sciencedirect.com/science/article/pii/S0017931018335397
https://www.sciencedirect.com/science/article/pii/S0196890417300419
https://www.tib.eu/en/search/id/BLSE%3ARN146228043/Possibility-of-Hybrids-Materials/
https://www.researchgate.net/publication/318046685_Heat_transfer_enhancement_with_Ag-CuOwater_hybrid_nanofluid
https://www.researchgate.net/publication/322863518_Mixed_convection_of_nanofluids_in_a_three_dimensional_cavity_with_two_adiabatic_inner_rotating_cylinders
https://www.sciencedirect.com/science/article/pii/S1359431116317094
https://www.sciencedirect.com/science/article/pii/S0894177713002021
https://www.researchgate.net/publication/299514999_Experimental_investigation_on_the_thermal_performance_of_a_coiled_heat_exchanger_using_a_new_hybrid_nanofluid

56

184.

185.

186.

187.

188.

189.

190.

191.

192.

Hormozi, F., ZareNezhad, B. and H.R. Allahyar, (2016). An experimental
investigation on the effects of surfactants on the thermal performance of hybrid
nanofluids in helical coil heat exchangers, International Community Heat Mass
Transfer 271-276.

Hussein, A.M. (2017). Thermal performance and thermal properties of hybrid
nanofluid laminar flow in a double pipe heat exchanger, Experimental Thermal Fluid
Science 37-45.

Megatif, L., Ghozatloo, A., Arimi, A. and Shariati-Niasar, M. (2016). Investigation
of laminar convective heat transfer of a novel TiO2-carbon nanotube hybrid water-
based nanofluid, Experimental Heat Transfer. 124-138.

Bhattad, A., Sarkar, J. and Ghosh, P. (2018). Discrete phase numerical model and
experimental study of hybrid nanofluid heat transfer and pressure drop in plate heat
exchanger, International Community Heat Mass Transfer 262-273.

Bahiraei, M., Godini, A. and Shahsavar, A. (2018). Thermal and hydraulic
characteristics of a minichannel heat exchanger operated with a non-Newtonian hybrid
nanofluid, Journal Taiwan Institute Chemical Engineering 149-161.

Lide, D.and Frederikse (Eds.), H.P.R.,CRC Handbook of Chemistry and
Physics, CRC Press, Cleveland, Ohio (1978)

Aktas, M., Khanlari, A., Aktekeli, B., and Amini, A. (2017). Analysis of a new drying
chamber for heat pump mint leaves dryer, International Journal of Hydrogen Energy,
42, 18034-18044.

Holman, J. P. (2001). Experimental Methods for Engineers (7th edition). New York:
McGraw-Hill.

Internet: Energy Conversion, Calculation of CO2 emissions from fuels,
https://people.exeter.ac.uk/TWDavies/energy conversion/Calculation%200f%20C02
%20emissions%20from%20fuels.htm, Son Erisim Tarihi: 03.03.2020



https://www.researchgate.net/publication/308908319_An_experimental_investigation_on_the_effects_of_surfactants_on_the_thermal_performance_of_hybrid_nanofluids_in_helical_coil_heat_exchangers
https://www.researchgate.net/publication/317084116_Thermal_performance_and_thermal_properties_of_hybrid_nanofluid_laminar_flow_in_a_double_pipe_heat_exchanger
https://www.tandfonline.com/doi/full/10.1080/08916152.2014.973974
https://www.sciencedirect.com/science/article/pii/S0735193317303500
https://www.researchgate.net/publication/322910869_Thermal_and_hydraulic_characteristics_of_a_minichannel_heat_exchanger_operated_with_a_non-Newtonian_hybrid_nanofluid
https://www.sciencedirect.com/science/article/pii/S0360319917308467
https://people.exeter.ac.uk/TWDavies/energy_conversion/Calculation%20of%20CO2%20emissions%20from%20fuels.htm
https://people.exeter.ac.uk/TWDavies/energy_conversion/Calculation%20of%20CO2%20emissions%20from%20fuels.htm

Kisisel Bilgiler

Soyadi, ad1
Uyrugu

Dogum tarihi ve yeri

Medeni hali
Telefon

e-mail

Egitim
Derece

Yiksek lisans

Lisans

Is Deneyimi

Yil
2020-Halen

2019-2020
2017-2018

Yabanc Dil

Ingilizce, Italyanca

OZGECMIS

: OKTEN, Mert

: T.C.

: 10.04.1993, Ankara
: Bekar
: 0 (545) 938 00 06

: mert.okten@cbu.edu.tr

Egitim Birimi

Gazi Universitesi /

Enerji Sistemleri Miihendisligi
Erciyes Universitesi /

Enerji Sistemleri Miithendisligi

Yer

Manisa Celal Bayar Universitesi

Hasan Ferdi Turgutlu Teknoloji Fakultesi
Idealist Miithendislik

Tekno Akilli Egitim Kurumlar1 A.S.

57

Mezuniyet Tarihi
Devam ediyor

2016

Gorev

Arastirma Gorevlisi

Proje Mihendisi
Yenilenebilir Enerji

Teknolojileri Ogretmeni



58
Yayinlar

Variyenli, H.1., S6zen, A., Giirbiiz, E.Y., Khanlari, A., and Okten, M., (2019, 14-16 Kasim).
Utilization of CuO/water nanofluid in a tube type heat exchanger, 2nd International

Conference on Technology and Science, Abstract Books, 82, Burdur

Gurbuz, E. Y., Variyenli, H., Sézen, A., Khanlari, A., and Okten, M., Experimental and
numerical analysis on using CuO-Al203/water hybrid nanofluid in a U-type tubular heat

exchanger, International Journal of Numerical Methods for Heat and Fluid Flow, in pres.

Hobiler

Filateli ve Niimismatik Koleksiyonerligi, Origami, Golf


https://drive.google.com/open?id=1fJO26bn2iP2beBCNJPiUrZrqLsvWx60_

i) ) (i)

GAZI GELECEKTIR...



