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Reuniu-se por videoconferência, a Banca Examinadora, designada pelo Colegiado do
Programa de Pós-graduação em Engenharia Mecânica, assim composta: Prof. Dr.
Luben Cabezas-Gómez - USP; Prof. Dr. Alexandre Kupka da Silva - UFSC; Profª Dra.
Debora Cerneiro Moreira - USP; Prof. Dr. Francisco José de Souza - UFU; Prof. Dr.
Aristeu da Silveira Neto - UFU e Prof. Dr. Enio Pedone Bandarra Filho -
UFU, orientador do candidato.

Iniciando os trabalhos o presidente da mesa, Dr. Enio Pedone Bandarra
Filho, apresentou a Comissão Examinadora e o candidato, agradeceu a presença do
público, e concedeu ao Discente a palavra para a exposição do seu trabalho. A
duração da apresentação do Discente e o tempo de arguição e resposta foram
conforme as normas do Programa.

A seguir o senhor presidente concedeu a palavra, pela ordem sucessivamente, aos
examinadores, que passaram a arguir o candidato. Ultimada a arguição, que se
desenvolveu dentro dos termos regimentais, a Banca, em sessão secreta, atribuiu o
resultado final, considerando o candidato:

Aprovado.

 

Esta defesa faz parte dos requisitos necessários à obtenção do título de Doutor.

O competente diploma será expedido após cumprimento dos demais requisitos,
conforme as normas do Programa, a legislação pertinente e a regulamentação
interna da UFU.
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Nada mais havendo a tratar foram encerrados os trabalhos. Foi lavrada a presente
ata que após lida e achada conforme foi assinada pela Banca Examinadora.

Documento assinado eletronicamente por Aristeu da Silveira Neto,
Professor(a) do Magistério Superior, em 09/08/2024, às 15:27, conforme
horário oficial de Brasília, com fundamento no art. 6º, § 1º, do Decreto nº 8.539, de
8 de outubro de 2015.
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fundamento no art. 6º, § 1º, do Decreto nº 8.539, de 8 de outubro de 2015.
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Externo, em 10/08/2024, às 22:54, conforme horário oficial de Brasília, com
fundamento no art. 6º, § 1º, do Decreto nº 8.539, de 8 de outubro de 2015.

Documento assinado eletronicamente por Francisco José de Souza,
Professor(a) do Magistério Superior, em 12/08/2024, às 18:02, conforme
horário oficial de Brasília, com fundamento no art. 6º, § 1º, do Decreto nº 8.539, de
8 de outubro de 2015.

Documento assinado eletronicamente por Enio Pedone Bandarra Filho,
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A autenticidade deste documento pode ser conferida no site
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acao=documento_conferir&id_orgao_acesso_externo=0, informando o código
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CAPÍTULO I

<nanofluidos= por Choi e Eastman (1995) em seu trabalho sobre a demonstração teórica da 



chave <nanofluid radiator=

<nanofluid radiator= até maio de 2024



CIEŚLIŃSKI; KOZAK, 2023







CAPÍTULO II
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3 3 k ↑ 33,9%

3 k ↑ %, μ ↑ 

k ↑ 13,67%, μ ↑ 49,93%, ρ 

↑ 0,25%

3 k ↑ 48,15%

3 ↑ 13,51%, μ ↑ 11,72% e 

↓ 3,9%

3 k ↑ 30,48%, μ ↑ 27,53% e 

ρ ↑ 0,0532%

3 k ↑ 30%, μ ↑ 30%

3 k ↑ 

3 k ↑ 11%, μ ↑ 

3 k ↑ 25,68%, μ ↑ 13,7%, ρ 

↑ 0,12%

3 k ↑ 13%

3 k ↑ 5,9%, μ ↑ 4,7%



3 k ↑ 17,76%, μ ↑ 10,39% e 

ρ ↑ 0,1%

3 k ↑ 5,62%, μ ↑ 17,54%

3 k ↑ 125,72%, μ ↑ 4,9%, ρ 

↑ 1,09% e C ↓ 28,12%

3 3 k ↑ %, μ ↑ 

3 k ↑ 48,15%, μ ↑ 1
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(2019) analisaram o desempenho de nanofluidos de ZnO, α γ
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Yıldız 
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3 3 Nu ↑ 18%

3 h ↑ 

3 ↑

3 Nu ↑ 27,04%

3 3 Q ↑ 

3 Q ↑ 

3 ↓

3 ↑ ZnO, Al



3 3 Q ↑ 1,5%

3 h ↑ 

3 ↓

3 h ↑ 40%

3 Nu ↑

3 Nu ↑10,64%

3 Nu ↑ 7%

3 h ↑

3 Q ↑ 

Yıldız 3 Q ↑ 

3 3 Nu ↑ 250%



3 Q ↑ 

3 Nu ↑ 

3 Nu ↑ 

h ↑ 

3 ↓ 6,8%

3 3 Q ↑ 

3 3 Q ↑ 
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          Ā(ÿĀĀĂÿ)Āýÿ = 0
          ĀĀýÿ (ÿĀĀĂÿĂĀ) = 2 ĀýĀýĀ + ĀĀýÿ [ÿĀĀ (ĀĂĀĀýÿ)]
          ĀĀýÿ (ÿĀĀÿ�,ĀĀĂÿă) = ĀĀýÿ [ýĀĀ ( ĀăĀýÿ)]

κ 2 ω



          Ā(ÿĂÿ)Āýÿ = 0
          ĀĀýÿ (ÿĂÿĂĀ) = 2 ĀýĀýÿ + ĀĀýĀ [ÿ (ĀĂÿĀýĀ + ĀĂĀĀýÿ 2 23 ÿÿĀ ĀĂÿĀýĀ )] + ĀĀýĀ (2ÿĂÿ′ĂĀ′̅̅ ̅̅ ̅̅ )
          ĀĀýÿ [Ăÿ(ÿā + ý)] = ĀĀýÿ [(ý + ÿ�ÿ�ÿÿ� ) ĀăĀýĀ + Ăÿ(�ÿĀ)ÿĀĀ]

Ã uixj ¿ ui′Cp·ij E = cpT 2 (p Ã⁄ ) +(u2 2⁄ ) (τij)eff = ¿ ("uj"xi + "ui"xj)



κ 2 ωκ 2 ω κ 2 ϵκ 2 ω κ 2 ω
κ 2 ϵ κ 2 ϵ κ 2 ω κ 2 ω κ 2 ω

κ 2 ω κ 2 ωκ 2 ϵ(κ) (ω)
          ĀĀýÿ (ÿ�Ăÿ) = ĀĀýĀ (�� Ā�ĀýĀ) + ă�� 2 �� + Ă�          ĀĀýÿ (ÿÿ�Ăÿ) = ĀĀýĀ (�� ĀÿĀýĀ) + ă� 2 �� + Ā� + Ă�

G�κ G�Ëω          ă�� = ÿÿĀ (ă� = 2ÿĂÿ′ĂĀ′̅̅ ̅̅ ̅̅ ̅ ĀĂĀĀýÿ , 10Ā∗�ÿ)
          ă�� = ÿĀ� ă�

Àt ´∗ ³
          ÿ = ÿ∞ (ÿ0∗ + āþ� ā�⁄ )(1 + āþ� ā�⁄ )

RË = 2,95 ³∞



          ÿ∞ = Ă1ÿ∞,1 + (1 2 Ă1)ÿ∞,2
³∞,1 = βi,1β∞∗ 2 k2σω,1√β∞∗ ³∞,2 = βi,2β∞∗ 2 k2σω,2√β∞∗ k = 0,41 ´i = 0,072

Yκ YË κ ω
          �� = ÿ + ÿ�ÿ�          �� = ÿ + ÿ�ÿ�

Ãκ ÃË κ ω
          ÿ� = 1Ă1 ÿ�,1 + (1 2 Ă1) ÿ�,2⁄⁄          ÿ� = 1Ă1 ÿ�,1 + (1 2 Ă1) ÿ�,2⁄⁄

³∗
          ÿ� = ÿ∗ ÿ�ÿ          ÿ∗ = ÿ∞∗ (ÿ0∗ + āþ� ā�⁄ )(1 + āþ� ā�⁄ )

Ret = Ãκ ¿ω⁄ Rκ = 6 ³0∗ = ´i 3⁄ F1
          Ă1 = ā�Ā(�14)          �1 = ÿÿĀ [ÿ�ý ( :�0,09ÿþ , 500ÿÿþ2ÿ) , 4ÿ�ÿ�,2Ā�+þ2]
          Ā�+ = ÿ�ý [2ÿ 1ÿ�,2 1ÿ Ā�ĀýĀ ĀÿĀýĀ , 10210]



DË+Yκ YË κ ω
          �� = ÿĀ∗�ÿ          �� = ÿĀÿ2

´ ´∗DË Sκ SË
          Ā� = 2(1 2 Ă1)ÿÿ�,2 1ÿ Ā�ĀýĀ ĀÿĀýĀ

κ 2 ω
Constantes do modelo κ ω SSTÃκ,1 = 1,176 Ãκ,2 = 1 ÃË,1 = 2 ÃË,2 = 1,168 ³1 = 0,31 ´i,1 = 0,075´i,2 = 0,0828 ³∞∗ = 1 ³∞ = 0,52 ´∞∗ = 0,09 ´i = 0,072 ³0 = 1 9⁄Rβ = 8 Rκ = 6 RË = 2,95 ¹∗ = 1,5 Ãκ = 2 ÃË = 2

          ĀĀýÿ (ý ĀăĀýÿ) = 0
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            ÿĀĀ = (1 2 ∅)ÿĀĀ + ∅ÿĀ�            (ÿÿ�)ĀĀ = (1 2 ∅)(ÿÿ�)ĀĀ + ∅(ÿÿ�)Ā�



           ÿĀĀ = ÿĀĀ(1 2 ∅)2,5

            ýĀĀ = ýĀĀ ∙ (3 + ∅ýĀ�/ýĀĀ3 2 2∅ )
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            Ā̇ = ∑ ÿ̇ ∙ ÿ�,ĀĀ ∙ (ăÿ 2 ăÿ+1)Ā21
ÿ=1

ṁ Cp,nf Tin Tout



            /� = þ′′(ăĀ 2 ăĀ)�            /ÿÿā = 1� ∫ /��
0 ýÿ

q′′ ăĀ
ăĀ

          þ = ÿ̇ ∙ &ýÿ

          � = ĀĀĀ ĀĀĀ⁄þĀĀ þĀĀ⁄
&p







Yıldız 



          /�ÿ� = [(&ýÿÿā)(&þÿÿā)(&ÿÿÿā)]1 3⁄
          /�ÿ� = [(∑ &ýÿ�

ÿ=1 ) �⁄ ]1/3

N &Vi 
(φ)



r32 r21
          ÿ32 = /�ÿ�,3/�ÿ�,2          ÿ21 = /�ÿ�,2/�ÿ�,1

          ÿ =  [ 1þĀ(ÿ21)] [þĀ |Ā32Ā21| + þ(ý)]
q(p) = ln (r21p 2sr32p 2s) s = 1 ∙ sign (ε32ε21) ¸32 = φ3 2 φ2 ¸21 = φ2 2 φ1 φkq(p) = 0 φ

          �ÿā�21 = ÿ21� 2 �2ÿ21� 2 �1

          þÿ21 = |(�1 2 �2)�1 |
          þÿā�21 = |þÿā�21 2 �1þÿā�21 |
          ăÿ�ĀÿĀÿ21 = ĂĀ ∙ þÿ21ÿ21� 2 1

Fs = 1,25
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ṁ



Qnf Qbf⁄



3







q′′



hnf hbf⁄











hnf hbf⁄



3 3

havg = (0,002 ∙ āþĀ1,137 ∙ Pr1/3)ýĀ/



3











�pnf �pbf⁄











�pnf �pbf⁄



3









º









CAPÍTULO V





REFERÊNCIAS

3

https://doi.org/10.1016/j.jtice.2021.02.002
https://doi.org/10.1016/j.molliq.2019.112014
https://doi.org/10.1007/s10973-020-09652-5
https://doi.org/10.1080/2374068X.2023.2192388
https://doi.org/10.3390/ma9060455
https://doi.org/10.1142/S0217979223500509


3

https://doi.org/10.1016/j.jestch.2018.07.008
https://doi.org/10.1016/j.csite.2024.104523
https://doi.org/10.1016/j.applthermaleng.2022.119321
https://doi.org/10.1016/j.tsep.2022.101276
https://doi.org/10.1080/01457632.2018.1528055
https://doi.org/10.1615/JEnhHeatTransf.2019028304
https://doi.org/10.1016/j.ijheatfluidflow.2012.05.005
https://doi.org/10.1016/j.ijthermalsci.2015.10.003
https://doi.org/10.1016/j.energy.2021.120452


4

https://doi.org/10.1016/j.icheatmasstransfer.2019.03.007
https://doi.org/10.1177/1847980420964618
https://doi.org/10.1016/j.ijheatmasstransfer.2017.06.030
https://doi.org/10.3390/nano12030357
https://doi.org/10.1007/s42452-020-03427-1
https://doi.org/10.3390/nano11061628
https://doi.org/10.1007/s00231-017-2061-0
https://doi.org/10.1007/s00231-017-2061-0
https://doi.org/10.1016/j.enconman.2015.06.019


ARBAK, A.; ATTAR, A.; YAPAOZ, M.A.; ARMA AN, M.; BULBUL, Y.; DEMIR, E.K.; 

https://doi.org/10.1016/j.csite.2023.102763
https://doi.org/10.1016/j.csite.2022.101837
https://doi.org/10.1016/j.rser.2020.110242
https://doi.org/10.1016/j.molliq.2019.01.153
https://doi.org/10.1016/j.tsep.2020.100727
https://doi.org/10.1016/j.ijft.2021.100086
https://doi.org/10.3390/nano12030299
https://doi.org/10.1038/nnano.2010.132


https://doi.org/10.1016/j.ijheatmasstransfer.2020.119387
https://doi.org/10.1016/j.diamond.2020.107982
https://doi.org/10.1016/j.icheatmasstransfer.2020.104716
https://doi.org/10.1021/acs.iecr.8b05733
https://doi.org/10.2514/6.1989-366
https://doi.org/10.1016/j.matpr.2021.04.503
https://doi.org/10.3390/nano10061100
https://doi.org/10.1088/1757-899X/346/1/012084
https://doi.org/10.1016/j.ssc.2008.02.024
https://doi.org/10.1016/j.nanoso.2019.100394


BUBBICO, R.; CELATA, G.P.; D’ANNIBALE, F.; MAZZAROTTA, B.; MENALE, C. 

3

https://doi.org/10.1016/j.heliyon.2021.e05949
https://doi.org/10.3389/fenrg.2021.737915
https://doi.org/10.1063/1.1700493
https://doi.org/10.1016/j.cherd.2015.10.004
https://doi.org/10.1063/1.3245330
https://doi.org/10.1063/1.5138764
https://doi.org/10.1016/j.applthermaleng.2020.115259
https://doi.org/10.1016/j.matpr.2022.06.284
https://doi.org/10.1007/s42452-019-0260-7


CIEŚLIŃSKI, J.T.; KOZAK, P. 

3

https://doi.org/10.3390/en16114415
https://doi.org/10.1016/j.ijheatmasstransfer.2018.12.014
https://doi.org/10.1016/j.applthermaleng.2022.118149
https://doi.org/10.2298/TSCI210706005D
https://doi.org/10.1080/24701556.2021.1980041
https://doi.org/10.1002/9780470180693
https://doi.org/10.1016/j.jsamd.2019.01.005
https://doi.org/10.1016/j.diamond.2022.108976
https://doi.org/10.3390/e22010099


ERDO�AN, B.; ZENGIN, 1.; MERT, S.; TOPUZ, A.; ENGIN, T. The experimental study of 

investigation of thermal performance of single‐walled carbon nanotube nanofluid under 

3

https://doi.org/10.1016/j.csite.2021.101494
https://doi.org/10.1016/j.tsep.2021.100913
https://doi.org/10.1007/s10973-022-11817-3
https://doi.org/10.1016/j.diamond.2014.12.003
https://doi.org/10.1016/j.icheatmasstransfer.2019.05.009
https://doi.org/10.1016/j.ijft.2021.100073
https://doi.org/10.1016/j.jestch.2020.10.007
https://doi.org/10.1002/eng2.12024
https://doi.org/10.1016/j.csite.2021.101434


, A. User’s Guide. 

3

https://doi.org/10.1016/j.csite.2020.100584
https://doi.org/10.1016/j.matpr.2022.05.245
https://doi.org/10.1016/j.ijft.2022.100219
https://doi.org/10.1080/10407782.2021.1962631
https://doi.org/10.17222/mit.2017.171
https://doi.org/10.1016/j.icheatmasstransfer.2022.106022
https://doi.org/10.1115/1.4055652
https://doi.org/10.1016/j.jconrel.2013.10.017
https://doi.org/10.1002/htj.21264


https://doi.org/10.1615/JEnhHeatTransf.2019031575
https://doi.org/10.1016/j.rser.2017.02.073
https://doi.org/10.1016/j.jclepro.2018.04.146
https://doi.org/10.1016/j.applthermaleng.2018.01.032
https://doi.org/10.1016/j.csite.2021.101192
https://doi.org/10.1016/j.csite.2024.104217
https://doi.org/10.1016/j.ijhydene.2017.01.196
https://doi.org/10.1016/j.rineng.2023.100957
https://doi.org/10.1016/j.matpr.2021.11.413
https://doi.org/10.1016/j.ijheatmasstransfer.2015.05.082


3

https://doi.org/10.1016/j.seta.2022.102408
https://doi.org/10.1016/j.applthermaleng.2022.118342
https://doi.org/10.1016/j.csite.2013.12.001
https://doi.org/10.1016/j.csite.2016.11.005
https://doi.org/10.1016/j.tsep.2020.100689
https://doi.org/10.1016/j.matpr.2017.08.062
https://doi.org/10.1002/htj.21292
https://doi.org/10.1016/j.csite.2021.101068


3

https://doi.org/10.1016/j.ijthermalsci.2022.108107
https://doi.org/10.1016/j.cep.2020.108043
https://doi.org/10.1016/j.enconman.2018.03.038
https://doi.org/10.1007/s10973-019-08320-7
https://doi.org/10.1007/s13369-019-03750-9
https://doi.org/10.3390/pr9071253
https://doi.org/10.1007/s00231-019-02722-x
https://doi.org/10.1016/j.icheatmasstransfer.2022.106054
https://doi.org/10.1016/j.matpr.2019.06.746
https://doi.org/10.1016/j.icheatmasstransfer.2005.05.014


https://doi.org/10.1007/978-981-15-8319-3_117
https://doi.org/10.1016/j.powtec.2022.118176
https://doi.org/10.1007/s10973-020-10527-y
https://doi.org/10.1016/j.applthermaleng.2021.116916
https://doi.org/10.1016/j.matpr.2022.10.099
https://doi.org/10.1016/j.powtec.2020.08.047
https://doi.org/10.1016/j.powtec.2023.119275
https://doi.org/10.1002/htj.21478
https://doi.org/10.1007/s10973-022-11561-8


https://doi.org/10.1115/1.4055005
https://doi.org/10.1016/j.molliq.2022.121153
https://doi.org/10.1016/j.ijthermalsci.2023.108497
https://doi.org/10.1088/1757-899X/1096/1/012056
https://doi.org/10.1126/science.1157996
https://doi.org/10.1002/pssb.200982329
https://doi.org/10.1016/j.colsurfa.2020.125968
https://doi.org/10.1016/j.applthermaleng.2018.11.090
https://doi.org/10.1063/1.361498
https://doi.org/10.1115/1.4051382


κ ω

https://doi.org/10.1016/j.applthermaleng.2021.117959
https://doi.org/10.1016/j.icheatmasstransfer.2019.05.015
https://doi.org/10.1007/s40572-021-00316-6
https://doi.org/10.1002/adfm.201100401
https://doi.org/10.1016/j.icheatmasstransfer.2015.05.007
https://doi.org/10.3390/app12073567
https://doi.org/10.1016/j.physleta.2017.10.042
https://doi.org/10.2514/6.1993-2906
https://doi.org/10.2298/TSCI190630179M


MUKHERJEE, S.; WCIŚLIK, S.; MISHRA, P.C.; CHAUDHURI, P. Nanofluids: critical 

https://doi.org/10.1016/j.icheatmasstransfer.2016.05.024
https://doi.org/10.1016/j.molliq.2018.08.161
https://doi.org/10.1016/j.apt.2020.06.001
https://doi.org/10.1007/s40430-023-04412-6
https://doi.org/10.1016/j.partic.2023.06.021
https://doi.org/10.1016/j.matpr.2019.05.411
https://doi.org/10.1016/j.powtec.2019.04.078
https://doi.org/10.1016/S0009-2614(03)00956-4
https://doi.org/10.1007/s40430-024-05013-7


https://doi.org/10.1080/01932691.2020.1840999
https://doi.org/10.1016/j.egyr.2022.07.087
https://doi.org/10.1126/science.1102896
https://doi.org/10.1007/s40430-021-02870-4
https://doi.org/10.1016/j.applthermaleng.2016.05.086
https://doi.org/10.1016/j.matpr.2022.06.505
https://doi.org/10.1080/10407790.2022.2083854
https://doi.org/10.1080/08916159808946559
https://doi.org/10.1007/s10973-018-7844-0


https://doi.org/10.1016/j.pmatsci.2017.07.004
https://doi.org/10.1201/9781482234213
https://doi.org/10.1016/0017-9310(72)90054-3
https://doi.org/10.1016/j.applthermaleng.2022.119428
https://doi.org/10.1115/1.4051233
https://doi.org/10.1088/1757-899X/346/1/012032
https://doi.org/10.1088/1757-899X/346/1/012032
https://doi.org/10.1016/j.jclepro.2021.128573
https://doi.org/10.1016/j.icheatmasstransfer.2019.104327
https://doi.org/10.1007/s11630-020-1263-9
https://doi.org/10.1007/s11630-020-1263-9
https://doi.org/10.1063/1.5115878


https://doi.org/10.1007/s10973-020-10088-0
https://doi.org/10.1016/j.matpr.2020.04.472
https://doi.org/10.1088/1757-899X/863/1/012054
https://doi.org/10.1016/j.cep.2020.107886
https://doi.org/10.1016/j.powtec.2020.03.057
https://doi.org/10.1016/j.applthermaleng.2017.06.110
https://doi.org/10.1016/j.materresbull.2013.07.042
https://doi.org/10.1088/2053-1591/1/3/032001
https://doi.org/10.1088/0957-4484/17/3/042


https://doi.org/10.1016/j.enconman.2016.01.004
https://doi.org/10.1016/j.molliq.2018.06.011
https://doi.org/10.1016/j.jcis.2017.07.052
https://doi.org/10.5772/64154
https://doi.org/10.1088/1757-899X/1062/1/012014
https://doi.org/10.1016/j.matpr.2019.12.016
https://doi.org/10.1007/s10973-018-07997-6


4

https://doi.org/10.1016/j.cjche.2020.07.025
https://doi.org/10.1016/j.icheatmasstransfer.2020.104929
https://doi.org/10.1007/s10973-020-10039-9
https://doi.org/10.1016/j.powtec.2020.05.013
https://doi.org/10.1016/j.ijthermalsci.2022.107844
https://doi.org/10.1016/j.rser.2019.05.052
https://doi.org/10.1007/s10973-021-11088-4
https://doi.org/10.1016/j.physrep.2021.07.002
https://doi.org/10.1016/j.rser.2010.11.035


https://doi.org/10.1016/j.energy.2008.02.017
https://doi.org/10.1016/j.jestch.2018.06.009
https://doi.org/10.1088/1757-899X/225/1/012101
https://doi.org/10.3390/en12101929
https://doi.org/10.1088/1757-899X/954/1/012031
https://doi.org/10.1016/j.expthermflusci.2016.08.013
https://doi.org/10.1016/j.ijheatmasstransfer.2017.08.071
https://doi.org/10.1016/j.applthermaleng.2017.05.076
https://doi.org/10.1016/j.diamond.2024.111018


3

https://doi.org/10.3390/nano10091736
https://doi.org/10.1016/j.energy.2022.123441
https://doi.org/10.1016/j.rser.2014.05.081
https://doi.org/10.1088/1757-899X/872/1/012074
https://doi.org/10.1016/j.aej.2021.10.037
https://doi.org/10.4018/978-1-5225-7595-5
https://doi.org/10.1108/HFF-08-2020-0539
https://doi.org/10.1108/HFF-08-2020-0539
https://doi.org/10.1016/j.flatc.2022.100420


_IRIN, C.; GOGGINS, J.; HAJDUKIEWICZ, M. A review on building

; ATMACA, 1 ; DO AN, A. Improving heat transfer 

3

https://doi.org/10.1016/j.applthermaleng.2023.120607
https://doi.org/10.1016/j.csite.2021.101724
https://doi.org/10.1016/j.applthermaleng.2019.113743
https://doi.org/10.1016/j.csite.2017.11.009
https://doi.org/10.1002/htj.21335
https://doi.org/10.1016/j.matpr.2021.06.104
https://doi.org/10.1007/s10973-020-10034-0
https://doi.org/10.3390/en13133399
https://doi.org/10.1016/j.ijheatmasstransfer.2019.118751


TOPUZ, A.; ENGIN, T.; ERDO AN, B.; MERT, S.; YETER, A. Experimental investigation 

UZUN, S.; GENÇ, Y.; ACĐR, A. Investigation of hybrid nanofluids effects on heat transfer 

https://doi.org/10.1016/j.ijheatmasstransfer.2017.10.083
https://doi.org/10.1063/1.5085955
https://doi.org/10.1007/s00231-020-02916-8
https://doi.org/10.1155/2022/2187932
https://doi.org/10.1016/j.applthermaleng.2020.116469
https://doi.org/10.1016/j.pnucene.2022.104489
https://doi.org/10.1016/j.rser.2015.10.042
https://doi.org/10.1016/j.ceja.2022.100401


4

https://doi.org/10.1016/j.applthermaleng.2023.121989
https://doi.org/10.1016/j.ijthermalsci.2018.04.021
https://doi.org/10.1016/j.applthermaleng.2020.116089
https://doi.org/10.1007/s10973-018-7477-3
https://doi.org/10.1016/j.icheatmasstransfer.2022.105922
https://doi.org/10.1016/S0017-9310(99)00369-5
https://doi.org/10.1016/j.icheatmasstransfer.2019.104353
https://doi.org/10.1016/j.pmatsci.2020.100652
https://doi.org/10.3390/nano13050808


PG, α PG, and γ

https://doi.org/10.1140/epjs/s11734-022-00597-4
https://doi.org/10.1016/j.physleta.2011.01.040
https://doi.org/10.1177/1847980419876465
https://doi.org/10.1155/2023/3477673
https://doi.org/10.1007/s42452-021-04441-7

