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Predicting Thermal Conductivity of Graphene Nanofluid with Artificial Neural Networks
Multilayer Perceptron

S. Khosrojer di Department of Mechanical Engineerji@@entral Tehran Branch, Islamizad University,
Tehran, Iran
A. Mirabdolah Lavasani Department of Mechanical Engineering, Central TehBxanch, Islamic Azad University,
Tehran, Iran
M. Vakili Iran University of Science and Technology, Tehieam
Abstract

The purpose of this study is to model and prediet thermal conductivity of graphenenano fluid tlylouthe artificial neural
network of multilayer perceptron. Nano Fluid tengiere, volumetric fractions and thermal condugfivif nanoparticles are
considered as network inputs. According to the erpental data of previous experiments on thermaldcotivity of graphene
nanoparticles at the temperature of 25 to 50 ° &€ the volume fraction of 0.055-0.066, the netwokfprmance tests were
performed.In order to evaluate the accuracy ofrtieelel in predicting the thermal conductivity of thanofluid, the root mean
square error indices, detection coefficient andhibs error percentage are used. These valueDdred// mK, 99% and 0.26% ,
respectively.The results of the indicators showabeuracy and reliability of the proposed modetamparison with experimental
results and theoretical models.

Keywor ds: thermal conductivity, artificial neural network,nfluids, grapheme.
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Neuro Train Validation Test
Mode Function MA MA RM
ns 2 2 2
MAPE | RMSE | R e | RMSE R P | o R
1| Logsig-purelin| 3-1 1.13 0.10 | 0.98]| 6.15 0.16 0.95 5.30| 0.18| 0.97
2| Logsig-purelin| 7-1 1.66 0.06 | 0.98| 1.69 0.08 0.99 2.821 0.08| 0.99
3| Logsig-purelin 121 | 153 | 0051 | 099 | 296 | 007 0.99 0.1 | 0.04 | 0.99
4| Tansig-purelin | 10-1 | 0.95 | 005 | 099 | 053 | 0.03 0.99 0.66 | 0.05 | 0.99
5| Tansig-purelin | 16-1 | 242 | 005 | 099 | 291 | 0.10 0.98 2.84 | 0.14 | 0.97
6 | Tansig-purelin 6-1 294 | 009 | 097 | 523 | 0.07 0.98 57 | 0.11 | 0.98
ANN |7 | Logsig-purelin 16 204 | 0.09 | 099 | 1.16 | 0.4 0.99 158 | 0.10 | 0.98
8 Logi%;e'[i?]gs'g' 7-141 | 008 002 | 099 | 101 0.05 0.96 095 | 009 | 099
9 Logsr')%r'e'ﬁ‘r’lgs'g' 391 | 697 | 011 | 097 | 217 | 0.8 0.68 525 | 0.14 | 0.98
1| Tansiglogsig- | ¢ 15 | 13 0.05 | 0.99 | 4.96 0.06 0.98 5.04 | 0.09 | 0.97
0 purelin
1| Tansiglogsig- | 5551 | 57 0.06 | 099 | 045 0.09 0.98 112 | 0.17 | 0.83
1 purelin
1| lLogsig-Tansig- | 1184 | ggg | 004 | 099 | 48 0.09 0.98 862 | 0.11 | 0.98
2 purelin
0.9
0.85 A 125 EXP. ANN
0.8 —8&— Experimental A —%— 0.056 Vol% | — @ — 0.056 Vol%
3 : — o— - ANN L 1.15 | —e—0.03Vol% | — + =0.03Volt%
2 0.75 — === Nan's Model x —e—0.009Vol% | — & =0.009 Vol%
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Yy El —a&— 0.005Vol% | — & — 0.005 Vol%
W, 0.65 3
> 06 “% 0.95
” 1
£ 055 9
£ 05 < 0.85
0.45 2
0.75
0.4
cad v vaV e vl Y Y ) Y
. ) . ) 0 0.6
(%) x> S
0.55

A Jho 9 5 6395 o ¢ o2y S 051l i -F S
355 Jlow 936 (pas

& 35 axpii-¥

LY fgnas wac aSd o ,Sles l oolatuwl aslas ol o
2 O3S Jlew $U Gl Solas o ps (Gt Sue 095
L as S Oygo g5lodas 5l Jols bt sl sad )y o] a0k
5ol Jas sl Jol> gl a5 <35 )18 alie 3,90 (0285 @l
Jol> polie b ansline jo coian crac a0 liebls 0 80
C"L"' ) L R KOy SY L ST-3 | W KR S sl ,wSojlul 5l
Wilge 2o )3 Y U /0 g0 0yo0 mlis b angliae o oeac 4SS
Yo oga a5 NaN g,65 Jow OB b awslie jo jlaie ool a5
O Glwdoe Coje BB pl aib oo cawnlin s cl woye
s e plas [ Nan g6 a4 cond rae aSi SWS
0disS Sy Joe 1 oolaiwl wjls oYL ane 31 Jlw b
2,5 on dlgiioy addllas cpl 0 0als )l coias uac aSS

Yo A Yo

Jbow 96U (loyF (o lluy (ol o 9 (o220 @l -V JSC
liseo slod § ooz S bl 81,5

&l Calas ()25 (5508 ojludl

1.15

1.05

0.95

0.85

0.75

0.65

0.55

0.55

y=0.9735x+0.0175
R?=0.9915

0.75

0.95

(ANN) Sl e s A

1.15

Al Jowo g (535 03Il guls o (Somnon Hloges - Y ST
1S Jlowsil (Syino puas

o sras 450 Joa b G315 Jlw 56 olo S Ul (s

Yyy



LS5 sns 5 Suly) e e BT eg0 gy Mg

Yyy

&=y -0
[1] Das, Sarit K., et al., Nanofluids: science aedhnology.
John Wiley & Sons, 2007.
[2] Chol, S. U. S., Enhancing thermal conductiwfyfluids with
nanoparticles, ASME-Publications-Fed 231 PP. 99-1065.
[3] Gupta Souijit Sen, et al., Thermal conductivétyhancement
of nanofluids containing graphene nanosheets, dbuwf
Applied Physics 110.8, 084302, 2011.
[4] Aravind, SS Jyothirmayee, and S. Ramaprabhufagiant
free graphene nanosheets based nanofluids byuinesitiction
of alkaline graphite oxide suspensions., Journal Applied
Physics 110.12, 124326, 2011.
[5] Yu, Wei, et al. Significant thermal conductiviégnhancement
for nanofluids containing graphene nanosheets,i&hystters
A. 375.10, 1323-1328, 2011.
[6] Barbés, Benigno, et al. Thermal conductivitydaspecific
heat capacity measurements of CuO nanofluids, dbuoh
Thermal Analysis and Calorimetry 115.2, 1883-188114.
[7] Paul, G., et al., Techniques for measuring thermal
conductivity of nanofluids: a review, Renewable &ustainable
Energy Reviews 14.7 (): 1913-1924. nanofluids: Aview,
Renewable and Sustainable Energy Reviews 14, 1923-1
2010.
[8 Eslamloueyan, R., and M. H. Khademi, Estimatibthermal
conductivity of pure gases by using artificial reur
networks, International Journal of Thermal Scier¢®.6, 1094-
1101, 2009.
[9] Najafi, Alireza, et al. Thermal Conductivity étfiction of
Pure Liquids Using Multi-Layer Perceptron Neural
Network, Journal of Thermophysics and Heat Tran2get,
197-202, 2014.
[10] Bhoopal, Rajpal S., et al. Applicability oftiicial neural
networks to predict effective thermal conductiviby highly
porous metal foams, Journal of Porous Media 18732
[11] Papari, Mohammad M., et al., Modeling thermal
conductivity augmentation of nanofluids using dsffan neural
networks, International Journal of Thermal Sciers@4, 44-52,
2011.
[12] Hojjat, M., et al., Thermal conductivity of néNewtonian
nanofluids: experimental data and modeling usingirale
network, International Journal of Heat and Massn$fer 54.5,
1017-1023, 2011.
[13] Longo, Giovanni A., et al., Application of ditial neural
network (ANN) for the prediction of thermal condwdy of
oxide—water nanofluids, Nano Energy 1.2, 290-294,22
[14] Esfe, Mohammad Hemmat, et al., Thermal coridifgt
modeling of MgO/EG nanofluids using experimentatadand
artificial neural network, Journal of Thermal Ansity and
Calorimetry 118.1, 287-294, 2014.
[15] Esfe, Mohammad Hemmat, et al. Modeling of thalr
conductivity of ZnO-EG using experimental data afNN
methods, International Communications in Heat ancs
Transfer 63, 35-40, 2015.
[16] Haykin, Simon, and Neural Network., A compresiee
foundation, Neural Networks 2.2004, 2004.
[17] Araghinejad, Shahab. Data-driven modeling: ngsi
MATLAB® in water resources and environmental engitireg.
Vol. 67. Springer Science & Business Media, 2013.
[18] Baby, Tessy Theres, and Ramaprabhu S., Irgaggin of
thermal and electrical conductivity of graphene eolas
nanofluids, Journal of Applied Physics 108.12, 13812010.
[19] Buongiorno, Jacopo, et al. A benchmark study the
thermal conductivity of nanofluids, Journal of Ajeua
Physics 106.9, 094312, 2009.



