162-153 yoyo 7 ojlesb 16 0993 1395 juo (o) 30 Suilfo wIigo dlxo

Hing3; ale dslinle =

= .

. . =

OV 0 Sl wigo c 5
Yany
mme.modares.ac.ir WO 2l

S oslitnl b Josls™ (- OT 4 » OVLuwgib (0390 Dlogas o)y
(S bwlbe OVhwo Soliyd 9 (JOW o8 (ST g0 Saolsd (Silwdmw S 9

LBl e sala 2Ll Gl e ssea Lol g3 3l Gasllolgd yae

3205 oy oK o g (b3 (ol ) =1
305 B BRSNS ¢ ponsd (wigee 09,5 ¢ ybokiwl =2
herfan@tabrizu.ac.ir 5166616471 iu; giio i ™

.S Alie Sledlb!
3 S g Job @l il sgmy Sunly al Jbw Sy & (2056 100) 56 olide 15 )3 (35331 b oS el S5 Jlngil o ong e
55 e b EVlwsh ol sl e Jusosl Heildly 5 b ysilo sl disle 5yl Jil (gl 5 o3l (Yl cbos s 13;3;92;:9:3‘ ;‘ dbi
o) odim St Tl Giliee clbdioyd o 5 5 Slieiod 030 ol o it (Su S le 3ylge B 3 9yl JlaEl oYL 1395 ;29 :’__ﬁb:’:;;‘
Loy il 5 ahzjgSumy o)l Colin Ao &l J] gt jolitods Juwgil sl JS,85 polgd (el 5 JoSalS s cpslis 5T 4l
Sl slocgjloand | (295 sloodld 3,5 oo J8 Com g gy 090 (655 Slalllas 5 (Slped J5SUge Salind (giludend iy, Jbwsil
lia] Gilite (slodoyd Sy il b €3 15 oolizuldyge lavbre oVl Solsd (ilodund oy (83gy9 aicds JoSUgo Pyl 1S
ol Jlw & Ol gb 03,8 2Ll & and e iS5 odalnddy gl 3,8 5 wypdyse Syl JBI o g3 Jlaogl odind JSuis Pl Jose Sl

Sluwlee SVl Seoliyd

o) cpl )3 b Spbl (o)l clllas 35800 4l Jlw djoSung g dtdh (D rzmen g Jloslh (Sl ol dgup sl PR
202900 U219

Wlge (Bl JoSlpe Salid (giluaned gy & cud S5 4 p5¥ aslioe (JiSse Sealins sagjlias oV b I S
9 2 g5 (hbe Jiley lacsiloand ;3 oxdodlinel 070y 8 eliulsyge @V Lwgl (o) p )3 3B 5 S (Byy lpes
S 5l il g B e & bosjlodns 3 s e o w3k o ol 5 JsSUse Solisd (gjlodns ] (sleiBlogese
Seelad lacsilodnd G 55 o)lal alie slo sy & G silond pldl ploj pSade il 4 (g Sl lacyie

Hidle bgjluacd pbul sl ol gloj Spo diajls J5SUse

A study on the thermophysical properties of water/ethylene glycol based
nanofluids using non-equilibrium molecular dynamics and computational fluid
dynamics methods
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Nanofluids are engineered by suspending nanoparticles with average sizes below 100 nm. The ever
Received 02 April 2016 increasing thermal loads in such applications require advanced operational fluid characteristics, for
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Available Online 20July 2016 example, high thermal conductivity dielectric oils in transformers and car radiators. These fluids require

high thermal conduction, as well as electrical insulation. In the present work the thermophysical and
rheological properties of the nanofluids such as thermal conductivity, viscosity and density are obtained

Keywords: . . ! S . .

Nam’ﬂuid from molecular dynamics simulations. These results serve as initial data for computational fluid
titanium oxide dynamics simulations to calculate heat transfer coefficient. The results show that, adding titanium oxide
non-equilibrium molecular dynamics nanosheet in the base fluid enhanced the thermal conductivity and increased the viscosity and density of

computational fluid dynamics

. ! the base fluid. The theoretical calculations confirmed the molecular dynamics simulation results and the
thermophysical properties

simulation methods accuracy. The computational fluid dynamics results show that increasing the
amount of titanium oxide nanosheet in the base fluid increases the heat transfer coefficient and
increasing ethylene glycol ratio in base fluid leads to lower heat transfer coefficient. Also, non-
equilibirium molecular dynamics method can be used as an effective and accurate method for
nanofluids investigation. The coding that is used to obtain the thermal conductivity of nanofluid is a
novel and modified type of non-equlibiruim molecular dynamics method. By using this coding the error
persentages of simulations is decreased. The other advantage of this code is reducing the simulation
process, because the molecular dynamics simulations need a long time for processing.
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Fig. 1 The non-equilibrium molecular dynamics simulation method to
obtain the thermal conductivity of nanofluid
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Table 4 The obtained results for density of nanofluids by non-
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Fig. 4 The computational fluid dynamics simulation results for
nanofluids heat transfer coefficient
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