204-199 yoye 6 o Lo 16 0,93 1395 Hga el () Jo Sl (W Iiuo Alxo

gy ele dolisle =
—b;
. . Z i =
OV 0 Sl  wiigo = § =
S LINE
mme.modares.ac.ir j‘;‘g;:%,

Wb Jlw 50 (5 VeIl g o9 30 ST Syt Jlow 56 o  BIRLbo3T dxdlias

Jol il - O

26 5 ozme 215 57

Sl g bl ciss asly oMol 31T oKl (SolSo antige b )| wlih,lS =1
Ul diss ol cass Aolg (oMl 33T olKizsly (Slso ewdige bkl =2
makbari@pmc.iaun.ac.ir 8514143131 i, Ggiio ol G *

A dlis SleYb!

“ oA VL b auglio o s Jlal alas Mo BB (1531 4 )36 5 S 0 4gs 4l Sl 5 ok b 3y s D 35 1 o S
et 4l gl 3 ) o3l Caedl £l 5 Sl S cols 5 gl b by (clas )l (Soliys cay) o bl sl
Ol s ol st peen boleo 1> (S g 5 5 mjuie ] S 5 Jloosll (Sealid Ca ) g5y 2 oo g ooy Sl (L]

Jo g, ol

1394 14l 21 il
1395 cuigus) 25 oy
1395 55 31 icols > )

03gd5xe 55 b yilojl 5 0 03Lel 10,5 0.8 3 0.6 0.4 0.2 0.1 .0.05 .0.025 Sl oz S 5 Jluwgil ol oads &l S5 o5l ks

o b.ad onlio Jgias 8y Ciisee (s b £ 9 Sl (S35 ) Loy b 0gde & sl 03 plol ol Sl 43 60 b 25 e (slod S Jlwsl

Ol S > o o gl 05 gty o ey S o S]] ol o0l b g b o] (Sdiod o e g 3 S50 (S gy s Sl ca )

8 31,5l 453 B0 (gl )3 pyimas a5 St Vb (slaled b e (ol (soled Ll (ol Mo I (Sesltd Cof e oS L2

5 3 potie 5 (ntio $lad )l 3 wen 2)9ked o plgie & Ll cnl 5 8 Jhagl (Sesles co 59y 2 b b e e
Dgus 4 )5

Experimental investigation of viscosity of MgO-MWCNTSs hybrid nanofluid in

Water- EG base fluid

Akbar Zareie, Mohammad Akbari”

Department of Mechanical Engineering, Najafabad Branch, Islamic Azad University, Najafabad, Iran
*P.0.B. 8514143131, Najafabad, Iran, makbari@pmc.iaun.ac.ir

ARTICLE INFORMATION

ABSTRACT

Original Research Paper
Received 11 March 2016
Accepted 14 May 2016
Available Online 20 June 2016

Keywords:

Nanofluid

dynamic viscosity
Temperature

solid volume fractions

Nano-fluids are prepared by suspending the ultrafine nanoscale particles in the base fluid and can be
substantially enhanced by the heat transfer rate compared to pure fluids. Because of the great
importance of dynamic viscosity applications in related applications of nanofluids in heat transfer and
energy systems, experimental investigation of the effects of volume concentration and temperature on
dynamic viscosity of MgO — MWCNTS/EG-water hybrid nanofluid has been presented in this study.
The nanofluids were prepared with solid volume fractions of 0.025%, 0.05%, 0.1%, 0.2%, 0.4%, 0.6%
and 0.8% and experiments were performed in the temperature range of 25 to 60°C. In addition, by
investigating the rheological behavior of nanofluid against shear rate, the Newtonian behavior was
observed. Regarding the weakness of the previous correlations for predicting the dynamic viscosity of
this nanofluid and according to the experimental data, a new equation was proposed. The results showed
that by increasing the solid volume fraction, the dynamic viscosity increased. This increase is more
tangible at lower temperatures compared with higher temperatures. Moreover, at temperature of 60°C,
the solid volume fraction does not have a significant effect on the dynamic viscosity of the nanofluid, an
issue considered as an important achievement in the industrial and engineering applications.
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Fig. 1. Shear stress as a function of shear rate for MgO- MWCNTSs/
Water-EG nanofluid at the solid volume fraction of 0.4% at various
temperatures
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Fig. 2. Shear stress as a function of shear rate for MgO- MWCNTSs/
Water-EG nanofluid at the solid volume fraction of 0.8% at various
temperatures
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