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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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Table 1 Characteristics of MWCNTs and MgO nanoparticles  
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Fig.  1. Shear stress as a function of shear rate for MgO- MWCNTs/ 
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- MWCNTs/ 
Water-EG nanofluid at the solid volume fraction of 0.8% at various 
temperatures 
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Fig. 3 Viscosity variation versus temperature at different solid volume 
fractions  
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Fig. 4 Viscosity variation versus solid volume fraction at different 
temperatures  
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Fig. 5 Dynamic viscosity ratio versus temperature at different solid 
volume fractions  
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Fig. 6 Dynamic viscosity ratio versus solid volume fraction at different 
temperatures            
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Fig. 7 Comparison between presnt work and previous experimental 
works for dynamic viscosity ratio  
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Fig. 8 Comparison of experimental results for dynamic viscosity ratio 
with results obtaind from correlation at different temperatures  

8   
  

Solid volume fraction ( % )

D
yn

am
ic

vi
sc

os
ity

ra
tio

0 0.2 0.4 0.6 0.80.8

1

1.2

1.4

1.6

1.8

2

T=25oC
T=30oC
T=35oC
T=40oC
T=45oC
T=50oC
T=55oC
T=60oC

Solid volume fraction (%)

D
yn

am
ic

vi
sc

os
ity

ra
tio

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1

1.2

1.4

1.6

Present work @40oC
ZnO/EG [8]
Ag-MgO/water [9]
MgO/water [12]
MWCNTs/water [13]

Experimental

C
or

re
la

tio
n

1 1.25 1.5 1.75 2
1

1.2

1.4

1.6

1.8

2
T=25oC
T=35oC
T=55oC
Line

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

  -      

  

204  1395166  

  .
 .

 
 . 

 .  
 

 

6 -   
 )°C(  

     
 ) kgm-1s-1(  
 ) kgm-3(  
 ) %(    
  

nf   
bf    

     
W   
EG   
MgO   
MWCNT    
nf   

7 -  
[1] S. U. S. Choi, Enhancing thermal conductivity of fluids with 

nanoparticles, Developments Applications of Non-Newtonian 
Flows, Vol. 231, No. 66, pp. 99-105, 1995. 

[2] H. Eshgarf, M. Afrand, M. Hemmat Esfe, Experimental 
investigation of the effects of temperature and nanoparticles 
volume fraction on the viscosity of non-Newtonian hybrid 
nanofluid, Modares Mechanical Engineering,  Vol.  16,  No.  3,  pp.  
98-104, 2016(in Persian ) 

[3] E. Hosseinipour, S. Zeinali Heris, M. Shanbedi, Experimental 
investigation of heat transfer coefficient and pressure drop of 
carbon nanotubes-water nanofluid under constant heat flux, 

Modares Mechanical Engineering, Vol. 14, No. 13, pp. 19-26, 
2015 (in Persian ) 

[4]   M. Hemmat Esfe, S. Saedodin , Experimental investigation of the 
effect of diameter of nanoparticles and temperature on thermal 
conductivity of Fe-water nanofluid in low concentrations and 
developing a new model based on experimental data, Journal of 
Modeling in Engineering, Vol. 13, No. 42, pp. 27-42, 2015 (in 
Persian ) 

 [5] D. P. K. Praveen, K. Namburu,  M. D. K. Debasmita, S. K. Das, S. 
U .S. Choi, W. Pradeep, Viscosity of copper oxide nanoparticles 
dispersed in ethylene glycol and water mixture, Experimental 
Thermal and Fluid Science, Vol. 32, No. 1,  pp. 397-402, 2007. 

[6] O. M. T. Yiamsawas, A. Selim Dalkilic, S. Kaewnai, S. 
Wongwises, Experimental studies on the viscosity of TiO2 and 
Al2O3 nanoparticles suspended in a mixture of ethylene glycol and 
water for high temperature applications, Applied Energy, Vol.  111, 
No. 1, pp. 40-45, 2013. 

[7]  V. Vasu, A. V. Gopal, and M. S. Kumar, Thermal Conductivity and 
Viscosity of Vegetable Oil–Based Cu, Zn, and Cu–Zn Hybrid 
Nanofluids, Journal of Testing and Evaluation, Vol. 44, No. 3, pp. 
1-7, 2014. 

[8]   M.  Hemmat  Esfe,  A.  A.  Abbasian  Arani,  M.  Rezaie,  W.-M.  Yan,  
and  A. Karimipour, Experimental determination of thermal 
conductivity and dynamic viscosity of Ag–MgO/water hybrid 
nanofluid, International Communications in Heat and Mass 
Transfer, Vol. 66, No. 1, pp. 189-195, 2015. 

[9] M. Hemmat Esfe,  S. Saedodin, An experimental investigation and 
new correlation of viscosity of ZnO–EG nanofluid at various 
temperatures and different solid volume fractions, Experimental 
Thermal and Fluid science, Vol.  55, No. 1, pp. 82-98, 2014. 

[10] M. Hemmat Esfe, S. Saedodin, O. Mahian, S. Wongwises, Heat 
transfer characteristics and pressure drop of COOH-functionalized 
DWCNTs/water nanofluid in turbulent flow at low concentrations, 
International Journal of Heat and Mass Transfer, Vol. 73, No. 1,  
pp. 186-194, 2014.   

 [11] L. Syam Sundar, M. Hashim Farooky, S. Naga Sarada, M. K. 
Singh, Experimental thermal conductivity of ethylene glycol and 
water mixture based low volume concentration of Al2O3 and CuO 
nanofluids, International Communications in Heat and Mass 
Transfer, Vol. 41, No. 1, pp. 41–46, 2013. 

 [12]  M.  Hemmat  Esfe,  S.  Saedodin,  M.  Mahmoodi,  Experimental  
studies on the convective heat transfer performance and 
thermophysical properties of MgO–water nanofluid under turbulent 
flow, Experimental Thermal and Fluid science, Vol.  52, No. 1, pp. 
68–78, 2014. 

[13] M. Hemmat Esfe, S. Saedodin, O. Mahian, S. Wongwises, 
Thermophysical properties, heat transfer and pressure drop of 
COOH-functionalized multi walled carbon nanotubes/water 
nanofluids, International Communications in Heat and Mass 
Transfer, Vol.  58,  No. 1, pp. 176–183, 2014. 

[14] M. Baghbanzadeh, A. Rashidi, A. H. Soleimanisalim, Davood 
Rashtchian, Investigating the rheological properties of nanofluids 
ofwater/hybrid nanostructure of spherical silica/MWCNT, 
Thermochimica Acta, Vol.  578, No. 1, pp. 53–58, 2014. 

www.sid.ir

