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In this paper, the effects of temperature and nanoparticles volume fraction on the viscosity of non-
Newtonian hybrid nanofluid, containing water and ethylene glycol as a base fluid and multi-walled 
carbon nanotubes (MWCNTs) and silica (SiO2) as additives, have been investigated experimentally. 
The measurements have been carried out in temperatures range of 27.5°C - 50°C by using a Brookfield 
DV-I PRIME digital Viscometer for different shear rates. The stable and homogeneous samples, with 
the solid volume fractions of 0.0625%, 0.25%, 0.5%, 0.75%, 1%, 1.5% and 2%, were prepared by 
dispersing equal volumes of dry MWCNTs and SiO2 nanoparticles in a specified amount of the binary 
mixture of water/EG (50:50 %vol.). The measurement results at different shear rates showed that the 
base fluid possessed Newtonian behavior, while all nanofluid samples exhibit a pseudoplastic 
rheological behavior with a power law index of less than unity (n<1). Moreover, the consistency index 
and power law index have been obtained by accurate curve-fitting for all nanofluid samples. The results 
also revealed that the apparent viscosity generally increases with an increase in the solid volume 
fraction and decreases with rising temperature. 
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Table 1 A summary of existing studies for the viscosity of EG-
water based nanofluids  
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2   
Table 2 Characteristics of MWCNTs and SiO2 nanoparticles 

  
3   

Table 3 Characteristics of water and ethylene glycol 
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Table 4 Amounts of MWCNTs and SiO2 nanoparticles for 
preparing the samples 

  (%)   ) g ([±0.001] 
SiO2 MWCNTs 

1  2  14.4  12.6  
2  1.5  10.8  9.4  
3  1  7.2  6.3  
4  0.75  5.4  4.7  
5  0.5  3.6  3.15  
6  0.25  1.8  1.57  
7  0.0625  0.43  0.37  

  
Fig. 1 Photographs of MWCNTs, SiO2 nanoparticles, EG and 
prepared nanofluid  
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Fig. 2 Measurement of viscosity using Brookfield DV-I PRIME 
digital Viscometer equipped with a temperature bath  
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Table 5 Amounts of FSR and error for solid volume fraction of 
0.0625% at temperature of 27.5oC and various rotational speeds 

   (RPM)  ) mPas(  ) mPas(  
1  10 60  0.6923  
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5  60  10  0.1654  
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Fig. 3 Viscosity versus shear rate for base fluid at different 
temperatures  

3   

 
Fig. 4 Shear stress versus shear rate for base fluid at different 
temperatures  
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Fig. 6 Shear stress versus shear rate for solid volume fraction 
of 0.0625% at different temperatures  
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Fig. 7 Viscosity versus shear rate for solid volume fraction of 
1% at different temperatures  

7 1%    

  

 
  

Fig. 8 Shear stress versus shear rate for solid volume fraction of 
1% at different temperatures  

8 1%   

  

Fig. 9 Curve-fitting results for nanofluid with solid volume 
fraction of 0.5% at different temperatures  

9 0.5%   

)5(  =  

 Pa s-1m 
1 Pasn n 2 

 5 8< 1   
3 ) 6 (   

)6(  =  

   
 5 8 

m n 
   

1- Consistency index 
2- Power law index 
3- Apparent viscosity

Shear rate (s-1)

Sh
ea

rs
tre

ss
(P

a)

0 20 40 60 80
0

0.1

0.2

0.3

0.4

0.5
T=27.5oC
T=30oC
T=35oC
T=40oC
T=45oC
T=50oC

Shear rate (s-1)

A
pp

ar
en

tv
isc

os
ity

(m
Pa

s)

0 1 2 3 4 5
0

50

100

150

200

250

300

350

400 T=27.5oC
T=30oC
T=35oC
T=40oC
T=45oC
T=50oC

Shear rate (s-1)

Sh
ea

rs
tre

ss
(P

a)

0 1 2 3 4 5
0

0.2

0.4

0.6

0.8
T=27.5oC
T=30oC
T=35oC
T=40oC
T=45oC
T=50oC

Shear rate (s-1)

Sh
ea

rs
tre

ss
(P

a)

0 5 10 15 20 25 30
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8 Curve-fitting
Experimental data @ 30oC
Experimental data @ 45oC

R2=0.9991
m=0.1365
n=0.4702

R2=0.9960
m=0.0896
n=0.5014

  
Fig. 5 Viscosity versus shear rate for solid volume fraction of 
0.0625% at different temperatures  
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Table 6 Power law model parameters as a function of 
temperature and solid volume fraction 

(%)   )oC(  m (Pasn) n R2 

0.0625 27.5 0.013 0.8378 0.9994 
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