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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 
  

  
    

C2H6O2  H2O   

62.07  18.02  )gmol-1(  
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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  
2  20  30  0.3767  
3  30  20  0.2716  
4  50  12  0.1865  
5  60  10  0.1654  
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Fig. 3 Viscosity versus shear rate for base fluid at different 
temperatures  
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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  

6 0.0625% 
  

  

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  
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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 
 30 0.0132 0.8249 0.9995 
 35 0.0122 0.8144 0.9996 
 40 0.011 0.8073 0.9991 
 45 0.0114 0.776 0.9994 
 50 0.0118 0.7361 0.9985 
     

0.25 27.5 0.0526 0.6061 0.9985 
 30 0.0527 0.5832 0.9982 
 35 0.0448 0.5687 0.9975 
 40 0.0351 0.6009 0.9994 
 45 0.0312 0.5904 0.9990 
 50 0.0273 0.5781 0.9995 
      
0.5 27.5 0.1493 0.4615 0.9978 
 30 0.1365 0.4702 0.9991 
 35 0.1052 0.5193 0.9970 
 40 0.1072 0.4605 0.9951 
 45 0.0896 0.5014 0.9960 
 50 0.0693 0.5136 0.9983 
      

0.75 27.5 0.2168 0.5508 0.9984 
 30 0.1894 0.5523 0.9961 
 35 0.1703 0.4982 0.9993 
 40 0.1493 0.4246 0.9985 
 45 0.123 0.4073 0.9912 
 50 0.1177 0.3359 0.9966 
      
1 27.5 0.3071 0.5164 0.9974 

 30 0.2832 0.5064 0.9990 
 35 0.2521 0.4707 0.9921 
 40 0.2183 0.4765 0.9980 
 45 0.1821 0.4411 0.9957 
 50 0.1723 0.3638 0.9979 
      
1.5 27.5 0.4837 0.4572 0.9985 
 30 0.4483 0.4653 0.9985 
 35 0.3316 0.4807 0.9989 
 40 0.2589 0.4353 0.9995 
 45 0.227 0.4465 0.9996 
 50 0.1967 0.3394 0.9993 
      
2 27.5 0.5144 0.4073 0.9985 

 30 0.483 0.4507 0.9979 
 35 0.4193 0.4289 0.9958 
 40 0.3396 0.4493 0.9980 
 45 0.3031 0.4388 0.9984 
 50 0.2821 0.3963 0.9980 
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