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Abstract
In the present article, the effects of temperature and nanopar-
ticles volume fraction on the viscosity of copper oxide-ethyl-
ene glycol nanofluid have been investigated experimentally. 
The experiments have been conducted in volume fractions of 
0 to 1.5 % and temperatures from 27.5 to 50 °C. The shear 
stress computed by experimental values of viscosity and shear 
rate for volume fraction of 1% and in different temperatures 
show that this nanofluid has Newtonian behaviour. The exper-
imental results reveal that in a given volume fraction when 
temperature increases, viscosity decreases, but relative vis-
cosity varies. Also, in a specific temperature, nanofluid vis-
cosity and relative viscosity increase when volume fraction 
increases. The maximum amount of increase in relative vis-
cosity is 82.46% that occurs in volume fraction of 1.5% and 
temperature of 50 °C. Some models of computing nanofluid 
viscosity have been suggested. The greatest difference between 
the results obtained from these models and experimental 
results was down of 4 percent that shows that there is a very 
good agreement between experimental results and the results 
obtained from these models.

Keywords
dynamic viscosity, nanofluid, solid volume fraction, ethylene 
glycol

1 Introduction
Ethylene glycol is an organic combination that is used in 

thermal transformers, automobiles, air conditioners, and cool-
ing systems operating in a temperature lower than water freez-
ing point. This substance has a low thermal conductivity, so a 
lot of efforts have been made to increase its thermal conduc-
tivity. One way to do this is to add nanoparticles to this liquid 
[1-6]. However, when nanoparticles are added to the fluid to 
increase its thermal conductivity, the other thermophysical 
properties of the fluid change as well [7-10]. One of the prop-
erties that is likely to change with nanoparticles addition is 
viscosity. Therefore, changes in viscosity due to nanoparticles 
addition must be investigated in order to determine the pump-
ing power and entropy generation in nanofluid flow in order 
to optimize the various devices [11]. In previous researches, 
the effect of adding different nanoparticles to ethylene glycol 
has been studied such as Al2O3 nanoparticles [12, 13], ZnO 
[14], and UDD (Ultra Dispersed Diamond) [15]. One of the 
nanoparticles used in different researches is copper oxide [16-
21]. Some researchers have been conducted on CuO/EG nano-
fluid so far. Liu et al. [22] investigated this nanofluid relative 
thermal conductivity for different volume fractions of copper 
oxide nanoparticles. Zhu et al. [23] experimented specific ther-
mal capacity for different volume fractions and suggested a 
model for the obtained experimental data. Quack and Kim [24] 
investigated the variations in zero shear viscosity for differ-
ent volume fractions and compared the obtained results with 
present models. They also studied the way nanofluid viscos-
ity changes with different shear rates for nanofluid various 
volume fractions. However, in none of these researches the 
effect of temperature variations on viscosity and shear rate of 
CuO/EG nanofluid has been investigated. The measurement 
of variations of nanofluid viscosity for different temperatures 
was first conducted by Masuda et al. [25] and continued by 
other researchers subsequently. Some researchers in their 
works reported that nanofluid relative viscosity increased with 
an increase in temperature [26]. In some other researches, a 
decrease in relative viscosity has been reported [27].
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The rheological behaviour of EG affected by nanoparticles 
can be complicated. In Pastoriza-Gallego et al. [28, 29] study, 
the Newtonian behaviour of Al2O3/EG and ZnO/EG was 
obvious. Also, Żyła [30] and Mariano et al. [31] investigated 
the viscosity of Y3Al5O12/EG and Co3O4/EG, respectively. 
Their results indicated that their nanofluids were Newtonian. 
On the other hand, some researchers such as Żyła et al. [32, 
33], Li et al. [35], Mariano et al. [34] and Li et al. [35] observed 

non-Newtonian behaviour of Al2O3, AlN, SnO2, SiC nano-
particles dispersed in ethylene glycol.

In the present article, the effect of temperature variation and 
volume fraction on viscosity of Cuo/FG nanofluid has been 
investigated and a relationship has been presented for it.

In the Table 1, a summary of relationships suggested for 
viscosity variation of different nanofluids due to temperature 
variation has been presented.

Table 1 Research on modelling the properties of nanofluids
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2 Experimental
2.1 Dynamic viscosity measurement

In current study the viscosity of the CuO–Ethylene glycol 
was measured by Brookfield viscometer equipped with a tem-
perature bath. Referred apparatus enable us to adjust the tem-
perature at every proposed value. It is worth to note that the 
accuracy of measured value is ±1.0% with ±0.2% repeatabil-
ity. Before using the viscometer it regulate by using the glyc-
erine and ethylene glycol at room temperature. Every test was 
repeated more than two times for each volume fraction to assure 
its repeatability, and then the average values was recorded.

2.2 CuO-ethylene glycol nanofluids preparation
In this investigation two-step method was used method for pre-

paring of nanofluids. In refereed method, in first step the nanopar-
ticles are synthesized, followed by their dispersion in base fluid as 
the second step. In addition, probe ultra-sonication, Surfactants, 
high-shear mixing and stirring are also used in order to reach 
to the acceptable nanoparticle dispersion. As it is well known 
amount of used surfactant, and applying time of ultra-sonication 
and mixing time can influence strongly the properties and stabil-
ity of nanofluids. CuO–ethylene glycol nanofluid was prepared 
with very low concentration of surfactant-less. In this work CuO 
nanoparticles with average diameter of 40 nm were dispersed in 
ethylene glycol using shear homogenization and probe ultra-son-
ication (1200 W, 20 kHz, Kimia nano danesh). For each volume 
fraction required CuO nanopowder was added to ethylene glycol 
and exposed to shear homogenization for 15 min at low speeds 
and followed by higher speeds. The sample was then ultrasoni-
cated using a probe ultrasonicator (1200 W, 20 kHz, Kimia nano 
danesh). In order to obtain the optimum ultra-sonication time the 
thermal conductivity and viscosity at different time periods were 
measured. For preparing the lower nanofluids concentration the 
CuO–ethylene glycol nanofluid was diluted.

3 Results and discussion
3.1 Comparison between the results obtained from 
theoretical models and experimental results

In Fig. 1, a comparison of the results obtained from theoretical 
models (Einstein [41], Wang et al. [12] and Batchelor [42]) and 
experimental results has been shown. As is evident, there is a big 
difference between experimental results and the results obtained 
from these models, and these models are not able to estimate the 
viscosity of copper oxide-ethylene glycol nanofluid.

3.2 Newtonian behaviour
It should be initially recognized if copper oxide-ethylene 

glycol nanofluid has Newtonian or non-Newtonian behaviour. 
For this purpose, the following relationship can be used which 
shows Newtonian fluid behaviour.

τ µ µ γ=
∂
∂

=� �u
y

In this relationship, τ is shear stress, ϻ is dynamic viscos-
ity, and ϒ is shear rate. According to this relationship, when 
shear stress has a linear relationship with shear rate, the fluid is 
Newtonian. Figure 2 shows variations in shear stress in terms 
of shear rate for volume fraction of 1% and in different tem-
peratures. It is evident in this figure that copper oxide-ethylene 
glycol nanofluid with volume fraction of 1% and in different 
temperatures has a Newtonian behaviour.

Fig. 1 The comparison between experimental data and the results obtained 
from theoretical models

Fig. 2 Shear stress in terms of shear rate for copper oxide-water nanofluid 
with volume fraction of 1% in different temperatures

(1)
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3.3 The effect of volume fraction and temperature on 
dynamic viscosity

In Fig. 3, the variations of dynamic viscosity in terms of vol-
ume fraction in different temperatures have been shown. From 
this figure, one can realize that nanofluid viscosity increases 
with an increase in nanofluid volume fraction in all inves-
tigated temperatures. Also, variations of viscosity in a given 
volume fraction in lower temperatures are greater compared to 
higher temperatures. In addition, in a volume fraction, viscos-
ity decreases when temperature increases.

With adding nanoparticles into base fluid, internal shear 
stress increases. In the other words, when solid volume frac-
tion is increased, fluid resistance against the movement rises 
and then it is expected that the dynamic viscosity is increased.

Fig. 3 Variations of viscosity in terms of volume fraction in different 
temperatures

Figure 4 shows the effect of temperature on viscosity in 
different volume fractions. According to this figure, in each 
volume fraction, viscosity decreases with an increase in tem-
perature, and in a given temperature, viscosity increases when 
volume fraction increases. Due to increase temperature, the 
motion of particles in nano oil will be more intense and the 
molecular force will be reduced. Therefore, fluid becomes eas-
ier to move. Hence, it is expected that an increase in tempera-
ture, reduce viscosity.

Figures 5 and 6 show the proportion of nanofluid viscosity 
to base fluid viscosity in terms of nanoparticles volume fraction 
and temperature, respectively. It is observed that the greatest 
and smallest increase in proportion of nanofluid viscosity to 
base fluid viscosity were 82.46 % and 10.58% that occurred in 
volume fraction and temperature of 1.5%, 50 °C, and 0.125%, 
27.5 °C, respectively.

Fig. 4 Variations of viscosity in terms of temperature in different volume 
fractions

Fig. 5 Variations of relative viscosity in terms of volume fraction in different 
temperatures

Fig. 6 Variations of relative viscosity in terms of temperature in different 
volume fractions
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In a given temperature, relative viscosity increases when 
nanoparticles volume fraction increases, but in a given vol-
ume fraction, relative viscosity fluctuates when temperature 
increases.

3.4 The proposed viscosity model
Some models in terms of nanoparticles volume fraction have 

been proposed to compute viscosity of copper oxide-ethylene 
glycol nanofluid in tested temperatures. From these models, 
the viscosity of copper oxide-ethylene glycol nanofluid can be 
obtained separately in each temperature. These models are gen-
erally expressed in the following way.

µ
µ

ϕ ϕ ϕ ϕnf

bf

a a a a a= + + + +0 1 2

2

3

3

4

4

Where ϻ is dynamic viscosity and ф is nanoparticles vol-
ume fraction in terms of %. The coefficients available in this 
relationship in different temperatures have been presented in 
Table 2.

Table 2 The coefficients of the proposed viscosity model in different 
temperatures

a4a3a2a1a0T (°C)

1.470-3.3342.7670.90470.970627.5

1.268-3.4183.1480.80650.987630

-2.7138.948-8.8445.5370.673735

-4.60014.88-14.657.2260.429440

4.481-12.0310.95-1.5811.21045

4.695-14.6316.50-4.9581.63350

In order to examine the accuracy of the proposed models, 
the difference between experimental values of relative viscos-
ity and the values obtained from these models has been com-
puted from the following relationship and in Fig. 7 these differ-
ences have been shown in terms of volume fraction.

As this figure shows, the greatest amount of difference has 
been 4 percent and there is a very good agreement between 
experimental results and the results obtained from these models. 
Also, in Fig. 8, an agreement is observed between experimental 
results and the results obtained from these relationships [43]:
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Fig. 7 Deviation of data obtained from the proposed models with 
experimental data

4 Conclusions
In the present research, dynamic viscosity of copper oxide-

ethylene glycol nanofluid in temperatures from 27.5 to 50 °C 
and volume fractions of 0.125, 0.25, 0.5, and 1.5% has been 
measured experimentally. In this research, nanofluid behaviour 
(nanofluid being Newtonian or non-Newtonian) and effects 
of temperature and volume fraction on dynamic viscosity and 
relative viscosity have been investigated. The obtained results 
can be expressed in the following way:

1.	 The obtained values of shear stress for volume fraction of 
1% and in different temperatures through experimental 
values of viscosity and shear rate show that this nanofluid 
has Newtonian behaviour.

2.	 The experimental results show that in a given volume 
fraction with an increase in temperature, viscosity de-
ceases, but relative viscosity varies.

3.	 In a given temperature, nanofluid viscosity and relative 
viscosity increase when volume fraction increases. The 
greatest amount of increase in relative viscosity has been 
82.46% that has occurred in volume fraction of 1.5% and 
temperature of 50 °C. 

4.	 Some models have been proposed to compute nanofluid 
viscosity. The maximum difference between the results 
obtained from these models and experimental results 
has been 4 percent. It shows that there is a very good 
agreement between experimental results and the results 
obtained from these models.

(2)

(3)
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(a) (d)

(b) (e)

(c) (f)

Fig. 8 A comparison between experimental data and the proposed models in (a) T = 27.5 °C (b) T = 30 °C (c) T = 35 0C (d) T = 40 °C (e) T = 45 °C (f) T = 50 °C
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