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Abstract.  This article presents an experimental study on the effect of temperature and solid volume
fraction of nanoparticles on the dynamic viscosity for the CuO/EG-water nanofluid. Nanoparticles with
diameter of 40 nm are used in the present study to prepare nanofluid by two-step method. A “Brookfield
viscometer” has been used to measure the dynamic viscosity of nanofluid with solid volume fraction up to
2% at the temperature range between 20 to 60°C. The findings have shown that dynamic viscosity of
nanofluid increases with increasing particle volume fraction and decreasing temperature. Nine different
correlations are developed on experimental data point to predict the relative dynamic viscosity of nanofluid
at different temperatures. To make sure of accuracy of the proposed correlations, margin of deviation is
presented at the end of this study. The results show excellent agreement between experimental data and
those obtained through the correlations.
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1. Introduction

In recent years, study of nano-structures has been interested by researchers (Ghorbanpour Arani
et al. 2014, 2015, Rabani Bidgoli et al. 2015). A suspension of nano-sized particles in based fluids
is called ‘nanofluid’. It has been found that nanofluids are capable of providing a significant
amount of heat transfer in comparison with conventional fluids such as water and ethylene glycol
(Heydari et al. 2014). In the recent decades, nanofluids have grabbed the attention of many
researchers as well as industrial consumersbecause of their use in different thermal engineering
systems such as nuclear reactors, solar energy, etc. An experimental investigation on Al,Os-water
and TiO,-water nanofluids containing nanoparticles with mean diameters of 13 and 27 nm
respectively, were conducted by Pak and Cho (1998). They carried out these investigations for
solid volume fractions of up to 10% in order to measure the viscosity of nanofluids and observed
that with increasing solid volume fraction, the viscosity of the nanofluids increased significantly.
In another experimental study, the viscosity of CuO-ethylene glycol and water was measured by
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Namburu et al. (2007). They observed that Cuonanofluid showed Newtonian behavior in a mixture
of EG-water for solid volume fraction differing up to 0.0612. A study on the CuO-water nanofluid
with solid volume fractions between 0.05 and 0.15 was conducted experimentally by Kulkarni et
al. (2006). They observed that the nanofluids behave as non-Newtonian fluids in various
temperatures, ranging from 5 to 50°C. The effects of temperature, size of the particles, shear rate
and solid volume fraction on the viscosity of Al,Oz; based nanofluids have been published by
Prasher et al. (2006). Their results indicated that viscosity was not dependent on shear
rate,therefore it proves that nanofluids are Newtonian in nature. The influences of the solid volume
fraction and shear rate on the viscosity of Fe,O; nanoparticles in diluted water as a base fluid were
measured by Phuocand massoudi (2009). They indicated that the fluid shows non-Newtonian
behavior at higher solid volume fraction (>0.02). The viscosity of the water based nanofluids
containing Al,O3 nano-sized particles (ranging from 0.01 to 0.3 volume fraction) was measured by
Lee et al. (2008). They reported considerable decrease in the viscosity of Al,Os-waternanofluids
with increasing temperature and also nonlinear increasein the viscosity with increasing solid
volume fraction. The effects of the solid volume fraction and the shear rates on the viscosity of
magnetic-deionized water nanofluids were studied by Kwon et al. (1998). There are some other
investigations on the viscosity of nanofluids which show the effect of the solid volume fraction
and temperature on the viscosity (Murshed et al. 2008, Kwak and Kim 2005, Wang et al. 2004,
Choiet al. 2000, Yang et al. 1986, Avsec and Oblag 2007, Nguyen et al. 2008, Chen et al. 2007).

In the present study, the effects of solid volume fraction and temperature on the dynamic
viscosity of CuO/ water-EG are investigated. Furthermore, 9 new correlations are proposed to
predict the dynamic viscosity of CuO/ water-EG nanofluid with solid volume fraction less than
2%. Based on the authors” Knowledge, no comprehensive researchesis so far done on the changes
of the viscosity with the variation of solid volume fraction and temperature for the CuO/ water-
EG. Therefore, regarding the importance of this parameter (viscosity) and the necessity to
comprehend its effects, the present investigation wasconducted.

2. Nanofluid preparation

The nanofluid, produced by the two-step method, was used without addition of any surfactant.
A mechanical mixture was also exploited in order to disperse the nano-sized particles into eight
solid volume fractionsof 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1%, 1.5% and 2%. For the given solid
volume fractions of the nanofluid, a precise amount of CuO with diameter of 40 nanometers was
added to the ethylene glycol-water. After primary mixing, a magnetic stirrer is used in order to mix
the particles and ethylene glycol for 4 h. In the next step, an ultrasonicprocessor with 600W of
powerand frequency of 24 kHz was used and the suspension was inserted inside it for 3 h in order
to break down the agglomeration among the particles and also prevent the sedimentation problem.
By using this method, the samples remained stable for a long period of time (at least 3days) and no
sedimentation was noticed with naked eyes.

3. Measurement of dynamic viscosity

The dynamic viscosity of CuO/ water-EG nanofluid was measured using Brookfield viscometer
equipped with a UL adapter and a temperature bath.
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Fig. 1 XRD image of CuO nanoparticles (a) and a sample of the nanofluid (after16 hours) (b)

4, Results and discussion

The present study was focused on dynamic viscosity of CuO/ (40:60) EG- water nanofluid.
Dynamic viscosity of the nanofluid was measured experimentally at different solid concentrations
and temperatures. With using various solid volume fractions and temperatures, nine separate
correlations have been proposed to calculate the dynamic viscosity of CuO/ water-EG nanofluid.
Nanofiud samples with solid concentration of 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1%, 1.5% and 2%
were dispersed and provided utilizing two-step method. The correlations were presented in a
temperature range between 20 and 60°C as a function of the Temperature and solid concentration.
The results of current investigation show that the relative dynamic viscosity of nanofluid increases
with an increase in the particle concentration and a decrease in temperature. At high solid
concentration, temperature has a greater effect on dynamic viscosity of nanofluid.

In order to make sure about the size of CuO nanoparticle and stability of the nanofluid, an XRD
image of the nanoparticles, in addition to a sample of the nanofluid (after 16 h) are shown in Fig.
1(a) and Fig. 1(b) respectively.

Fig. 2 presents the effect of temperatureon the relative dynamic viscosityof CuO/ (40:60) EG-
water nanofluidin differentparticle volume fractions. As it is observed, with increasing solid
concentrationin a particular Temperature, relative dynamic viscosity of nanofluid considerably
increases. At higher solid volume fractions, a rise in temperature results in a more severe decrease
in the relative dynamic viscosity. Fig. 2 also shows that at solid concentrations lower than 0.6%,
addition of the nanoparticles to the nanofluiddoesn’t has any significant effect on its relative
viscosity. In general, Rheological behavior of CuO/ (40:60) EG-water nanofluid shows that with
increasing temperature in a given solid volume fraction, the relative viscosity decreases. Of course,
this trend is not correct for all the experimental data points.

Relative viscosity of CuO/ (40:60) EG-water nanofluid versus solid volume fraction in different



96 Mahmood Rabani Bidgoli, Reza Kolahchi and Mohammad Saeed Karimi
6
o ©=0.1%
55F a ©=0.2%
L o ¢=0.4%
5F v ©=0.6%
- < ©=0.8%
2 45F » 0=1.0%
§ F = ¢=1.5%
2 4F e 0=2.0%
> o
a E
= 35
N
Z 3F o °®
o - ® 9 ° o
= 25fF | ® e
kS 3 m B
E 2F > L R
- < L L
15F « 4 4 < 4
o v < < g
£ 8 8 § &8 ¥ ¥ 08 &8 &
E\ T i i i T I
055 20 30 40 50 60 70

Temperature (°C)

Fig. 2 Relative dynamic viscosity with respect to temperature at different solid volume fraction
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Fig. 3 Relative dynamic viscosity with respect to solid volume fractionat different temperature

temperatures is shown in Fig. 3. It is obvious that the temperature at a high particle concentration
is more effective on the relative viscosity than at low concentrations. The maximum effect of
temperature on the relative dynamic viscosity of nanofluid occurs at solid concentration of 2%.0n
the other hand, it is observed that temperature doesn’t have significant effect on relative viscosity
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at solid concentrations of lower than 0.6%.

97

Fig. 4 indicates a curve fitting on the experimental data at different solid volume fraction for

Y=1+a"X1+b* (X1 2)+c " (X1773)
0.36000E+01

0.27000E401
z
g
@
s
£ 0.18000E+01 o
]
e
s
&
e
H
3
]
X 0 50000E+00
0 00DOGE +00 - - +
0.00000E+00 0.50000E02 0.10000E-01 0.15000E-01 0.20000E-21
Solid volume fraction
Legend
A=02951E+02, B=0B8027E+04, C=-17T6E+06
T=20°C
Y=1+a"X1+h" (X1 2) " (X17"3)
0350006401
0 28000E+01 <
2z
8 o021000e+01 4
@
s
E
a
e
& 0120006401 4
@
=
]
k]
@
0.70000E+00 3
0.00000E:+00 T T T
0.00000E+00 0.50000E-02 0.10000E-01 0.45D00E-01 0.20000E-01
Solid volume fraction
Legend
A=-39T9E+01; B=09915E+04; C=- 2536E+06
T=30°C
Y=1+a"X1+b7(X172)+c " (X17"3)
035000 +01
02800001 o
z
i
8 02w00e+01
E
5
H
5 0.14000E+01 4
H
®
]
o
0.7000DE +00
0.00000E+00 - T -
0 00ODOE +00 0 50000£-02 0.10000E 01 0 15000E-01 0 20000€-01

Solid volume fraction

Legend
A=0.9680E+01; B=0 6821E+04; C=- 1454E+06
T=40°C
(e)

Relative dynamic viscosity

Relative dynamic viscosity

Relative dynamic viscosity

Y=1+a"X 140" (X1 2 (X1773)
0.40000E+01

0.320006+01 4

0240006401 5

0.16000E+01 3

0 60000E+00 5

0.00000E+00

0.00000E400 0 50000802 0 10000E-01 01500001 0 20000E-01
Solid volume fraction
Legend
A=0.8941E+01, B=0.1018E+05, C=-2443E+06
T=25°C
Y=1+a"X14b"(X1*"2)+¢*(X1**3)
0 320006401
024000401 o
016000401
0/80000E+00 o
0 00000E+00 - - -
0 00000€ +00 0.50000€-02 0 10000€-01 0.15000€-01 020000601
Sohd volume fraction
Legend
A=06674E+01, B=0B658E+04, C=- 2034E+06
T=35C
Y=14a"X140"(X1""2)+c"(X1*"3)
0.28000€+01
0210006401 o
0.140005+01 o
070000400 o
0.00000E+00 T T T 1
0.00000E+00 050000602 010000501 015000501 020000501

Soid volume fraction

Legend
A=0.1677E+02, B=05379E+04, C=-1073E+06
— 0
T=45"C

Fig. 4 Curve fitting of viscosity experimental data at various temperature and different solid volume

fractions
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Fig. 4 Continued

each studied temperature. As it can be seen, curve fitting of data points in a specific temperature
maylead to propose precise correlations for estimating dynamic viscosity.

A comparison between experimental data points and the values of proposed in Fig. 4 (a toi)
shows the accuracy of the correlation to determine the relative viscosity of the nanofluid.

In order to develop models to predict effective dynamic viscsosity of nanofluid, some accurate
models based on experimental measurements have been proposed in Table 1.

5. Margin of deviation

In the present study, margin of deviation is employed to examine the precision of proposed
correlations. Margin of deviation can be calculated as follows

Margin of deviation (%) = Heor “Hew 100 (1)

:uexp
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Table 1 Proposed models to predict the dynamic viscosity of CuO/ (40:60) EG- water
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Fig. 5 margin of deviation with respect to solid volume fraction of nanoparticles

Where W is the dynamic viscosity obtained from the correlations, and e, is the dynamic
viscosity of the nanofluid measured during the experiments.
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Table 2 The averagevalues of margins of deviation for each solid volume fraction

7 Average margin of deviation (%)
0.001 5.828442
0.002 4.714839
0.003 3.932493
0.004 1.053143
0.006 4.009644
0.008 3.299959
0.01 4.484301
0.015 0.672174
0.02 0.181403

Table 3 The average values of margin of deviation for each temperature

Temperature Average margin of deviation (%)
20 6.460413
25 8.636328
30 5.425134
35 5.546508
40 5.847853
45 4.787089
50 4.107677
55 4.777802
60 6.86717

Fig. 5 illustrates the margin of deviation with respect to solid concentration for all temperatures
considered in this work. It is confirmed that the proposed correlations have acceptable accuracy
because the margin of deviation doesn’t exceed 9%.

To have a better understanding, the average values of the margin of deviation, which are
classified based on solid volume fraction and temperature, are provided in Tables 2 and 3.

As the tables show, the average margin of deviation is less than 5% in most solid volume
fractions and temperatures.

6. Conclusions

In this study, the dynamic viscosity of CuO/ (40:60) EG-water nanofluid with solid volume
fractions of 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1%, 1.5% and 2% at a temperature range of 20 to
60°C has been considered experimentally. The results of this investigation can be summarized as
follows:

1- Dynamic viscosity of CuO/ (40:60) EG-water nanofluid increases with increase in particle

volume fraction and decrease in temperature.

2- 9 different correlations are developed on experimental data points to predict the relative
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dynamic viscosity of nanofluid at the different temperatures.

3- Acurve fitting on the experimental data at different solid volume fractions for each studied
temperature has been drawn.

4- The margin of deviation with respect to solid concentration for all temperatures is presented
and discussed.
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