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A B S T R A C T

In this study the effect of temperatures, the CuO nanoparticles mass fraction, and basefluid of deionized water,
ethanol and ethylene glycol were studied on thermal conductivity of nanofluid. CuO nanoparticles were dis-
persed in deionized water, ethanol and ethylene glycol separately by using ultrasonic waves. The stability of
nanoparticles in basefluids was estimated by using DLS and Zeta Potential analysis. The results showed that with
increase in the temperature and mass fraction of nanoparticles the relative thermal conductivity of nanofluid
increases and for CuO/ethanol nanofluid the value of thermal conductivity is much higher than other nanofluids
at higher temperatures and CuO nanoparticles mass fractions. In addition, the results showed that the interfacial
interaction between basefluid molecules and nanoparticles' surface has major effect on nanofluid thermal con-
ductivity; consequently, CuO/water nanofluid has higher interfacial interaction at various temperatures and
nanoparticles mass fractions. Furthermore, the results showed that with the increase of nanofluid mass fraction
up to 0.5 wt% insignificant change in relative thermal conductivity is resulted while for the values above 0.5 wt
% the relative thermal conductivity of nanofluids enhance tangibly. Finally an empirical equation including
temperature, nanoparticles mass fraction, and physical properties of nanoparticles and basefluid was obtained by
using hybrid GMDH-type neural network to estimate relative thermal conductivity of nanofluid. The comparison
between results of experimentation and proposed correlation showed that the deviation of calculated thermal
conductivity from experimental values is majorly less than 10%.

1. Introduction

One of the crucial processes in petrochemical industries and con-
sumer product is heat transfer and design of heat transfer equipment
with the highest efficiency. For this purpose it is evident that many
scientists and engineers focused on preparation of new method or
material to increase the physical properties of conventional fluids [1,
2]. The application of new material for enhancing thermal properties of
heat transfer fluids was began when Maxwell [3] proposed an idea of
adding metallic particles to matrix material for increase of the electrical
or thermal conductivity. Therefore, a new theory was proposed for
estimation of effective conductivity of conventional fluid containing
fine particles, (the slurries were prepared by adding particles with mean
sizes between 0.1 and 100 μm [4]). Due to the agglomeration of these
particles and, consequently, sedimentation, erosion, and high power
needed for pumping the fluids, the application of these particles in
fluids has been restricted to be used as heat transfer fluids. Due to the

interesting properties nanofluids, (a dilute suspension of nanometer-
size particles or fibers dispersed in conventional fluid such as water,
engine oil, and ethylene glycol [5]), it is affordable to use them as a
potential materials for preparation of heat transfer fluids [6–9].

Heat transfer surface and thermophysical properties of heat transfer
fluid are the most important factors that have major impacts on heat
transfer process [10]. The implementation of nanofluid, (with enhanced
thermophysical properties), as a new generation of heat transfer fluids
in cooling and heating process lead to decrease the size of heat transfer
equipment [10−12]. Thus, it is needed to develop the experimentation
and perform many researches on modification of nanofluid thermal
conductivity and viscosity. Thermal conductivity of nanofluid depends
on several parameters including nanoparticles size, temperature, na-
noparticles mass fraction, and nanoparticles and basefluid types as well
as the interaction between nanoparticles surface and basefluid mole-
cules [1, 10–14].

It is mentioned in the literature that the interaction of nanoparticles
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surface and basefluids molecules has major impact on thermal prop-
erties of nanofluid due to the nanolayer which is formed around the
particles surface that enhance the thermal conductivity of annofluid [5,
10, 11]. Therefore, in order to indicate the ability of nanofluid for heat
transfer, the analysis of mentioned factor should to be taken into con-
sideration within the related researches. Although there are many re-
searches which have been carried out in regarding with the impacts of
nanoparticles mass fraction, temperature, and nanoparticles size on
thermal conductivity of nanofluid [15–20], there is not complete con-
sistency about the results obtained by other researchers and it is needed
to investigate the effect of basefluid types on thermal conductivity of
nanofuid to explain the impact of the interaction between nanoparticles
and basefluid on conduction heat transfer mechanism.

The effect of oxide nanoparticles on thermal conductivity of nano-
fluid has been reported by many researchers [10, 18–20]. It is reported
in their study that with the increase of nanoparticles volume fraction
the thermal conductivity of nanolfuid enhances up to 60% declaring
intense effect of nanoparticles load on thermophysical properties of
nanofluids [9, 10, 21].

Masuda et al. measured the thermal conductivity and viscosity of
nanofluids containing Al2O3, SiO2, and TiO2 nanoparticles within the
water as base fluid at different temperatures [22]. They reported that
the relative thermal conductivity of nanofluid decreased with in-
creasing temperature. Their results were different to many results
presented by many other scholars.

Warrier et al. proposed a new correlation for the prediction of na-
nofluid thermal conductivity containing metallic nanoparticles. They
measured the thermal conductivity Ag/water nanofluids at various
nanoparticle diameters and volume fractions. They also exhibited that
with declination in nanoparticles size of the thermal conductivity of
nanofluid decreased. Their results were in agreement with their model
predictions at various nanoparticles loads [23]. Beck et al. did a re-
search for measuring the enhanced thermal conductivity of Al2O3/
water and Al2O3/ethylene glycol nanofluids with different particle
sizes. Their findings showed that the value of nanofluid thermal con-
ductivity declines with the decrease in nanoparticles mean diameter
below 50 nm [24]. Chen et al. [25] investigated the effect of nano-
particles size on thermal conductivity of SiO2/water nanofluids. They
concluded that with the increase in nanoparticles size the value of
thermal conductivity ratio increases. They also showed that the inter-
action between nanoparticles surface and liquid molecules has major
impact on thermal conductivity of nanofluid and with the increase of
nanoparticles the interface thermal resistance declines for SiO2/water
nanofluid [26].

Chopkar et al. measured the thermal conductivity of water based
nanofluids containing Al2Cu and Ag2Al nanoparticles. They studied the
effect of nanoparticles volume fraction, size on the relative thermal
conductivity of nanofluid. They exhibited that the relative thermal
conductivity of nanofluid declines with nanoparticles diameter [1].
Munkhbayar et al. investigated effects of hybrid nanoparticles loads
and temperature on thermal conductivity of water based nanofluid.
Their results showed a significant enhancement on thermal

conductivity of Ag–MWCNT/water hybrid nanofluid. Their results also
declared that the maximum thermal conductivity of nanofluid, (at
40 °C), could be achieved at the condition where 0.05 wt% MWCNTs
and 3wt% Ag nanoparticles were used [27]. Xie et al. measured
thermal conductivity of Al2O3/water and Al2O3/pump oil nanofluids
[28]. They investigated the effect of nanoparticles mean diameter on
thermal conductivity of nanofluids. They showed that with the increase
of particle mean diameter the thermal conductivity of nanofluid de-
clined.

The aim of this study is to investigate the effect of basefluid types on
thermal conductivity of nanofluid containing CuO nanoparticles as well
as find a comprehensive correlation for prediction of nanofluid thermal
conductivity at various nanoparticles mass fraction and temperature.
For this purpose, in this research the thermal conductivity of water,
ethanol, and ethylene glycol based nanofluid containing CuO nano-
particles was measured at different mass fractions and various tem-
peratures. Finally, a correlation including temperature, mass fraction,
and nanoparticles and basefluids properties was proposed based on
hybrid GMDH-type neural network method to predict thermal con-
ductivity of nanofluid at various conditions.

2. Experiments

2.1. Materials

For preparation of CuO nanoparticles the precipitation method was
implemented in which Cu(NO3)2.3H2O with 99.9% purity, (purchased
from Merck Co. Germany), was dissolved in deionized water to prepare
Cu2+ ions. Then, in order to precipitate Cu2+ ions, sodium hydroxide,
(NaOH with 99.99% purity, purchased from Merck Co. Germany), was
also used during experimentation. Moreover, for preparation of nano-
fluid, deionized water, ethanol, and ethylene glycol with detailed
physical properties presented in Tables 1, 2, and 3 respectively (pur-
chased from Merck Co. Germany), were used as basefluids. In addition,
deionized water was used for washing the laboratory dishes [29].

2.2. Instruments

In order to measure thermal conductivity of nanofluid a thermal
properties analyzer, (KD2 Pro. Deacagon, USA) was used in this

Nomenclatures

T Temperature (°C)
w Nanoparticles mass fraction (wt%)
λ Parameter depends of nanoparticles and basefluid prop-

erties
knf Thermal conductivity of nanofluid (W/m.K)
kbf Thermal conductivity of basefluid (W/m.K)
kp Thermal conductivity of nanoparticles (W/m.K)
ρp Density of nanoparticles (kg/m3)
ρbf Density of basefluid (kg/m3)

Rk Relative thermal conductivity of nanofluid
κ Stephan Boltzmann constant, 5.670367×10−8W/m2·K4

Cp, bf Heat capacity of basefluid (j/kg.K)
β Fraction of fluids that travel with nanoparticles
D Mean diameter of nanoparticles (m)
φ Volume fraction of nanoparticles in basefluid
Rk, Brownian The relative thermal conductivity of nanofluid due to

random motion of nanoparticles
Rk, Maxwell The static relative thermal conductivity of nanofluid
f Interaction parameter between nanoparticles' surface and

basefluid molecules

Table 1
Physical properties of deionized water.

No Properties Value

1 Chemical formula O-H-O
2 Molecular weight (g/mol) 18.06
3 Melting point (C°) 0.00
4 Boiling point (°C) 100.00
5 Maximum density @ 3.98 °C (g/cm3) 1.000
6 Density @ 25 °C (g/cm3) 0.997
7 Viscosity @ °C (cp) 0.890
8 Surface tension (dyn/cm) 71.97
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research. Transmission Electron Microscopy analysis, (TEM), (Hitachi,
9000 NA, Japan), was implemented on dried nanoparticles in order to
characterize the morphology and size of CuO nanoparticles powder.
Also in order to estimate the stability of CuO nanoparticles within the
water, ethanol, and ethylene glycol Zeta Potential analysis was per-
formed on low-concentrated nanofluids by using the plot of total counts

vs. total electrostatic voltage, (obtained from ZetaSizer, Malvern,
ZetaSizer Nano ZS, United Kingdom). Moreover, in order to determine
nanoparticles size within the different basefluids and estimate poly
dispersity index, (PDI), of CuO nanoparticles Dynamic Light Scattering,
(DLS), (Malvern, ZetaSizer Nano ZS, United Kingdom), was im-
plemented on diluted nanofluids. Furthermore, the weight of prepared
CuO nanoparticles was measured by using a precise electric balance,
(HT series, Che Scientific Co., Hong Kong), and the temperature of
nanofluids was set on constant value during every measurement by
using an isothermal circulator bath, (−40, 7 L Ref. Circulator,
PolyScience Co., U.S.A). Also in order to prepare homosize CuO nano-
particles during synthesis, NaOH solution was continuously added into
the Cu2+ solution by using a syringe pump during, (Viltechmeda Plus
SEP21S) [29].

2.3. Nanofluid preparation

In order to prepare CuO nanoparticles 2.416 g Cu(NO3)2.3H2O was
dissolved in 100ml deionized water for obtaining Cu2+ ions, then the
precipitation reaction was carried out by adding continuously 250ml
0.1 M NaOH solution by using a syringe pump with flow rate of 250ml/
h. the solution was kept on stirring condition with rate of 1200 rpm
during precipitation reaction and NaOH was added to solution until the
pH of solution reached to 14, (declaring no more precipitate synthesis).
Afterward, the suspension was introduced to centrifugation process
under 5000 rpm rotation for 7min in order to separate the precipitates.
Moreover, for elimination of the remained NaOH i.e. neutralization of

Table 2
Physical properties of ethanol.

No Properties Value

1 Chemical formula CH3-CH2-OH
2 Molecular weight (g/mol) 46.06
3 Melting point (C°) −114.1
4 Boiling point (°C) 78.37
5 Density @ 25 °C (g/cm3) 0.789
6 Viscosity @ 25 °C (cp) 1.074

Table 3
Physical properties of ethylene glycol.

No Properties Value

1 Chemical formula OH-CH2-CH2-OH
2 Molecular weight (g/mol) 62.06
3 Melting point (C°) −12.9
4 Boiling point (°C) 197.3
5 Density @ 25 °C (g/cm3) 1.11
6 Viscosity @ 25 °C (cp) 16.1

Fig. 1. TEM images of CuO nanoparticles.
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precipitates and purifying the surfaces of nanoparticles, the precipitates
were washed 6 times by means of ethanol with purity of 99.99%. Also
in order to evaporate remained ethanol and dry the surface of pre-
cipitates, they were kept in an oven at 70 °C for 24 h. It is mentioned in
previous efforts that by adding NaOH solution to a solution containing
Cu2+ the formation of both CuO and Cu(OH)2 is resulted as precipitates
and the hydroxyl groups (-OH) will eliminate by keeping them at
temperature of 500 °C [30]. Therefore, in this research also for elim-
inating the hydroxyl groups within the nanoparticles structure the
precipitate were kept in oven with temperature of 500 °C for 4 h. After
preparation of CuO nanoparticles, nanofluids were prepared by dis-
persing 5.49 g of CuO nanoparticles in 100ml deionized water, ethanol,
ethylene glycol for obtaining 5 wt% CuO loaded nanofluid. The stock
nanofluids were subjected to the three separated step of sonication by
using ultrasonic processor for 1 h with amplitude and step time of 60%

and 0.5 s respectively. Moreover for preparation of nanofluids with
various nanoparticles loads, a certain amount of stock suspension was
diluted by adding pure basefluids, (to obtain nanofluid with CuO mass
fractions of 5, 1, 0.5, 0.1, 0.05, 0.01 and 0.005 wt%) [29].

2.4. Measuring thermal conductivity of nanofluid

In order to measure the thermal conductivity of nanofluid with
various mass fractions of CuO nanoparticles in different basefluids,
10ml of each sample was introduced to a cylindrical glass vessel with
1 cm diameter, 12.74 cm height, and 0.5mm wall thickness. The vessel,
(containing 10ml CuO loaded nanofluid), was inserted in the iso-
thermal circulator bath vertically at fixed temperature. Then, the probe
of KD2 Pro was inserted vertically within the vessel for measuring
thermal conductivity of nanofluid. In this research the mechanism of

Fig. 2. The results of DLS analysis for a) CuO/water, b) CuO/ethanol, C) CuO/ethylene glycol nanofluids.
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thermal conductivity measurement is Transient Hot Wire method,
(THW), in which heat is conducted through the probe of thermal ana-
lyzer and by cooling the probe the thermal conductivity is measured by
passing the time. Accordingly by applying THW the temperature of
nanofluid increases slightly resulting experimental deviation on the
results [10]. Thus for eliminating any further experimental errors and
avoid effect of every unstable temperature during applying KD2 Pro,
the measurements were repeated 12 times at constant condition with
interval time of 5min. Also in order to show the experimental errors the
standard deviation for thermal conductivity measurement at fixed
temperature and CuO nanoparticles mass fraction was obtained by
using the following equation:

=
∑ −

Standard Deviation
(R R )

n
i k,i k

2

2 (1)

Where Rk, i is the ratio of thermal conductivity of nanofliud to pure

basefluid, (Rk= knf/kbf) for each measurement, Rk is average thermal
conductivity ratio also m is numbers of measurements, (m=12).

2.5. Uncertainty analysis

For each measurement at fixed mass fraction and temperature the
uncertainty analysis was defined by using thermal conductivity mea-
surement error, the error of precise electric balance, and isothermal
circulator bath error. For this purpose, the uncertainty of experi-
mentation for obtaining thermal conductivity of nanofluid with various
basefluids was calculated by means of the accuracy of thermal circu-
lator bath, (± 0.005 °C), and precise electric balance, (± 0.0003 g),
and the accuracy of KD2 Pro, (± 1%). In order to calculate the un-
certainty for experimentation and thermal conductivity measurement
the Eq. (2) was used [31]:

Fig. 3. The results of Zeta-potential analysis for a) CuO/water, b) CuO/ethanol, C) CuO/ethylene glycol nanofluids.
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In this research the maximum of uncertainty for thermal con-
ductivity measurement was 7.4%.

3. Results and discussion

3.1. Characterization

Fig. 1 shows the results of TEM analysis of CuO nanoparticles were
synthesized by means of precipitation method. The results of this figure
indicate that CuO nanoparticles were synthesized with mean diameter
of 40 nm, mostly ranged from 10 to 80 nm. In addition, it is resulted
from TEM analysis that the CuO nanoparticles morphology was semi-
spherical. It is mentioned in previous effort that nanoparticle size as
well as the agglomeration of nanoparticles have highest impact on
thermophysical properties of nanofluid [10, 11, 29, 32]. Accordingly,
aggregation of CuO nanoparticles within various basefluids changes the
viscosity and thermal conductivity of nanofluid. Therefore, it is needed
to measure the stability and CuO nanoparticle sizes within basefluid
and then measure the thermal conductivity of nanofluids. For this
purpose, Dynamic Light Scattering, (DLS), and Zeta potential analysis
were performed on CuO/water, CuO/ethanol and CuO/ethylene glycol
nanofluids.

Fig. 2 represents the results of DLS analysis for CuO/water, CuO/
ethanol and CuO/ethylene glycol nanofluids. These results indicate that
the mean diameters of CuO nanoparticles dispersed in deionized water,
ethanol and ethylene glycol as basefluid ranges from 10 to 60 nm with
Poly Dispersity Index, (PDI), ranges of 0.142 to 0.242. Due to the dark
color of sample, it is needed to dilute the nanofluid for applying DLS
and Zeta potential analysis. For this purpose the samples were diluted
with further basefluid for eliminating any experimental errors during
applying DLS and Zeta potential tests. Moreover, the results presented
in Fig. 2 exhibited no significant agglomeration of CuO nanoparticles
within the deionized water, ethanol and ethylene glycol and these re-
sults are consistence with the results of TEM analysis.

Zeta potential analysis is one of the factors for measuring the sta-
bility of nanoparticles within the basefluid [10]. It is noticed that
magnitude and maximum the zeta potential of nanoparticles indicates
the magnitude of electrostatic repulsion between surface-charged na-
noparticles within baseluifds. It is mentioned that with the increase of
electrical potential within the Zeta potential test cell more than
+40mV or less than −40mV, (depend on nanoparticles and basefluid
type), more stable nanoparticles are resulted; therefore, larger magni-
tude of the zeta potential test shows the higher stability of nanoparticles
that do not tend to agglomerate because of the repulsive electrostatic
forces [10, 11, 29, 33, 34].

The results of zeta potential analysis for CuO nanoparticles dis-
persed in deionized water, ethanol, and ethylene glycol are presented in
Fig. 3. This results shows that the large number of CuO nanoparticles
has maximum zeta potential i.e. surficial electrostatic charge at elec-
trical potential of less than −40mV showing high stability of nano-
particles within basefluids [11, 35].

3.2. Thermal conductivity

The results of nanofluid relative thermal conductivity measurement,
(Rk= knf/kbf), at the condition where CuO nanoparticles was dispersed
in deionized water is presented in Fig. 4a, (the results were obtained at
various temperatures and mass fractions). It is concluded from these
findings that with the temperature enhancement from 25 to 70 °C the
ratio of thermal conductivity enhances from 1.08 to 1.47 at the con-
diction where 5 wt% CuO nanoparticles used. Moreover, these results
exhibit that with the increase of CuO mass fraction from 0.005 to 0.5 wt
% the value of nanofluid relative thermal conductivity enhances

insignificantly while for the mass fraction above 0.5 wt% the value of
relative thermal conductivity enhances significantly. Accordingly, it is
concluded that with the enhancement of CuO nanoparticles mass
fraction from 0.005 to 0.5 wt% the relative thermal conductivity in-
creases about 5% and 7% for temperature of 25 and 40 °C, and with the
increase of mass fraction from 0.5 to 5 wt% the ratio of thermal con-
ductivity enhances about 8% and 20% for the temperature of 25 and

Fig. 4. The ratio of thermal conductivity of nanofluid to basefluid at various
temperature and CuO nanoparticles mass fraction dispersed in a, deionized
water, b, ethanol, c, ethylene glycol.
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40 °C respectively, declaring high impact of mass fraction.
Fig. 4b represents the results of nanofluid relative thermal con-

ductivity at various temperatures and mass fractions where CuO na-
noparticles were dispersed in ethanol as basefluid. It is also concluded
from these results that with the increase of temperature from 25 to
70 °C the value of relative thermal conductivity increases from 1.11 to
1.7 at the condition where CuO nanoparticles was chosen to be 5 wt%.
Furthermore, these findings exhibits that with nanoparticles mass
fraction enhancement from 0.005 to 0.5 wt% the value of relative
thermal conductivity of nanofluid increases insignificantly while for the
mass fraction above 0.5 wt% the value of thermal conductivity ratio
increases significantly with nanoparticle mass fraction. Consequently, it
is noticed from the results that with the increase in CuO nanoparticles
mass fraction from 0.005 to 0.5 wt% the value of thermal conductivity
ratio increases about 7% and 15% for temperature of 25 and 40 °C, and
with the increase of mass fraction from 0.5 to 5 wt% the ratio of thermal
conductivity enhances about 10% and 35% for the temperature of 25
and 40 °C respectively, declaring also high impact of mass fraction on
thermal conductivity of CuO/ethanol nanofluid.

The results of thermal conductivity ratio for CuO/ethylene glycol
are shown in Fig. 4c at various temperatures and nanoparticles mass
fraction s. It is evidence from the results presented in Fig. 4c that with
the increase of temperature from 25 to 70 °C the value of relative
thermal conductivity increases from 1.06 to 1.57 at the condition where
5 wt% CuO nanoparticles used. Also these findings exhibits that with
the increase of CuO nanoparticles mass fraction from 0.005 to 0.5 wt%
the ratio of thermal conductivity of nanofluid increases insignificantly
declaring lower effect of mass fraction on thermal conductivity of na-
nofluid, while for the mass fraction above 0.5 wt% the value of thermal
conductivity ratio change significantly. For this nanofluid it is resulted
that with the increase in CuO nanoparticles mass fraction from 0.005 to
0.5 wt% the value of thermal conductivity ratio increases about 3% and
10% for temperature of 25 and 40 °C respectively; on the other hand,
with the increase of mass fraction from 0.5 to 5 wt% the ratio of thermal
conductivity enhances about 7% and 25% for the temperature of 25 and
40 °C respectively, also declaring high impact of mass fraction on CuO/
ethylene glycol nanofluid.

3.3. Temperature effect

It is concluded from the experimental measurement of nanofluid
thermal conductivity that with the increases of temperature the value of
relative thermal conductivity increases at fixed CuO nanoparticles mass
fraction for CuO/deionized water, CuO/ethanol, and CuO/ethylene
glycol, (results of Fig. 4a to c). Furthermore, for the nanofluids contain
CuO nanoparticles above 0.5 wt% with the increase of temperature
from 25 to 70 °C the ratio of thermal conductivity enhances sig-
nificantly, (maximum change in thermal conductivity is 56.2%), while
for those contain CuO nanoparticles lower than 0.5 wt% the change in
thermal conductivity of nanofluid is much lower, (maximum change in
thermal conductivity is 22.1%). According to the previous researches,
the main mechanism for nanofluid thermal conductivity enhancement
is attributed to the random motion of nanoparticles within the basefluid
which is called Brownin velocity of nanoparticles and resulting extreme
convection in micron dimension [10]. Based on this theory, with the
increase in the magnitude of these micro-convection within the nano-
fluid, more basefluid molecules can be transferred from the region with
higher temperature to the region with lower temperature and higher
thermal conductivity is resulted [10]. It is reported by Koo et al. that
with the increase in temperature the magnitude of Brownian velocity of
nanoparticles increase tangibly [10, 36]. Therefore, the results of this
research also exhibit that the main factor that can justify the impact of
temperature on thermal conductivity of nanofluid is attributed to the
effect of temperature on the Brownin velocity of nanofluid resulting
larger micro-convection. The results of this research also shows that
with the increase of temperature from 25 to 70 °C at the condition

where nanoparticles mass fraction was set on 5 wt% the relative
thermal conductivity increases 36.1, 48.1, 53.2% for CuO/deionized
water, CuO/ethylene glycol, and CuO/ethanol nanofluids, respectively.
These results show that temperature has higher effect on the CuO/
ethanol nanofluid thermal conductivity in comparison to CuO/deio-
nized water and CuO/ethylene glycol nanofluids.

3.4. Mass fraction effect

In addition, it is concluded from the results of this research that with
enhancement in CuO nanoparticles load the value of nanofluid relative
thermal conductivity increases, (Fig. 4a to c). This effect is attributed to
the solid content, (CuO nanoparticles with higher thermal con-
ductivity), within the various basefluids. Moreover, it can be under-
stood that with the enhancement in nanoparticles mass fraction the
numbers of random motion or micro-convection, (produced by means
of CuO nanoparticles), increases, consequently, higher nanofluid
thermal conductivity is obtained [37]. The results of this research ex-
hibited that with the increment in CuO nanoparticles load within
deionized water, ethanol and ethylene glycol as basefluids from 0.005
to 5 wt% the ratio of thermal conductivity increases 24, 27, 38, 43, 45%
at the temperatures of 25, 40, 55 and 70 °C, respectively.

3.5. Basefluid type effect

Fig. 5 shows the results of relative thermal conductivity for CuO/
deionized water, CuO/ethanol, and CuO/ethylene glycol nanofluid at
various nanoparticles mass fraction and fixed temperature of 25 °C.
According to the results of this figure, with the increase of mass fraction
of nanoparticles from 0.005 to 5 wt% the value of relative thermal
conductivity increases 11.4, 8.9, and 6.9% for CuO/ethanol, CuO/
ethylene glycol, and CuO/water nanofluids, respectively. These results
also shows that with the increase of nanoparticles mass fraction to
0.5 wt% the enhancement in nanofluid relative thermal conductivity is
insignificant, while for the mass fraction above these value the change
in nanofluid relative thermal conductivity is more tangible. These re-
sults also declare that the value relative thermal conductivity of CuO/
ethanol, CuO/ethylene glycol, and CuO/water nanofluids are same at
low temperature with maximum 7% difference.

Fig. 6 exhibits the results of relative thermal conductivity for CuO/
deionized water, CuO/ethanol, and CuO/ethylene glycol nanofluid at
various nanoparticles mass fraction and fixed temperature of 70 °C.
According to the findings presnetd in this figure, with the enhancement
in CuO nanoparticles mass fraction ranged from 0.005 to 5 wt% the

Fig. 5. The ratio of thermal conductivity of nanofluid to basefluid at 25 °C for
various nanofluids and CuO nanoparticles mass fractions.
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value of relative thermal conductivity increases 68.3, 52.9, and 38.1%
for CuO/ethanol, CuO/ethylene glycol, and CuO/water nanofluids, re-
spectively. The reults presented in Fig. 6 also exhibits that with the
enhancement CuO nanoparticles mass fraction from 0.005 to 0.5 wt%
the increment in the nanofluid relative thermal conductivity is insig-
nificant similar to the results presented in Fig. 5. However, for the mass
fraction above 0.5 wt% the change in nanofluid relative thermal con-
ductivity is significant. These findings also express that the value of
relative thermal conductivity for CuO/ethanol, CuO/ethylene glycol,
and CuO/water nanofluids are same at the concentration below 0.5 wt
% and for the mass fraction above this value the relative thermal
conductivity of Cu/ethanol nanofluid is much higher than other two
types of nanofluid and the relative thermal conductivity of CuO/deio-
nized water nanofluid is lower that relative thermal conductivity of
CuO/ethylene glycol nanofluid.

Fig. 7 shows the results of thermal conductivity measurement for
CuO loaded nanofluid in which water, ethanol, and ethylene glycol
were used as basefluids. These results were obtained at the condition
were nanoparticles mass fraction was set on 5 wt% and the temperature
were 25, 40, 55, and 70 °C. These results indicate that the thermal
conductivity ratio of CuO/ethanol nanofluid is higher than the thermal
conductivity ratio of other two types of nanofluid and the difference
between this parameter for the all types of nanofluids increases sig-
nificantly with the increase in temperature. Furthermore, these results
declare that the thermal conductivity ratio of CuO/ethylene glycol
nanofluid is much higher than CuO/water nanofluids. It is also con-
cluded that thermal conductivity ratio for CuO/ethanol and CuO/
ethylene glycol nanofluids change significantly at the temperature
below 55 °C, while for the temperature above 55 °C the change in
thermal conductivity ratio decreases vs temperature from 55 to 70 °C,
declaring higher impact of temperature at below 55 °C.

According to the correlation proposed by Koo et al. based on
Brownian motion of nanoparticles as well as micro convection in fluid,
the interaction parameter between nanoparticles surface and basefluid
molecules can be obtained according to the follow [36]:

=
× +

f
k R

β φ C ρ

.

5 10 . . . .

bf k Brownian

p bf bf
κ T

ρ D

,

4
,

( 273)
.p (3)

Where Cp, bf, κ, D, φ are heat capacity of basefluid, Stephan
Boltzmann constant, nanoparticles diameter, and volume fraction of
nanoparticles within basefluid. For this study in order to determine the
volume fraction of nanoparticles in basefluid the following relation was
used:

=
+ −

φ w
w w(1 )

ρ

ρ
p

bf (4)

Moreover, they concluded that for nanofluid with nanoparticles
volume fraction of less than 1 vol% the value of the liquid fraction that
travels with nanoparticles by means of random motion, (β), can be
obtained by means of Eq. (5) [36].

= −φβ 0.0137(100 ) 0.8229 (5)

In addition, the value of Rk, Brownian can be calculated by using the
following equation:

= −R R Rk Brownian k exp k Maxwell, , , (6)

Where the value of Rk, Maxwell can be calculated by using the fol-
lowing relation:

= +
−

+ − −
R

k k φ
k k k k φ

1
3( / 1)

( / 2) ( / 1)k Maxwell
p bf

p bf p bf
,

(7)

In this study also in order to estimate the interaction of nano-
particles surface and basefluid molecules, the value of f was calculated
for CuO/water, CuO/ethanol, and CuO/ethylene glycol nanofluids. The
results of obtained interaction parameter for mentioned nanofluid at
various temperature and mass fractions are presented in Fig. 8. It is
concluded from this figure that with the increase of nanoparticles mass
fraction and temperature the value of f increases and with the increase
of temperature the effect of mass fraction is more tangible. These results
also declare that for CuO/water nanofluid the value of f is higher than
other two types of nanofluids; furthermore, the value of interaction
parameter for CuO/ethylene glycol nanofluid is lower than those of
CuO/ethanol nanofluid. The value of interaction parameter of CuO/
water, CuO/ethanol, and CuO/ethylene glycol nanofluids was corre-
lated based on regression analysis by using following correlation:

= + + +f A A w A T A w Tn n n n
1 2

1
3

2
4

3 4 (8)

Where the constant parameters can be obtained from the values
presented in Table 4.

It is mentioned in the previous researches that interfacial nanolayers
of basefluid molecules, which can surround the nanoparticles' surface,
has a major effect on nanofluid thermal conductivity that with the in-
crease of basefluid nanolyer thickness higher thermal conductivity may
resulted [19, 38–40]. However, with the increase in nanolyer thickness
the magnitude of Brownian motion decreases due to the larger nano-
particles' hydrodynamic size, resulting lower micro convection and lead

Fig. 6. The ratio of thermal conductivity of nanofluid to basefluid at 70 °C for
various nanofluids and CuO nanoparticles mass fractions.

Fig. 7. The ratio of thermal conductivity of nanofluid to basefluid vs. tem-
perature at nanoparticles mass fraction of 5 wt% for various basefluids of water,
athanol, and ethylene glycol.
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to decrease in nanofluid thermal conductivity [36]. Thus, it can be
concluded that with the enhancement in the interaction between na-
noparticles' surface and basefluid molecules the value of relative
thermal conductivity increases and also for much higher magnitude of
interaction parameter the value of relative thermal conductivity de-
creases due to the declination in the nanoparticles random motion.
Similarly, in this research it is resulted from Fig. 8 that the thermal
conductivity of both CuO/water and CuO/ethylene glycol nanofluids is
lower than the thermal conductivity of CuO/ethanol nanofluid, since
the interaction parameter of CuO/water nanofluid is high and lower
magnitude of Brownian velocity of nanoparticles is resulted. On the
other hand, for CuO/ethylene glycol nanofluid lower interaction para-
meter between nanoparticles' surface and basefluid molecules leading
to lower value of thermal conductivity of nanofluid due to the small
thickness of baselfuid nanolayers surrounding the nanoparticles' sur-
face.

3.6. Correlation

In order to estimate the relative thermal conductivity of nanofluids
at various temperature and CuO nanoparticles mass fraction a hybrid
group method of data handling (GMDH)-type neural network was used
[41]. For this purpose, a polynomial correlation was derived by using
GMDH Shell DS software. The correlation for estimating the relative
thermal conductivity of CuO/deionized water, CuO/ethanol, and CuO/
ethylene glycol nanofluids was obtained by hybrid GMDH-type neural
network as function of temperature (°C) and nanoparticles mass frac-
tions (wt%) and λ for generalization of correlation, (the following
correlation was obtained with R2=0.99):

= = + + + °° °R
k
k

A A λ T C A w wt T C A T C. ( ) ( %). ( ) ( )k
nf

bf
1 2 3 4

2

(9)
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Fig. 9 shows the value of relative thermal conductivity of nanofluid
which have been obtained by Eq. (9) vs. experimental relative thermal
conductivity. It is concluded from this figure that Eq. (9) can estimate
the ratio of thermal conductivity of nanofluid to basefluid at various
temperatures and nanoparticle mass fractions for CuO/deionized water,
CuO/ethanol, and CuO/ethylene glycol nanolfuids with low deviation
from experimental values. These findings show that deviations of cal-
culated relative thermal conductivity from experimental values are
majorly less than 10%. Thus, it is concluded that Eq. (9) can estimate
the relative thermal conductivity of CuO nanoaprticles dispersed in
deionized water, ethanol and ethylene glycol as basefluids at tem-
perature range of 25 ̊C to 70 ̊C and the mass fraction within 0.005 to
5 wt%.

Azmi et al. [42] presented a new correlation for estimation of re-
lative thermal conductivity of nanofluid. They obtained the correlation
based on regression analysis study in which relative thermal con-
ductivity of nanofluid was as function of temperature, nanoparticle

Fig. 8. The value of f obtained at various temperatures at nanoparticles mass
fractions for a, CuO/water, b, CuO/ethanol, c, CuO/ethylene glycol nanofluids.

Table 4
The constant parameters for estimating interaction parameter by using Eq. (8).

Nanofluids A1 A2 A3 A4 n1 n2 n3 n4 R2

CuO/ethylene glycol 0.835 −0.298 −0.734 0.076 0.417 0.175 0.115 0.773 0.932
CuO/ethanol 26.37 −28.99 −0.657 1.070 0.007 0.830 0.018 0.758 0.901
CuO/water 1.356 −0.006 −0.967 0.284 2.404 0.480 0.049 0.178 0.941
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volume fraction and thermal diffusivity of nanoparticles and basefluids.
Furthermore, Chon et al. [43] reported a new correlation for estimating
the relative thermal conductivity of nanofluid by using the volume
fraction of nanoparticles and temperatures within the range of
294–344 K. In addition, Vajjha et al. [44] presented a relation in terms
of temperature and volume fraction of nanoparticles and nanoparticles
diameter to estimate relative thermal conductivity of nanofluid.

.
The sensitivity analysis explains how much relative thermal con-

ductivity of nanofluid is sensitive to the changes in temperature, mass
fraction of CuO nanoparticles within the basefluids and physical
properties of nanoparticles and basefluids, (λ). In this research, the
sensitivity analysis was done on the proposed correlation by con-
sidering± 5,± 10,± 15,± 20% and ± 25% change in temperature,
nanoparticle mass fraction, and physical properties of nanoparticles and
basefluids, (λ). For instance, for a nanofluid with temperature of 50 °C,
nanoparticle mass fraction of 1 wt%, and λ equal to 1543.7 the sensi-
tivity of relative thermal conductivity by considering 10% change in
temperature can be obtained as follows:

=

= ± = =

− = = =
= = =

Sensitivity

R T W wt λ

R T W wt λ
R T W wt λ

(%)

( 50 5, 1 %, 1543.7)

( 50, 1 %, 1543.7)
( 50, 1 %, 1543.7)

k

k

k

(11)

Fig. 9b shows the results of the sensitivity analysis for relative
thermal conductivity of nanofluid. As it can be seen, the relative
thermal conductivity is more sensitive to temperature and physical
properties of nanoparticles and basefluids than nanoparticles mass

fraction, this means at certain values of nanoparticles mass fraction,
with the increase or decrease in temperature or change in nanoparticles
and basefluid type the value of relative thermal conductivity change
significantly in comparison to nanoparticles mass fraction.

Fig. 10a shows the comparison between experimental relative
thermal conductivity and the calculated values obtained from the re-
lation presented by Azmi et al. The findings presented in this figure
exhibits that they correlation cannot estimate the relative thermal
conductivity of nanofluids, (CuO/deionized water, CuO/ethanol, and

Fig. 9. a, The value of relative thermal conductivity obtained by Eq. (3) vs.
experimental relative thermal conductivity, b, Sensitivity analysis diagram of
nanofluid relative thermal conductivity.

Fig. 10. The value of relative thermal conductivity obtained by correlation
presented by a, [39], b, [40], and c, [41] vs. experimental relative thermal
conductivity.
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CuO/ethylene glycol), at different temperatures and nanoparticles mass
fractions. Furthermore, the deviation of experimental data from cal-
culated values is higher than 30%. Also the results of this figure show
that the calculated data are higher than experimental values.

Fig. 10b shows the comparison between experimental thermal
conductivity ratio and the calculated values obtained from the corre-
lation presented by Chon et al. The results of this figure also exhibit that
the correlation proposed by Chon et al. cannot estimate the relative
viscosity of nanofluid at various temperatures and nanoparticles mass
fractions.

Fig. 10c presents the comparison between experimental values and
calculated data estimated by the correlation presented by Vajjha et al.
This figure shows that the mentioned correlation cannot estimate the
relative thermal conductivity of nanofluids at the condition where
various mass fractions and temperatures were chosen.

In order to validate the correlation of this study, an experimental
data set was obtained from the previous researches, which are pre-
sented in Table 5. In this table the experimental thermal conductivity
ratio of SiO2/ethanol, Al2O3/water, and ZnO/ethylene glycol nano-
fluids is reported at various nanoparticles mass fractions and tem-
perature. In this table also the deviation of calculated thermal con-
ductivity ratio from the experimental values, (Margin of deviation =
(Rk, cal− Rk, exp)/Rk, exp×100), is reported at various temperatures and
mass fractions. These results show that the proposed correlation of this
study can estimate the experimental results of other studies at the
temperature range of 21 ̊C to 51 ̊C, mass fractions range of 0.5–20.88 wt
% with margin of deviation ranged from −6.5 to 4.9%.

4. Conclusion

In this study the effect of various factors such as temperatures
within the range of 25–70 °C and the CuO nanoparticles mass fractions
ranged from 0.005 to 5% as well as basefluids types including deionized
water, ethanol and ethylene glycol were studied on thermal con-
ductivity of nanofluid. Copper(II) oxide nanoparticles were synthesized
in an aqueous environment by means of percipitation method. For
prevention of nanoparticles agglomeration within the basefluids

nanoparticles were dispersed in deionized water, ethanol and ethylene
glycol separately by using ultrasonic waves.

In order to prepare nanoparticles copper(II) nitrate, water, and so-
dium hydroxide solutions were used in the synthesis process. The sta-
bility of nanoparticles in various basefluids was estimated by using DLS
and Zeta Potential analysis. Measurement of the nanofluid thermal
conductivity at different temperatures and fixed CuO nanoparticles
mass fraction were carried out with 12 separate steps with an interval
time of 5min in order to prevent any further unstable temperature.

The results showed that with increase in the temperature and mass
fraction of nanoparticles the relative thermal conductivity of nanofluid
increases and for CuO/ethanol nanofluid the value of thermal con-
ductivity is much higher than other nanofluids at higher temperature.
Furthermore, the results showed that with the increase of nanofluid
mass fraction up to 0.5 wt% insignificant change in relative thermal
conductivity is resulted while for the values above 0.5 wt% the relative
thermal conductivity of nanofluids enhance tangibly. In addition, the
findings indicated that the thermal conductivity ratio of CuO/ethanol
nanofluid is higher than the thermal conductivity ratio of other two
types of nanofluid and the difference between relative thermal con-
ductivity of nanofluids increases with the temperature increment.
Furthermore, the results declared that the thermal conductivity ratio of
CuO/ethylene glycol nanofluid is much higher than CuO/water nano-
fluids. It is concluded that the thermal conductivity of both CuO/water
and CuO/ethylene glycol nanofluids is lower than the thermal con-
ductivity of CuO/ethanol nanofluid, since the interaction parameter of
CuO/water nanofluid is high and consequently lower magnitude of
Brownian velocity of nanoparticles is resulted. Also for CuO/ethylene
glycol nanofluid lower interaction parameter between nanoparticles'
surface and basefluid molecules leading to lower value of thermal
conductivity of nanofluid due to the small thickness of baselfuid na-
nolayers surrounding the nanoparticles' surface.

Also in this study an empirical equation including temperature,
nanoparticles mass fraction, physical properties of nanoparticles and
basefluid, (λ), was obtained by using hybrid GMDH-type neural net-
work to estimate relative thermal conductivity of nanofluid. The com-
parison between results of experimentation and proposed correlation

Table 5
The comparison between data obtained from previous researches and those obtained by Eq. (9).

Researcher Nanofluid Experimental data Values obtained by Eq. (4) Margin of deviation (%) Reference

Darvanjooghi et al. SiO2/ethanol nanofluid, 0.5 wt%, 25 °C, 10.6 nm 1.010 1.036 4.5 [10]
Darvanjooghi et al. SiO2/ethanol nanofluid, 0.5 wt%, 25 °C, 20.0 nm 1.017 1.036 1.8 [10]
Darvanjooghi et al. SiO2/ethanol nanofluid, 0.5 wt%, 25 °C, 38.6 nm 1.021 1.036 1.5 [10]
Darvanjooghi et al. SiO2/ethanol nanofluid, 0.5 wt%, 25 °C, 62.0 nm 1.095 1.036 −5.4 [10]
Darvanjooghi et al. SiO2/ethanol nanofluid, 0.5 wt%, 40 °C, 20.0 nm 1.018 1.043 2.4 [10]
Darvanjooghi et al. SiO2/ethanol nanofluid, 0.5 wt%, 40 °C, 38.6 nm 1.031 1.043 1.1 [10]
Darvanjooghi et al. SiO2/ethanol nanofluid, 0.5 wt%, 40 °C, 38.6 nm 1.076 1.043 −3.1 [10]
Darvanjooghi et al. SiO2/ethanol nanofluid, 0.5 wt%, 40 °C, 38.6 nm 1.115 1.043 −6.5 [10]
Dass et al. Al2O3/water nanofluid, 3.85 wt%, 21 °C 1.036 1.023 1.3 [45]
Dass et al. Al2O3/water nanofluid, 7.48 wt%, 21 °C 1.054 1.048 0.6 [45]
Dass et al. Al2O3/water nanofluid, 10.92 wt%, 21 °C 1.072 1.067 0.5 [45]
Dass et al. Al2O3/water nanofluid, 14.17 wt%, 21 °C 1.089 1.097 −0.7 [45]
Dass et al. Al2O3/water nanofluid, 3.85 wt%, 36 °C 1.045 1.067 −2.1 [45]
Dass et al. Al2O3/water nanofluid, 7.48 wt%, 36 °C 1.076 1.101 −2.2 [45]
Dass et al. Al2O3/water nanofluid, 10.92 wt%, 36 °C 1.107 1.119 −1.2 [45]
Dass et al. Al2O3/water nanofluid, 14.17 wt%, 36 °C 1.136 1.159 −2.0 [45]
Dass et al. Al2O3/water nanofluid, 3.85 wt%, 51 °C 1.049 1.106 −5.2 [45]
Dass et al. Al2O3/water nanofluid, 7.48 wt%, 51 °C 1.094 1.143 −4.3 [45]
Dass et al. Al2O3/water nanofluid, 10.92 wt%, 51 °C 1.137 1.169 −2.8 [45]
Dass et al. Al2O3/water nanofluid, 14.17 wt%, 51 °C 1.177 1.244 −5.4 [45]
Yu et al. ZnO/ethylene glycol nanofluid, 0.85 wt%, 30 °C 1.005 1.054 4.9 [46]
Yu et al. ZnO/ethylene glycol nanofluid, 1.75 wt%, 30 °C 1.028 1.061 3.2 [46]
Yu et al. ZnO/ethylene glycol nanofluid, 2.94 wt%, 30 °C 1.065 1.070 0.5 [46]
Yu et al. ZnO/ethylene glycol nanofluid, 4.02 wt%, 30 °C 1.085 1.079 −0.5 [46]
Yu et al. ZnO/ethylene glycol nanofluid, 8.36 wt%, 30 °C 1.129 1.109 −1.7 [46]
Yu et al. ZnO/ethylene glycol nanofluid, 12.51 wt%, 30 °C 1.176 1.140 −3.1 [46]
Yu et al. ZnO/ethylene glycol nanofluid, 16.74 wt%, 30 °C 1.203 1.171 −2.7 [46]
Yu et al. ZnO/ethylene glycol nanofluid, 20.88 wt%, 30 °C 1.267 1.201 5.2 [46]

B.A.F. Dehkordi, A. Abdollahi International Communications in Heat and Mass Transfer 97 (2018) 151–162

161



showed that the deviation of calculated relative thermal conductivity
from experimental values is less than 10% majorly.
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