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Abstract The enhancement of thermal conductivities of

water in the presence of copper oxide and multiwalled

carbon nanotubes is investigated for the first time. Hybrid

nanofluid is a homogenous mixture of multiwalled carbon

nanotubes-CuO particles suspended in water as the base

fluid. The thermal conductivity of mixture is measured by

KD2 Pro instrument. All thermal conductivity measure-

ments are repeated three times in the range of 25–50 �C. A

hot water bath is used to stabilize the temperature at 25, 30,

35, 40, 45 and 50 �C during the measurements. The results

show that the thermal conductivity of the nanofluid

increases at more solid concentration. Furthermore, the

thermal conductivity of the nanofluid increases with the

temperature; however, this increase is by far more notice-

able in higher solid concentrations compared with the

lower ones. Moreover, it is tried to propose a new corre-

lation for predicting the thermal conductivity of the present

nanofluid at different temperatures and volume fractions.

The highest enhancement percentage was observed as

30.38% for the state of T = 50 �C and u = 0.6%. How-

ever, the enhancement percentages were achieved as

25.57–30.38 for the state of u = 0.6% at T = 25–50 �C,

respectively.

Keywords Hybrid nanofluid � Thermal conductivity

measurement � New correlation

Introduction

In the industrial sectors, heat must be transferred either to

insert energy into the system or to remove the energy

produced in the system. Due to the rapid increase in energy

demand worldwide, the intensifying heat transfer process

has become an important task. Cooling and heating are the

demanding challenges in some high heat flux systems. The

fluid medium has the ability to transfer a large quantity of

heat across small temperature difference, which improves

the performance of heat transfer devices. Nanofluid is a

novel heat transfer fluid prepared by dispersing nanometer-

sized solid particles in traditional heat transfer fluids such

as water or ethylene glycol to increase thermal conductivity

and therefore heat transfer performance. Several methods

of enhancing the heat transfer are used in heating and

cooling systems, but using the nanofluids in industrial

applications has a better heat transfer rate [1–8].

In another experimental study, the thermal conductivity

of MgO/EG nanofluid with different sizes of particles (20,

40, 50 and 60 nm) was measured by Esfe et al. [9] and

Yabuki et al. [10]. They applied a two-step sintering

method to a copper layer formed from a copper ink con-

taining 20-nm copper nanoparticles and covered by a thin

carbon layer and proposed the use of gelatin as a stabilizer

and antioxidation reagent for copper nanoparticles, so that

the fine particles were prepared by a chemical reduction of

copper (II) oxide (CuO) and a copper salt. CuO is a solid

copper source containing oxygen as the only counter-anion.

It represents the ideal metal source candidate for copper

fine particles used in conductive inks and pastes [11, 12].

Thermal conductivity of nanofluid using KD2 Pro was

measured by Chandrasekar et al. [13] who proposed a new

model to predict the thermal conductivity for Al2O3/water

nanofluid. Chein and Chuang [14] conducted an
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experimental study on the heat transfer and hydraulic

performance of CuO/water mixture without using a dis-

persion agent inside a silicon wafer microchannel heat sink.

They studied 0.2 and 0.4% nanoparticles volume fractions

and observed that nanofluids absorbed more dissipated

energy and offered lower wall temperature than the base

fluid for the low fluid flow rates (20 mL min-1). For the

higher flow cases, the agglomeration and deposition clearly

penalized the heat improvement, although the agglomera-

tion could be prevented by using a higher bulk temperature,

while only a slight increase in the pressure drop was

observed. More works can be addressed in this way, such

as Soltanimehr and Afrand, Zarringhalam et al.,

Karimipour et al., Afrand et al., Esfe et al., Akbar et al.,

Zeeshan et al. and Sheikholeslami et al. [15–34].

A great number of researches have been conducted on

different nanofluids from different aspects [35–41]. These

particles included different types of oxides such as copper

oxide [42–44], aluminum oxide [45–47], titanium oxide

[48, 49]. Choi et al. [50] reported 150% increase in thermal

conductivity of poly(a-olefin) by adding 1% volume frac-

tion of MWCNT. Similarly, Yang et al. [51] reported 200%

increase in thermal conductivity by adding 0.35% multi-

walled carbon nanotube. Esfe et al. [52] investigated

aquatic nanofluid of carbon nanotube and examined the

thermophysical properties and pressure drop in two-tube

transformers. Amiri et al. [53] produced a stable nanofluid

by the synthesis of carbon nanotubes decorated by silver

particles and examined its thermophysical properties. The

heat transfer of MWCNT/oil nanofluid inside horizontal
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Fig. 1 a XRD pattern of CuO nanoparticles. b TEM image of CuO nanoparticles
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flattened tubes was performed by Ashtiani et al. [54].

Baghbanzadeh et al. [55, 56] examined the thermal con-

ductivity and viscosity of hybrid MWCNT/SiO2 nanofluid.

Also, Chen and Xie [57] examined the effect of PH on zeta

potential of one- and two-wall nanofluids and measured

their thermal conductivity. In the present study, the nano-

fluid thermal conductivity composed of MWCNT-CuO/

water is examined experimentally. To the author’s

knowledge, there is no comprehensive and thorough

investigation to predict the thermal conductivity of the

supposed nanofluid.

Experimental

Thermal conductivity measurement

In the present study, the thermal conductivity of hybrid nano-

fluid of multiwalled carbon nanotubes (MWCNT)-copper

oxide (CuO) in water at different solid concentrations (0.05%

up to 0.6%) and temperatures (25 �C up to 50 �C) is evaluated.

Thermal conductivity of nanofluid at different solid vol-

ume fractions and temperatures is measured using a KD2 Pro

instrument manufactured by Decagon Devices, USA. The

KD2 Pro measures thermal conductivity based on the transient

hot wire technique. In this method, a KS-1 sensor is used for

measuring the thermal conductivity. It is 60 mm long and is of

1.27 mm diameter and is made of stainless steel. KD2 has the

maximum error of ±5%. A hot water bath is used in order to

stabilize the temperature; moreover, a thermometer which has

an accuracy of 0.1 �C is used for measuring the temperature.

All thermal conductivity measurements are repeated three

times. An accurate hot water is used to stabilize the tem-

perature at 25, 30, 35, 40, 45 and 50 �C during the mea-

surements. Validation for the results accuracy was done

before the analysis of the nanofluid, which meant the sensor

needle was calibrated by sensing the thermal conductivity of

glycerin, ethylene glycol and pure water. The results were in

good agreement with those in the literature with maximum

deviation of 5%. The figures of relative thermal conductivity

as well as the diagrams of thermal conductivity enhancement

percentage are presented.

Thermal conductivity ratio ¼ knf=kbf ð1Þ

Thermal conductivity enhancement percentage %ð Þ
¼ knf � kbfð Þ=kbf � 100 ð2Þ

Prepare the samples

The two-step method is employed to prepare the samples,

which means dry multiwalled carbon nanotubes (MWCNT)

and copper oxide (CuO) are mixed with an equal volume.

The achieved mixture is dispersed in water at different solid

volume fractions as 0.05, 0.1, 0.15, 0.2, 0.4 and 0.6%. To

attain a suitable dispersion, after magnetic stirring for 2 h,

each sample is exposed to an ultrasonic processor with the

power of 400 W and frequency of 24 kHz for 6 h. All samples

have a good stability, and no sedimentation is observed in the

long time before the experiments. The structural properties

and morphology of MWCNT and copper oxide nanoparticles

are measured using X-ray diffraction (XRD) and transmission

electron microscope (TEM) as shown in Figs. 1 and 2,

respectively. The average size of nanoparticles is achieved by

applying XRD image (bruker-D8 Germany) and Debye–

Scherrer equation d = 0.89k/(bcosh), where d shows the

particle diameter size, k represents the wave length of X-ray

(0.1541), b implies the full width at half maximum, and

finally, h illustrates the Bragg’s angle.

Results and discussion

The two-step method is employed to prepare the samples.

In this way, multiwalled carbon nanotubes and copper

oxide nanoparticles are mixed with deionized water. This
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Fig. 2 a XRD pattern of multiwalled carbon nanotubes. b TEM

image of multiwalled carbon nanotubes

Developing a new correlation to estimate the thermal conductivity of MWCNT-CuO/water hybrid… 861

123



combination is dispersed in water with solid volume frac-

tions of 0.05, 0.1, 0.15, 0.2, 0.4 and 0.6%. The properties of

MWCNTs and CuO nanoparticles are presented in

Tables 1 and 2, respectively.

Figure 3 depicts the thermal conductivity of the hybrid

nanofluid against temperature at different solid volume

fractions. It can be observed that the thermal conductivity

of the hybrid nanofluid considerably enhances with rising

temperature and solid volume fraction.

Table 3 Thermal conductivity enhancement percentage for different

amounts of temperature at various volume fractions

u T/�C

25 30 35 40 45 50

0.05 7.3 7.8 8.22 8.5 8.9 9.61

0.1 10.65 11.54 11.77 12.06 12.96 13.17

0.15 13.11 13.98 14.51 14.92 15.31 16.43

0.2 15.57 16.74 17.42 18.25 18.6 19.38

0.4 20.65 21.78 23.06 23.8 24.84 25.42

0.6 25.57 26.5 27.25 28.73 29.68 30.38
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Fig. 5 Hybrid nanofluid thermal conductivity versus solid volume

fraction at different temperatures
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Fig. 4 Thermal conductivity ratio of nanofluid with respect to solid

volume fractions at different temperatures
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Fig. 3 Thermal conductivity of nanofluid versus temperature at

different concentrations

Table 2 Properties of copper oxide

Parameter Value

Purity \99.9/%

Specific heat 550.5/J kg-1 K-1

Color Black

Particle size 30–50/nm

Specific surface area 20/m2 g-1

Thermal conductivity 32.9/Wm-1 K-1

True density *6320/kg m-3

Table 1 Properties of MWCNT

Parameter Value

Purity \98/%

Content of -COOH 2.56/mass%

Color Black

Outer diameter 5–15/nm

Inner diameter 3–5/nm

Length *50/lm

Thermal conductivity 1500–3000/Wm-1 K-1

True density *2100/kg m-3
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Experimental (T = 35°C)

Correlation (T = 35°C)
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Experimental (T = 45°C)

Correlation (T = 45°C)
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Fig. 6 Comparisons of thermal conductivity ratio between experimental data and correlation outputs for various temperatures versus volume fraction
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To show the results better, the nanofluid thermal con-

ductivity ratio versus solid volume fraction for various

temperatures is presented in Fig. 4. This figure also implies

the positive effects of u and T on thermal conductivity;

however, the effects of temperature are more sensible at

higher values of volume faction.

Figures 3 and 4 also show that there is a parallel trend

for each solid volume fraction and temperature. The main

cause of improving of thermal conductivity due to the

temperature rising may be described by the augmentation

of interactions between the nanoparticles and Brownian

motion. Moreover, at higher solid volume fractions, the

number of suspended nanoparticles is higher. It may lead to

enhancement of the ratio of surface to volume and colli-

sions between particles. In fact, in the presence of large

amounts of particles, the effect of temperature on motion of

the particles is more tangible.

In order to investigate more accuracy, thermal conduc-

tivity enhancement percentage for different amounts of

temperature at various volume fractions is presented in

Table 3.

As said, thermal conductivity can be increased by more

temperature and solid nanoparticles Brownian motions.

Apart from higher collisions between the particles, more

nanoparticles can create clusters of particles in the fluid,

which corresponds to larger thermal conductivity. The

highest enhancement percentage is observed as 30.38% for

the state of T = 50 �C and u = 0.6%. However, the

enhancement percentages are achieved as 25.57–30.38 for

the state of u = 0.6% at T = 25–50 �C, respectively.

For u = 0.05% to u = 0.6%, the enhancement per-

centage of the supposed hybrid nanofluid thermal con-

ductivity changes from 7.3 to 25.57 at T = 25 �C, while

this trend occurs from 9.61 to 30.38 at T = 50 �C (see

Table 3).

Figure 5 illustrates the thermal conductivity versus solid

volume fraction at different temperatures. This fig-

ure shows the results of Fig. 3 in another point of view,

which can be useful to better sense the effects of both

temperature and volume fraction.

Propose a correlation

The nanofluid thermal conductivity composed of MWCNT/

CuO nanoparticles suspended in water from 25 to 50 �C for

various solid volume fractions of 0.05, 0.1, 0.15, 0.2, 0.4

and 0.6% was examined. Experimental results revealed that

the thermal conductivity was enhanced by more solid

volume fraction and temperature. It was also seen that the

variations of thermal conductivity ratio with solid volume

fraction at higher temperatures were more than the state of

lower temperatures.

As a result, an empirical correlation is developed to

predict the thermal conductivity of present hybrid nano-

fluid according to the new experimental achievements of

this work. This correlation, expressed in Eq. (3), is a

simple power-multiplicative function of temperature and

solid volume fraction. It has a very high accuracy and is

valid for the temperature range of 25–50 �C and volume

concentrations range from 0.05 to 0.6%.

knf

kbf

¼ 0:907 exp 0:36/0:3111 þ 0:000956T
� �

ð3Þ

where knf and kbf are the thermal conductivity of nano-

fluid and base fluid, respectively. Moreover, T is the

temperature of nanofluid in �C and u represents the solid

volume fraction in volumetric percentage. Comparisons of

thermal conductivity ratio between present experimental

achievements and correlation outputs at various temper-

atures versus volume fraction are illustrated in Fig. 6 to

validate the accuracy of the developed correlation.

Appropriate agreements are observed in the diagrams in

this figure.

Conclusions

Thermal conductivity of hybrid nanofluid composed of

multiwalled carbon nanotubes-copper oxide (MWCNT-

CuO) dispersed in water at different solid volume fractions

(0.05, 0.1, 0.15, 0.2, 0.4 and 0.6%) and temperatures (25,

30, 35, 40, 45 and 50 �C) was experimentally investigated

by using the KD2 Pro instrument for the first time. All

thermal conductivity measurements were repeated three

times. A hot water bath with 0.1 �C accuracy was used to

stabilize the temperature during the measurements.

Results showed that more temperature and volume

fraction corresponded to more thermal conductivity.

However, the effect of temperature at higher solid volume

fraction was more significant. The highest enhancement

percentage was observed as 30.38% for the state of

T = 50 �C and u = 0.6%. However, the enhancement

percentages were achieved as 25.57 to 30.38 for the state of

u = 0.6% at T = 25–50 �C, respectively. More focus and

for u = 0.05–0.6%, the enhancement percentage of the

supposed hybrid nanofluid thermal conductivity changed

from 7.3 to 25.57 at T = 25 �C, while this trend occurred

from 9.61 to 30.38 at T = 50 �C. The extension of this

paper for nanofluid according to our previous works

[58–84] affords engineers a good option for nanoscale and

microscale simulation.
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