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Abstract A series of experiments have been carried out
to determine the thermal conductivity and viscosity of a
novel nanofluid, i.e., Mg(OH),/ethylene glycol (EG). The
thermal conductivity and viscosity of nanofluids with vol-
ume fractions by 2 % in the temperature range of 25-55 °C
are measured. The results unfold that in the temperature of
35 °C, called critical temperature, the ratio of nanofluid
viscosity to water viscosity is minimized. This critical
temperature reveals that it is more advantageous to use
Mg(OH),/EG nanofluids instead of water at temperatures
higher than 35 °C from the pressure drop and pumping
power viewpoint.

Keywords Critical temperature - Viscosity - Thermal
conductivity - Nanofluid - Pressure drop

Introduction

So far, extensive studies, both theoretically and experi-
mentally, have been performed on methods of preparation
[1-4], thermophysical properties [5-9], and applications of
nanofluids [10-12]. After preparation and applying special
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methods to stabilize of nanofluids, it is essential to deter-
mine the thermophysical of stable suspensions. By mea-
surement of thermophysical properties such as thermal
conductivity and viscosity, the performance of thermal
engineering devices can be estimated. Here, some of recent
papers on the properties of nanofluids are briefly reviewed.

Gallego et al. [13] reported the data on the thermal
conductivity, viscosity, and density of ZnO/ethylene glycol
(EG) nanofluids for different temperatures, sizes of nano-
particles, and volume fractions. By measuring the viscosity
in the temperature range between 10 and 50 °C and volume
fractions up to 4.7 %, it was found that the nanofluid
behaves as a Newtonian fluid. Thermal conductivity of
nanofluids with volume fractions up to 6.2 % was measured
and showed a nonlinear enhancement with temperature. In
addition, a decrease in size led to increases in thermal
conductivity. Hemmat Esfe et al. [8] conducted an experi-
mental investigation on thermal conductivity of MgO-EG
nanofluid in different temperatures ranging from 22 to
55 °C and solid volume fractions up to 5 %. They observed
that the impact of particle size and solid volume fraction is
bigger than the effect of temperature on the thermal con-
ductivity. Cabaleiro et al. [14] measured the properties of
cylindrical shape nanoparticles of ZnO suspended in eth-
ane-1,2-diol (ED) and in a {ED (1) + water (2)} mixture.
They compared their results on thermal conductivity and
viscosity with the available models in the literature. An
experimental study on the thermal conductivity of Al,O3-
water nanofluid in different solid concentrations and tem-
peratures has been done by Hemmat Esfe et al. [5]. They
proposed a model to predict the thermal conductivity as a
function of solid concentration and temperature. Said et al.
[15] measured the properties of Al,Os3 nanoparticles sus-
pended in two different base fluids including water and a
mixture of water and EG. They found that there is no
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considerable penalty in the pressure drop when nanofluids
with low concentrations are used instead of base liquids. Yu
et al. [16] performed an investigation on thermal conduc-
tivity and viscosity of aluminum nitride nanofluid. They
have found that the effect of temperature on the thermal
conductivity is negligible. Su et al. [17] experimentally
studied the thermal conductivity, viscosity, and surface
tension of the CNTs—ammonia binary nanofluids. They
found that increases in the ammonia concentration have no
considerable effect on the nanofluid thermal conductivity.
In another experimental investigation, thermal conductivity
of ZnO-EG nanofluid was measured by Kim et al. [18].
They observed that the thermal conductivity measured
experimentally is higher than the value calculated based on
the Hamilton—Crosser correlation.

Ghanbarpour et al. [19] measured the thermal conduc-
tivity and viscosity of Al,Os/water nanofluids with mass
concentrations up to 50 %. They reported that the thermal
conductivity enhances by 87 % and viscosity increases up
to 300 % in the temperature range of 293-313 K. Hemmat
Esfe et al. [20] presented the data on viscosity and thermal
conductivity of MgO/water nanofluids and investigated
their potential for application in double tube heat
exchangers under turbulent flow. In another work, Hemmat
Esfe et al. [21] measured thermal conductivity and vis-
cosity of COOH-functionalized DWCNTs/water nanofluids
with volume fractions up to 0.4 % and temperatures
between 300 and 340 K. Recently, Estelle et al. [22]
measured thermal conductivity and viscosity of CNTSs/
water nanofluids where lignin was used as a surfactant.
They indicated that using lignin instead of sodium dodecyl
benzene sulfonate (SDBS) can reduce the viscosity, while
the thermal conductivity changes are negligible.

The main aim of the present work is to study thermal
conductivity and viscosity of a novel nanofluid, i.e.,
Mg(OH),/EG. The results are presented for volume frac-
tions up to 2 % and different temperatures. Interesting
trends are observed in the viscosity variation with tem-
perature. This suggests defining a critical temperature that
will be discussed in details in the next sections.

Nanofluid preparation

To prepare Mg(OH),-EG nanofluids, a two-step procedure
has been applied without using any surfactant. Nanofluids in
seven concentrations including 0.1, 0.2, 0.4, 0.8, 1, 1.5, and
2 % by volume are formulated. To make a given nanofluid
concentration, a specified value of Mg(OH), nanoparticles is
gradually added to EG and simultaneously a magnetic stirrer
is used to mix the particles with the base liquid. This process
takes about 2 h. After that, the suspension is inserted in an
ultrasonic vibrator (20 kHz, 400 W, Topsonic, Iran) for 5 h
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to increase the stability time of nanofluids. It was observed
that nanofluids are stable for at least 1 week without any
visible sedimentation.

Figure 1 shows TEM and XRD images of the nano-
particles. This figure describes the shape and size of
nanoparticles. The average size of nanoparticles is obtained
by using the data of XRD image (bruker-D8 Germany) and
Debye—Scherrer relation [23]:

0.8941
d_ﬁcos() (1)

where d is nanoparticle diameter, 1 is X-ray wavelength
(1.5406), f is the peak width, and 6 is the Braggs angle.
The analysis of XRD image, performed in our laboratory,
shows that the average size of nanoparticles is approxi-
mately 20 nm.

Thermal conductivity and viscosity measurements

Thermal conductivity of nanofluids is measured using KD2-
PRO thermal analyzer that acts based on transient hot wire
technique. The accuracy of the device is £5 %. To measure the
thermal conductivity of samples, the sensor should be inserted
vertically in the liquid to minimize the free convection. Any
deviation from vertical position will make errors in the reported
data [24]. The viscosity of nanofluid is measured using a
Brookfield viscometer (LVDV) equipped with a UL adapter
supplied by Brookfield engineering laboratories of USA. The
accuracy of this device is £5 %. The measurements are repe-
ated at least five times, and the average values are reported.

Results and discussion

Figure 2a exhibits variations of relative thermal conductivity
with temperature at different volume fractions. As seen, the
sensitivity of relative thermal conductivity to temperature
increases with an increase in the nanoparticle volume fraction.
It is found that for volume fractions <0.4 % and temperature
range between 24 and 55 °C, the changes in thermal con-
ductivity with respect to temperature are negligible. This
happens because at low concentrations, the number of existing
particles in a given volume of nanofluid is low. Therefore, in
this case, by assuming a uniform suspension, the distance
between solid particles in the liquid is relatively larger than
that of high concentrations. With the increases in temperature,
although the kinetic energy of particles increases, the high
distance between particles avoids a considerable increase in
thermal conductivity. However, by increasing the volume
fraction of nanoparticles (e.g., volume fractions higher than
0.4 %), the increase in temperature will increase considerably
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Fig. 1 a TEM image of
nanoparticles, b XRD image of
nanoparticles
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Fig. 2 Variations of relative thermal conductivity: a with temperature at different concentrations, b with volume fraction at different

temperatures

the number of random collisions between particles because of
the close distance of nanoparticles (Fig. 3). Figure 2b displays
the variation of relative thermal conductivity with concen-
tration at different temperatures. It is realized that at lower
temperatures, the variation of relative thermal conductivity
with concentration is more linear. For volume concentration
of 2 %, the thermal conductivity enhancement is about 22 %
when the temperature is 55 °C, while at 24 °C the enhance-
ment is about 13 %. Therefore, it is concluded that the role of
nanoparticles in the thermal conductivity enhancement of
base fluids is more prominent at high temperatures.

Before measuring the viscosity of nanofluids, the accu-
racy of viscometer is evaluated. To this end, viscosity of
EG is measured at different temperatures and the results are
compared with the data available in the literature. Figure 4
reveals that the measured data of viscosity are close to the
results reported by Yu et al. [25].

Figure 4 shows the variation of viscosity of Mg(OH),/
EG nanofluid with shear rate at solid volume fraction of
0.8 % and different temperatures. The viscosity of a liquid
is defined as follows:

w=y (2)
where 7 is the shear stress, y is the shear rate, and p rep-
resents the dynamic viscosity of nanofluid. A liquid is
Newtonian when the viscosity is constant for all values of
shear rate. Therefore, Fig. 4 indicates that the nanofluid is
Newtonian. This trend is observed for all concentrations
and temperatures.

After knowing that nanofluids are Newtonian, the changes
of viscosity with temperature and volume fraction are
investigated. Figure 5 illustrates the variation of viscosity
with temperature for different volume fractions of
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Fig. 4 Dynamic viscosity with respect to shear rate for solid volume
fraction of 0.8 %

nanoparticles. As seen, for temperatures lower than 35 °C,
the difference between viscosity of nanofluids and viscosity
of EG is higher than that for temperatures higher than 35 °C.
In other words, viscosity enhancements due to particle
loading are higher for temperatures less than 35 °C. As
shown in the figure, the viscosity of all samples decreases
with an increase in temperature and a decrease in concen-
tration. It is visible that in the range of tests, the sensitivity of
viscosity to temperature is higher than volume fraction. With
increase of temperature, the friction between the layers of
liquid decreases and, consequently, the viscosity decreases.
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Fig. 6 Accurate measure of the dynamic viscosity of the nanofluid at
different solid volume fractions and temperatures

Figure 6 shows the variation of viscosity enhancement
with temperature for different concentrations. It is clearly
observed that the viscosity enhancement is minimized at
temperature of 35 °C. Therefore, it can be stated that at
temperature of 35 °C, called critical temperature, one can
use nanofluids instead of EG by having the minimum
viscosity enhancement. Minimum viscosity enhancement
implies that increases in pressure drop and pumping power
are lowest. As seen, for volume fraction of 2 %, the vis-
cosity enhancements attain 60 and 14 % for temperatures
of 24 and 35 °C, respectively.
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Conclusions

In this paper, thermal conductivity and viscosity of a novel
nanofluid, i.e., Mg(OH),/EG nanofluid, were measured in
the temperature range between 24 and 65 °C. The nanofl-
uids were prepared by using a two-step method at seven
concentrations including 0.1, 0.2, 0.4, 0.8, 1, 1.5, and 2 %.
The results of this study can be summarized as follows:

The changes in thermal conductivity of nanofluids with
temperature are negligible for volume fractions <0.4 %.
At lower temperatures, the variation of thermal conduc-
tivity with concentration is more linear compared with
higher temperatures.

The prepared nanofluids show a Newtonian pattern.
Sensitivity of viscosity to temperature is more than its
sensitivity to nanoparticle volume fraction.

A critical temperature was found in which the ratio
nanofluid viscosity to EG viscosity is minimized. There-
fore, it is suggested that it is better to use the nanofluids
for temperatures higher than the critical temperature. In
this work, the critical temperature was around 35 °C.

Acknowledgements The authors would like to express their thanks
for the assistance provided by the Nano-rheologic Laboratory of
Semnan University Science and Technology Park for providing
necessary instruments to carry out the sample preparation and helping
in analyzing the samples to complete the article in time, and also
express their deepest gratitude to Mr. Molaei, Makki, and Hafezi for
their supports.

References

1. Ghadimi A, Henk Metselaar 1. The influence of surfactant and
ultrasonic processing on improvement of stability, thermal con-
ductivity and viscosity of titania nanofluid. Exp Thermal Fluid
Sci. 2013;51:1-9.

2. Ghadimi A, Saidur R, Metselaar HSC. A review of nanofluid
stability properties and characterization in stationary conditions.
Int J Heat Mass Transf. 2011;54:4051-68.

3. Witharana S, Palabiyik I, Musina Z, Ding Y. Stability of glycol
nanofluids—the theory and experiment. Powder Technol.
2013;239:72-7.

4. Mabhian O, Kianifar A, Wongwises S. Dispersion of ZnO nano-
particles in a mixture of ethylene glycol-water, exploration of
temperature-dependent density, and sensitivity analysis. J Cluster
Sci. 2013;24:1103-14.

5. Hemmat Esfe M, Saedodin S, Mahian O, Wongwises S. Thermal
conductivity of Al,Os/water nanofluids: measurement, correla-
tion, sensitivity analysis, and comparisons with literature reports.
J Therm Anal Calorim. 2014;117:675-81.

6. Barbés B, Paramo R, Blanco E, Pastoriza-Gallego MJ, Pineiro
MM, Legido JL, Casanova C. Thermal conductivity and specific
heat capacity measurements of Al,O; nanofluids. J Therm Anal
Calorim. 2013;11:1615-25.

7. Halelfadl S, Maré T, Estellé P. Efficiency of carbon nanotubes
water based nanofluids as coolants. Exp Thermal Fluid Sci.
2014;53:104-10.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Hemmat Esfe M, Saedodin S, Bahiraei M, Toghraie D, Mahian

O, Wongwises S. Thermal conductivity modeling of MgO/EG
nanofluids using experimental data and artificial neural network.
J Therm Anal Calorim. 2014;. doi:10.1007/s10973-014-4002-1.

. Mahbubul IM, Saidur R, Amalina MA. Latest developments on

the viscosity of nanofluids. Int J Heat Mass Transf. 2012;55:
874-85.

Mabhian O, Kianifar A, Kalogirou SA, Pop I, Wongwises S. A
review of the applications of nanofluids in solar energy. Int J Heat
Mass Transf. 2013;57:582-94.

Saidur R, Leong KY, Mohammad HA. A review on applications
and challenges of nanofluids. Renew Sustain Energy Rev.
2011;15:1646-68.

Wu JM, Zhao J. A review of nanofluid heat transfer and critical
heat flux enhancement—research gap to engineering application.
Prog Nucl Energy. 2013;66:13-24.

Pastoriza-Gallego MJ, Lugo L, Cabaleiro D, Legido JL, Pifieiro
MM. Thermophysical profile of ethylene glycol-based ZnO
nanofluids. J Chem Thermodyn. 2014;73:23-30.

Cabaleiro D, Pastoriza-Gallego MJ, Pifieiro MM, Lugo L.
Characterization and measurements of thermal conductivity,
density and rheological properties of zinc oxide nanoparticles
dispersed in (ethane-1,2-diol + water) mixture. J Chem Ther-
modyn. 2013;58:405-15.

Said Z, Sajid MH, Alim MA, Saidur R, Rahim NA. Experimental
investigation of the thermophysical properties of Al,O3-nanofluid
and its effect on a flat plate solar collector. Int Commun Heat
Mass Transf. 2013;48:99-107.

Yu W, Xie H, Li Y, Chen L. Experimental investigation on
thermal conductivity and viscosity of aluminum nitride nanofluid.
Particuology. 2011;9:187-91.

Su F, Ma X, Lan Z. The effect of carbon nanotubes on the
physical properties of a binary nanofluid. J Taiwan Inst Chem
Eng. 2011;42:252-7.

Leea G, Kima C, Leea M, Rheea C, Kimc S, Kim C. Thermal
conductivity enhancement of ZnO nanofluid using a one-step
physical method. Thermochim Acta. 2012;542:24-7.
Ghanbarpour M, Bitaraf Haghigi E, Khodabandeh R. Thermal
properties and rheological behavior of water based Al,O3 nanofluid
as a heat transfer fluid. Exp Thermal Fluid Sci. 2014;53:227-35.
Hemmat Esfe M, Saedodin S, Mahmoodi M. Experimental
studies on the convective heat transfer performance and ther-
mophysical properties of MgO-water nanofluid under turbulent
flow. Exp Thermal Fluid Sci. 2014;52:68-78.

Hemmat Esfe S, Saedodin S, Mahian O, Wongwises S. Heat
transfer characteristics and pressure drop of COOH-functional-
ized DWCNTSs/water nanofluid in turbulent flow at low concen-
trations. Int J Heat Mass Transf. 2014;73:186-94.

Estellé P, Halelfadl S, Maré T. Lignin as dispersant for water-
based carbon nanotubes nanofluids: Impact on viscosity and
thermal conductivity. Int Commun Heat and Mass Transf.
2014;57:8-12.

Manimaran R, Palaniradja K, Alagumurthi N, Sendhilnathan S,
Hussain J. Preparation and characterization of copper oxide nano-
fluid for heat transfer applications. Appl Nanosci. 2014;4:163-7.
Franca JMP, Reis F, Vieira SIC, Lourengco MJV, Santos FIV,
Nieto de Castro CA, Padua AAH. Thermophysical properties of
ionic liquid dicyanamide (DCA) nanosystems. J Chem Thermo-
dyn. 2014;79:248-57.

Yu W, Xie H, Li Y, Chen L, Wang Q. Experimental investigation
on the thermal transport properties of ethylene glycol based
nanofluids containing low volume concentration diamond nano-
particles. Colloids Surf A Physicochem Eng Asp. 2011;380:1-5.

@ Springer


http://dx.doi.org/10.1007/s10973-014-4002-1

	Thermal conductivity and viscosity of Mg(OH)2-ethylene glycol nanofluids
	Finding a critical temperature
	Abstract
	Introduction
	Nanofluid preparation
	Thermal conductivity and viscosity measurements
	Results and discussion
	Conclusions
	Acknowledgements
	References


