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Abstract

Convectional coolant plays an important part in removing excess heat generated by automotive component to avoid
damage and failure of the system. Through recent studies, nanoparticles suspended in base fluid or known as
nanofluid have positive effect heat transfer performance. This paper presents the effect of increment of Alumina
nanoparticles dispersed in 60:40 water to ethylene glycol based nanofluids towards heat transfer enhancement. For
this purpose, nanofluids are prepared using Aluminium Oxide (Al,O;) with average diameter of 13 nm suspended in
60:40 of water to ethylene glycol by volume percentage. The nanofluid is synthesized using two step method and
homogenized to lengthen the suspension for volume concentration of 0.2 %, 0.4 % and 0.6 %. The force convection
investigation was conducted at a constant heat flux with Reynolds number of less than 20,000 at a constant working
temperature of 50 °C. The heat transfer coefficient of nanofluids is compared with the base fluid. It was observed that
as the loading of nanoparticles suspended in the base fluid is increased, heat transfer coefficient is also higher. The
heat transfer augmentation of Al,O; nanofluid at 0.6 % volume concentration is higher than 0.2 % and 0.4 %
concentrations.
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1. Introduction

For the past decades, nanofluids were studied for its superior thermal properties hence been applied in
many engineering systems that require cooling systems. The nanofluids are proved to have better stability
and rheological properties, higher thermal conductivities with no significant penalty on pressure drop [1].

The studies that involved nanofluids in experimental forced convection using EG-water based
nanofluids are limited. Kulkarni et al. [2] conducted a research on SiO, nanofluid dispersed in 60 % EG
and 40 % water for three particles size (20, 50 and 100 nm). They studied the fluid dynamics
characteristics and convective heat transfer enhancement under turbulent region (3000 < Re < 12000) for
concentration range from 2 % to 10 %. The study demonstrated that the heat transfer coefficient increases
as the particle concentration and particle size increases and the effect is more significant for temperature
under zero degree. Vajjha and Das [3] conducted a study on three types of nanofluids (Al,O;, CuO and
Si0,) dispersed in 60 % EG and 40 % water for convective heat transfer under turbulent region. The study
discussed on effect of particle volume concentration, thermo-physical properties and particle size to the
heat transfer performance of the nanofluids. The findings shows that increase in particle concentration
contribute to enhancement in heat transfer coefficient. The objective of present study is to provide the
experimental observation of nanofluids heat transfer performance using Al,O; nanofluids in 60:40 water
to ethylene glycol mixture.

Nomenclature

A area, m> M absolute viscosity, kg/m.s
Al,O3;  Aluminium Oxide nf nanofluid

BF Base Fluid Nu Nusselt number

b bulk p particle

C specific heat, J/kg K Pr Prandtl number

EG ethylene glycol 0 heat input, W

exp experimental value Re Reynolds number

volume concentration, % Yo density, kg/rn3
surface

mass, kg (m=p/V) temperature, °C

heat transfer coefficient, W/m’K volume, m®

input current, A

¢

@ volume fraction, ¢ = ¢/100
m

h

1 input voltage, V
k

=T < < 8 ©»

thermal conductivity, W/m.K water
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2. Experimental Setup
2.1. Preparation of Nanofluid

The nanofluids were prepared by dispersing the nanoparticles in 60:40 ratio of base fluid through
proper mixing method. The nanoparticle used is Al,O; in powder form which procured from Sigma-
Aldrich, USA. The fine particles of Al,O; have average particle diameter of 13 nm. Distilled water and
ethylene glycol are used as the based fluid.

The pre-calculated mass Al,O; nanoparticles using Eq. (1) is dispersed in the mixture base using two
step method. In order to prepare the nanofluid at volume concentrations 0.2%, 0.4% and 0.6%, the
solutions is diluted using Eq. (2) beginning with higher concentration to lower concentration.
Approximately 22 L of the nanofluid is used to conduct the heat transfer experiments. The stability of
nanofluid is lengthen using magnetic stirrer and immersed in ultrasonic homogenizer for 2 hours. It was
observed stable during the experiment.

¢:MX100 (])
m
[”+VBFJ
Py
AV:(VZ—V])=VI{¢I—1J (2)
$

2.2. Thermophysical Properties

The prepared nanofluids were first measured for their thermal conductivity and viscosity for each
concentration using KD2 Pro thermal properties analyzer and Brookfield LVDV-III Ultra Viscometer.
Whereas, the density and specific heat of nanofluid are obtained using classical model solid-liquid
mixture relation which commonly used by researchers and shown as Egs. (3) and (4). The summary of
thermophysical properties for Al,0; nanofluid in mixture base are presented in Table 1.

Pur =P, +(L—0)ppr (3)
_ 0=p)(pO)pr +9(pC), (4)
A-9)ppr + 0P,

nf

Table 1. Thermophysical properties of ALO; nanofluid at temperature 50 °C

Volume Concentration ( §) Density, (o) Specific Heat (C) Thermal Conductivity (k) Viscosity ()

00 1051.26 3547.72 0434 0.00162
02 1057.17 3526.68 0441 0.00169
04 1063.08 3505.88 0447 0.00180

0.6 1068.99 3485.30 0451 0.00189
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2.3. Experimental Setup

In order to investigate forced convective heat transfer, a fluid loop experimental system is designed as
in Fig 1. The experimental system consists of a test section with installed heater, a control panel, a
collecting tank, a circulating pump, a chiller and by pass valve. Details of the experimental setup have
been reported elsewhere [1, 4-7].

Initially, the reliability of the experimental setup is established by comparing Nusselt number of base
fluid 60:40 ratio (water: ethylene glycol) mixture with single-phase liquid relation by Dittus and Boelter
[8] in Eq. (5).

Nu = 0.023Re”* Pr™* (5)

Subsequently, experiments are repeated with three different concentrations loading (0.2 %, 0.4 % and
0.6 %) to estimate the heat transfer coefficients. The heat input is obtained from knowledge of electrical
energy supplied presented in Eq. (6) by considering heat losses are negligible. Newton’s law of cooling
represent in Eq. (7) is rearranged to compute heat transfer coefficient. Thus, Nusselt number using Eq. (8)
is tabulated as comparison with base fluid.

0=VxI (6)

_ 0 7

h= AT (7)

Nu,, = Fexp D (8)
K,y
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Fig. 1. (a) Schematic Diagram of Force Convection; (b) Force Convection Experimental Setup in laboratory
3. Results and Discussion
Based on good agreement of present experimental data with Eq. (5) shown in Fig 2 (a) , experiments

are further undertaken with designated base ratio fluid and Al,O; nanofluid in the volume concentration
0of 0.2 %,0.4 % and 0.6 % at various flow rates. Fig. 2 (b) clearly shows that as nanoparticle suspended in
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the base fluid increase, Nusselt number increase. This pattern also found by Yu et al. [9] which
highlighted that the significant increment of Nusselt number due to increment of thermal conductivity.
Thus, larger Nusselt number showing higher efficiency of convention process. Wen and Ding [10] points
out that such increment are influence by suspended particles near the wall, Brownian motion, particle
migration, particles’s shape and reduction of boundary layer which agreed by Chandrasekar et al. [11].
Therefore, nanofluid volume concentration could be recommended for implementation in working
temperature of 50 °C.
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Fig. 2. (a) Validation of based fluid; (b) Experimental Nusselt number for Al,O3 nanofluids.

Fig. 3 (a) present the convective heat transfer coefficient of Al,O; nanofluid is higher than their base
fluid. It is also seen that the convective heat transfer coefficient increases with respect to Reynolds
number. At 0.2 %, the heat transfer coefficient is enhanced by 6.9 % and 0.4 % enhanced the heat transfer
rate by 7.3 %. The highest enhancement is found at volume concentration 0.6 % by 14.6 %.This indicates
that addition of small amount of nanoparticles to mixture base of water and ethylene glycol (60:40)
improved the heat transfer performance significantly. The pattern was also found by previous researchers
[1, 11] using different base fluid. The percentage enhancement is shown in Fig. 3 (b).
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Fig 3. (a) Distribution of heat transfer coefficient (b) Enhancement of heat transfer coefficient
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4. Conclusions

The argument of heat transfer enhancement using Al,O; nanofluid in mixture base (60:40) water to
ethylene glycol at working temperature of 50 °C has been observed. The properties showing positive
increment in thermal conductivity and viscosity for Al,O; nanofluid in volume concentration of 0.2 %,
0.4 % and 0.6 %. The convective heat transfer enhanced using Al,O; dispersed in mixture base. As
loading of nanoparticles increase, Nusselt number is increase. For volume concentration of 0.2 % and 0.4
%, the percentage of enhancement in heat transfer is observed similarly by 6.9 % and 7.3 %, respectively.
However, the highest enhancement was found with 0.6 % by 14.6 %. To sum up this argument, Al,O;
nanofluid dispersed in mixture base (60:40) water to ethylene glycol is recommended to use volume
concentration of 0.6% for working temperature at 50 °C.
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