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1. Introduction

For years, many techniques and methods were implemented to
enhance heat transfer performances for achieving a maximum
level of thermal efficiency. Numerous efforts and studies were
devoted to the development of heat transfer improvisation. How-
ever, due to wide range and complexity of certain heat transfer
applications, a number of high performance thermal systems for
heat transfer enhancement were established. Thus, heat transfer
performance achieved more growth and stability. In addition, heat
transfer capabilities normally depend on the contributions from
the thermal conductivity, viscosity, specific heat and density of
working fluid or material. These thermal properties are even
affected qualitatively by the action of heat transfer processes.

One of the heat transfer development is the dispersion of the
nanoparticles in a base fluid, known as nanofluids [1-5]. Michael
and Iniyan [6] observed that the nanofluid made a significant
enhancement in the thermal performance as compared to water.
The thermophysical properties of nanofluid play a significant part
on the heat transfer of the system. It produces a promising effect
on the thermal efficiency and performance. Most of the prelimi-
nary researches have been analyzed on single phase nanoparticle
for improving thermal conductivity and heat transfer coefficient
of heat exchanging fluid [4,7-10]. Mozaffarian et al. [11] reported
that the heat transfer properties of nanofluids were more promis-
ing due to the high thermal conductivity of solid nanoparticles,
which could be greater than that of conventional heat transfer flu-
ids such as ethylene glycol and water. In addition, most nanoparti-
cles are made of metals, oxides and carbon-based nanotubes (CNT).
Numerous studies have been devoted to the development of nano-
fluid, as the thermal conductivity of the base fluid showed a great
difference when the suspension of the nanoparticles was pre-
sented. Maxwell [12], investigated the performance of the sus-
pended particles, deduced that the dispersion of nano-sized
particles in the base fluid leads to the improvement of the heat
transfer. Pazuki et al. [13] introduced nine nanoparticles into the
conventional fluids used in heat transfer processes, and these
nanofluids have led to the advent which has become widely appli-
cable due to their improved heat transfer properties. They reported
that the dispersion of nanoparticles in base fluid provided a favor-
able impact on the viscosity of a system to a significant degree.

Many experimental studies have been conducted to measure
thermal properties of nanofluids especially thermal conductivity,
viscosity and other related coefficients. Gunnasegaran et al. [14]
extensively experimented the effect of Al,03 nanoparticles concen-
trations on heat transfer characteristics in Loop Heat Pipe. The alu-
mina nanoparticles mass concentration ranging from 0% to 3% in
water. Alumina mass concentrations range in this experiment were
considered as operational fluid in loop heat pipe. The results
showed positive influence of nanofluid employed as heat pipe
working fluid on the system thermal performance. The effect of
Alumina nanoparticles dispersed in ethylene-water mixture was
conducted experimentally to achieve heat transfer improvement
[15]. The alumina nanoparticles were synthesized and homoge-
nized to lengthen the suspension for volume concentration of
0.2%, 0.4% and 0.6%. They observed thermal improvement when
the volume concentrations increase. The highest thermal perfor-
mance was inaugurated with 0.6% volume concentration by

14.6% of increment. Three different nanoparticles (Al,03, CuO and
SiO,) were suspended in water-ethylene glycol mixture with
60:40 ratio by Vajjha and Das [2]. They carried out an experiment
for convective heat transfer in the turbulent region. They analyzed
on the impact of particle volume concentrations, thermophysical
properties and particle size to the development of heat transfer
performance. The outputs showed that increment in particle con-
centration contribute to advancement in heat transfer coefficient.
The behavior of nanofluid to enhance the performance of a circular
heat pipe has been experimented extensively by Mousa [16]. The
nanoparticles used as working fluid was Al,05 — water. The perfor-
mance of the circular heat pipe was dependent on filling ratio,
volume-fraction of nanofluid in base fluid and heat transfer rate.
The results indicated that the thermal performance enhancement
of heat pipes entrusted with nanofluid addition in base fluid. An
experimental correlation was developed to predict the Prandtl
number and dimensionless heat transfer rate by Mousa [16] to
reduce inaccuracy of the results obtained. Hussein [17] numeri-
cally simulated the turbulent flow of nanofluid in circular heat
tube. The effect of Reynolds number, volume concentrations, fric-
tion factor and Nusselt number were studied. Three types of
nanoparticles (Al,0s, TiO and SiO,) were simulated by using Adap-
tive Neuro-Fuzzy Inference System (ANFIS). The results reveal the
increment of Nusselt number with increasing of both volume con-
centrations and Reynolds number. The increment of Nusselt num-
ber proved to influence the thermal performance of the heat tube.
Another circular heat pipe experiment was carried out by Chougule
et al. [18], they investigated the fully laminar convective heat
transfer and friction factor of Carbon nanotube (CNT) in water.
The intriguing of this experiment was that the carbon nanotube
(CNT) tested with low volume concentrations of 0.15% dispersed
in base fluid. The results showed an improvement in terms of Nus-
selt number by 18% as compared to water.

Thermal conductivity of nanofluids is the main thermal prop-
erty that is appealing towards the enhancement of thermal perfor-
mance. 32.4% of increment in thermal performance was obtained
in the presence of thermal conductivity of Al,03 nanoparticles in
water based with a volume fraction of 4.3% [19]. An improvement
of 16.5% was obtained in ethylene glycol based iron (Fe) nanopar-
ticles for a particle loading of 0.3% [20]. Philip and Angayarkanni
[21] reviewed the thermal conductivity of the nanofluids con-
tributed to the overall thermal performances in heat transfer.
There are several main factors that influenced the thermal conduc-
tivity of the nanoparticles, which are effect of concentration, parti-
cles size, particle aspect ratio, aggregation, nanoinclusions,
additives and temperature. Many researchers developed mathe-
matical correlations in terms of thermal conductivity models
[21,22], to improve the accuracy of the experiment and provide
promising results. Kumar et al. [23] numerically simulated analysis
of flow and thermal field in a thermally driven cavity using nano-
fluid. They observed the enhancement of the local thermal conduc-
tivity of the nanoparticles were due to the motion of particles. They
also indicated that thermal conductivity increased when the
hydraulic diameter of the nanoparticles was increased. Heat trans-
fer augmentation achieved due to nanofluid estimated numerically
by diversifying the Grashof number, volume fraction and shape of
nanoparticles. Improvement in thermal conductivity with a
decrease in particles size was investigated in Al,0s-water nanoflu-
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