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Abstract— The Heat transfer efficiency of thermal systems
using fluids as working material, depends on its thermal
conductivity. Hence a working fluid with good thermal
conductivity is essential for efficient performance of thermal
devices. Heat pipes are efficient thermal devices which are
compact in size for transferring heat from one point to
another. Nanomaterials, dispersed in base fluid give liquid
suspensions called as nanofluids. Heat pipes engaged with
the usage of nanofluids have brought a good attention of
researchers due to its superior thermo physical properties
which gave significant changes in thermal performance.
Heat transfer mechanisms depend upon, type of heat pipes,
nanofluids characteristics, design and operating parameters
of heat pipes, etc. All the parameters have their own
individual as well as the combined effect on thermal
performance. The objective of this paper is to study the
behavior of Cerium Dioxide (CeO,) nanofluid with water as
base material used as working fluid, in order to improve the
performance of circular heat pipe. The objective of this
project is to study the behavior of Cerium Dioxide (CeO,)
nanofluid with water as base material used as working fluid,
in order to improve the performance of circular heat pipe.
An experimental set up is designed and constructed in order
to study performance of heat pipe, under different conditions
such as concentration of working fluid (concentration of
CeQ2 in water), different operating temperatures and angle
of inclination (00, 150, 300, 450, 600, 750, 900), heat power
(25W, 50W, 75W, and 100W). The volume fraction of nano
particles in the base fluid, and heat input rate on the thermal
resistance is investigated. Thermal performance of heat pipe
is studied for concentrations of 0.75, 1, and 2% volume
fraction nanofluid.
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|l. INTRODUCTION

In the age of technological advancement, the effectiveness
and efficiency of the engineering applications are becoming
more and more prominent. Continuous improvements are
required to sustain the technology itself. Technology is
being upgraded continuously by adopting new innovative
ideas and strategies for efficient utilization, storage and
transfer of energy. Nanotechnology is the most vibrant area
that attracts the research community due to its higher
potential, enabling a significant improvement in the
performance of various devices. [1]. In last two decades,
significant work has been done to apply nanotechnology in
heat transfer applications.

A new advancement in thermo-fluidics, obtained
by stirring Nanoparticles in conventional fluids is termed as
nanofluids. As a high thermal conductor, heat pipes have
been used in different applications such as energy
conversion, energy storage systems, and electronic cooling.

Heat pipes are able to dissipate substantial amount of heat
with a relatively small temperature drop while providing a
self-pumping ability due to an embedded porous material in
their structure.[4] Nanofluids are prepared as a colloidal
suspension comprised of solid particles >100 nm dispersed
into the conventional fluid such as water, ethylene glycol or
engine oil. The most commonly used nanoparticles for
nanofluids are generally metals (e.g., Cu, Al and Ag),
ceramics (e.g., AlLOsz;, CuO, SiO,, and TiO;) or other
materials (e.g., SiC and carbon nanotubes). The main
industrial segments in which cerium oxide nanoparticles
expertise is probable to be working are electronics, catalysts,
optics, environment, energy, paints and coatings (Keller et
al., 2013; Collin et al., 2014). The use of cerium oxide
nanoparticles fluids for enhancing the thermo-physical has
shown to be important in applications such as fuel cells, heat
exchanger, heat transfer, tribology, coolant material, UV
absorbent, filters and metal polishing (Herna'ndezet al.,
2008; Ngoc et al., 2011; Zhao et al., 2013; Tiwari et al.,
2013). [2] At present the estimated manufacture of Cerium
Dioxide is estimated to be ten thousand tons worldwide.

A nanofluid is an engineered colloid, which
consists of two main components: a base fluid and
nanoparticles. Most of the studies found that the nanofluids
thermal conductivity was augmented as compared to that of
a base fluid alone. Nanofluids have potential uses in various
applications, such as solar thermal collectors, shell and tube
heat exchangers, heat pipes and automotive radiators [3].

Leong et al. [5] studied the application of copper
nanofluids in ethylene glycol base, in an automotive cooling
system and obtained relevant input data, nanofluid
properties and empirical correlations from the literature to
investigate the heat transfer enhancement operated with
nanofluid-based coolants of an automotive car radiator.
They observed that the pressure drop of coolant increased
with the addition of copper nanoparticles and heat transfer
rate is increased with increase in volume concentration of
nanoparticles.

Hafiz Muhammad Ali et al. [6] reported for water
based ZnO nanofluids to enhance the heat transfer
performance of a car radiator in different volumetric
concentrations (0.01%, 0.08%, 0.2% and 0.3%) and
observed significant increase in heat transfer rates using
ZnO water nanofluids compared to base fluid. The best heat
transfer enhancement up to 46% is achieved using 0.2%
volume of nanofluid.

S.M. Peyghambarzadehet al. [4] concluded on the
basis of their study, the performance of a dual diameter
circularheat pipe using three different working fluids
including water, methanol, and ethanol that water is the best
working fluid among the other working fluids regarding the
higher temperature and heat transfer coefficient in the
evaporator section. At lower condenser temperatures, lower
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heat transfer coefficients and higher thermal resistances
were obtained.

Mohamed 1. Hassan et al. [8] analyzed that
nanofluids showed an enhancement in the heat pipe
performance as it lowers the adiabatic section upper
temperature and therefore increases the temperature
difference across the adiabatic section; which in turn
increases the heat transfer across the heat pipe. But later
they found that nanoparticles, wick and surface of porous
media of heat pipe revealed increased nanoparticle sizes,
deposits on the wick as well as particle agglomerations,
which accounts for developing blockage and performance
inconsistencies of heat pipe.

Taoufik Brahimet al.[9] The recent development
of nanofluids, or fluids consisting of a conventional heat
transfer base with nanometer-sized oxide or metallic
particles suspended within, offers the exciting possibility of
increased heat transfer rates over conventional systems.
Results showed the positive influence on thermal
performance of system with nanofluid utilized as a working
fluid on a heat pipe. It was found that reduction of 68% on
thermal resistance can be obtained for 9%CuO nanofluid
concentration level. For CuO nanofluid the concentration
level trend to reach a specific value which is 20% without
significant shear stress effect.

Dogan CILOGLU [2] the pool boiling behavior of
cerium oxide nano suspension with the nanoparticle
concentration ofvol. % was experimentally investigated
using the upper side of copper block which showed heat
transfer coefficient can be improved with incorporation of
the solid nanoparticles in comparison with the DI water.
Rate of enhancement can be intensified with increasing
applied heat fluxes. The use of a plant-based material as an
efficient coolant in heat transfer applications is an exciting
development for heat transfer engineers.

Il. METHODOLOGY

A. Nanoparticles of CeO,

The nanoparticles mixed with a fluid which is used as
working fluid is acquiring a major investigation area in
studying the thermal performance in heat pipes. CeO, has
several benefits like it has good availability, easy to prepare,
good commercial potential, nontoxic and inflammable.
CeO, nanoparticles has been identified having good thermal
conductivity hence when mixed with a fluid, it gives
excellent thermal properties. Its stability with water is high
as compared to other nanoparticles and hence it proves to be
effective working fluid.

B. Nanofluid Preparation

Nanofluid preparation is based on two methods as one-step
process and two-step process. In one-step process consists of
simultaneously making and dispersing the particles in fluid.
In this method, the processes of drying, storage,
transportation, and dispersion of nanoparticles is minimized,
and stability of fluids is increased. One step physical method
cannot synthesize nanofluids in large scale, and the cost is
also high. The two-step method is the most widely used
method for preparing nanofluids. Nanoparticles, nanofibers,
nanotubes or other nanomaterials used in this method are

first produced as dry powders by chemical or physical
methods. The nanosized powder will be then dispersed into
a fluid in the second processing step with the help of
intensive magnetic force agitation, ultrasonic agitation,
high-shear mixing, homogenizing, and ball milling. This
step is the most economic method to produce nanofluids in
large scale, since Nano powder has been already prepared.

I1l. EXPERIMENTAL SETUP

BExperimental setup includes a heat pipe made up of straight
copper tube of total length 600 mm. It is divided into 3 parts
with evaporator section of 150 mm, adiabatic section of 300
mm, and condenser section of 150 mm. It has an outer
diameter of 22 mm with a thickness of 2 mm. In order to
enhance the heat transfer heat input is varied by changing
voltage, and volume concentration of working fluid on
thermal resistance.

A. Procedure Followed

Heat pipe consists ofan evaporatorsection, adiabatic section
and condenser section. The heat pipe is charged with 40 ml
of working fluid, which approximately corresponds to the
amount required to fill the evaporator section which is 150
mm. The electrical power input is applied at the evaporator
section using cylindrical electric heater. The heater is given
with 230 V AC supply and power input is measured using a
voltmeter connected in parallel and ammeter connected in
series. In order to measure the average temperature of
evaporator, two thermocouples are distributed along the
length of evaporator.

The section between evaporator and condenser is
adiabatic section (length of 300 mm). To make sure that no
heat is lost to the surroundings, the adiabatic section is
completely insulated with asbestos material layer. The wall
temperature distribution in this section is measured using
five evenly spaced thermocouples at an equal distance from
evaporator.

Heat pipes are special heat transfer devices able to
transport large amounts of heat over relatively long
distances, with no moving parts, using phase change
processes and vapor diffusion. As a result, a sudden rise in
wall temperature occurs that can damage the heat pipe if the
heat is not released at the condenser properly. Hence to
remove the heat, water jacket has been used at the condenser
in which the cooling water is circulated first through it,
before heat is supplied to the evaporator. The jacket has an
inner diameter of 25 mm and outer diameter of 30 mm. The
water flow rate is measured using a rotameter on the inlet
line to the jacket, the flow rate is kept constant. The
condenser section (length of 150 mm) has three equally
spaced thermocouples distributed along the length of the
condenser.
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Fig. 1: Experimental Setup

The inlet and outlet temperatures of the cooling
water are measured using two thermocouples. The power
input to heat pipe is gradually raised to the desired power
level. The surface temperatures at five different locations
along the adiabatic section of heat pipe are measured at
regular time intervals until the heat pipe reaches the steady
state  condition. Simultaneously the evaporator and
condenser wall temperatures along with water inlet and
outlet temperatures.in_the condenser zone are measured.
Once the steady state is reached, the input power is shut off
and cooling water is allowed to flow through the condenser
to cool the heat pipe.

Experiment is repeated for different heat inputs
(25, 50, 75 and 100 W) and thermal performance of heat
pipe is studied for concentrations of 0.75, 1, and 2% volume
fraction nanofluid.

IV. DATA ANALYSIS & READINGS

The ultimate aim of the variation of heat input and volume
concentration of hybrid nanofluid on circular heat pipe is to
study its effect on thermal resistance. The overall thermal

resistance of circular heat pipe is calculated by equation-
Te—Tc
Rin = Q @
Where, T, and T, average wall temperature of evaporator
and condenser respectively and can be determined

individually by following equations,
Te= = Zi, Ti @

Teo— 20, Tj ©)
m
Rate of heat transfer (Q) at evaporator section is calculated
by

Q=V 4
Where, V and | are input voltage and current respectively
which is measured by voltmeter and ammeter.

V. EXPERIMENTAL RESULTS & DISCUSSIONS

Temperature distribution along the length of horizontal heat
pipe using 0.75, 1 and 2% volume fraction of CeO,/Water as
working fluid at various inclination angles are studied in the
graphs below,
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Fig. 2: Graph of thermal resistance vs. volume fraction of
anofluid for 00 inclination for various power input
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Fig. 3: Graph of Thermal Resistance vs. Volume Fraction of
Nanofluid for 15° Inclination for Various Power Input
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Fig. 4: Graph of Thermal Resistance vs. Volume Fraction of
Nanofluid for 30° Inclination for Various Power Input
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Fig. 5: Graph of Thermal Resistance vs. Volume Fraction of
Nanofluid for 45° Inclination for Various Power Input
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Fig. 6: Graph of Thermal Resistance vs. Volume Fraction of
Nanofluid for 60° Inclination for Various Power Input
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Fig. 7: Graph of Thermal Resistance vs. Volume Fraction of
Nanofluid for 75 Inclination for Various Power Input

90 degree inclination
0.25

0.2
25 watt

015 50 watt
01 75 watt

0.05 100 watt

Thermal resistance ( °C/W)

0 1 2
Volume fraction of nanofluid (®%)

Fig. 8: Graph of Thermal Resistance vs. Volume Fraction of
Nanofluid for 90° Inclination for Various Power Input

Fig.2 to Fig.8 shows the influence of the nonofluid
volume fraction on the thermal resistance of heat pipe. The
thermal resistance of the nanofluid monotonically decreases
with increase in the volume fraction. The increase of volume
fraction cause increase of both thermal conductivity and
viscosity of the ananofluid. The thermal conductivity
becomes considerably larger compare to viscosity of the
nanofluid as the volume fraction increases.

VI. CONCLUSION

On 'the basis of this experiment, I have found thermal
enhancement of circular heat pipe performance using
CeO,/Water nanofluid as working fluid. For this purpose,
the effect of different concentration of nanofluid, and heat
input variations on thermal resistance of heat pipe is studied.
From the experimentation following conclusions can be
drawn.

Thermal resistance of circular heat pipe decreases
with increase in volume concentration of nanofluid, increase
in heat input and increase in inclination angle compared
with distilled water as working fluid.

With increase in the volume concentration of
nanofluid, the thermal resistance along the heat pipe
increases. For 2% volume concentration of nanofluid and
heat input of 100W, it gives an increase in thermal
resistance by 35% from 12.5% in case of 25W.

With increase in the inclination angle of circular
heat pipe the thermal resistance reduces. For 2% volume
concentration and variation in inclination angle from 00
(vertical) to 90° (horizontal) for nanofluid as working fluid,
thermal resistance reduces by an amount of 34.62%
compared with 0.75% volume concentration.

Stability of CeO,/Water nanofluid is found out to
be better as compared to Copper nanofluid or Aluminum
oxide nanofluid, which results in aggregation in the base
fluid when kept stable. CeO,/Water nanofluid has been

observed for 7 days, and with no sign of aggregation, it
proves to be a stable nanofluid.

The fluid absorption capacity that depends on the
volume of working fluid causes rise in thermal efficiency of
heat pipe. Higher the volume of working fluid reduces the
vapor space in condenser region which further causes the
reduction in rate of heat transfer in evaporator regions of
working fluid.

VII. FUTURE SCOPE

In this research paper | studied, enhancement in thermal
performance of heat pipe with different concentration of
water based CeO;, nanofluid. However, in future research
can be made to study the effect of inclination from 0 to 9¢
angle on performance of heat pipe. To find the thermal
resistance of heat pipe for different angle of inclination,
particle size, various concentration of nanofluid

The direction of the future research on the application of

nanofluids in heat pipes can be mainly:

— To study the increment or decrement in the critical heat
flux for nanofluids with increase in temperature while
working of heat pipe.

— To find the effect on overall heat transfer coefficient
and heat transfer rate with variation in base fluid of
Hybrid nanofluid in connection with heat pipe.

— To further find the optimal types of nanofluids of
different materials to achieve the best thermal
performance find out nanoparticle size and nanoparticle
concentration.
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