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Abstract

The aim of this study is to investigate the convective heat transfer of alumina oxide nanofluids inside a horizontal circular tube
subject to constant and uniform heat flux at the pipe wall. The alumina oxide nanoparticles of about 20 nm diameter are used in
the present study. Three volume fractions of 0.2% 0.4% and 0.6% were tested for alumina oxide/distilled water: ethylene glycol
(50:50) nanofluids. Experimental results show that the convective heat transfer coefficient of nanofluid is higher than the base fluid
at same inlet condition. The heat transfer coefficient of nanofluid increases with an increase in the volume flow rate and volume
concentration of the alumina oxide nanofluid. The Nusselt numbers have substantially higher value then the base fluid and it is
increase with an increase of the volume flow rate and the particles concentrations. A significant improvement in the Nusselt number
(16.18%) was achieved using the nanofluid compared to the base fluid.
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I. INTRODUCTION

Nanofluid can be defined as a fluid in which solid particles with the sizes under 100 nm are suspended and dispersed uniformly in
fluid. The base fluid used the same as traditional heat transfer fluids, e.g., water and ethylene glycol. Nanofluids have unique
properties that are making them next generation heat transfer fluids because they are opening new possibilities to enhance heat
transfer performance compared to pure fluids. Nanofluids are typically made of oxides, carbides, carbon nanotubes or metals.

Straight heat transfer enhancement is an important factor in many industries, nuclear reactors, engine cooling systems of
automotives, refrigeration, space technology, microelectronics etc. Nanofluids are acting as smart fluids in situations where heat
transfer has to be reduced or enhanced as desired. e.g., pharmaceutical processes, hybrid-powered engines, domestic refrigerator,
engine cooling/vehicle thermal management, chiller, heat exchanger, grinding and in machining.

Nanofluids clearly exhibit improved thermo-physical properties such as thermal conductivity, thermal diffusivity, viscosity and
convective heat transfer coefficient. The property change of Nanofluids depends on the volumetric fraction of nanoparticles, shape
and size of the nano materials.

Alumina (Al;03) is the most common nanoparticle used by many researchers in their experimental works. Many efforts have
been made to study the heat transfer characteristics of Al,O3; Nanofluids with different kind of base fluids.

Il. LITETARURE REVIEW

Various studies on nanofluids were carried out by many researchers in the past. Some of references related to the current
experiment were reviewed in the following.

JAAFAR ALBADR et el [1]Performed experimental study on the forced convective heat transfer and flow characteristics of
a nanofluid consisting of water and different volume concentrations of Al,O3z nanofluid (0.3-2)% flowing in a horizontal shell and
tube heat exchanger counter flow under turbulent flow conditions. They have used Al,O3 nanoparticles of about 30 nm diameter.
Their result showed that the convective heat transfer coefficient of nanofluid is slightly higher than that of the base liquid at same
mass flow rate and at same inlet temperature. The heat transfer coefficient of the nanofluid increases with an increase in mass flow
rate, also the heat transfer coefficient increases with the increase of the volume concentration of Al,O3 nanofluid.

LI and XUAN [2] reported that in laminar and turbulent flow regime in forced convection, the heat transfer coefficient of
Cu-water nanofluids flowing inside a uniformly heated tube remarkably increased. The heat transfer coefficient increased
by around 60% for 2 vol.% nanoparticle concentration compared to that of pure water. Furthermore, it was observed that the
increase of nanoparticle concentration would also increase the heat transfer coefficient. Interestingly, the experimental results
showed that there is no significant increase in pressure drop compared to that of water. Thus, it is no need to be worried
about the drawback of pumping power increase. M. CHANDRASEKAR et el [3] conducted experimental and theoretical
investigations of the effective Thermal conductivity and viscosity of Al,Os/water nanofluids. During the experimental investigation
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they found that both the thermal conductivity and viscosity values increase with that of the nanoparticle volume concentration.
Theoretical values obtained were in good agreement with the experimental results.

N. A. USRIA et el [4] studied the effect of increment of Alumina nanoparticles dispersed in 60:40 water to ethylene glycol based
nanofluids towards heat transfer enhancement. For this purpose they prepared nanofluids using Aluminum Oxide (Al.Os) with
average diameter of 13 nm suspended in 60:40 of water to ethylene glycol by volume percentage. They have used volume
concentration of 0.2 %, 0.4 % and 0.6 %. They were conducted force convection investigation at a constant heat flux with Reynolds
number of less than 20,000 at a constant working temperature of 50 C. They compared heat transfer coefficient of nanofluids with
the base fluid. They observed and concluded that the loading of nanoparticles suspended in the base fluid is increased, heat transfer
coefficient is also higher. The heat transfer augmentation of Al,O3 nanofluid at 0.6 % volume concentration is higher than 0.2 %
and 0.4 % concentrations.

P. C. Mukesh Kumar et el [5] investigated convective heat transfer and friction factor in a helically coiled tube with Al;03
/ water nanofluid. In this paper, laminar heat transfer and friction factor of a helically coiled tube with Al,O3 / water nanofluid
at 0.1%, 0.4 and 0.8% particle volume concentration were tested. The heat transfer enhancement of nanofluid has been
compared with water. They observed that there is no negative impact of presence of nanoparticles on convective heat transfer
and formation of secondary flow in coiled tube. These enhancements are due to higher thermal conductivity of nanofluid,
better mixing of fluid, and random movement of nanoparticles which carry more heat energy. Therefore, the conventional
heat transfer fluid can be replaced at low particle volume concentration of Al;O3 / water nanofluid without getting pressure
drop penalty in helically coiled tube heat exchanger.

Recently, WUSIMAN KU-ER-BAN-JIANG et el [6] conducted experiment for the forced heat transfer characteristics of
aqueous copper (Cu) nanofluid at varying concentration of Cu nano-particles in different flow regimes (300<Re<16 000). They
said that in laminar flow, the heat transfer coefficient of Cu/water nanofluid increases by two times around Re= 2000 than that of
base fluid water, and averagely increases by 62% at 1% volume fraction. In turbulent flow regime, the heat transfer coefficient
increases gently with increasing the concentrations as well as Reynolds humber. They suggested that the nanoparticle performance
in nanofluid such as particle type, size and shape might play important roles in heat transfer enhancement.

Above existing results showed that all the nanofluids succeed in the enhancement of heat transfer compared with their base
fluids.

I11. OBJECTIVE
This article aims at experimental investigation of heat transfer through circular tube using Al;O3 (0.2 %, 0.4%, and 0.6%) /DW:
EG (50:50) Nanofluid.

1V. EXPERIMENTAL SETUP

In order to study convective heat transfer under constant heat flux on the tube wall, the experimental set-up was developed, as
shown in Fig. 1 and Fig. 2.
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Fig. 1: Liquid flow diagram of Force Convection Test Rig Fig. 2: Force Convection Test Rig Setup

This set-up was built as a closed loop system consisting of a reservoir working fluid tank, an electric pump, bypass line, flow
rate measurable tank, heat transfer testing tube part, water cooler pipe, variac, and data acquisition system. The testing part was
used as smooth circular copper tube with outer diameter 13 mm and inner diameter 10 mm, with 1 m in length.

Two RTD Sensor are inserted into the flow at inlet and outlet of the test section to measure the bulk temperature of working fluid
and six other same J-type thermocouples were mounted at differential longitudinal positions on tube surface of the wall,
thermocouples were mounted on the surface of the copper tube at different points (the distance from inlet is 0.05, 0.19, 0.38, 0.57,
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0.76 and 0.95 m respectively) to check the variation and average wall temperature. To maintain constant heat flux on the whole
test tube section, the surface of the copper tube was intensively and uniformly bound by the coil heater as electric resistance.

The circular copper tube section was heated by heating coil which was fed power of 425 W constantly by AC electrical power
through variac. To minimize the heat loss to the surroundings, the heat testing part was thermally isolated using aluminium foil
tap. To create constant wall temperature boundary condition, the cool water was circulated with high flow rate and keeps the
working fluid cool at the inlet of test section. The flow rate through the liquid line was controlled by bypass valve. The coil heater
with a variac was installed to keep the temperature of the nanofluid constant.

In order to ensure the precision of flow rate, volume measured by the measuring cylinder tank to validate the flow rate at outlet
by using measuring cylinder and timer. For validate the flow rate it was measured three times using measuring volume method.
The uncertainty of the flow rate is within 2%. The essential parameters were observed and measured by the set-up including electric
power input, flow rate, bulk temperatures (inlet and outlet) and overall temperatures on the circular tube at six points. After
circulation of testing fluid through the system for a while, the heater was switched on and then the temperatures on the test tube
section increased gradually until the system reached at steady state condition. The initial tests showed that the system needed at
least 25 min to reach steady state condition during all experiments, the wall temperature on the tube at six positions and the inlet
and outlet temperature of the nanofluid were measured and noted down using the temperature indicator for at least 5 min under the
steady condition. We have measured the heat transfer rate for 0.2%, 0.4% and 0.6% volume fraction of nanoparticles at four
different flow rates.

V. THERMO-PHYSICAL PROPERTIES OF NANOFLUID

A. Density of Nanofluid

The nanofluid presented equations are calculated by using of the Pak and Cho [7] correlations, and is defined as follows:
pat = (1-0) pr + @ pp ()
where py is the density of the nanofluid, @ is the particles volume concentration, ps is the density of the base fluid and py is the
density of the nanoparticles.

#. Specific Heat of nanofluid

The specific heat is calculated from Xuan and Roetzel [8] as following:
Cpnt = (1-@)( pcp)i+ D (pcp)p 2
where, Cpyy is the heat capacity of the nanofluid, Cps is the heat capacity of the base fluid and Cp, is the heat capacity of the
nanoparticles

. Thermal Conductivity of nanofluid

For calculating the thermal conductivity an alternative formula was introduced by Yu and Choi [9], which is expressed in the
following form:
Kp+2Kf— 20 (Kf—Kp)

Kot =K Kp+2Ke+ 0 (Kp+Kp) ®)
where, Kyt is thermal conductivity of the nanofluid, K, is thermal conductivity of the nanoparticle and K is the base fluid thermal
conductivity.

£ Dynamic viscosity of nanofluid

The viscosity of the nanofluid Drew and Passman [10] suggested the well-known Einstein’s equation for calculating viscosity and
which is applicable to spherical particles in volume fractions less than 5.0 vol%, and is defined as follows:
unf = (1+2.5 @) pw 4)
where, unf" is the nanofluid viscosity and uw is the water viscosity.
By using MS Excel Calculation sheet we have find the fluid properties at required Bulk temperature.

V1. EXPERIMENTAL RESULTS

The experimental apparatus needed validating for reliability similar experiment was done using distilled water as the working fluid
before measuring the heat transfer coefficient of Al.O3; nanofluid. The experimental results are compared with the classical and
famous correlations developed by Sider-Tate [11] for predicting single phase flow under laminar flow condition as mentioned in
eqgn. (5)

Nu=1.86(RePr)!/? (D)1/3 (2o, RePr? > 10 ()

The results are having good agreement with the correlation as shown in Fig. 3
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Fig. 3: Volume Flow Rate (Q) vs. Convective Heat Transfer Coefficient (h) of Present study and Seider-Tate Correlation.

In our experiment 0.2 %,0.4 % and 0.6 % volume concentrations suspended nanoparticles are used to calculate the convective
heat transfer coefficient at different volume flow rates. Fig. 4 shows the calculated convective heat transfer coefficient for the base
fluid, 02%,0.4% and 0.6 % volume fraction of nanoparticles at four different flow rates.
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Fig. 4: Volume Flow Rate (Q) vs. Convective Heat Transfer Coefficient (h)

The results show that the increase with the volume flow rate and volume concentration of the nanofluid the heat transfer
coefficient has increases.

It was concluded that the heat transfer rate of the nanofluid increased. The trends shown by the nanofluid is due to the fact that
the nanoparticles presented in the base fluid increase the thermal conductivity and the viscosity of the base liquid at the same time.
The enhancement of thermal conductivity leads to increase the heat transfer performance.

v B Base Nuid (EG DW)
B Nanofiuid (0.2%)
B Nanofiuld (0 4%)
12 B Nanofiuld (0.6%)

n

14

13

10

L
[}
y
L ]
)
e T T v T v
15 20 29 30 )8 40

Volume Flow Rate (Q) (LPM)
Fig. 5: Volume Flow Rate (Q) vs. Nusselt number (Nu)
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Nusselt numbers of the nanofluid are higher than the base fluid, and increasing with the increase in Reynolds number as well as
the volume flow rate and volume concentration of nanofluids. Fig. 5 represents the calculated Nusselt number for all volume
concentration of the nanofluid at four different volume flow rates.
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Fig. 6: Volume Fraction (%) vs. Nunt/ Nubt (4.10397 LPM)

Fig. 6 shows the enhancement in the Nusselt number of the Nanofluid compare to the base fluid. It is clearly seen that maximum
heat transfer achieved at 0.4% volume fraction of the nanofluid. The maximum enhancement in Nusselt number is observed 16.18
% for volume flow rate 4.10397 LPM.

VI11.CONCLUSION

The convective heat transfer through circular tube using Al2Os (0.2%, 0.4%, and 0.6%) /DW: EG (50:50) Nanofluid has been
experimentally investigated. Experiments have been carried out under laminar flow conditions. Reynolds number and Nusselt
number on the heat transfer performance and flow behaviour of the nanofluid has been determined. From the experimental study
following conclusions have been obtained.

- The results show that in the laminar flow regime, the convective heat transfer coefficient and Nusselt number of the
nanofluid increases with increasing volume flow rate.

- The convective heat transfer coefficient and Nusselt number of the nanofluid increases with increasing volume
concentration of the nanoparticles into the base fluid.

- Asignificant improvement in the Nusselt number (16.18%) was achieved using the nanofluid compared to the base fluid.
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