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Abstract — This paper describes the synthesis of alumina
nanoparticles using sol-gel method. As Nanofluids have unique
features different from conventional solid-liquid mixtures. Due
to their excellent characteristics, nanofluids find wide
applications in enhancing heat transfer. Therefore, a
synthesized alumina nanoparticles was used as a nanofluid in
double pipe heat exchanger to study and compare the heat
transfer enhancement between base fluid (water) and
nanofluid.
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I. INTRODUCTION

Metal oxide nano-particales have been extensively
developed in the last decades (ten years). Nano-Particles are
the Particles in size range 10-9 m are known as nano-
particles or sub-micron particles. They are also known as
quantum dots due to quantum property possess by them. OR
Nano-particles have been described as ‘novel materials
whose size of elemental structure has been engineered at the
nanometre scale’.Nano-particles have been used as filler in
both polymeric nano-composites to improve the mechanical,
electrical and optical properties and metallic nano-
composites to control the electrodeposition.

The oxides of aluminium materials are widely used in
ceramics, refractories and abrasives due to their hardness,
chemical inertness, high melting point, non-volatility and
resistance to oxidation and corrosion. Ceramics based on
alumina are widely used by modern industry as a
construction material with several unique properties such as
high mechanical strength and hardness, heat resistance,
chemical inertness, and insulation characteristics. Another
important application of materials based on alumina is the
creation of various catalytically active complexes for the oil
industry and cleaning of industrial emissions.

Recently many researchers are showing interest on the
preparation and application of nano-sized alumina or
alumina composites considering their diverse properties. It is
generally believed that the properties of such alumina
particles are largely governed by the particle size,
morphology, surface and phase homogeneity and these can
be controlled by selecting a proper synthetic route. Alumina
with desirable surface properties such as high surface area
and mesoporous properties is most commonly used as a
high-temperature catalyst or catalytic support and as a
membrane. Synthesis of nano sized alumina has attracted
great attention due to their wide spectrum of application in
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catalysis, molecular separation, membranes, structural
material and adsorbents catalyst. Alumina is one of the inert
biomaterials used in implants. It is therefore a biodegradable
material, well tolerated by the biological environment.

II. EXPERIMENTAL WORK

Synthesis of Alumina Nanoparticles

Alumina nanoparticles were synthesized by sol-gel method
by using aluminium nitrate, urea and distilled water as a
precursors. A sol-gel method is the multi step process,
involving chemical and physical processes associated with
hydrolysis, polymerization, gelation, condensation, drying
and densification. This process generally starts with the
mixing of metal alkoxides or salts in water or in a suitable
solvent (usually an alcohol) at ambient or slightly elevated
temperatures.

Aluminium nitrate and urea was added to distilled water and
taken to magnetic stirrer for one hour at 40°C. A solution
obtained by magnetic stirrer was placed in the sonicator for
two hours to get homogeneous mixture. After vaporizing the
excess solvents in a vacuum dryer for three hours, a wet gel
was obtained which was then left at room temperature for 24
hours for its maturity. Finally, the gel was placed in hot air
oven for calcined at 300°C for 2 hour to get the nanao-
particles of alumina.

Preparation of Alumina Nanofluid

There are two fundamental methods to obtain nanofluids:
1. Single-step direct evaporation method: In this method, the

direct evaporation and condensation of the nanoparticulate
materials in the base liquid are obtained to produce stable
nanofluids.

2. Two-step method: In this method, first the nanoparticles
are obtained by different methods and then are dispersed into
the base liquid.

In this experimental work alumuina nanofluid was prepared
by dispersing synthesized alumina nanoparticles in base
fluid (water). 15 gms of alumina nanoparticles were added to
10 liters of distilled water.
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Heat Transfer Enhancement in Double

Pipe Heat Exchanger

Heat transfer enhancement was studied for base fluid (water)
and alumina nanofluid in horizontal double pipe heat
exchanger. The run taken for base fluid and alumina
nanofluid were at constant flow rate with different set point
temperature of hot fluid. The flow pattern chosen in this
experimental work was counter current flow. Preliminary
experiment with plain water as thermo fluid was performed.
Then experiments were performed with alumina nanofluid as
a thermofluid. Alumina nanofluid as the heating fluid in the
inner tube side, and cold water in the outer tube, temperature
measurements were taken at fluid inlet and exit positions
after steady state has been reached.

II1. RESULT AND DISCUSSION
Table 3.1 Result for Base fluid (water)

Set Heat Overall Heat
Point Transfer LMDT Transfer
Rate (ZC)
qn qc U; U,
(Watts) | (Watts) (W/m**C) | (w/m**C)
50 | 1260 | 420 | 18.98 | 1660.72 | 587.21
60 | 1680 | 840 | 23.98 | 1520.85 | 929.41
70 | 2100 | 1680 | 30.49 | 1993.60 | 1461.97

Table 3.2 Result for Alumina nanofluid

Set Heat Overall Heat
Point Transfer LMDT Transfer
Rate (ZC)
qn qc U; U,
(Watts) | (Watts) (wim**C) | (w/m’*C)
50 | 1260 | 2100 | 21.96 | 1921.74 | 2537.21
60 | 1680 | 2520 | 21.98 | 2212.39 | 3042.02
70 | 2940 | 2730 | 33.25 | 2560.00 | 3179.00

An increase in overall heat transfer can be observed by
above table. There is an improvement in overall heat transfer
due to the addition of Alumina nanoparticles. The results
show (table 3.2) the increase of the overall heat transfer
coefficient Compared to the base fluid (plain water). The
overall heat transfer coefficient is found to be the highest for
aluminum oxide nanofluid at 70*C.
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A graph (graph 3.1) given below shows the enhancement in
overall heat transfer co-efficient (inside) of base fluid and
alumina nanofluid. The graph is plotted between the set
point temperature and overall heat transfer co-efficient (U;).
It is very clear from the graph that alumina nanofluid shows
better heat transfer coefficient than the base liquid with
increase in its set point temperature. Where Y-axis shows
the value of overall heat transfer co-efficient (inside) and X-
axis represents the different set point temperature.
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Graph 3.1 Overall heat transfer co-efficient (inside) of
base fluid and nanofluid.

And the graph (3.2) given below shows the enhancement in
overall heat transfer (outside) of base fluid and nanofluid.
The graph shown above is plotted between set point
temperature and the overall heat transfer co-efficient (U,).
From which it is very clear that nanofluid have highest
values for overall heat transfer co-efficient with increase in
temperature as compared to the base fluid.
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Graph 3.2 Overall heat transfer (outside) of base fluid

and nanofluid.

IV. CONCLUSION
It was concluded that synthesis of alumina nanoparticles by
sol-gel method has an outstanding potential. Overall study of
heat transfer enhancement on double pipe heat exchanger
concluded that the addition of alumina nano-particles
increases the heat transfer rate. And increases the outlet
temperature of cold fluid by 5 to 6 *C. It was also concluded
that the heat transfer coefficient increases with the operating
temperature and concentration of alumina nano-particle. And
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It the overall heat transfer enhancement in alumina nanofluid
was better than the base fluid.

Unlike past research activities which have focused on
thermal conductivity, the study of heat transfer of nanofluids
still needs to be explored in more detail.
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NOMENCLATURE
gh = Heat given by hot water in watts
gc = Heat collected by cold water in watts

LMTD= Logarithm mean temperature difference °C
Ui = Overall heat transfer co-efficient inside in w/m2 °C

Uo = Overall heat transfer co-efficient outside in w/ m2 °C
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