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Abstract: In the current task, ANSYS was used here for quantitative and qualitative analysis of plate type heat exchanger with
water and Al,Os.CFD simulation has been evolved to predict heat transport in plate type heat exchanger using water and Al;Os.
Characteristics of heat transfer using H.O and Nano fluid have been discussed. Also the velocity distribution has been generated
using FLUENT for the plate type heat exchanger. It has been perpetrated from the solution that Al,Os; which has been used as a
Nano fluid is more effective.
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l. INTRODUCTION

With current advancement in technology, the invention of molecules having sizes of the order of nm (nano particles) can be
successfully attained. Due to this ideas have been proposed to mix these nano particles in a base liquid to increase the thermal
conductivity. This mixture of nano particles in a base fluid is known as a nano fluid. Classification of heat exchange units includes
classification based on flow as well as based on heat transfer mechanism.

Classification by flow arrangement yields four sub-classes. Velocity vectors have both the same direction when the flow is
concurrent while for countercurrent flow the directions are opposite (see Figure 1.1). In cross-flow, one fluid flows perpendicular to
the other. Nevertheless, in many heat exchangers the arrangement is a combination of the above rather than pure concurrent,
countercurrent, or cross-flow.
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Figurel.1: Typical temperature profiles for concurrent and countercurrent flow arrangements

Classification using heat transfer mechanism is rather straightforward and produces three sub-classes as well — units in which there
is no phase change, units in which only one fluid changes phase, and units in which both fluids change phase.

Masuda et al. [1993] investigated the thermo physiological properties of Al,O3 and TiO, mixed in water. It was investigated that
the thermal conductivity increased for about 32% for volume concentration of 4.3percent. Xuan & Li [2000] predicted that thermal
conductivity got increased about 11%. Pak et al. [1998] and Xuan & Li [2000] perpetrated that the increase in the thermal
conductivity is not normal. This could be because of even mixing of nano particle. Hwanga et al. [2008] reported an innovative idea
on the homogeneous mixing of nano particles in nano fluids by various methods and these methods are found to be the most
effective to get uniform mixing of nano particles. Lee et al. [2008] studied Al,Os; and CuO particles mixed in water over a range of
temperature between 20-40 ° C. As a result the upsurge in thermal conductivity is noticed about three times. Bhat &Maitra et al.
[2009] and Frimpong et al. [2008] used some surfactants namely thiols, oleic acid and laurate salts etc. Wen & Ding [2004]
discussed transport of heat which was convective in nature for nano fluids at the entry for the conditions which were suitable for
laminar flow.Wongwises et al. [2009] discussed of a nano fluid having H,O and 0.2 volume percent TiO,. This had been
investigated that the coefficient of heat transfer was up surged slightly. Farajollahi et al. [2010] evaluated that there was a
significant increase in the characteristics of heat transport when nano particles were added to the base fluid. Peyghambarzadeh et al.
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[2011] explored the heat transport potential of pure H.O when pure EG was differentiated with their binary mixtures.
Ramakoteswaa Rao et al. [2014] showed literature review on critical challenges of uses and the applications of Nano fluids and

concluded during the study that the nano fluids were of significant importance because it can be used in most of applications like
heat transport, increment of thermal conductivity and other uses.

Il. OBJECTIVES
1. Todevelop a CFD simulation in PTHE using water and Al,Os.

2. Tocompare and analyze the characteristics of heat transport using water and Al,O3
I1l. GEOMETRY
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Figure 3.1: Design of PTHE

IV. METHODOLOGY

FLUENT is used for the simulation of PTHE. Geometry is drawn in solid works and simulation is performed in fluent.
Geometry was drawn

Meshing was done in FLUENT
Boundary conditions

Solution

Post Processing
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Figure 5.1: Input Properties for Aluminum Oxide (Al203)
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Figure 5.2: Input Properties for Heat Exchanger Material

VI. RESULTS AND DISCUSSION
6.1

Velocity distribution across heat exchanger

The velocity Contours plots across the section, along the length of heat exchanger will give an idea of the flow in detail.
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Figure 6.1: Velocity distribution access heat exchanger (Water)
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The velocity contours plots along the length of heat exchangers is given in the figure above. The maximum velocity is
1.836m/s and minimum velocity is 0.1m/s. The various inlet velocities are 1.8, 1.75, 1.33, 1.63 and 1.72 m/s along the various
pipes from 1 to 5 respectively

6.2 Velocity distribution access heat exchanger
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Figure 6.2: Velocity distribution access heat exchanger (Nano fluid)

The velocity contours plots along the length of heat exchangers is given in the figure above. The maximum velocity is
1.626m/s and minimum velocity is 0.1m/s. The various inlet velocities are 1.62, 1.42, 1.21, 1.32 and 1.67 m/s along the various
pipes from 1 to 5 respectively.

6.3 Velocity Comparison
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Figure 6.3: Velocity Differentiation between water and Al,O3

Figure 5.11 shows the velocity differentiation between the H,O and Al,Os. The simulations show that the maximum velocity is
obtained in using the nano fluids.
6.4 Heat Transfer Rate Differentiation
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Figure 6.4: Heat transfer rate comparison

The results are taken for two cases one with using water as coolant and the other using Aluminum Oxide. The heat transfer rate is
been calculated and the same is been represented in the graph.
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VII. CONCLUSION

ANSYS FLUENT was used for quantitative and qualitative analysis of PTHE with water and Al,O3.The variation of velocity was
studied. Also the variation of heat was shown both in case of water and nano fluid. A comparison was made for heat transfer in
case of water and nano fluid. It was found from the results that the nano fluid is having high heat carrying capacity as compared to
water due to high thermal conductivity.
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