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ABSTRACT

ARTICLE INFO

This paper deals with the waste heat recovery using heat pipe heat exchanger.
Heat pipe is a device which carries the heat from high temperature region & ejects it to
the cold or low temperature region. The advantage of using a heat pipe over other
conventional methods is that large quantities of heat can be transported through a small
cross-sectional area over a considerable distance with no additional power input to the
system. The heat pipe heat exchangers are used in heat recovery applications to cool the
incoming fresh air. Two streams of fresh and return air are connected with heat pipe
heat exchanger to investigate the thermal performance and effectiveness of heat
recovery system. The aim of this project work is to investigate the thermal performance
and effectiveness of heat pipe heat exchanger for heat recovery applications by
measuring the temperature difference of warm and cold air through the evaporator and
condenser side. The hot-air temperature increased from 60 to 90°C; the heat-transfer
rate increased slightly. The velocity increase from 8.5, 10, 16.3, to 18.7 m/s led to a slight
decrease in effectiveness. As the hot-air temperature increases from 60 to 90°C, the
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effectiveness slightly increased.
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I. INTRODUCTION

In the light of an ever increasing demand for
energy, the need for energy savings has become an
important economic consideration. One means of saving
energy is to recover a portion of the energy in a warm waste
stream and then to use the recovered energy to preheat
another colder stream. Heat pipe heat exchanger for heat
recovery equipment are aimed for recovering sensible heat
and they are recommended for systems in which inlet and
return air should not be mixed such as surgery rooms in
hospitals and chemical and biological laboratories. The
advantage of using heat pipes over conventional methods is
that large quantities of heat can be transported through a
small cross-sectional area over a considerable distance with

no additional power input to the system, (except for the fans
to drive the airstreams) together with simplicity of design
and ease of manufacture, [1]; less pressure drop of fluid;
advanced maintainability; high reliability; simpler structure
and smaller volume. Gravity assisted heat pipe, for its
special characters of without wicks, has found numerous
applications in heat recovery systems in terrene.

HPHXs are suitable for energy recovery in AC
systems in tropical areas where the inlet fresh air at high
temperature could be pre-cooled before it reaches the
cooling coil. A HPHX is a heat exchanger consisting of
externally finned tubes filled with a proper refrigerant (i.e.
working fluid). There are two heat transfer sections in
HPHXs, i.e. the evaporator and the condenser sections for
the heat exchange between the two air streams.
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Noie-Baghban and Majideian [2] studied the
theory, design and construction of heat pipes, especially
their use in heat pipe heat exchangers for energy recovery,
reduction of air pollution and environmental conservation.
Mostafa and Mohamed [3] used heat pipe heat exchanger in
heat recovery applications to cool the incoming fresh air in
air conditioning applications. Martinez et al. [4] designed a
mixed air-energy recovery system, consisting of two heat
pipes and indirect evaporative recuperators. Feng Yang et
al. studied [5] the feasibility of using heat pipe heat
exchangers for heating applying automotive exhaust and the
calculation method is developed. Rittidech et al. [6]
designed the house casing was to be suitable for the
CEOHP. It was found that, as the hot-gas temperature
increases from 60 to 80°C, the thermal effectiveness slightly
increases. If the working fluid changes from water to R123,
the thermal effectiveness slightly increases. The designed
CEOHP air-preheater achieves energy thrift. Meena used [7]
a CLOHP/CV air-preheater for recovering the waste heat
from the drying cycle.Yat H. Yau [8] is recommended that
tropical HVAC systems should be installed with heat pipe
heat exchangers for dehumidification enhancement.Hagens
et al. [9] concluded that a heat pipe equipped heat exchanger
is a good alternative for air—air exchangers in process
conditions when air—water cooling is impossible, typically
in warmer countries. Laubscher and Dobson [10]concluded
that the theoretical simulation model can be used to predict
the performance of a higher temperature sodium-charged
heat pipe heat exchanger, provided suitable boiling and
condensation heat transfer coefficients are used. Longo et al
[11] compare consistency of the experimental results with a
semi-empirical model of the heat exchanger based on heat
transfer correlations available in literature.

I1. DESIGN & CONSTRUCTION OF HEAT PIPE

The selected range of heat input was within 150-
300 W for the single heat pipe. It is necessary to have a heat
pipe capable of transferring a minimum of 100 W at the
temperature range between5-200°C.

The heat pipe with the following features designed.

Material of Heat Pipe SS 304 stainless
steel.

Working Fluid Water

Diameter of Heat pipe 25.4 mm

Length of Heat pipe 600 mm

Length of evaporator section 275 mm

Length of condenser section 275 mm

Length of adiabatic section 50 mm

Thickness of pipe 3 mm

Table 1: Specification of heat pipe
After obtaining the above characteristics for the
single heat pipe, 40 heat pipes were manufactured. The Heat
pipes were manufacture by the process consisted of washing,
creating the vacuum, injecting the working fluid and testing
of each individual heat pipe.
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I.EXPERIMENTAL SETUP

The air to air Heat Pipe Heat Exchanger test rig
has been designed and constructed to evaluate the
effectiveness and thermal performance of heat pipe heat
exchanger, of the air-to-air heat pipe heat exchanger shown
in Fig 1.
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Figl: Schematic of the heat pipe heat exchanger

A heat exchanger consisting of 40 heat pipes was
used in the tests. Heat pipes in staggered equilateral triangle
arrangement with dimensions of 940X700X420 mm
(LenghthXheightXwidth) were manufactured.

The test rig consists of two blowers at condenser
evaporator end having mass flow rate of 0.43m%s. The air
velocity of cold air was 19 m/s and maintained constant
throughout the experimentation. The hot air velocity has
been varied from 8.5m/s, 10 m/s, 16 m/s and 18 m/s. The
Two PT100 type sensors were installed at evaporator and
two were installed at condenser section to measure inlet and
outlet temperature of hot and cold stream. The air is heated
by using air heaters of capacity 20 KW. The actual
experimental test rig is as shown in Fig. 2.

Fig2: Actual experimental test rig

IV.EXPERIMENTAL RESULT & DISCUSSION

A series of tests was performed in order to
investigate the characteristics of the heat pipe heat
exchanger. The readings were taken by varying mass flow
rate of hot air and different hot air temperatures.

The changes evaporator inlet temperatures at
various mass flow rates are illustrated in fig 3. It is observed
that evaporator inlet temperature increase with decrease in
mass flow rate. Also the changes of effectiveness at various
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inlet temperatures and mass flow rates are illustrated in Fig.
4. It is observed that the effectiveness is increased with
increasing the hot air inlet temperature. The effectiveness is
more for maximum evaporator inlet temperature and
minimum mass flow rate.
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Fig 3: Effect of mass flow rate on evaporator inlet temperature
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Fig 4: Effect of evaporator inlet temperature on effectiveness

The effects of mass flow rate on the effectiveness
of the heat exchanger are indicated in Fig. 5 It is observed
that the effectiveness is increased with decreasing the hot air
mass flow rate. The effect of change in Reynolds no on heat
transfer coefficient is given in fig 6. It is observed that as
Reynolds no increases Nusselt No also increases this causes
increase in heat transfer coefficient.
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Fig 5: Effect of mass flow rate on effectiveness
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Fig 6:Effect of Reynolds no on heat transfer coefficient at evaporator side
V.CONCLUSION

The experimental study of heat pipe heat exchanger
leads to the following conclusions:
1. The heat transfer for both evaporator and condenser
sections were increased with increasing the hot air inlet
temperature.
2. Decrease of hot air mass flow rate results increase in hot
air temperature and effectiveness of heat pipe heat
exchanger also increased.
3. Increase of hot air temperature results increase in
effectiveness of heat pipe heat exchanger.
4. increase in Reynolds number at evaporator side causes
the increase in heat transfer coefficient at evaporator side.
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