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Abstract: Heat exchanging devices produce an outstanding
part in numerous engineering applications. Because of this, a
varied sort of researches are undertaking to decrease the size and
cost of the heat transfer equipment with high performance by
indulging in diverse invaluable works similar to changing its
design, incorporating corrugated structures with different
dimension with different flow configurations. In this work, the
design of double pipe heat exchanger had been modified similar to
the plate type model with the incorporation of a corrugated copper
plate which separates the hot and cold fluid inside the SS304
material tube. Three baffles at the top and two baffles at the
bottom of the plate have been placed to reduce the velocity and
heat interaction timing of the fluids. This could enhance the
surface area of the plate and point of contact between the plate
surface and fluid particle flowing over the plate surface. The
experiment had been undergone with the parameters like
engendering the flow arrangements of hot and cold fluid in
counter currentdirection, hot fluid in the three sided baffle at the
top and cold fluid at the two sided baffle at the bottom. This
allowed liquids of differing thermodynamic equilibrium to
interact, bringing about thermal transfer to calculate its
maximum efficiency. In addition to these factors, the heat
exchanging performance has been estimated with the heat
transfer coefficient using LMTD method gave 8-10%
enhancement in the overall heat transfer coefficient with respect
to the mass flow rate.

Keywords— Heat Exchanger design, Corrugated Copper plate,
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I. INTRODUCTION

Heat exchanging devices are performing an extraordinary
role in many domestic and industrial applications to
exchange energy from one system to the other system due to
the temperature difference. Due to the shortage in energy due
to over population around the world, highly efficient heat
transferring equipment is very much essential nowadays, so
the researchers are working in various aspects to attain an
efficient heat exchanging device. Currently, heat transfer in
the systems is maximized by introducing dynamic innovative
design to suit for the respective industrial process depending
on its thermodynamic properties. The enhancement in the
heat transfer had been achieved by augment the surface area
of the separator which divides the hot and cold fluid by
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enhancing the efficiency and minimizing the resistance to
fluid flow with optimum material cost. Rafat Andrzejczyk et
al (1) experimentally performed a comparison between the
normal tube in tube with the tube in tube with wire insert,
plain U- tube bend and U-bend with turbulator. In this, the
numerical validation had been done with the NTU method
which concludes that the exchangers with wire inserts gave
up to 280% heat transfer enhancement and 85% higher heat
transfer rate. The authors also focused on the U bend design
and annulus heat transfer performance compared to the tube
side heat transfer rate. Wei Wang et al (2) studied the new
design of the double pipe heat exchanger incorporated with
the corrugated inner tube structure. The author predicted
with CFD analysis of the tube also which gave a wide
improvement due to the increased surface area and which
had given high performance in heat transfer rate also. So the
research in finding new design of the heat exchanger is
widely undergoing by many researchers. Antonio C.
Caputo et al (3) discussed the optimization in the software
tools in the industrial heat exchangers using genetic
algorithms to predict its capability of producing a less
expensive heat exchanger design. The author had mainly
focused on the software tools of the shell and tube heat
exchanger in varied processing industries and came in to an
enhanced software tool using genetic algorithms. Kamel
Milani Shirvan et al (4) focused on the introduction of
porous media in the double pipe heat exchanger and studied
the numerical simulation and sensitivity study of the
turbulent flow arrangements with
Darcy—Brinkman—Forchheimer and the k—epsilon turbulent
models. The authors found that mean Nusselt number
enhances with the increment in the Reynolds number and
with decrement in the Darcy number and porous substrate
thickness. The sensitivity analysis showed that at Re= 5000,
substrate thickness = 1/3 and Darcy number = 105. Xue
Chen et al (5) introduced the foam material as an inner tube
for heat exchanging process. In that, the thermal radiation
between the hot and cold fluid increases the thermal
exchange. Decreased porosity, increased pore density and
increased exchanger length increases the heat
effectiveness. Seyed Shahab Mozafarie et al (6) reported that
the thermal characteristic of a non-newtonian fluid was
studied with the CFD analysis. The authors concluded that
the use of helical fin enhanced the rotational flow and which
further enhanced by the increment of fin pitch. In this work
the new design had been implemented in the double pipe heat
exchanger by introducing a corrugated plate as a separator in
a tube with baffle arrangements over it.
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This gave a good thermal characteristics and high heat
transfer rate with varied mass flow rate.

Il. PROBLEM IDENTIFICATION

The main problem had been identified by researchers are the
need of high efficient heat exchanger which exchanges the
heat at less time interval. Industries are finding difficulty to
increase the rate of heat transfer in the heat exchanger and so
many researchers are working on it to enhance its
performance.

e Itwasobserved that enhancement factor increases by
decreasing the fin spacing (hydraulic diameter) of the
flow channel at the same value of volume
concentration and coolant flow rate.

The contact between the surface and fluid have less
time to transfer heat.

o Allresearchers are trying to solve the energy crisis all
over the universe by improving heat transfer
performance and to produce an efficient heat
exchanger at reduced cost.

e There was a reduction in the heat exchange between
many heat exchanging pipe materials. Hence there is
a need of higher heat exchange pipe material for the
loss in the energy exchange this would enhance the
efficiency of a particular applications.

e So this work bounce a shot to fabricate a new heat
exchanger with cost effectively to enhance the heat
transfer using extended surface and hollow pipe by
reducing the problems which had been discussed
above.

I11. DESIGN OF THE HEAT EXCHANGER

The heat exchanger had been designed with the length of
50 cm and annulus diameter of 6 cm. The corrugated plate is
made of copper which separates the hot and cold fluid. This
acted as convection medium for transferring the heat due to
the temperature difference.

The baffles are separated in both sides to slow down the
fluid and to have a greater contact time between the two
fluids over the corrugated plate. Each baffle plates are
placed 12.5 cm gap in hot fluid side and 20 cm gap in cold
side. The outer annulus had been made of SS304 steel pipe
which is used in many industrial and domestic applications
as a heat exchanging tubes.

IV. EXPERIMENTAL SETUP AND PROCEDURE

In this work, the design of double pipe heat exchanger had
been modified similar to the plate type model with the
incorporation of a corrugated copper plate which separates
the hot and cold fluid inside the SS304 material tube, the hot
fluid (water) is obtained from an electric geyser and it flows
through one side of the corrugated copper plate by
maintaining in a steady state through hot water tank. The cold
fluid is also water obtained from cold water tank and it flows
through the another opening of the steel pipe to the opposite
side of the corrugated copper plate attached in a steel pipe,
enabling the heat exchanger to run as a counter flow
apparatus. This can be done by operating the different valves
provided. Temperature of the fluids can be measured using
thermocouples. Flow rate is measured and controlled using a
rotameter for both hot and cold side. In this, the forced
convection through for the heat transfer between the two
different temperature moving streams with varied velocity.
This upheld the temperature difference between the two
fluids. Here, the hot fluid produced is moved over a
corrugated copper plate in one side and cold fluid in the other
side through the baffles fitted in the both sides made a quick
transferring energy from hot side to cold side in a particular
mass flow rate enhances the performance of this model. These
temperature difference is maintained till the steady state is
maintained with particular mass flow rate. The new
temperature gradient for hot and cold fluid will be observed
once the inlet and outlet mass flow rate and new set of
readings could be obtained to measure the difference in the
rate of heat transfer and heat transfer coefficient.

0.000 0.100 (rn)
0.050

Fig. 1. 3 D Design of the heat exchanger
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In reality, the temperatures will never be completely
stable. So, the thermostat had been placed in the hot water
tank to control the inlet temperature and it could maintain the
hot water temperature as constant while flowing inside the
heat exchanger. This would helpful to make the system in a
steady state condition. At different mass flow rate, all the
readings were measure and the overall heat transfer
coefficient were found.

V. RESULTS AND DISCUSSION

The readings were taken by maintaining the hot water inlet
and cold water inlet temperature as constant with respect to
the different mass flow rates. In this, the heat transfer
coefficient of water in the hot and cold water side increases
with respect to the increase in the mass flow rate of hot and
cold water. This enhances the overall heat transfer
coefficient of the system which increases with respect to the
mass flow rate. It indicates the performance of this new
model heat exchanger is performing same as like that of other
model heat exchangers.
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Fig. 4. Mass flow rate vs over all heat transfer coefficient
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Fig. 5. Heat transfer rate vs Mass flow rate
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But as per the calculated readings, the overall heat transfer
coefficient and heat transfer rate gradually increases with
respect to the increase in mass flow rate of the fluid. This
depicts this model is performing and exchanging heat like
typical heat exchanging phenomenon.

VI. CONCLUSION

Here, from this experimental study, the heat exchanger is
designed, fabricated and experimentation had been done with
various mass flow rates. The design and fabrication had been
done with the normal SS304 material steel tube as an annulus
part and corrugated copper plate as a separator inside the steel
tube. This model might reduce the cost of the heat exchanger
with high grade materials like copper, since two tubes are
required to fabricate the tube in tube heat exchanger. But in
this, one high thermal conductivity copper plate and low cost
outer steel pipe had been utilized to fabricate the pipe. The
observation with different mass flow rate with the constant hot
water temperature of 50°C is done in counter current flow of
fluids in the pipe and the results revealed that if the mass flow
rate of hot water increases, the heat transfer coefficient also
increases like a normal heat exchangers, the effectiveness
decreases with respect to the increase in mass flow rate. Thus
the performance of the heat exchanger is doing well as similar
to the normal tube in tube heat exchanger with 8 — 10%
enhancement in the overall heat transfer coefficient. This
could be identified that this heat exchanger have an ability to
transfer with high performance comparatively to the other
tube in tube heat exchangers. The outer tube with SS304 had
high resistance to heat transfer with less thermal conductivity
which resist the heat travel to the atmosphere and also its price
is very less comparative to other SS material with higher
properties. These types of low cost high performing heat
exchangers are needed to enhance the rate of heat transfer and
it would play a major role in reduction in the energy crisis due
to lack of fossil fuels.
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