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1. Introduction

The process of heat exchange between two fluids
with different temperatures separated by a solid
wall occurs in many engineering applications.
Applications of heat exchangers can be found in
building heating systems, air conditioning, power
generation, heat recovery, and chemical
processes. Increasing the heat transfer rate in heat
exchangers is very important. Many types of
research have been done on heat exchangers. The
issue of heat transfer is one of the important issues
that generally don’t have an analytical solution
because the heat transfer governing equations do
not have an exact mathematical solution.
Moreover, experimental methods are expensive,
so most of the researches in this regard has been
done numerically.

In this work, a plate heat exchanger with an
inconsistent flow was investigated in different
working conditions. Four different models in
laminar and turbulent flows with rigid and elastic
plates at different Reynolds numbers were
studied, and the effect of the separator plate
elasticity on the heat transfer rate and the
efficiency of the heat exchanger was investigated.
A sinusoidal profile was used at the entrance to
the cold passage. The results of this study showed
that the elasticity of the intermediate plate in both
laminar and turbulent flow has raised the heat
transfer rate. However, in cases where the middle
plane was elastic, the friction coefficient
increased in comparison with the rigid plate. The
efficiency of the heat exchanger was defined and
obtained for the heat exchanger to consider both
heat transfer rate and pressure drop. Results
showed that in most cases, the efficiency of the
heat exchanger with an elastic separator is more
than one. The results showed that the maximum
efficiency is 5.2 which was observed in Re=3000
and the minimum efficiency is 0.9 which occurs
in Re=200.

Similar and different articles are given in the
introduction of this article. In the reviewed
studies, the rate of heat transfer has increased in

different ways, in which case there are similarities
between the reviewed studies and the present
study. But in none of the studies, the elastic plate
has been used to increase the heat transfer rate.
Therefore, this study is a new work. Laminar and
turbulent flows in heat exchangers with currents
that are inconsistent with rigid and elastic
intermediate plates were investigated. The
purpose of this study was to investigate the factors
affecting the performance of heat exchangers. For
this purpose, with the sinusoidal input velocity
that causes the deformation of the elastic plate, the
heat transfer performance in different Reynolds
numbers for laminar and turbulent flows was
investigated. The present research focused more
on the aspects of heat transfer than just
application. With some design work, however, it
can be applied to some exchangers. Depending on
the working range of the heat exchanger with the
elastic middle plate, the material of the elastic
plate must be considered in such a way as to
maintain its structural properties at high
temperatures.

2. Governing equations and boundary
conditions

The governing equations for two-dimensional
incompressible flows are
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Figure 1 shows the geometry of the heat
exchanger and its boundary conditions.
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Figure 1. The geometry of the heat exchanger and its
boundary conditions

3. Results and Discussion

Changing in heat exchanger characteristics alters
the pressure drop and heat transfer rate
simultaneously. So the friction factor and the
Nusselt number change and one needs to have an
equation that can consider these dimensionless
parameters simultaneously. The efficiency is
defined for this purpose as

Nu
Nu,

n=—= @
(7

Figure 2 shows the efficiency coefficient
changes in terms of Reynolds number. The results
of this section for the efficiency coefficient show
that in all three Reynolds numbers, the system
performance has improved, and with increasing
the Reynolds number, the performance coefficient
decreases so that the best performance coefficient
was observed in the Reynolds number 3000.

Efficiency

| R | I
4000 4500 5000
Re

| I 1
3000 3500
Figure 2. The performance diagram of simulated heat

exchanger with an elastic plate for turbulent flow

4. Conclusion

In this study, heterogeneous heat exchangers in
laminar and turbulent flow are numerically
simulated. An elastic separator plate was used to
increase the heat transfer rate in the heat
exchanger. A heat exchanger with a rigid plate
and a heat exchanger with an elastic plate were
simulated separately and in both cases, the mean
coefficient of friction and the mean Nusselt
number for different Reynolds numbers were
determined and compared. In all cases, the mean
coefficient of friction and the mean Nusselt
number were higher for heat exchangers with
elastic plates. The results showed that in most
cases, the efficiency coefficient of the heat
exchanger with an elastic middle plate is superior
to the heat exchanger with its rigid middle plate.
It was shown that adding an intermediate elastic
plate increases heat transfer rate significantly. The
results showed that the maximum efficiency is 5.2
that was observed in Reynolds 3000 and the
minimum efficiency is 0.9 that occurred in
Reynolds 200.
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