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ABSTRACT

The results of analytical studies on the hydraulic performance of chevron type plate heat exchanger for different aspect
ratios, Reynolds number, maldistribution parameters, no of channels, fixed port size, and flow rates using water as the
working fluid in the channels have been presented. Some analytical results have been validated with the experimental
results available in the literature. Pressure drop in the heat exchanger is found to depend on flow rate, numbers of channels
and aspect ratio. Friction factor in a channel also depends on flow rate of fluid and aspect ratio. The flow distribution and
pressure drop in the U-type arrangement plate heat exchangers are studied for a wide range of Reynolds number (200-5800).
The flow maldistribution brings about an increase in pressure drop across the heat exchanger.

Keywords: Plate heat exchanger, maldistribution, chevron, flow distribution, pressure drop, process.

1. INTRODUCTION

Plate and frame heat exchangers are offered by a large
number of manufacturers as standard series production
equipment over a wide range of sizes. They consist of a
number of gasketed metal plates clamped between a
stationary head and a follower plate by tie bolts. In recent
times, the plate heat exchangers are extensively used for
heating, cooling, heat-regeneration and chemical processing
industries due to its favorable characteristics, such as high
overall heat transfer coefficients, easy maintenance, compact
size, convenience to increase the heat transfer area,
suitability in hygienic application and easy of cleaning.

Mehrabian and Poulter [1] studied the local hydrodynamic
and thermal characteristics of the flow between two identical
APV SR3 plates and looks at the effect of corrugation angle
on the performance when the plate spacing is fixed.
Galeazzo et al.[2] studied the virtual prototype of a four-
channel plate heat exchanger with flat plates was developed
using computational fluid dynamics (CFD). Parallel and
series flow arrangements were tested and experimental
results were compared to numerical predictions for heat load
obtained from the 3D CFD model and also from a 1D plug-
flow model. Tsai et al. [3] investigated the hydrodynamic
characteristics and distribution of flow in two cross-
corrugated channels of plate heat exchangers. The velocity,
pressure and flow distribution of the fluid among the two
channels of the plate heat exchanger have also been
presented. Pahlavanzadeh et al. [4] investigated the effect of
two tube inserts (wire coil and wire mesh) on the heat
transfer enhancement, pressure drop and mineral salts
fouling mitigation in tube of a heat exchanger. Bobbili et al.
[5] have been found out the flow and the pressure difference
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across the port to channel in plate heat exchangers for a wide
range of Reynolds number, 1000—17000. The studied low
corrugation angle plates have been used for different number
of channels, namely, 20 and 80. Fernandes et al. [6] have
been numerically studied the geometry of the channels for
laminar flows of Newtonian and power-law fluids through
cross-corrugated chevron type plate heat exchangers (PHEs).
The plates area enlargement factor was a typical one (1.17),

the corrugation angle, B, varied between 30 and 60 and the
flow index behavior, n, between 0.25 and 1. Han et al. [7]
have been obtained the three dimensional temperature,
pressure, and velocity fields by using the chevron corrugated-
plate heat exchanger and results is simulated. Rao and das [8]
studied the influence of flow maldistribution on the pressure
drop across a plate heat exchanger. Bassiouncy and Martin
[9] studied the axial velocity and pressure distributions in
both the intake and exhaust conduits of plate heat
exchangers, the flow distribution in the channels between the
plates and the total pressure drop. Naik and Matawala [10]
studied the effect of variation of chevron angles with other
geometric parameter on the heat transfer coefficient and for
using the wide range of Reynolds number, 50-10000.
Fernandes et al. [11] have been studied the corrugation angle
and channel aspect ratio of the passages vary in a broad
range, PHEs with common area enlargement factors and
with high area density. The tortuosity coefficient and the
coefficient K (Kozeny’s coefficient in granular beds) from
the friction factor correlations increase with the increase of
the channels aspect ratio and the decrease of the chevron
angle.

After critical review of the literatures, it is clear that works
on maldistribution in a chevron type plate heat exchanger
have not been done in detail. The present analytical study



aims to bring out a clear picture about how the pressure drop
is affected by the flow maldistribution in U-type PHE in
presence of a large number of channels per fluid, varying
channel aspect ratio and wide range of Reynolds number.

2. PLATE GEOMETRY

The thermal-hydraulic performance of plate heat
exchanger is strongly dependent on the geometrical
properties of the chevron plates [11-12], namely on the
corrugation angle, S, area enlargement factor, ¢, defined as
the ratio between the effective plate area and projected plate
area, and channel aspect ratio (Fig. 1).
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Figure 1. Geometric characteristics of plate

3. MATHEMATICAL ANALYSIS

All the data have been found out under steady state
conditions and the range of operating flow rate were taken to
have Reynolds number from 200 to 5800 for U type plate
heat exchanger. The friction factor and pressure drop have
been obtained for a single channel. The correlation has been
used for obtaining the channel friction factor as

fir = 4201Re~77% 1+ 03343 1)
Mean Velocity of fluid in channel as
ter = 7 )

whn

It must be mentioned here that the Reynolds number for
plate heat exchanger is defined on the basis of twice the
plate spacing b, as
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The pressure drop in inlet/outlet ports of the channels, the
pressure drop in the short length (1 m) of the connecting
pipe (ID 30.48 mm), and the pressure drop in the main
corrugated flow passage of the plate package. Hence, the
total pressure drop (including the port to channel pressure
drop) can be obtained from

+ AP s

APy = ARy + AP0 + A, 4)

The port pressure drop is calculated based on the total
flow rate by using an empirical established equation [11]
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The pressure drops due to bend, sudden contraction and
sudden expansion at inlet and outlets, respectively, have
been calculated by using the following formula:

AR, = K..p— (6)
Where K, is the total pressure loss coefficient of the bend,
sudden contraction and sudden expansion at the inlet and
outlet of the ports. The pressure drop due to friction in the
small steel connecting pipe at the inlet and outlet of the plate
heat exchanger was estimated on the basis of the smooth
steel tube friction factor and pipe flow velocity as
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The pressure drop due to friction in the corrugated
passage is calculated based on the flow rate by using an
empirical formula:

AP = fir 2o~ (®)

The value of m?is calculated by Bassiouny and Martin [9]
equation for identical inlet and outlet port dimension

O i ©)

m- =\
tc

Here £ is the overall frictional resistance of the channel
and is equal to £ = fL.;/dx + other minor losses including
turning loss. The total dimensionless pressure of the plate
heat exchanger is
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The value of the flow maldistribution parameter, m? has
been used to obtain the pressure drop distribution from the
first to last channel by using the following equation given by
Bassiouny and Martin [9]:

P Ap. g & g (coshmii—zy?

I==—m- - =
2 (zinh m3j?*

(11)

- = |
Loy A



Applying the boundary conditions as one obtain in the
final equation for port to channel flow distribution as given
by Bassiouny and Martin [9]

Az cosh m(1-z
.= |y ———=
t W

(12)
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Table 1. Range of parameter considered in the present study

Parameters Range

Reynolds number, Re 200-5800

Aspect ratio, A 145.2-363
Maldistribution parameter, m2 1.00009E-09-16.289
Flow rate (L/sec) 0.139-6.25

Number of channels per fluid 7-19

Port size (mm) 25.4-30.48

4. RESULTS AND DISCUSSION

Table 1 shows the range of parameters considered in the
present study. On the basis of the finding, the present work
is aimed at analytical study the flow maldistribution
parameters, m? with pressure drop in plate heat exchangers
for use in wide range of Reynolds number and aspect ratio.

4.1 Validation

Validation with experimental results of Rao and Das
[2004]

Fig. 2 shows the comparison of present analytical results
of non dimensional pressure drop with the experimental
results of Rao and Das [2004] for the channels of U type
plate heat exchanger. Both the experimental and present
results are found in good agreement and both the results are
within 10%. It is seen from figure that the pressure drops is
maximum in 10 channels due to increase the channel
velocity. From this Figure 2, it is observed that the non
dimensional pressure drop decreases with increasing channel
Reynolds number because the non dimensional velocity, uc,
itself increases for a fixed number of channels.
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Figure 2. Variation of total non dimensional pressure drop
with Reynolds number
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Validation with analytical results of Rao and Das [2004]

Fig. 3 shows the variation of non dimensional channel
velocity with number of channel. It shows that a channel
velocity decrease with increase in number of channel. It is
also seen from figure that the channel velocity is higher at
minimum number of channel because of constant flow rates
in the heat exchanger. There is a good agreement between
the present and the analytical results [2004].

4.2 Typical results for chevron type PHE
Variation of channel friction with Reynolds number

Fig. 4 shows the variation of channel friction factor with
Reynolds number for three different channel arrangements
(7, 13, and 19) and fixed channel aspect ratio. Fig. 4 reveals
that channel friction factor decreases with increase in
Reynolds number and the loss friction factor in case of seven
number of channel is smaller than that of thirteen and
nineteen no of channel for same rate of water flow in plate
heat exchanger because the channel flow wvelocity is
increased in channel.

Variation of total pressure drop with Reynolds number

Fig. 5 shows the variation of total pressure drop with
Reynolds number for different number of channels
arrangement (7, 13 and 19) and fixed aspect ratio (A=363).
From Fig. 5, it is observed that as the number of channel
increases, pressure drop increases due to maldistribution.
The increase in pressure drop is more for large number of
channels because maldistribution is a strong function of
number of channels.
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Figure 4. Variation of channel friction factor with Reynolds
no

Variation of the flow maldistribution parameter, m?
with Reynolds number

Fig. 6 shows the variation of the flow maldistribution
parameter, m? with Reynolds number for 7, 13 and 19
channel U-type plate heat exchanger. At the small number of
channel (7 channel), the m? value does not change with the
flow rates appreciably and the value are close to zero
indicating a uniform flow through the channel. From Fig. 6,
it is observed that the flow maldistribution m2increases with
increase the number of channel for same flow rate of water
in U type plate heat exchanger because the flow
maldistribution parameters, m? is a function of number of
channel and channel velocity. The larger value of m? shows
the non uniform flow in the channel.

Variation of channel velocities with the number of
channel

Fig. 7 shows the variation of distribution of the channel
velocities with the number of channel for two different
diameter of port size in U-type plate heat exchanger. As seen
from Fig.7, channel velocity increases with increasing port
diameter for fixed aspect ratio (A=363) because of port
diameter is directly influenced the channel velocity in plate
type heat exchanger. The channel velocity is decreased with
increase of number of channels due to increase in pressure
drop for large number of channels. It can be also seen from
Figure 7 that the channel flow velocity is almost constant for
increasing the number of channels.

Variation of total pressure drop with channel mass
flow rate

Fig. 8 shows the variation of total pressure drops with
channel mass flow rate for three different numbers of
channels. As seen from Figure 8 pressure drop is increases
with increasing the mass flow rate for different number of
channels because of high turbulence at high mass flow rate.
It is observed that the more pressure drop for smaller
number of channel at the same mass flow rate in plate heat
exchanger because maldistribution is a strong function of
number of channels.

Variation of m? with Reynolds number

Fig. 9 shows the variation of flow maldistribution with
Reynolds number for three different aspect ratios. At
increase the aspect ratio, the values of flow maldistribution
parameters, m? does not change with Reynolds number
appreciably and the values are near to zero indicating a
uniform flow distribution. As seen from Figure 9 that the
increase in flow maldistribution parameter, m? is increased
with decreases the aspect ratio because maldistribution is a
strong function of hydraulic diameter.

Variation of pressure drop in channel with Reynolds
number

Fig. 10 shows the variation of pressure drop in channel
with Reynolds number for three different aspect ratios. The
pressure drop is increased with increase of Reynolds number
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for all aspect ratio values. The channel pressure drop is a
maximum at the highest aspect ratio value because the
disturbance creates in flow path in channels.

Comparison of channel non dimensional pressure drop
with number of channel

Fig. 11 shows a comparison of channel non dimensional
pressure drop with number of channels for different aspect
ratios. As seen from Fig. 11 that the non dimensional
pressure drop is decreased with increase the number of
channel for three different aspect ratios due to channel
velocity is increased. The pressure drop increased with
increase the aspect ratio because of hydraulic diameter is
decreased.
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Variation of flow maldistribution with Reynolds
number

The Fig. 12 shows the variation of flow maldistribution in
the channel with Reynolds number for three different aspect
ratio (363, 242 and 145.2) and three different numbers of
channels (7, 13, and 19). Figure 12 shows that the flow



maldistribution parameter, m?is decreased with increase the
aspect ratios because the pressure drop in channel is
increased. These changes are very severe in a 145.2 aspect
ratio and it is also shown that the flow maldistribution
parameter, m? varies from the number of channels viz. 7, 13,
and 19 channels. These changes are very severe in a 19
channels whereas for small no of plate channels and larger
value of aspect ratio, the flow maldistribution is very small.
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Variation of pressure drop in channel with Reynolds
number

Fig. 13 shows the variation of pressure drop in channel
with Reynolds number for different channel aspect ratios and
number of channels. As seen from Figure 13 that the
pressure drop is increased with increase the Reynolds
number for different aspect ratios and number of channel
arrangement due to maldistribution is a function of number
of channels and aspect ratios. It can also seen from Fig that
the variation of pressure drop with Reynolds number is

almost same for different aspect ratios and number of
channels.
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