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One of the best solutions for the heat exchange is the plate heat exchangers, which are
characterized by high thermal efficiency. Where in this paper work has been done on a
plate heat exchanger with dimensions appropriate to its practical application and
changing the fluid exit areas to increase the surface area of exchange. And the use of
more than one class to see the improvements and changes that can be analyzed and
benefited from the first part represents the heat exchanger with a direct direction and
the change in the number of plates. Where two sets of models were designed, the first
representing the change in the number of plates, where 10, 20 and 30 plates were used

to irrigate the real rate of increasing the number of plates. As for the second part, it
represents the heat exchanger with a reverse path and compare them with each other.
The result show that when increasing the number of plates in the plate heat exchanger,
it increases the transfer area and thus increases the value of the transferred heat energy.
In the case where the best transfer of heat energy is compared to 20 and 10 blades,
where the exit temperature reached 308.1 K, it is noticing an increase in the transfer of
thermal energy.

1. INTRODUCTION

A laminar counter stream inside a little channels plate heat
exchanger outfitted with Y and C structure boundaries was
mathematically dissected. The presence of the formed ribs
further develops heat transmission and liquid disturbance, as
indicated by the outcomes. The Y and C ribs have maximal
THPP values that are around 1.44 and 2.6 times that of a
smooth pipe, individually [1]. Fluid misalignment between
parallel channels is a major problem in plate heat exchanger
applications. An experimental analysis of the single-phase
flow distribution in brazed plate heat exchangers is presented
in this work. The probes put into the headers measure the
pressure profile in the heat exchanger. The observed pressure
drop throughout the channels and the calculated in-channel
friction factor correlate define flow distribution [2]. The warm
exhibition of an intensity exchanger with and without splitter
plates associated with the cylinders is examined. Connections
limit pressure drop and raise the Nusselt number, bringing
about superior generally warm execution for heat exchangers.
Heat transmission is insignificantly helped by around 7%
when the splitter thickness is raised up to generally 20% of the
line distance across. The tension drop is additionally altogether
upgraded by generally 20% [3]. Thermally-driven absorption
systems based on the lithium bromide and water pair are
extensively used in a variety of industrial areas. A recuperator
warms a working fluid before it reaches an absorption system
generator, lowering the needed heating load. The flow
properties of chevron plate heat exchangers of various
structural dimensions were predicted using computational
fluid dynamics (CFD). The optimal dimensions in terms of
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heat transfer rate and friction factor were chosen [4]. Pillow
Plate Heat Exchangers (PPHX) are PHXs with a complicated
wavy structure and favorable thermal-hydraulic properties.
PPHXs are more often utilized in the chemical and process
industries, with less study in the heating, ventilation, air
conditioning, and refrigeration industries. When compared to
the baseline design with round spot welds, there is a potential
improvement of up to 36% in heat transfer coefficient and a 67
percent reduction in pressure drop [5]. A prescribed report to
expand the exhibition of PHEs is lung designed plates made
utilizing the biomimetic approach. To further develop the
intensity transmission region, plate surfaces were created as a
3D lung-like shape. When contrasted with the reference PHE,
the outcomes uncover a 71.30 percent expansion in heat
transmission and a 67.8 percent decrease in pressure drop for
6.66 percent less volume [6]. Plate Heat Exchangers (PHES)
are lightweight, proficient, and generally utilized in various
areas. There is a dire requirement for nitty gritty and intensive
concentrate on the intensity move and liquid stream properties
of different kinds of exchangers. Plate balance heat exchangers
are a type of minimal exchanger that comprises of a pile of
rotating level plates called segment sheets and ridged blades
that are brazed together as blocks [7]. This research focuses on
developing a numerical model to mimic the condensation
process of ammonia, a commonly used natural refrigerant,
inside a Plate Heat Exchanger (PHE). A validation test case is
used to verify the simulation's plausibility based on the
pressure drop and heat flow data. A comment on the
correctness of the CFD simulation is provided [8]. Plate Heat
Exchangers (PHE) transport much more heat. The purpose of
this research is to look at the heat transfer properties of a
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commercial corrugated PHE with sinusoidal corrugation. The
mesh for the PHE was created using a sophisticated meshing
process. The total research for 60760 °chevron angle plate ()
was carried out over a broad range of Re and Prandtl value [9].
Computational fluid dynamics (CFD) simulation is used to
show the heat transfer and flow properties of a novel plate heat
exchanger. The findings reveal that the corrugation angle may
induce a non-active heat transport regime to arise. To improve
heat transfer performance, an ideal shape of current plate heat
exchanger is presented [10]. The growing need for energy
savings in industry has resulted in several studies to enhance
the thermal performance of heat exchangers. The performance
of PPHEs is investigated using numerical simulation in this
work. The findings indicate that the geometrical
characteristics of a PPHE have a substantial impact on thermal
performance and energy efficiency. The height of pillow plate
channels, as well as the longitudinal and transverse spacing of
welding sites, are among the characteristics taken into account
[11]. Fouling in rough preheat trains is a critical supporter of
warm shortcoming in petrol processing plants. Utilizing
discrete-stage CFD reenactments, the exploration looks to
imitate the testimony of asphaltenes from unrefined petroleum
in a multi-pass shell and cylinder heat exchanger. Gravity,
drag, Saffman lift, and thermophoretic powers are completely
applied to particles to decide their testimony speeds. Gravity
and drag are the main considerations that invigorate molecule
statement, though low thickness and temperature slopes favor
more noteworthy molecule testimony rates [12]. The objective
is to explore heat transport properties in the PHE both
tentatively and mathematically. To stay away from
sedimentation and flocculation, nanofluid is produced by
using TiO2 nanoparticles in the ideal size and blending
proportion in with surfactant. This methodology likewise
maintains a strategic distance from molecule assortment inside
an intensity exchanger. The essential objective of this
examination is to estimate the warm properties of nanofluids
in a plate heat exchanger [13]. Plate heat exchangers with
offset-strip balances or dimple-type turbulators are broadly
utilized as oil coolers for gas powered motors and gearboxes
in the auto business. Their improvement is a troublesome
endeavor since it requires accomplishing three particular
objectives: high minimization, low tension drop, and
extraordinary intensity move proficiency. The accessibility of
exact Computational Fluid Dynamics (CFD) reenactment
models is basic during the plan cycle in this unique situation
[14]. The objective of this attempt is to further develop
fabricating processes for dairy items like yogurt. Surface
misfortunes have been seen all through their creation to far,
bringing about a fall in thickness contrasted with the expected
quality on the completed item. Computational Fluid Dynamics
can evaluate mechanical pressure and proposition data makers
can't get to by and by breaking down the way of behaving of
yogurt in a plate heat exchanger [15]. To analyze the impact
of half and half nanofluid (Al,Os + MWCNT/water) on heat
move and strain drop attributes, mathematical and exploratory
examinations on the plate heat exchanger were directed. CFD
programming was used to examine using a discrete stage
model. The intensity move coefficient has expanded by 39.16
percent (merit), with a 1.23 percent expansion in siphoning
power (bad mark) [16]. Plate Heat Exchangers (PHES) are
lightweight, productive, and generally utilized in different
areas. There is a critical requirement for point by point and
exhaustive concentrate on the intensity move and liquid stream
properties of different kinds of exchangers. Plate blade heat
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exchangers are a type of minimized exchanger that comprises
of a heap of rotating level plates called parcel sheets and folded
balances that are brazed together as blocks [17]. The subject
of this exploration is choppiness displaying of liquid stream in
channels of plate heat exchangers used to warm private boiling
water in a Belgrade warming substation. The functional
productivity and cost-viability of these not entirely settled by
working out the genuine stream systems under differing
circumstances. The not entirely set in stone by the exchangers'
warm capability and contamination, which affects the expense
of keeping up with the radiators [18]. Other workers [19-22]
experimented with and revised heat exchangers using many
approaches and liquids. The heat transfer by heat exchangers
has been analyzed and improved by forced convection, oil
fouling in a double pipe, copper oxide nanofluid, and an
electromagnetism-like algorithm. In addition, Tarrad [23]
studied borehole thermal analysis for a closed loop vertical U-
tube DX ground heat exchanger. Excellent agreement between
the projected thermal resistance and other previously
published research in this field was found. Finally, Abbas and
Mohammed [24] studied augmentation of plate-fin heat
exchanger performance with support of various types of fin
configurations. It can be seen that using the OSF configuration
results in values for the triangular configuration having a
higher f-factor.

2. ORIGINALITY

The study of heat exchangers requires the study of correct
solutions that increase the thermal efficiency of heat
exchangers. Through previous research, it is noted that the
study that was conducted before interfered with cracks inside
the plates, and this increases the pressure difference. As for
this research paper, it was centered on changing and
prolonging the fluid path. To cover it the necessary time for
heat exchange.

3. METHODOLOGY
One of the most prominent engineering design programs
known at the present time is the solid work program, which

can design engineering models with great accuracy and care.
Where the design of the heat exchanger is Figure 1.
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Where two sets of models were designed, the first
representing the change in the number of plates, where 10, 20
and 30 plates were used to irrigate the real rate of increasing
the number of plates as shown in Figure 2. As for the second
group, it represented the opposite direction of flow, where the
entrance to the upper heat exchanger and the exit from the
bottom are in one plate, and so the process is repeated until
reaching the exit area.
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Figure 2. (a)10 blades domain; (b) 20 blades domain; (c) 20
blades domain

The simulation process requires the work of complex
algorithms to solve the matrices contained in the domain, and
therefore an accurate network must be made to solve the
equations. And then work the reliability of the network for a
solution to reach a stable state with the results. Because of the
multiplicity of models that have been simulated, it is necessary
to make more than one network and more than one network
reliability. In the case where the number of plates is 10, the
value of the net was 3187738 when the heat at the exit area
reached 308.031 K. As for the second case, when the number
of plates is 20 and the network reached 6342342, then the
temperature was 308,279 K. Finally, in the case where the
number of plates is 30, the value of the mesh was 9519873,
where the exit temperature was 308.104 K as shown in Figures
3and 4.
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Figure 3. Mesh independency for: (a) 10 blades; (b) 20
blades; (c) 30 blades
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Figure 4. (a) 10 blades mesh geometry; (b) 20 blades mesh
geometry; (c) 30 blades mesh geometry

In order for the simulation process to take place, the
appropriate settings and models for the solution must be
developed to extract and compare the results. Where a constant
entry velocity of 0.01 m/s was used at the entry area and a
temperature of 313 K. As for the exit area, an exit pressure of
Opa was used. As for the remaining surfaces, convective heat
transfer was applied to them, where the value of the heat
transfer coefficient was 5 W/m.K and at an external
temperature of 300 K as shown in Figure 5.
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Figure 5. Boundary condition of: (a) direct flow; (b) back
and forth flow

4. GOVERNING EQUATIONS

The condition for the state of movement is as per the
following:

] N 10 N 19 B
5% (pvy) + = Fp (rpvve) + p (rpv,vy) =

and
0 N 10 N 10 B
5% (pvp) + - o (rpvevy) + ar (rpvyvy) =
where,
ov, 0v. v,
=Xy Ty 7
Vv 0x or r M
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dp

at"‘V'(Pﬁ):Sm

(1

In condition one it is on account of general movement, yet
in condition 2 the condition is as a heading, or at least, it is in
an extraordinary case, as it is given in the accompanying
structure.

dp
at

d d oV,
_ - T 2
+ (o) + - (pve) + == = S, )
where, X is the fundamental heading, r is the winding bearing,
vx is the middle speed, and v, is the drawn-out speed.

Protection of force in an inertial (non-speeding up).

a -
E(pﬁ)+V-(pﬁ13)=(—Vp+|7-’?)+p§+F (3)

where, p is the static strain, T is the strain tensor (depicted

under), and pg and F are the gravitational body power and
outside body powers (for instance, that emerge from

relationship with the scattered stage), autonomously. F
similarly contains other model-subordinate source terms, for
example, permeable media and client depicted sources. The
strain tensor 7T is given by:

2
T=u (|713+|713T)—§|7-171] 4)
where, u is the atomic consistency, | is the unit tensor, and the
second term on the right hand side is the impact of volume
expansion. For 2D axisymmetric calculations, the middle
point and expanded power affirmation conditions are given by:
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5. RESULTS AND DISCUSSION

The results obtained through the simulation program will be
reviewed into two parts. The first part represents the heat
exchanger with a direct direction and the change in the number
of plates. As for the second part, it represents the heat



exchanger with a reverse path and compare them with each
other.

5.1 The effect of the number of plates on heat transfer

Increasing the number of plates in the plate heat exchanger
increases the transfer area and thus increases the value of the
transferred heat energy. Through Figure 6, and by changing
the number of plates used, we notice an increase in the transfer
of thermal energy, as in the case where the number of plates is
30, the best transfer of heat energy is compared to 20 and 10,
where the exit temperature reached 308.104 K.
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Figure 6. Temperature contour in: (a) 10 blades; (b) 20
blades; (c) 30 blades

The basic principle of heat exchangers is the transfer of heat
energy, but not at the expense of the pressure value. It is
necessary to maintain the pressure difference between the
entry and exit area of the diaper on the value of the flow
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transfer of the fluid. Through Figure 7 it is noted that the value
of the pressure difference decreases with the increase in the
number of plates used in the heat exchanger, and that Because
the flow is direct, the water is allowed to flow easily through
the distributed pipe, where the value of the pressure difference
in the case in which the number of plates is 30 was 0.35 pa,
which is a small and serious pressure difference value
compared to the other cases.
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Figure 7. Pressure contour in: (a) 10 blades; (b) 20 blades;
(c) 30 blades

5.2 The effect of the direction of flow on the value of heat
transfer

The process of changing the direction of flow and making it
take a longer path of movement and surface contact for the
transfer of heat energy is necessary in plate heat exchangers.
Through Figure 8, the method of heat transfer between the two



types of flow notes that in the case of the reverse direction, it
is better, as the exit temperature reached when the number of
plates is 30, and in the reverse direction it was 302.889 K,
which is better compared to the direct direction. Where he
notes the way the temperature changes in the direct direction
is from top to bottom, but in the other flow the heat transfer is
from right to left.
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Figure 8. Temperature contour of: (a) direct flow; (b) back
and forth flow

The increase in the pressure difference in the heat
exchangers is undesirable and unsatisfactory. As the case in
which the one-way runs have a small pressure difference. But
with the good transfer of thermal energy in the direction of the
reverse flow, but in the same place, it has a high and
undesirable pressure difference, as the pressure difference
reached 734 Pa, as in Figure 9.

(b)
Figure 9. Pressure contour of: (a) direct flow; (b) back and
forth flow

Figure 10 shows the method of fluid flow and its obstruction
in movement for the two types of flow, as it is noted that the
values of velocity in the flow in the opposite direction are
relatively more compared to the direct direction. The reason
for this is that the path of movement it passes through is
narrow.

(b)

Figure 10. Velocity stream line of: (a) direct flow; (b)back
and forth flow

Table 1 and Figure 11 show the different parameters that
were reached in the different cases and the strength of the
reverse direction in the transfer of thermal energy with the
large pressure generated as a result of this movement.



Table 1. The output result of CFD

Outlet temperature

Number of blades of direct case (K)

Outlet temperature of
back-and-forth case

Pressure

. Pressure difference of back and
difference of

forth case (Pa)

(K) direct case (Pa)
10 308.279 303.250 0.9462 237.912
20 308.104 303.004 0.4956 487.171
30 308.031 302.889 0.35623 735.597
1. 308.3
09 308.25
0.8 ' —e—pressure difference of
g 82 3082 o direct case
<05 308.15 @
>
7 04 g
0.2 =
308.05 @
0.1 =
0 308 Outlet temperature of
10 15 20 25 30 direct case
Number of blades
(@)
800 303.3
700 303.25
— 600 3032  _ —e—pressure difference
€ 500 303.15 < ofback and forth case
2 400 3031 £
% 300 / 30305 %
= 303 g—
200 30295 3
100 302.9
0 302.85 Outlet temperature of
10 15 20 25 30 back-and-forth case

Number of blades

(b)

Figure 11. Temperature and pressure difference of: (a) direct flow; (b)back and forth flow

6. CONCLUSION

The results will be summarized as follows:

1. Increasing the number of plates in the plate heat
exchanger increases the transfer area and thus increases the
value of the transferred heat energy. In the case where the best
transfer of heat energy is compared to 20 and 10, where the
exit temperature reached 308.104 K, we notice an increase in
the transfer of thermal energy.

2. The basic principle of heat exchangers is the transfer
of heat energy, but not at the expense of the pressure value. It
is necessary to maintain the pressure difference between the
entry and exit area of the fluid, rather than relying on the value
of the flow transfer of the fluid. Because the flow is direct, the
water is allowed to flow easily through the distributed pipe,
where the temperature difference in the case in which the
number of plates is 30 was 0.35 pa, a small and serious
pressure difference value compared to the other cases.

3. The heat transfer between two different types of flow

-one in the direct direction and the reverse direction- is
achieved by changing the path of movement and surface
contact for the transfer of heat energy. In a plate heat
exchanger, the exit temperature reached when the number of
plates is 30, and 302.889 K, which is better compared to the
original direction.

4. The increase in the pressure difference in the heat
exchangers is undesirable and unsatisfactory. As the one-way
runs have a small pressure difference, but with the good
transfer of thermal energy in the direction of the reverse flow,
but in the same place, it has a high and undesirable pressure
difference.

5. There are two types of flow -one in which the velocity
in the flow in the opposite direction is relatively more
compared to that in the direct direction. The reason for this is
that the path of movement it passes through is narrow, and as
a result, there is an obstruction in movement for it to pass
through.

6. The many parameters attained in the various
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circumstances, as well as the intensity of the reverse direction
in thermal energy transfer with the huge pressure created as a
consequence of this movement.
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