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Abstract

A heat exchanger is a very important tool in the fields of engineering and industry, especially in
energy conversion. This study was aimed at determining the effects of hot and cold fluid flow velocity
on the overall heat transfer coefficient (UA) and effectiveness in shell and tube heat exchangers
using COMSOL Multiphysics 5.6 software. Another research objective was to observe the phenomena
of heat transfer in the shell and tube type heat exchanger at each hot and cold fluid flow velocity.
The heat exchanger was designed with a total length of 800 mm and equipped with 18 tubes having
a diameter of 2 in and a length of 600 mm. The material used for tube and shell construction was
stainless steel. A simulation was carried out using COMSOL Multiphysics 5.6 software to determine
the performance of the designed heat exchanger. The results of this simulation indicated that the
effects of hot and cold fluid velocity were directly proportional to the value of UA. The heat
exchanger have result the smallest UA value of 80.062 W/m?.K, meanwhile the highest UA value of
174.950 W/m2.K. The heat exchanger have result the minimum effectiveness value of 22.305% and
the maximum effectiveness value of 52,047%. The second result is phenomenon stating that the
surface temperature of the shell and tube would change along with the increasing velocity of both
hot and cold fluids, signifying the heat transfer such as conduction and convection from the fluid to
the shell or tube.
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INTRODUCTION

Heat exchanger is a very important equipment in industry and engineering,
especially in terms of energy conversion and is widely used in almost every process [1-2].
Equipment that is useful for transferring a certain amount of energy in the form of heat
from one fluid to another which has a temperature ratio [3-4]. This type of exchanger
designed with various configurations based on the application [5-6]. Of the several types
of heat exchangers that are known in general is the shell and tube type. The fluid flow in
the shell and tube heat exchanger is either cocurrent or countercurrent [7-8].

In optimizing efficient design work, a method is needed. The methods commonly
used are the Log Mean Temperature Difference (LMTD) method and the number of heat
transfer units (NTU) [9-10], but this method has the disadvantage that the process takes
a long time and is expensive [11]. Therefore, it is necessary to conduct a study related to
improving the design of a more advanced heat exchanger. Optimization of designs that
are concise and effective based on modern computers that can be useful in various ways
[12-13]. The CFD approach can be very attractive because it can test the performance of
exchanger design results without having to make prototypes and can solve the system
completely, can solve equations numerically, and can be applied to any type of heat
exchanger with a variety of models [14].

Studies related to the use of approaches with CFD are increasing, this is due to the
development of modern computing to solve numerical techniques [15-17]. Studies that
have been carried out on the effect of flow patterns on the performance of the heat meter
[18], baffle [19], design [20], nozzle [21]. Advanced computer science, mathematics, and
engineering have resulted in the CFD or Computational Fluid Dynamics program. The CFD
method is capable of visualizing fluid flow phenomena and processes in them such as
chemical reactions, heat transfer, multiphase, and others [18]. The results of the
temperature contour simulation in this study show that the water temperature increases
with the path length [22]. The temperature distribution is as follows: the water
temperature on the inlet side is 30°C, the water temperature on the outlet side of line 1 is
30.61°C, the water temperature on the outlet side of line 2 is 30.75°C, and the water
temperature on the outlet side. 3 of 31.05°C [23]. Based on the previous research that has
been described, this study will simulate the effect of flow velocity on the overall heat
transfer coefficient (UA) and the effectiveness of shell and tube heat exchangers using
Comsol Multiphysics 5.6 software.

Based on the literature review that has been carried out, it is necessary to conduct an
assessment related to the performance of heat exchangers that have been designed on a
lab scale with shell and tube 1-2 types. With the Comsol Multiphysics 5.6 CFD approach
to be more effective and efficient.

METHODS

In this study the heat exchanger used was a type of Shell and Tube 1-2 Exchanger
with Shell and Tube materials made of Stainless Steel. For the fluid flowing in the heat
exchanger, both the hot fluid and the cold fluid are water. The dimensions of the heat
exchanger based on a literature study for the laboratory scale are shown in Figure 1. The
following are the heat exchanger specifications presented in Table 1:

Variable of Riset
Inlet velocity of hot fluid : 0,02468 m/s; 0,03455 m/s; 0,04443 m/s; 0,04936 m/s.
Cold fluid inflow velocity : 0,00987 m/s; 0,01975 m/s; 0,02962 m/s; 0,03949 m/s.
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Figure. 1. Heat Exchanger Design

Table 1. Spesification of Heat Exchanger.

Parameter Description

Shell and Tube Type 1-2 Exchnger

Shell and Tube Material Stainless Steel

Shell, Tube Size 2insch 40,3/8in

Inlet and Outlet Pipe 1,5in

Shell Length 600 mm

Number of Tubes 18 pieces

Shell fluid Water (70°C)

Tube fluid Water (30°C)
CFD analysis

A software package that models fluid flow and heat transfer with a main focus on
optimization through studies of thermal performance, pressure drop, fouling, and fluid
maldistribution using computational fluid dynamics (CFD) (1,5,11-14 in 4807). This CFD
software allows modeling and simulating various fluid processes, fluid flow, heat transfer,
turbulence (11 in 8822).

RESULTS AND DISCUSSIONS

Simulations were carried out using Comsol Multiphysics 5.6 software, the results of
the total heat transfer coefficient (UA) on the shell and tube heat exchanger for each
variable velocity of hot and cold fluid flow can be seen in Table 3 :

Velocity Effect on UA

The first simulation was carried out to determine the effect of hot and cold fluid flow
rates on the UA in a shell and tube heat exchanger using Comsol Multiphysics 5.6 software.
The variable velocity of the hot fluid used is 0,02468 m/s; 0,03455 m/s; 0,04443 m/s;
0,04936 m/s with cold fluid velocity variations are 0,00987 m/s; 0,01975 m/s; 0,02962
m/s; 0,03949 m/s for each hot fluid velocity. Based on Figure 3, it is found that the velocity
of hot fluid and cold fluid is directly proportional to the value of UA. From Figure 3, it can
be seen that the highest UA value occurs when the velocity of the hot fluid is 0,04936 m/s
and the velocity of the cold fluid is 0,03949 m/s, which is 174,950 W/m2K. While the
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Table 3. Research Result Data

Hot Fluid Flow Cold Fluid Flow Overall Heat Transfer Effectiveness
Rate (m/s) Rate (m/s) Coefficient (UA) (W/m2K) (€) (%)
0,00987 80,062 52,047
0,01975 107,890 36,077
0,02468 0,02962 123,670 28,004
0,03949 134,950 22,684
0,00987 86,768 49,838
0,01975 120,400 34,585
0,03455 0,02962 140,420 27,146
0,03949 155,190 22,305
0,00987 91,014 50,107
0,01975 128,720 34,842
0,04443 0,02962 151,890 27,259
0,03949 169,360 22,487
0,00987 92,603 50,712
0,01975 131,910 35,277
0,04936 0,02962 156,380 27,654
0,03949 174,950 22,867
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Figure 3. Graph of Velocity Effect on UA

smallest UA value is obtained when the hot fluid velocity is 0,02468 m/s and the cold fluid
velocity is 0,00987 m/s, which is 80.062 W/m?2.

In previous studies, the smallest heat transfer coefficient is obtained when the cold
fluid velocity is 1,19 m/s, which is 668,13 W/m2.°C. While the highest heat transfer
coefficient is obtained when the cold fluid velocity is 2,91 m/s, which is 1367,88 W/mZ2.°C.
From these data it can be concluded that the higher the cold fluid flow rate, the greater
the heat transfer coefficient. So that the results shown in Figure 3 are in accordance with
the existing theory [24].
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Effect of velocity on effectiveness (€)

In Figure 4 it can be seen that there was a consistent decline. The optimal
effectiveness value is at a cold fluid flow velocity of 0,00987 m/s and a hot fluid flow
velocity of 0,02468 m/s which is 52,047%. This speed is an efficient condition in heat
transfer events because it is able to strengthen the contact between hot fluid and cold
fluid, so that this speed variation is suitable for use when operating a shell and tube type
heat exchanger.

In his research [25], proves that the effectiveness will decrease drastically along with
the increase in mass flow of fluid on the tube side. In this statement, it can be seen that
the effectiveness of the tool decreases along with the increase in the velocity of the fluid
flow in the tube and in this study the tube part is flowed by cold fluid so that the results
shown in Figure 4 are in accordance with the applicable theory. Based on these data, it
can be concluded that the effectiveness value is inversely proportional to the fluid flow
velocity, the higher the fluid flow velocity, the lower the effectiveness of the tool. The
minimum effectiveness value is at a cold fluid flow velocity of 0,03949 m/s and a hot fluid
flow velocity of 0,03455 m/s which is 22,305%.
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Figure 4. Graph of the Effect of Velocity on Effectiveness (€)
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Figure 5. Temperature profile on the heat exchanger surface
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Streamline: Velocity field
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Figure 6. Temperature profile of the fluid

Parallel Slice Plot of Temperature and Velocity Distribution on Shell and Tube Heat
Exchanger

From the solution that has been simulated by comsol software, it is obtained that the
research variable data will be studied. The hot fluid is simulated at an inlet temperature
of 343.15 K, while the cold fluid is simulated at an inlet temperature of 303.15 K.

Figure 5 illustrates the temperature profile on the surface of the heat exchanger from
the hot fluid entering through the shell side which is depicted in white with a temperature
of 70°C, while the cold fluid enters through the side depicted in red which flows directly
into the tube. Figure 6 is a velocity profile which is a picture of the movement of fluid flow
velocity that occurs on the shell side and tube side, hot fluid enters from the shell which
is white then goes straight to the tube and hot fluid exits through the shell side with a
yellow color, then there is a decrease in temperature. This is because the hot fluid is in
contact with the cold fluid around the tube. Variations were observed gradually from the
minimum to the maximum velocity over the cross-sectional area of the shell and tube heat
exchanger. The cross-sectional plot shows the same tendency, namely the surface
temperature of the shell and tube increases with increasing flow velocity in both hot and
cold fluids as the point moves from the inlet side to the outlet.

Figure 5 and Figure 6 indicate that convection occurs on the shell side, conduction
from the outer wall to the inner wall of the tube, and convection on the tube side.
Convection on the shell side is due to the movement of molecules in the hot fluid which
also moves along with the velocity of the hot fluid flow, while conduction from the outer
wall to the inner wall of the tube occurs due to heat transfer that propagates through the
intermediary wall or in this case stainless steel and convection on the side of the tube.
tube due to the movement of hot fluid particles that occur in the tube.

CONCLUSIONS
The conclusions obtained from the simulation results are as follows:

1. The effect of hot fluid velocity and cold fluid velocity is directly proportional to the
value of UA, while the effect of hot fluid velocity and cold fluid velocity is inversely
proportional to the effectiveness value.

2. The phenomenon that occurs that the temperature on the surface of the shell and tube
changes with increasing velocity of both hot and cold fluids which indicates that there
is a heat transfer event, namely conduction and convection from the fluid to the shell
or tube.
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Further studies are needed regarding the performance of this heat exchanger so as

to obtain a high effectiveness value. In addition to the flow rate, type, number and number
of baffles, as well as the number of passes, pitch, square or triangular.
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