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ABSTRACT

Shell and Tube Heat Exchanger (STHE) has been used widely used in industry for energy transferring
between two and more fluids. Effectiveness of STHE is enhanced by utilizing baffle on the fluid passage
in the shell. In this research, a novel baffle which has specific geometrical shape is investigated. The
baffle is built based on segmental baffle which is fold on the edge with variation fold angel 120°, 135°,
and 150°. This research is carried out using numerical simulation with ANSY'S, and validated using
experimental data. This research compares conventional and fold segmental baffles performance on the
shell and tube heat exchanger. Research revealed that the 150°-fold angle has superior performance as
indicated by the highest effectiveness (€) among the fold segmental baffle. For comparison, at a mass
flow rate of the fluid in shell of 0.4 kg/s, the effectiveness is obtained at 31.521%; 31.077%, 31.764%,
and 31. 928% for conventional segmental baffle, fold angle 120°, 135°, and 150°, respectively. In
addition, the pressure drops of the fold segmental have no significant difference with that on the
conventional segmental baffle. Comparing between the conventional and fold segmental baffle, it is
noted that fold segmental baffle offers better performance, especially fold angle of 135° and 150°. This
finding offer prospectus advantage of using fold segmental baffle in shell and tube heat exchanger.
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1. Introduction

A heat exchanger is a device used to efficientl
transfer heat between two fluids (gas or liquid).
Using heat exchangers in a system can improve
thermal control and save energy. Shell and
Tube Heat Exchanger (STI_—IE? is a type of heat
exchanger that has been widely used in various
industries, such as power plants, chemical
industry, petroleum refining, and waste heat
utilization [1]. STHE are almost installed baffle
on the fluid passage in the shell.

Configuration of geometrical shape has
significant role on the performance of STHE,
therefore it has been subjected by researcher.
Experimental research of baffle in the STHE
has been carried out EI-Said [2], and Yogiswara
[3]. El-Said #2] conducted  experimental
reSearch using four types of segmental baffle
configurations namelgf conventional single
segmental baffle (CSSB), staggered single
se%mental baffle (SSSB), flower segmental
baffle (FSB) and hybrid segmental” baffle

(HSB). In this study HSB is a type of baffle
with ~the best thermal performance and
effectiveness compared to the others.
Yogiswara [3] conducted experimental
research on the effect of baffle type and mass
flow rate ratio in heat transfer rate to pressure
drop in a vertical shell and tube condenser. This
study uses four types of baffles: segmental
baffle, disc and doughnut baffle, three-quarter
baffle 90° configuration, and three-quarter
baffle 180° configuration. At mass flow rate
ratios of 3.24 and 3.6, the three-quarter baffle
90° configuration provides the most significant
ratio of the difference in heat transfer rate to
pressure drop, namely 0.96 and 1.28. However,
at a mass flow rate rafio of 3.96, the value of the
ratio of the difference in the heat transfer rate to
the highest-pressure drop is obtained in the
three-quarter baffle 180° configuration.

Numerical simulations have also been
investigated by Lei [4], Marzouk [51 Abbasi
[6T],a_n Wang [7]. Lei [4] researched the effect
of using louver baffles compared to segmental

ICEREAM 2024

Fakultas Teknik Universitas Muhammadiyah Jakarta, 30 April 2024



baffles on the heat transfer coefficient in STHE
using computational fluid dynamics. Louver
baffles were made in two configurations,
namely STHX-LV1 (with three inclined plates
on gneé baffle ring) and STHX-LV?2 (with three
inclined plates and two inclined plates on
another baffle ring). The results showed that the
heat transfer coefficient per pressure drop on
STHX-LV1 has the best overall performance
among the three baffle variations in the heat
exchanger.

Marzouk [SJ conducted research by varying the
baffle model, namely conventional™ single
segmental (C$S), staggered single segmental
SSS), flower segmental (FS), hybrid segmental
HS), circular ring (CR), and circular ring with
holes (CRH) through CFD simulation. The
results of this study show that CRH provides the
best thermal performance compared to other
baffle types. Abbasi 66] researched the effect of
baffle angles (45°, 90°, and 135°) using porous
materials” simulated with CFD ‘and analyzed
them using Artificial Neural Network (ANN).
Increasing the baffle an%le from 45° to 135° (in
the configuration of Nb = 6 and b = 5 mm)
caused a decrease in the heat transfer rate by
36.8% and significantly affected the pressure
drop by 80.9°o.Wargjg[ ] investigated the effect
of helical baffle fold"angle on Nusselt Number
g%) The baffle fold angles used in this study are

°, 29°, and 40°. The results of this study also
show that the Nusselt Number has a negative
correlation with an increase in the baffle fold
angle. The smallest baffle fold angle of 18°
gives the most considerable Nusselt number
value [8].

This. research is focused on numerical
prediction of a novel baffle layout with a novel
geometrical shape. The baffle is constructed
using a segmental baffle which is fold at the
edge 1207, 135°, and _150°.. Numerical
simulation is used in this investigation, after
being validated with experiment data.

2. Material and Methods

The research methodology involves several
steps starting with data collection and 3D STHE
design. The data is then used to model the fluid
domain, followed by the meshing process.
From the meshing_results, input parameters
were set up in the CFD software, and numerical
simulations were performed. Validation of the
simulation results is done by comparing them
with experimental data with an error below
10%. After the results are accepted valid, then
roceed with conducting numerical simulations
0 each type baffle model with mass flow rate
variations. The mass flow rate at the shell and
tube inlet is set constant. The mass flow rate is
set at 0.2 kg/s on the tube side. On the shell side,

the mass flow rate are varied at 0.2 kg/s, 0.3
kg/s, and 0.4 kg/s vary.

2.1. STHE Specification

The initial step in the simulation process is to
create a 3D model geometry of the fluid domain
simulated with_variations in the baffle fold
angle model. The STHE specifications are
shown in Table 1, and the STHE fluid domain
model used in this study is shown in Figure 1.
The fluid domain de5|%n grocess uses Autodesk
Inventor Professional 2020 software and is then
integrated into ANSY'S Design Modeler.

Table 1: STHE Specifications

Item Dimensions and
description

Shell-side parameters

Inner diameter (mm) 200

Thickness (mm) 25

Tube parameters

Outer diameter (mm) 19

Thickness (mm) 15

Effective length (mm) 1000

Number 32

Tube pitch (mm) 28.5

Baffle parameters

Cut ratio (%) 20

Thickness (mm) 15

Number 6

Baffle pitch (mm) 142

Inlet Cold

Outlet Cold

Figure 1: Shell and Tube Heat Exchanger (a) 3D Model
(b) 3D Fluid Domain

The working fluid passing through the shell and
tube in this study uses water. Data on the
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properties of the fluid assin%through the shell
and tube are shown in Table 2.

Table 2: Fluid Properties

Properties Symbols Values
Fluid in Shell
Temperature inlet T; 28 °C
Density p 996,26 kg/m®
Thermal conductivity k 0,5997 W/m.K
Specific heat Cp 4183 kJ/kg.K
Dynamic viscosity u 0,000835 Pa.s
Fluid in Shell
Temperature inlet t; 82°C
Density p 970,52 kg/m?®
Thermal conductivity k 0,6573W/m.K
Specific heat Cp 4196 kJ/kg.K
Dynamic viscosity u 0,000346 Pa.s

2.2. Baffle Model

This study used four baffle models, namely the
conventional segmental baffle and three”fold
segmental baffle modification models, as
shown in Figure 2. The segmental baffle

modification was folded at various angles,
150° angle (S-150), 135° angle (S-135),
%8-120).

namel
and 120° angle

ST (LUK

UKL
UL

Figure 2: (a) Segmental Baffle and (b) Modified Fold
Segmental Baffle

2.3. Modeling Equation Simulation

The simulation uses Reynolds-Averaged
Navier-Stokes (RANS) equations that contain
equations governing continuity, momentum,
and energy. The governing equation is written
as follows [5] [10]:

d
ox, (pu) =0 (1)

6( )_6p+6(6uk>

axi pUlithe) = axi axi K axi (2)
ad 5} oT K

a—xi(PuiT) = o, (“a_xlc_) 3)

The realizable k-¢ model is employed. The
governing equations for this particular model
are as follows [11]:

d d
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_ 4)
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2.4. Performance of STHE

Characterization of the STHE performances are
carried out using several parameters : log
mean temperatur¢ difference (ATLM), heat
transfer rate (Q), overall heat transfer
coefficient (U), and effectiveness (g?. The
calculation of each parameter is written as
follows [5] [10]:

ATy = LMTD 7)

— (Th,out - Tc,out) - (Th,in - Tc,in)
In (Th,out - Tc,out)

€
+ Clng&ng + S

(Th,in - Tc,in)
Q=m-c, AT 8)
(mccp)minimum
__0 (10)
NTU = - AT
_ mccp,c (Tc,out - Tc,in) (11)
(mccp,c)minimum (Th,in - Tc,in)
2.5. Experimental Set-Up
This _research is _initially settled with

experimental works. The obtained data from the
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experiment is_used to validate the simulation
model. The simulation, is_therefore uses the
same configuration on the STHE, working mass
flow rate, as well as its boundary conditions are
set to be the same as those set in the simulation.
In the experimental, the mass flow rate at the
inlet shell and tube is set constant. The mass
flow rate at inlet shell are varied to 0.283,
0.216, and 0.349 kg/s. Meanwhile, at the inlet
tube, the mass flow rate is set at 0.128 kg/s. The
experimental equipment setup is shown in
Figure 3.

Fluid

Resenvoir
(inlet Sheil)

(Inlet Tube)

9 * Flowmeter
[4] - Valve
L7 - Pump

@ Themocouple

FAud Fluid
Resenvoir
(Outiet Tupe)

Resenvoir
(Outiet Shell)

convergence at the 536" iteration, indicatin
that the simulation results have been stable an
reliable for further analysis.

3.3. Validation

The simulation results obtained from the
conventional segmental baffle model were
validated by comparing the output temperature
values on” the shell and tube sides. The
comparison between the two parameters_ is
shown in Table 3. The results of the simulation
and experimental _shell and tube outlet
temperature comparison all show values below
10%. This shows that the simulation method
can be accepted as valid.

Table 3: Validation with experimental and simulation

Figure 3: Experimental Set Up

3. Results and Discussions
3.1. Meshing

The mesh types used in this stud%/ are
Tetrahedral and Hexahedral. The number of
meshes used in this studb/ is 6.897x 10° with a
skewness value of 0. 24001, which is in the very
800d range, and an orthogonal quality value of

75607, which is in the Very good range [12].
The skewness and orthogona ciuallt “values
show that the fluid domain model used is good
enough. This meshing process uses ANSYS
Meshing.

3.2. Convergence

In this study, convergence criteria are used to
determine when the numerical simulation is
considered to have converged. For the
continuity equation, the convergence criterion
is an accuracy of 10 This means that the
difference between the actual value and the
revious iteration's value must be less than 10-

to ensure mass conservation is adequately
met. For the energy_equation, the convergence
criterion is set at 10°°. Other parameters, such as
velocity, pressure, or turpulence, have a
convergence criterion of 107, In this study, the
numerical simulation successfully achieved

results
Outlet Shell Temperature Outlet Tube Temperature
Mass Flow
Deviation Deviation
Rate (kg/s) Experiment Simulation Experiment  Simulation %)
0,283 32.12 30.678 4.49 40.14 40.86 1.76
0,316 33.20 30.582 7.89 41.46 41.33 0.32
0,349 33.85 30.470 9.99 43.35 41.24 4.87
3.4. Temperature Distribution
(
B
| T v = -
| —t - ®
} . : -

8 33 30 44 50 55 60 66 71 77 82
=" =

Temperature [C]
Contour 1

Figure 4: Temperature Distribution in STHE with (a)
conventional Segmental Baffle, (b) S-150, (c) S-135,
and (d) S-120.

The temperature distribution for the four baffle
models is shown in Figure 4. It can be observed
that STHE with conventional segmental baffle
has uniform temperature in the area close to
shell outlet and also the tube outlet as shown in
Figure 4£al)). Meanwhile, The S-150 baffle in
Figure 4(b) shows a larger area of fluid
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temperature reduction_when a}opd)roachmg the
shell outlet. The use of the S-150 baffle causes
the fluid temperature on the shell side has
uniform distribution and the hot fluid
temperature has a lower temperature compare
to the others. Figure 4(c) shows the temperature
distribution of STHE with the S-135 baffle, on
the shell side the temperature distribution of the
S-135 madel is less uniform compared to the S-
150 baffle and the area of fluid temperature
decrease at the outlet tube is also smaller than
the S-150 baffle. Figure 4(d) gives a smaller
area of temperature drop in the area close to the
shell outlet and on the outlet tube side the
temperature  distribution is less spread
unevenly.

3.5. Pressure Distribution

Pressure distribution in STHE with various
baffle models is shown in Figure 5. It is shown
at Figure 5(a), 5(b), 5(c), 5(d) for conventional
segmental, fold angle” of 150°, 135° 120°
respectively. The area around the shell inlet and
inlet tube” shows relatively has the same
Pressure as the area inside the'shell, the pressure
hen decreases when entering the shell outlet
area.

ccccc

(a)

ccccccc
18856403

1.462e+03
12390403 ;

10166403 A o
7.925e+02
5.685e+02
3.464e+02
1.234e+02

-9.9680+01 | o

-3227e+02
-5.458e+02
a)

E ]

niour 2
1.859e+03

=

I 1.216e+03

—
I 9.946e+02
7.732¢+02 i - l\ = -
55178402 —— \I ——
3.303e+02 |

L
1.089¢+02 | |
-1.125e+02

(O]

Figure 5: Pressure Distribution in STHE with (a)
Segmental Baffle, (b) S-150, (c) S-135, and (d) S-120.

At the tube side, the tube inlet has similar
pressure pattern for all models. The pressure is
-~ also relatively the same and then decreases
drastically at the outlet tube area, this
henomena are occurred in all baffle models.
he four baffle models show the same pattern
of pressure distribution in the simulations, this
indicates that the pressure distribution among
the models has no significant difference.
3.6. Velocity Distribution

0.000
—_—

0.443 0.886 1.329 1.772

[m s”-1]

Velocity
Volume Rendering 1

Figure 6: Velocity Distribution in STHE with (a)
Segmental Baffle, (b) S-150, (c) S-135, and (d) S-120.

The velomtg distribution passing through the
segmental Dbaffle in Figure Bga causes_the
formation of a dead zone around the baffle. This
dead zone has an impact on r_educmg the
effectiveness of heat transfer. Folding the baffle
causes the fluid flow pattern passing through
the shell to be deflected. In Figure 6(b) the S-
150 baffle model shows a narrow dead zone
space behind the baffle, then causes increase
fluid contact with the surface, so that increases
the heat transfer effectiveness.

In the case of the S-135 baffle model in Figure
6(c), S-135 has also shown the similar dead
zone formation. The dead zone difference
among the models occurred on its intensity and
density. However, the S-135 baffle results in
a larger dead zone in the area in front of the
baffle compared to the S-150 baffle model,
which leads to an increase in heat transfer
effectiveness but is not so optimal.

The _velocity distribution of the fluid_flow
gassm? through baffle S-120 is shown in Figure

(d). Tn baffle S-120, it can be observed that
this baffle produces a smaller dead zone in the
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area behind the baffle, but the Iar%e open area
in front of the baffle also causes the formation
of a wider dead zone compared to other models.
This large dead zone results in a limited contact
area between the fluid and the baffle surface,
thus reducing the ability of the baffle to transfer
heat effectively.

3.7. Performances of STHE

Figure 7 shows the impact of various mass flow
rates (0.2 kg/s, 0.3 kg/s, and 0.4 kg/s) on the
shell side onthe overall heat transfer coefficient
(V) of the four baffle models used.

185

175

165

155

Y

—E— Segmental

—%—S-120
S-135
S-150

145

Overall Heat Transfer Coefficient , U [W/[m?°C)]

w
Iy

=
O

0.2 0.25 0.3 0,35 0.4 0.45
Mass Flow Rate, m (kg/s)

Figure 7: Overall Heat Transfer Coefficient vs. Mass
Flow Rate on Shell Side

The overall heat transfer coefficient (U)
consistently increases with the rise in mass flow
rate in all' baffle models. The S-150 baffle
model yields the highest overall heat transfer
coefficient ‘(U), while the lowest overall heat
transfer coeftfiCient value was observed at the S-
125 baffle model. The highest overall heat
transfer coefficient was obtained at a mass flow
rate of 0.4 kg/s 4 in all four baffle models: S-
120, S-135, S-150, and segment baffles
res ectlve{;}/ with values 0of 179.114 W/(m?2.°C)
184.393 W/(m2.°C), 185.634 W/(m2.°C), an

182.781 W/(m?2.°C), respectively.

2
/ #—5-120
§-135
$-150

0,300

0.15 0.2 025 0.3 035 0.4 045
Mass Flow Rate, m (kg/s)

Figure 8: NTU vs. Mass Flow Rate on Shell Side

The effect of mass flow rate variations on the
Number of Transfer Units (NTU) is depicted in
Figure 8. The NTU values consistently increase
with an increase in mass flow rate, a trend
observed across all baffle models utilized. The
S-125 baffle model presents the lowest NTU
values at each mass flow rate, whereas the S-
150 baffle model exhibits the highest NTU
values compared to the other models. The
highest NTU value was obtained at a mass flow
rate of 0.4 kg/s in all simulated baffle models
namely S-120, S-135, S-150, and conventional
segmental baffles with NTU values of 0.407,
0.419, 0.422, and 0.416, respectively.

33

N

8 g

Effectiveness, & (%)

e
-3

£ Segmental
/ —%—§-120

7 §-135

/ 5-150
v

0.15 0.2 0.25 03 035 0.4 0.45
Mass Flow Rate, m (kg/s)

Figure 9: Effectiveness vs. Mass Flow Rate on Shell
Side

The chart showing the impact of mass flow rate
variations on effectiveness is presented in
Figure 9. The trend depicted by the graph
showing increase in_ effectiveness values
corresponding to the rise in mass flow rates,
this applies to the four baffle models used. The
S-150 baffle model obtained the highest
effectiveness. The highest effectiveness is
obtained at a mass flow rate of 0.4 in all four
baffle models: S-120, S-135, S-150, and
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segment baffles respectively, with effectiveness
values of 31.077%, 31.764%, 31.928%, and
31.521%.

e
o
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=)
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—%—5-120
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5-150
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=]

S
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=3
7
o
o

025 0.3 0.35 0.4 0.45
Mass Flow Rate. m (kg/s)

Figure 9: Pressure Drop Shell Side vs. Mass Flow Rate
on Shell Side

Fi?ure 10 presents a correlation between the
values of pressure drop and the variations in
mass flow rates, A rising mass flow rate leads
to an increase in the pressure drop for each
baffle model analyzed. The highest pressure
drop in this study was obtained at a mass flow
rate of 0.4 kg/s at each baffle, namely S-120, S-
135, S-150, and conventional segmental baffles
with pressure drop values respectively of 2.058
kPa, 2.025 kPa, 2.056, and 2.062.

4. Conclusion

The research revealed that the fold segmental
baffle model showed the most superior
performance compare to the other baffle, even
compare to segmental baffle.
Pointing results on mass flow rate of 0.4 kg/s
fluid on shell side, the effectiveness weére
obtained at 31.077%; 31.764% and 31.928%,
for fold angle baffle of 120°, 135° and 150°, The
effectiveness of fold angle 135° and 150° are
higher compare to that ot the segmental baffle,
31.521%. The pressure drop are also
investigated. On the pointing results on mass
flow rate of 0.4 kg/s fluid on shell side, the
ressure drop are obtained at 2.058 kPa; 2.025
Pa and 2.056 kPa, for fold angle baffle of 120°,
135° and 150°. The results also indicates that
the pressure drop of 135° fold angle is lower
than that on the conventional segmental baffle
2.062 kPa. It is highlighted that fold segmental
baffle is able to reduce the dead zone area in the
fluid Passage_s in the shell, that increase the
overall effectiveness of the heat exchanger. It is
also noted that pressure drop occurred at fold
se_(%mental baffle shows no significant different
with that on the conventional baffle
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