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Abstract

The present work investigates the influence of different baffle structure variations on the outlet
temperature of “shell-and-tube heat exchangers" when used as waste heat recovery systems. The
remaining thermal energy from liquid heated to 65 °C was reclaimed by passing water at 10 °C via a
network of tubes at the entrance. Various mass flow rates of 0.5, 0.3, and 0.2 kg/s were used to circulate
water through the shell inlet, while 0.2, 0.15, and 0.1 kg/s were used in the tube inlet. In this study
investigate the various combination of mass flow rate of both shell inlet and outlet. A rigorous three-
dimensional computational investigation was performed using ANSYS-Fluent under steady-state
circumstances. The adoption of the credible k-epsilon turbulence model was motivated by the possibility
of transitioning from laminar flow to turbulence. The temperatures, pressure drop, and velocity, for all
the cases were compared at both outlet and along the length of STHXs. Flow visualisation was achieved
through the presentation of temperature contours, pressure contours, and velocity streamlines. Upon
comparing the simulation results of the various STHXs, it was discovered that case 5 has the maximum
temperature rise at the tube side, which is 292.226 K.

Keywords; Baffle, mass flow rate, velocity streamline, shell and tube heat exchanger (STHXs), waste
heat recovery system.

INTRODUCTION

Heat exchangers are employed for the purpose of facilitating the transfer of
thermal energy from one medium to another. The media in question can exist in a
gaseous, liquid, or hybrid state [1]. The media can be physically divided by a solid
barrier to avoid intermingling, or it can be in direct access to each other [2]. Heat
exchangers are essential components that are necessary in order to fulfil the thermal
demands of a given process, either by providing heating or cooling. A furnace or
steam boiler is the typical source of direct heat input to the system [3]. So, if the
heat transmission at the exchangers is inefficient, the boiler or steam will have to
work harder [4]. Heat exchangers have the potential to enhance the energy
efficiency of a system by facilitating the transfer of heat from systems where it is
surplus to requirements to other systems where it may be effectively utilized [5]. In
order to move heat from one process stream to another or from one process stream
to a utility stream, heat exchangers are a typical piece of equipment. Both hot and
cold utility streams are possible [6].

When discussing heat exchangers, the term "flow configuration" may be used
to describe the relative orientations of the fluids moving through the device. Heat
exchangers typically use one of four main flow configurations [2]. The fluids in a
concurrent flow heat exchanger travel in the same direction and parallel to one
another; this design is also known as a parallel flow heat exchanger [7].

186

http://ijisem.com


https://crossmark.crossref.org/dialog?doi=10.69968/ijisem.2025v4i2186-195
https://doi.org/10.69968/ijisem.2025v4i2186-195

International Journal of Innovations In Science Engineering And Management

IJISEM

INTERNATIONAL JOURNAL OF
INNOVATIONS IN SCIENCE
ENGINEERING AND MANAGEMENT

The maximum thermal homogeneity across the heat
exchanger's walls is achieved with this layout, although the
efficiency is usually lower than with a counter flow setup
[8]. The fluids of a "countercurrent flow heat exchanger" (or
simply a counter flow heat exchanger) travel in the same
direction but in opposing directions, creating an antiparallel
flow [9]. Due to its ability to provide the most amount of
heat transfer between fluids and thus, the largest temperature
change, the counter flow configuration is often the most
efficient flow design [10].

Fluids move in opposite directions in crossflow heat
exchangers. In terms of efficiency, heat exchangers that use
this flow arrangement are in the middle of the pack,
somewhere between cocurrent and countercurrent [11]. Heat
exchangers with a hybrid flow arrangement combine
features of the two types of flows described above. A single
heat exchanger, for instance, may make use of many flow
passages and configurations (such as crossflow and
counterflow) all at once [12]. When working with
applications that have space, financial, or temperature and
pressure constraints, these heat exchangers are usually the
way to go [13].

"Shell and tube heat exchangers" consist of a bundle of tubes
set within a cylindrical shell. A double pipe heat exchanger's
inner pipe serves as a conductive barrier, much like the one
mentioned before [14]. On one side, the tube carries the
processed fluid, while on the other, the utility fluid is guided
by the shell. When the fluids being heated or cooled have
high flows, temperatures, and pressures, "shell and tube heat
exchangers" are the way to go [15]. In order to enhance
operational efficiency, it is possible to devise systems that
incorporate numerous passes, hence facilitating repeated
contact between two fluids [16].

In many waste heat recovery systems, customized heat
exchangers are designed and operated to meet specific heat
recovery needs. However, this study seeks to meet the
demand of recovering waste heat from an operation that
releases hot wastewater into the environment at a
temperature of 65°C. The investigation focuses on
enhancing the performance of STHXs as prospective waste
heat recovery systems that would effectively recover the
waste heat for useful and productive services. Therefore,
investigate the increasing the baffle in STHXs to maximize
the performance. In addition, three different mass flow rate
consider for both shell and tube inlet to investigate in terms
of temperature, pressure, and velocity of the both hot and
cold fluid.

RESEARCH AND METHODOLOGY

Governing equation
The following is a possible form for the governing
equations:

Continuity equation.
V.(pV) =0
Momentum equation
e  x-direction;

ap 0Ty  O0Tyy 0Ty
V.(puV) = — —
(pu) 6x+ ( ox * dy * 0z

e y-direction;

0 ot
V.(pvV) = —£+ ( = 4

0Ty, 0Ty
0x dy + 0z +rg

e z-direction;

v ) = dp N 0Ty, + Oryz+ 07,
low?) = 0z dx oy 0z

Energy equation,

V.(peV) = —pV.V+ V.(kVT)+ g+ ¢

For heat dissipationg;
B ) (6u>2 + (61])2 N (6W)2 N (au+ av)z
=4 dox dy 0z dy  Ox

+ <6u+ 617)2 + (6v+ c’)W)2
dz Ox dz  0dy
+ A(V.V)?

Design

Using CATIA, the STHXs' three-dimensional geometries
were generated. Taking into account a “shell-and-tube heat
exchanger" with a set of circularly divided baffles that are
25% chopped. A 510 mm long shell with 50 mm equal
diameters at the intake and outflow allows hot water with a
temperature of 65°C to pass through it. Through a 520 mm
tube bundle that is joined at both ends to the primary head of
the outlet and the inlet diameter of 50 mm, cold water with
a temperature of 10 °C flows. Total length of the shell and
tube heat exchanger is 725 mm. Shell diameter of 140 mm
represent by D1, tube inner and outer diameter of 16mm and
18 mm represent by D3, and D2 respectively. Other
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dimension are represent in Figure 1(b), whichis L1, L2, L3,
L4 of 61 mm, 40.41mm, 20.21 mm, and 35 mm respectively.
Figure 1(b) and Figure 2 show the various dimensional
perspectives of the geometry. Figure 1(a) provides a more
detailed view of the various STHX parts, including the ports
and outlets of the tubes, the shells, and the baffles with
alternating orientations. Figure 1(b) shows triangular tube
layout patterns of the shell-and-tube heat exchanger. Two
configuration of shell and tube heat exchanger has use in this

Tube I et
|

Baffle

‘-hall‘l Jutiet

a. 3D Schematic diagram,

study and in both configuration two different number of
baffle are present. There are five and six baffle are present
in design (configuration) 1 and 2 respectively, show in
Figure 2. All other parameters including the number of tube
bundles are same in both setups. Various distance illustrate
in Figure 2 as L7 represent the thickness of the baffle, which
is 4 mm, L5 is the distance between shell, and baffle, which
is 83 mm. L8 and L6 represent the distance between each
baffle, which is 64 mm, and 81 mm respectively.

b. Tube pattern dimension representation

Figure 1 Geometry of shell and tube representation

L7

L7
[ s L6 L6 L6 L6 L5
E L7 ak7 aL7

a. Configuration 1 -5 baffle

L7 L7 L7

LS L8 L8 L8 L8 L8 L5

1Lz

b. Configuration 2 — 6 baffle

Figure 2 Baffle representation in configuration 1 and 2

Mesh generation

Grid generation is crucial for achieving precise numerical
results while reducing processing time. This mesh was
created with the help of ANSYS Mesh. Considering the
intricate geometry, the shell and tubes were modelled using
an unstructured tetrahedral mesh with an element size of
0.001 for the tube domain and 0.02 m for the remainder
domain, as seen in the picture. During the mesh generation
element and nodes are form for configuration 1- 5 baffle it
is 2,421,369 & 1,458,340 and for configuration 2- 6 baffle it
is 2,414,989 & 1,457,692 respectively.

Figure 3 Mesh generation on shell and tube heat
exchanger of all domain

188

http://ijisem.com



International Journal of Innovations In Science Engineering And Management

IJISEM

INTERNATIONAL JOURNAL OF
INNOVATIONS IN SCIENCE
ENGINEERING AND MANAGEMENT

Boundary condition

A combination of the 3D Navier-Stokes model, the
energy equation, and the turbulent flow (k - e realisable)
model was used to address the problem. The executable
models used were k-epsilon realisable turbulence and a
pressure-based solver. Utilising the SIMPLE approach, the
pressure-velocity — coupling was  established. The
discretisation methodology was configured to be linear
square cell-based. For pressure, momentum, and energy, the
second-order upwind scheme was used. Each problem was

solved using the convergence criterion of 1x [(10)] ~(-7)

independently. The fluid passing through the shell's intake is
hot (65 °C) and moving at a mass flow rate of 0.5 kg/s; in
contrast, the fluid passing through the tube's entrance is cool
(10°C), as shown in Table 2. For the shell and tube outlets,
a zero-pressure gauge (0 Pa) is taken into account.
Assumption of an adiabatic condition for all exterior walls
and a no-slip boundary; setting of a linked thermal condition
at the shell-tube contact. With an average temperature of
37.5 °C, Table 1 displays the thermos-physical parameters
of both hot and cold fluids. Assuming the three-dimensional,
incompressible, turbulent, steady-state flow with heat
transfer.

Figure 4 Plane representation

Table 1 Thermal properties of fluids and solid

Table 3 Plane distance

Cold and hot water’s
thermal characteristics Solid
Properties at the mean material
temperature (Tm = 37.5 (Steel)
OC)
Specific heat Hot water: 4186.5 J/kgK, | 502.48 J/kgK
(Cp) Cold water: 4180 J/kgK D
Thermal
conductivity (k) 0.6 W/mK 16.27 W/imK
Density (p) 998 kg/m3 8030 kg/m3
Dynamic 0.001003 kg/ms
viscosity (L)

Table 2 Case natation with design and mass flow rate

combination
Cases Configuration Mass Mass
flow rate | flow rate
(shell) (Tube)
Casel-5 Design 1 (5 0.5 kg/s 0.2 kg/s
baffle baffle)
Case2-6 Design 2 (6 0.5 kg/s 0.2 kg/s
baffle baffle)
Case 3 — Design 2 (6 0.3 kg/s 0.2 kg/s
0.35/0.2T baffle)
Case 4 — Design 2 (6 0.3kg/s | 0.15 kg/s
0.35/0.15T haffle)
Case 5 — Design 2 (6 0.2 kg/s 0.1 kg/s
0.2S/0.1T baffle)

Planes Distance (m) | Planes Distance (m)
1 0.0845 5 0.4215
2 0.1675 6 0.5075
3 0.2525 7 0.5925
4 0.3375 8 0.6825
Validation

For validate the current simulation result obtained from the
CFD with result obtained from (Fetuga et al., 2023) [17]
simulation compare the outlet temperature of shell fluid and
tube fluid. Consider a shell and tube heat exchanger of
triangular tube layout with mass flow rate at shell and tube
inlet of 0.5 and 0.2 kg/s respectively. Cold-water flow in the
tube with 10 °C temperature and hot water flow in the shell
side with 65 °C. Heat exchanger use for the validate have 5
baffle and other geometric parameter are present in design
section and design show in the Figure 1 and Figure 2(a).
ANSYS fluent use for the simulation. For turbulence flow
K-g realizable method select. Thermo-physical properties of
fluid and solid use for simulation are present in Table 1.
Validation result are show in the Figure 6 with a difference
of 1.5 K, and 0.945 k of outlet temperature at shell side and
tube side respectively.
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Figure 5 Temperature contour validation
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Figure 6 Validation result

RESULT AND DISCUSSION
Temperature contour due to baffle pattern

Figure 7 and Figure 8 illustrates the temperature variation on
both configuration of baffle in the tube side and shell side
with constant mass flow rate of 0.5 kg/s and 0.2 kg/s on the
shell side and tube side respectively. Increases the outlet
temperature of tube and decreases the outlet temperature of

shell it happen due to increasing the baffle number. Due to
increases baffle number, increases the number of passes of
shell fluid to tube fluid. After that the contact area is
increases between shell fluid and tube fluid due to that shell
fluid temperature decreases and tube fluid temperature is
increases. Figure 9 illustrate the value of outlet temperature
of tube and shell.

a. Plane9

b. Plane 2 C.

Plane 7

Figure 7 Temperature contour of case 1 — 5 baffle
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a. Plane9

]

b. Plane?2 c. Plane7

Figure 8 Temperature contour of case 2 — 6 baffle

Shell outlet
335.1

335.05
335
334.95
334.9

Temperature (K)

334.85
334.8

334.75

case 1 case 2

Tube outlet
291.6

291.4
291.2

291
290.8

Temperature (K)

290.6
290.4

290.2

case 1 case 2

Figure 9 Outlet temperature at both shell and tube due to change in baffle

Temperature contour due to change in mass flow rate

Changes in the mass flow rate at the shell and tube input
cause temperature variations, as seen in Figure 10, Figure
11, and Figure 12. In the inlet of shell two value of mass
flow rate are select which are 0.3 and 0.2 kg/s. in the inlet of
the tube three value of mass flow rate are select which are
0.2, 0.15, and 0.1 kg/s. The combination of mass flow rate
of both inlet shell and tube are illustrate in Table 2. Case 3
shows that the shell's and tube's outlet temperatures are

reduced when the mass flow rate of the shell inlet is
decreased. In the case 4 the mass flow rate has constant as in
case 3, decreases the temperature of tube inlet due to that
combination increases the outlet of the both shell and tube.
After that decreasing the mass flow rate of both shell and
tube in case 5 resultant is reduction in outlet temperature of
shell and increase in outlet temperature of tube. Value
comparison of each cases of outlet temperature of shell and
tube are illustrate in Figure 13.

1.550e+01
1.000e+01

€]

Figure 10 Temperature contour of case 3 —0.35/0.2T
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Figure 12 Temperature contour of case 5 —0.2S/0.1T

Shell outlet Tube outlet
334.2
292.5
334
< 292
% 3338 %
S 3336 o 2915
8 =
‘g 333.4 s 291
§ 3332 £ 2005
= ~
333 200 I
332.8
case 3 case 4 case 5 289.5
case 3 case 4 case 5

Figure 13 Outlet temperature at both shell and tube due to change in mass flow rate

Shell side Tube side
339 294
o 338 > 292
— 337 =
o o 290
% 336 =
g 335 c 288
£ 334 £ 286
= 333 = 284
332 282
0 2 4 6 8 0 5 10
Planes Planes
—8—case 1 —@—case 2 —o—case 3 —@—case 1 —®—case 2 —@—case 3
—@—case 4 —@—case 5 —0—case 4 —o—case 5

Figure 14 Average temperature in plane
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Pressure contour

Pressure variation on the both tube and shell for each cases
illustrated in Figure 15. Graph Figure 16 illustrate increase
in pressure drop of shell side and decreases in pressure drop
of tube side due to increasing in baffle numbers. In case 3,
with the maximum baffle design, the pressure drop on both
the shell and tube sides is lowered because the mass flow
rate of the shell intake is reduced. In case 4, constant mass
flow rate of shell inlet and decrease the mass flow rate of
tube inlet due to that pressure drop is constant in shell side

and reduce in tube side. In the case 5, decreases the mass
flow rate of both shell and tube, deceases the pressure drop
in both side shell and tube. For each scenario, the Figure 16
shows the value of the pressure drop on the shell and tube
sides. The Figure 16 shows the pressure value in relation to
the plane that runs the length of the shell and tube.
According to graph in shell side and tube side value of
pressure drop and along the length, case 5 having the lowest
pressure and maximum pressure drop of shell and tube side
in case 2 and case 1 respectively.

Case 2 Case 5
Figure 15 Pressure contour of each cases
Shell drop Tube drop
450 12
400
10
350
g 300 g 8
o 250 e .
2 2
g 200 g
a 150 a 4
100
2
50 I I
0 0
casel case2 case3 case4 case5 casel case2 case3 cased caseb
m shell drop ® tube drop

Figure 16 Pressure drop in each cases at tube and shell side

Velocity streamline

The fluid flow in the shell and tube sides of each instance is
shown in the Figure 17. The distribution of velocity is
uniform along the side of the tube. The baffle causes the
velocity at the shell side to be uneven. In the case 1, lowest
and highest value of velocity at plane 2 & Plan 7 in the shell
and Plane 8 & Plane 1 in the tube side. In the shell side

velocity follow uniformly pattern along the length illustrate
in graph Figure 18. In case 2, 3, 4 and 5 having same value
at plane 2 and plane 7 in each cases respectively in shell side.
Also the maximum velocity at plane 5 in case 2, 3, 4, and 5
in shell side. In the comparison, case 5 having lowest
velocity in all plane of each cases at shell side and tube side.
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Case 2
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Figure 17 Velocity streamline of each cases

Tube side
0.075 —8—case 1 —@—case 2
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>
0.015
0
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Figure 18 Average velocity at plane in tube and shell

CONCLUSION

A lot of waste heat recovery systems use custom-built and -
operated heat exchangers to meet specific heat recovery
needs. Nevertheless, the objective of this research is to
address the need for heat recovery from a process that emits
65 °C effluent into the atmosphere. The study's primary
objective is to find ways to make STHXs better "waste heat
recovery systems" so that they can harness that heat for more
profitable purposes. Computer-aided design (CFD) looked
at the tube's heat transfer properties for a cold fluid flow. The
sale transfers heat from one fluid to another by means of a
flow of hot fluid. The transitional flow regime's features,
including heat transmission and pressure decrease, are the
primary emphasis.

e From the case 2, increasing the baffle number
decreasing the shell outlet temperature and
increases the tube outlet temperature.

e Inthe case 3, decreasing the mass flow rate of shell
fluid resultant decreasing the shell and tube outlet
temperature.

e In the case 4, the outlet temperatures of the shell
and tube fluids are increased when the mass flow
rates of the two fluids are kept constant while the
mass flow rates of the tube fluid are decreased.

e Incase 5, lowering the mass flow rate of the fluid
in the shell and the tube led to a drop in the shell's
outlet temperature and a rise in the tube's.
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