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1. Introduction

Shell and tube heat exchangers are among the most widely
used types of heat exchangers. They can be used in
industrial processes, oil and gas industries, conventional
and nuclear power plants as condensers, steam generators,
pressurized water reactors, and feed water heaters. They
have many other uses including alternative energy such as
the ocean, geothermal, as well as air conditioning and
refrigeration systems. The plates holding tube bundles in
the shell side of the shell and tube heat exchangers have
two important functions. The most important thing one is
supporting the tubes for structural strength, preventing
vibration and sagging of the tubes, and determining the
flow pattern among the tube bundle to increase the
convection heat transfer coefficient. Trefoil Perforated
Plate (Figure 1) is a type of baffle with a circular orifice
that directs the flow longitudinally in the shell. Shell-and-
tube heat exchangers with Trefoil Perforated Plate have
exceptional computational and fundamental anti-vibration
properties and represent the challenges of erosion and
advanced requirements for safe operation and
performance. In this research, the thermal and hydraulic
properties of the shell side of the shell and tube heat
exchanger with segmental baffle and trefoil baffle are
studied. Through the genetic algorithm, the functions of
heat transfer and pressure drop of the plates are optimized
in a single-objective and multi-objective manner for the
square and triangular arrangement of the tubes and the
optimized parameters of the trefoil and the segmental
baffle are measured together. Three-dimensional
simulation of shell and tube heat exchanger with trefoil and
segmental baffle is done by CFD to compare the behavior
and flow pattern of both baffles on the shell side.
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Figure 1. Trefoil Perforated Plate in triangular arrangement
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2. Implementation of genetic algorithm
The guiding equations for implementing the genetic
algorithm for the trefoil perforated plate are:
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The guiding equations for the implementation of the
genetic algorithm for the segmental baffle are:
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3. Simulation of shell and tube heat exchanger using
CFD

The standard model of turbulence (k-g ), which is a semi-
empirical model based on transient equation models for the
kinetic energy of turbulence (k) and the amount of loss
(e ), was used. Itisa class of turbulence models commonly
used in practical engineering flow calculations such as
turbulent flows on the shell side of heat exchangers. The
simulation method was pressure-velocity coupling method
based on SIMPLE algorithm, and the discrete momentum
and energy equations were based on the second-order
upwind difference scheme.

4. Results of the genetic algorithm
The highest value of convection heat transfer coefficient
for trefoil baffle in square arrangement is 5482.332
(w/m2k) and for triangle arrangement is 7519.513 (w/mzk).
These values for the segmental baffle are 4570.745
(w/m2k) and 6468.366 (w/m2k).

For the lowest pressure drop for trefoil baffles, the
diameter of the tubes, the height of the hole, the distance

*Manuscript received: March 11, 2022. Revised January 22, 2023, Accepted, February 5, 2023.
1 Corresponding author. Associate Professor, Petroleum University of Technology, Abadan, Iran, Email: eskandari@put.ac.ir

2 M.Sc. Arvandan Oil and Gas Company.



https://mechanic-ferdowsi.um.ac.ir/article_43460.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_42682.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_43460.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_43460.html?lang=en
https://orcid.org/0000-0001-9407-9247

Hadi Eskandar, Seyyedlman Hashemi

56

between the baffles, and the Reynolds number are 0.02 m,
0.003 m, 0.25 m, and 5000, respectively. PARETO
FRONT charts for trefoil and segmental baffles in square
and triangle arrangement of tube bundles were obtained
from multi-objective optimization, which plots heat
transfer capacities against corresponding pressure drop
(Figure 2).
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Figure 2. Diagram (Pareto front) with a combined
approach for square arrangement of trefoil (a) and
segmental baffle (b)

5. Results of CFD simulation

The flow pattern on the shell side of the heat exchanger
with trefoil baffle is longitudinal, without obvious dead
areas (Figure 3), while in the segmental baffle there are too
many dead zones, vortices and backflows caused by the
zigzag flow on the shell side, which leads to reduced
velocity, inefficient use of the heat transfer area, and worse
heat transfer (Figure 4).

Figure 3. Flow pattern on the shell side of heat exchanger
with trefoil baffle

Figure 4. Flow pattern on the shell side of heat exchanger
with segmental baffle

6. Comparison of heat transfer capacity and pressure
drop of baffles

Figure 5 shows the comparison of the heat transfer
capacity and pressure drop in square arrangement state for
trefoil and segmental baffles. As the Reynolds number
increases, the difference in heat transfer capacity and
pressure drop for the trefoil baffle increases compared to
the segmental baffle.
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Figure 5. Comparison of heat transfer capacity and pressure
drop of baffles in square arrangement

7. Conclusion

The heat transfer capacity in the maximum state obtained
from the single-objective genetic algorithm of the trefoil
baffle with a square arrangement is 19.944% more than
that of the segmental baffle, and this value reaches 16.25%
for the triangle arrangement. Moreover, the pressure drop
increased 3.2 times for the square arrangement and 2.075
times for the triangle arrangement compared to the
segmental baffle. The convection heat transfer coefficient
of the triangular mode compared to the square mode
increased by 37% for the trefoil baffle and this figure was
obtained for the segmental baffle by 41.5%. The jet flows
created in the trefoil pores increase the heat transfer
performance and the corrosion products and chemical
deposits are reduced, which also improves the corrosion
conditions.
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Numerical Comparison of Shell Side Thermo-Hydraulic Characteristics for Shell and Tube Heat
Exchangers with Trefoil and Segmental Baffle by Genetic Algorithm

Hadi Eskandari Iman Hashemi

Abstract: In this paper, the effect of using trefoil and segmental baffles on heat transfer and pressure drop towards the
shell of shell and tube heat exchangers is studied. Baffles are used in shell and tube heat exchangers to increase heat
transfer coefficient, pipe support, flow pattern determination, structural strength and vibration prevention. Using the
genetic algorithm under the same conditions, the heat transfer and pressure drop functions of the baffles are optimized
as single-objective and multi-objective. The heat exchanger with the trefoil baffles is simulated by Aansys fluent software.
The results show that in trefoil baffles, increasing the heat transfer coefficient will be accompanied by a greater pressure
drop. The heat transfer capacity of the trefoil baffle has increased by 19.944% in the square arrangement and 16.25% in
the triangle arrangement compared to the segmental baffle in the maximum state obtained from the single-objective
genetic algorithm, while the pressure drop for the square arrangement of the tube bundle is 3.2 times and for the triangle
arrangement tube bundle has increased 2.075 times compared to the segmental baffle. The jet fluid flow created in the
trefoil perforated increase the heat transfer performance and the corrosion products and chemical sediments are reduced,
which also improves the corrosion conditions of the shell and tube heat exchanger with the trefoil perforated plate.

Key Words: Trefoil baffle, Segmental Baffle, Shell and Tube Heat Exchanger, Thermo-hydraulic, Genetic Algorithm,
Optimization, 3D simulation.
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