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Abstract The increasing use of compact heat exchangers,
which are both lighter and occupy less space than larger
exchangers, has made the study of such exchangers more
essential. The main aim of this article is to examine several
proposed models of this type of converter, incorporating
vortex generators with different geometries, in terms of
heat transfer rate and pressure drop. To achieve these
objectives, vortex generators with sinusoidal wave profiles
have been designed and analyzed under various angles of
attack and different lengths to determine the effects of
these geometric parameters on the heat transfer rate from
the tubes and the pressure drop along the converter. In this
study, hot air at a constant temperature of 350 K flows
inside the tubes, while cold air at a temperature of 300 K
flows through the shell of the heat exchanger. The problem
has been discretized in a steady-state 2D form for slow
fluid flow (Reynolds numbers ranging from 400 to 1000)
using the finite element method (FEM) and analyzed with
ANSYS Fluent commercial software. The results indicate
that sinusoidal vortex generators with an angle of attack
of 20 degrees and a length of 6 mm provide the most
favorable balance between heat transfer and pressure
drop among the studied configurations.

Keywords Heat transfer rate; Compact heat exchanger;
Sinusoidal vortex generators; London Goodness factor.

1. Introduction

Shell-and-tube heat exchangers are among the most widely
utilized equipment in the industry, and their optimal
performance is critically important. Over the years,
extensive research has been conducted on these heat
exchangers. In the past two decades, the introduction of
vortex generators has significantly enhanced heat
exchanger efficiency. Studies suggest that sinusoidal
vortex generators outperform flat ones in terms of
efficiency and overall performance.

The primary objective of this paper is to design and
identify the optimal configuration for a sinusoidal vortex
generator to achieve high heat transfer rates and minimal
pressure drops in a compact heat exchanger. To this end, a
sinusoidal wave design is applied to the vortex generators,
and their performance is examined across varying
amplitudes, angles of attack, and lengths.

2. Physical Situation

A compact shell-and-tube heat exchanger, whose
schematic is illustrated in Fig. 1, has been considered for
this study.
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Figure 1. Overall schematic of the compact shell and
tube heat exchanger without vortex generators.

This heat exchanger transfers heat from the hot fluid inside
the tubes (air at a constant temperature of 350 K) to the
cold fluid (air at a constant temperature of 300 K) flowing
through the shell. As a result, the air inside the tubes is
cooled. The fluids used in this study are assumed to be
incompressible, with constant thermodynamic properties.
The fluid flow regime in the shell of the heat exchanger is
considered laminar and steady due to the low inlet velocity
and the small cross-sectional area, resulting in low
Reynolds numbers.
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Designing Vortex Generators
In the design of these vortex generators, the thickness of

all generators is 0.2 mm, and they are designed according
to Eq. (1) weher values of A, d, and 6 are defined in Table
1. Fig. 2 shows the overall schematic of these generators.
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Figure 2. Specifications of the vortex generators with
a sinusoidal wave profile.

Table 1. Specifications of Eq. (1) related to the vortex

(6, 8, and 10 mm), and five amplitudes. This results in the
creation of 45 distinct models for this study. These models
are developed to investigate the effects of various attack
angles and lengths on key parameters such as the Nusselt
number, pressure drop, and the London Goodness Factor.

Governing Equations

In this study, the finite volume method (FVM) has been
employed to solve the governing equations and analyze the
system using ANSYS Fluent software.

Validation and Mesh Independence Study

To validate the accuracy of the study, a comparison of the
Nusselt number in the basic model (without vortex
generators) has been conducted using data from the
literature. It is worth mentioning that one of the reference
articles presents experimental results, while the other
provides numerical data. Figure 3a illustrates the
validation results.

The computational domain for this problem has been
meshed using the ANSYS Meshing module. Given the
relatively simple geometry of the model, an unstructured
mesh with tetrahedral elements has been employed for

generators.
6 (Degree) 20 30 40
AVG) -1 -0.5 0 05 1
d(VG) (mm) 6 8 10

By observing Table 1, vortex generators are designed
with three attack angles (20°, 30°, and 40°), three lengths

analysis. As depicted in Figure 3b, the number of elements
has been systematically varied to study its effect on the
Nusselt number. Computational cells were increased until
no significant change in the variable was observed.
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Figure 3. a) Validation results, b) Results of mesh independence study.
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Figure 4. a) Nusselt number at different attack angles, b) Nusselt number at different lengths.

3. Results and Discussions
After examining the graphs, contours, and obtained results,
it can be confidently stated that the calculated and precise
use of vortex generators can significantly enhance heat
transfer rates and reduce pressure drop. Obtained
important findings of this paper are summarized as
follows:

1- Regarding heat transfer rates from the tubes, it can be
observed that when using vortex generators in the heat
exchanger, priority should be given to using generators
with the last tubes. This is because the fluid flow is
deflected after colliding with the first tube, and the heat
transfer gradually decreases along the length of the
exchanger and in the subsequent tubes. Additionally,
using larger attack angles and lengths contributes to
increasing heat transfer rates to a greater extent.

2- Concerning the pressure drop in the heat exchanger, it

can be noted that unlike the previous case, using
smaller attack angles and lengths leads to a reduction
in pressure drop. Therefore, if the goal is to minimize
this parameter, the use of these factors is
recommended.

3- In the examination of the London Goodness Factor,

which is a parameter for the overall performance of the
exchanger, it should be noted that mathematically, the
designs leading to higher London Goodness Factor
exhibit better performance and are more suitable
choices for selection. The obtained numerical results
are depicted for Nusselt number in different attack
angles and lengths given in Fig. 4.
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