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ABSTRACT: Heat exchangers are fundamental
devices in the history of thermal transfer processes,
from everyday situations like warming oneself by a
fire to the use of complex thermal machines in
industry. Remarkably, compact models play an
essential role in this context, facilitating efficient
heat transfer between two fluids, widely employed
in the industry, especially in situations requiring
less weight and size, optimizing the relationship
between surface area and occupied volume. The
study in question focused on the analysis and
enhancement of Computational Fluid Dynamics
(CFD) in a specific model of compact heat
exchanger, with emphasis on optimization. The
central objective was to investigate and adjust
geometric and operational parameters to improve

process efficiency. Various configurations of
compact heat exchangers were evaluated based on
literature reviews, with the tube-and-fin model
being selected for optimization. The methodology
included creating the computational model through
Computer-Aided Design (CAD) using SolidWorks
software. Fluid dynamic simulations and
optimizations were conducted using Flow
Simulation. The modeling results were analytically
validated with the calculation of the Reynolds
number and experimentally validated, referencing
previous data from Ma et al. (2020), demonstrating
effectiveness in  the enhancement process.
Significant improvements of up to 31.5% were
identified when comparing straight fin models with
pure serpentine models, and an advancement of up
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to 4.45% when comparing straight fin models with
zigzag fin models. Additionally, the Logarithmic
Mean Temperature Difference (LMTD) showed a
variation of approximately 21% among the models.
Therefore, through the developed and validated
CFD model, it became possible to analyze and
optimize various configurations of compact heat
exchangers, seeking improvements in equipment
and thermal exchange processes, essential for
efficiency and innovation in the industry.
Keywords:Optimization of heat exchangers,
Computational Fluid Dynamics (CFD), Thermal
transfer, Compact heat exchangers.

I.INTRODUCTION

The optimization of compact heat
exchangers has been a topic of great interest in
thermal engineering due to its relevance in various
industrial applications. These devices play a
fundamental role in heat transfer in refrigeration
systems, air conditioning, chemical processes, and
many other areas. The efficiency of these heat
exchangers is directly related to their ability to
transfer heat effectively, minimizing energy losses
and maximizing system performance (Yousefi et al,
2015).

In this context, computational fluid
dynamics (CFD) emerges as a powerful tool for
analyzing and optimizing the performance of
compact heat exchangers. CFD allows the
simulation of fluid behavior and heat exchange
surfaces in detail, providing valuable insights into
heat flow, temperature distribution, and heat
exchanger efficiency (Bhutta et al, 2012).

This article aims to explore the application
of computational fluid dynamics in the
optimization of compact heat exchangers.
Advanced numerical methods, mathematical
models, and simulation techniques used to analyze
the thermal performance of these devices will be
addressed.  Additionally, case studies and
experimental results demonstrating the
effectiveness of CFD in optimizing compact heat
exchangers in different scenarios and industrial
applications will be discussed (Bhutta et al, 2012).

The main objective of this study is to
explore the application of CFD in the analysis and
optimization of compact heat exchangers. To
achieve this objective, steps such as the
development and validation of a CFD model using
the Reynolds number as a validation parameter,
comparison of the results with previous
experimental data to ensure consistency and
accuracy, investigation of different heat exchanger
configurations through CFD simulations, analysis
of the thermal performance of each configuration

considering variables such as inlet and outlet fluid
temperatures, velocity distribution, and heat
transfer  efficiency, and identification of
optimization opportunities for the compact heat
exchanger, including fin positioning and heat
transfer surface design through detailed analysis of
CFD simulation results, will be carried out
(CENGEL; GHAJAR, 2012).

Through this article, it is intended to
provide a comprehensive overview of the
optimization techniques for compact heat
exchangers, highlighting the importance of
computational analysis in improving the thermal
and energy performance of these devices. By
understanding the fundamental principles and
methodologies involved in CFD simulation of heat
exchangers, engineers and researchers will be able
to develop more efficient and sustainable designs,
contributing to significant advancements in thermal
engineering and the industry in general (MA et al.,
2020).

I.LEXPERIMENTAL PROCEDURE

2.1Selection of the CFD Model

Before starting the simulations, it was
crucial to select the most appropriate CFD model
for the problem at hand. Various aspects were
considered, such as the complexity of the heat
exchanger geometry, the type of flow (laminar or
turbulent), and the availability of computational
resources. A simulation model capable of
efficiently handling complex geometries and
turbulent flows was chosen, as many compact heat
exchangers operate in this regime. Additionally, it
was important to choose a CFD software widely
used in the academic and industrial community,
ensuring access to technical support and
development resources.

2.2Pre-processing

In the pre-processing stage, several
preparatory activities for the CFD simulation were
carried out. Using SolidWorks software and Flow
Simulation, the geometry of the compact heat
exchanger was precisely modeled, taking into
account every detail of the fins and tubes.
Advanced meshing techniques were applied to
ensure an adequate representation of the geometry
and good numerical resolution. Additionally,
boundary and initial conditions for the simulation
were defined. This involved specifying the
properties of the fluid, such as viscosity and
density, as well as the heat inlet and outlet
conditions. Sensitivity studies were conducted to
evaluate the impact of different input parameters on
the simulations.
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2.3CFD Simulation and Post-processing

After defining the geometry and boundary
conditions, CFD simulations were performed using
the selected software. The fundamental equations
of fluid dynamics were numerically solved to
calculate the temperature, velocity, and other
variables distributions along the compact heat
exchanger.

The simulations covered different heat
exchanger configurations, ranging from the
geometry of the fins to the wvelocity and
temperature of the inlet fluid. Each simulation was
run on a high-performance computer cluster to
ensure computational efficiency and reduce
processing time.

After the simulations were completed, the
results were subjected to post-processing for
analysis. Using visualization and data analysis
tools, temperature and velocity distributions along
the compact heat exchanger were examined.
Performance metrics, such as thermal efficiency,
heat transfer coefficient, and pressure drop, were
calculated and compared for different heat
exchanger configurations.

Additionally, sensitivity analyses were
conducted to identify the parameters that most
influence the performance of the compact heat
exchanger. This allowed the identification of areas
of opportunity for design optimization and
refinement of the compact heat exchanger
configurations.

I11.RESULTS AND DISCUSSIONS

The process of optimizing the heat
exchanger model was conducted in stages,
comparing temperature results for different fin
models, including coil, straight fins, and zigzag
fins. This comparative analysis allowed for
identifying the most suitable fin model in terms of
thermal efficiency, providing valuable information
for selecting the best model for the compact heat
exchanger.

3.1.Process of Optimizing the Heat Exchanger
Model

The optimization process begins with
analyzing the impact of fins on the heat exchanger's
performance, compared to the model that
exclusively uses conventional coils without fins.
The aim is to determine the effect of the number of
fins on the model, contrasted with the model
without fins. This analysis will allow for assessing
the effectiveness of fins in improving the heat
exchanger's performance, as illustrated in Fig. 1.
The simulation to examine the effect of straight
fins on the heat exchanger was conducted using the
same parameters as the model with only the coil,
allowing for a direct comparison of the results. This
analysis is shown in Table 1 and Fig. 2,
highlighting the effects of including straight fins on
thermal performance.

19444
175,06 T R D 5 2688 HOT OUTLET TEMPERATIRE
1 e £ 19685
. BT T S 108
13629 g 2 (hes
11691 { !l" (‘j‘ " o 166.85
GUNTIIINTTIT ' 3 15685
yas N Iu u il S 14685
1815 amnnnmuumlnum,. 2 1385
1 At L R AT TR Taas" aaa s raan
e ‘llllHIIIIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIlIIIIlIIIIlIIIlIIll' o
ROUUY SCOU Y 4 P il 'r!|‘ 244
2001 ¢||nm||umummlmmmmmnm||||||mm|||ml 6685 WW“”“M“PERAT“RE
T i ) | | 10 1" [
e ‘IIIIIIHIIIIIllllllIHIII!IIIIIIIIHIIIlIIlIIIIHIIIIIIIIIIII §5595
CutPlot 1; contours W i 4685
umumumumnun.muu.mnn.lunuuuummnw 8 i
’ ) Il )\ ] L} I ' | a2
\ | N 2
SERHIEIT ORI Mg RS
. ] 1 1 1) M) " 1 N ] E
8 1685

‘\IllllHIIIIII‘IIIIIIITHIIIII,I|IIIII‘IIIIIIIIIIIIIIIIIlllllllllli

W R e
Figure 1. Simulation of a compact heat exchanger with straight fins. Source: OWN AUTHOR, 2023.
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The simulation to examine the effect of
straight fins on the heat exchanger was conducted
using the same parameters as the model with only
the coil, allowing for a direct comparison of the

results. This analysis is shown in Table 1 and Fig.
2, highlighting the effects of including straight fins
on thermal performance.
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Figure 2. Comparison between cooling results of heat exchanger with and without fins. Source: OWN
AUTHOR, 2023.

Table 1. Comparison between cooling results of heat exchanger with and without fins.

Outlet Temperature with Fins (°C)  Vanation (%)

Inlet Temperature (*C)  Outlet Temperature without Fins (*C)

50 46,94 40,21 1433
100 9507 69,66 26,72
150 143 58 10043 30,03
200 192,33 131.84 3145
250 240.8 16489 31,52

The results obtained show that as the fluid
temperature  increases, the discrepancy in
effectiveness between the heat exchanger with and
without fins also increases. A maximum variation
of 31.52% in the cold outlet temperature was
observed when the inlet fluid was at 250°C, and a
minimum variation of 14.33% in the cold outlet
with the inlet fluid at 50°C. These results highlight
the influence of using the straight fin model and
demonstrate the effectiveness of the design
compared to conventional coils without fins.

3.20ptimization for Zigzag Fin Pattern

The optimization procedure aims to
develop a more efficient model than those with
common straight fins or simple coils without fins.
In this quest for efficiency, modifying the model's
geometry is crucial. In this sense, the use of fins in
a zigzag configuration is suggested, as illustrated in
Fig. 3 below. This alternative geometry allows for
maintaining the compactness of the model while
seeking an increase in its efficiency.
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Figure 3. Proposed model for optimizing compact heat exchanger with zigzag fins. Source: OWN
AUTHOR, 2023.

The optimization process consisted of
using the spaces between the straight fins to
introduce curves in a zigzag pattern, maintaining
the same total space of the model. This approach
enabled the creation of a new model with greater
complexity of analysis while preserving the same
boundary conditions of the finned model
simulation. The outcome of this simulation is
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demonstrated in Fig. 4. The simulation process to
evaluate the impact of zigzag fins on the heat
exchanger was carried out using the same
parameters used in the straight fin model, allowing
for a direct comparison of the results. This analysis
is presented in Tables 2 and 3, as well as in Figs. 5
and 6 below.
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Figure 4. Simulation of a compact heat exchanger with zigzag fins. Source: OWN AUTHOR, 2023.
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Table 2. Comparison the hot fluid cooling results in the heat exchanger with straight and zigzag ends.
Inlet Temperature Hot Outlet Temperature Hot Outlet Temperature with

(°C) with Straight Fins (°C) Zig-Zag Fins (°C) Variation (%)
50 40,21 39,5 1,76
100 69,66 67,42 3,21
150 100,43 96,52 3,88
200 131,84 126,56 4,01
250 164,89 157,54 4,45
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Figure 5. Comparison between the hot fluid cooling results in the heat exchanger with straight and zigzag
fins. Source: OWN AUTHOR, 2023.

50°C. These results indicate that the proposed
zigzag fin pattern shows superior effectiveness in
both heating and cooling processes of the fluids.

An increase of about 4.45% in the hot
outlet temperature was observed when the inlet
fluid was at 250°C, and a minimum increase of
1.76% in the hot outlet when the inlet fluid was at

Table 3. Comparison between the cold fluid heating results in the heat exchanger with straight and zigzag
fins.

Cold Outlet
Inlet Temperature (°C) Temperature with °C)
Straight Fins (°C)

Cold Outlet Temperature with Zig-Zag Fins Variation (%)

50 23,9 24,45 2,16
100 32,22 34,12 5,56
150 40,4 43,77 7,69
200 49,08 52,67 8,55
250 58,2 63,78 8,63
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Figure 6. Comparison between the cold fluid heating results in the heat exchanger with straight and
zigzag fins. Source: OWN AUTHOR, 2023.

The same comparison was made for the
cold fluid outlet, revealing significant results.
There was an increase of about 8.63% in the cold
outlet temperature when the inlet fluid was at
250°C, and a minimum increase of 2.16% in the
cold outlet with the inlet fluid at 50°C. These
results emphasize the effectiveness of the improved
model with zigzag fins in enhancing the cooling
performance of the heat exchanger.

Moreover, the use of LMTD (Log Mean
Temperature Difference) with the temperature data
indicated in each of the heat exchangers further
reinforces the higher effectiveness of the zigzag fin
model. For the scenario where the fluid was at
250°C, the LMTD of the heat exchanger with
straight fins reached 167.24, while the one with
zigzag fins reached 211.58, a discrepancy of about
21%.

Based on these analyses, we conclude that
the zigzag fin model is superior to the straight fin
model in both the heating and cooling processes of
the fluids, providing notable benefits without
compromising the requirement for a larger
workspace.

3.3Discussion of Results

Based on the results obtained from the
simulations and analyses conducted on the heat
exchangers with different fin configurations, we

can observe significant improvements in the
thermal performance of these systems.

The comparative analysis between the
heat exchanger model with straight fins and the
model with zigzag fins demonstrated that the
introduction of zigzag fins resulted in a
considerable improvement in the thermal efficiency
of the heat exchanger. This improvement was
evidenced in both the cooling and heating of the
fluids, as indicated by the data presented in Tables
1,2, and 3.

In the zigzag fin model, an increase in the
cooling and heating efficiency of the fluids was
observed, with percentage improvements in the
outlet temperatures compared to the straight fin
model. For example, Table 2 shows that there was
an improvement of approximately 4.45% in the hot
outlet temperature and a minimum improvement of
1.76% in the hot outlet, while Table 3 shows an
increase of approximately 8.63% in the cold outlet
temperature.

IV.CONCLUSION

In this section, we present the main
conclusions derived from this study on the analysis
and optimization of compact heat exchangers using
computational  fluid dynamics (CFD). We
summarize the main results obtained and discuss
their implications for the design and operation of
compact heat exchangers.
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Based on the results of the CFD
simulations and analyses conducted, important
insights were obtained regarding the performance
of compact heat exchangers. We highlight the
following key conclusions and proposed objectives:

The implementation of zigzag fins showed
significant  improvements in the thermal
performance of compact heat exchangers,
providing superior efficiency compared to
conventional straight fin configurations. This
improvement is crucial for optimizing heat transfer
and increasing system efficiency.

The geometry of the fins and the fluid
velocity were identified through sensitivity analysis
as the main factors influencing the performance of
compact heat exchangers. These findings help
guide future design optimizations and allow for a
deeper understanding of heat transfer mechanisms.

The application of zigzag fins is a useful
method for improving the operation of compact
heat exchangers, resulting in more efficient heat
transfer and a reduction in system pressure drop.
This makes heat exchangers more economical and
sustainable.

The detailed analyses conducted through
CFD simulations provide useful information for the
design and operation of compact heat exchangers.
These analyses help optimize the geometry and
operating conditions of heat exchangers, ensuring
optimal performance in various industrial
applications.

The conclusions of this study have
important practical implications for industry and
research in thermal engineering, highlighting the
importance of the CFD-based approach in the
analysis and optimization of compact heat
exchangers. This approach offers a powerful tool
for improving the performance and efficiency of
heat exchange systems, contributing to significant
advancements in the field.
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