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Abstract: This study provides significance of heat transfer fin design and optimization in thermal
engineering for the enhancement of system performance. Engineers could use computing to test
out different fin configurations and zero in on the best possible heat exchanger designs. The
research involves an introduction, literature review, and methodology section detailing the
research design and data analysis procedures. The process includes determining heat transfer
requirements, selecting fin materials, calculating fin efficiency, and optimizing fin spacing using
computational fluid dynamics simulations. The resistance to heat transfer and overall heat transfer
coefficient is considered, followed by evaluation, iterations, and optimizations of the fin model. A
prototype is constructed and tested for validation. Results include visual presentations of data, such
as contour plots and XY -plots, based on a simulation of a rectangular plate under specific boundary
conditions. The simulation provides insights into the heat transfer characteristics and performance
of various fin designs, considering factors like density, velocity, pressure, and temperature. The
model was divided into surface and volume regions, with mesh counts of 1,32,114 and 4,28,323,
respectively, and skewness values of 0.6 and 0.8. The solver methodology employed second-order
upwind and central difference schemes to achieve convergence of continuity and momentum
equations, with a tolerance level below 10-4. Overall, this research contributes to advancing
thermal engineering through improved fin design and optimization.

Keywords: Fin spacing optimization, Heat transfer fin design, Heat transfer efficiency, Heat
transfer coefficient, Heat exchanger design

Introduction

Recent years have seen many studies into optimizing fin material and shape. In many applications,
fins are used to accelerate the rate at which heat is removed from the system; traditionally,
rectangular, triangular, and trapezoidal fin configurations have been favored [1]. Elongated fins
strategically remove heat. Heat transmission rates via these three systems determine heat release.
Heat transmission increases with temperature difference, thermal convection coefficient, and land
area [2]. An intriguing and expertly done mathematical analysis of the interplay between
convection and conduction in and onto a single extended surface was presented. This was first
referred to as a cooling fin by Harper and Brown but has now been shortened to "fin" [3].
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Transitions in energy use that need the quick transfer of heat are attracting the attention of an ever-
expanding range of technical specializations. They cause a growing need for low-cost, space-
saving, lightweight, and efficient heat transfer components.

High-performance heat transfer components like this are the focus of the field of extended surface
heat transfer, which investigates both the requirements for and the behavior of such components
in a variety of thermal environments [4]. Applications include aircraft, spacecraft, chemical and
refrigeration operations, electrical and electronic equipment, gas turbines, convention furnaces,
waste heat boilers, process heat dissipaters, and nuclear fuel modules. Engineers utilize heat
transfer fins to improve heat exchange systems. Heat sinks, radiators, and other devices transfer
heat via fins, which are protruding surfaces on fixed bases. It improves system efficiency by
increasing heat transport. Figure 1 is an example of a common Geometry of heat transfer fin design.
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Figure 1. The geometry of heat transfer fin [5].
The fin has a length of L, and all other relevant issue factors are also shown. The fluid is moving
at a speed of ¢ oo and a temperature of T co.

Heat Transfer

Heat is the movement of thermal energy, flowing from hotter objects to cooler ones. This transfer
continues until both the body and its surroundings reach the same temperature, known as thermal
equilibrium. The high-temperature object gradually transfers its energy to the lower-temperature
object, eventually achieving a balance of heat [6]. The second rule of thermodynamics expresses
the force behind heat transmission as a trend toward thermal equilibrium, also known as the even
distribution of kinetic energy. It is impossible to completely prevent heat transmission between
things with different temperatures that are close together; the rate of heat transfer can only be
reduced, as stated by the second law of thermodynamics [7]. Heat is the transfer of energy between
systems due to differences in temperature during the interaction. There are three main mechanisms
responsible for heat transfer:

Conduction:

Conduction is the transfer of heat by direct physical contact between two or more media of
different temperatures, whether those media be solids, liquids, or gases. Transfer of macroscopic
matter components between two points is not part of conduction. In certain cases, the lattice
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structure of a material allows thermal energy to be conveyed by the free movement of electrons.
Heat conduction; Fourier's law [6]:

Q=-KAS (1)
Convection:
Convection is the macroscopic type of heat transmission, and it is caused by the macroscopic
particles of a fluid moving across space. The fluid's ability to be mixed greatly affects the
effectiveness of heat transmission by convection. Both forced and natural convection may be

identified by their respective origins. Fluid-mediated heat transfer [6]; Newton's law of cooling:

Q= hA(Te, —Ty) 2
Radiation:

In contrast to conduction and convection, radiation is the unimpeded transmission of energy in the
form of waves over space. Black body radiation is the name given to the radiation emitted and
absorbed by a black body, which is the perfect surface for emitting radiation at a maximum rate.
Absorptiveness, another crucial quality of a flat surface, is defined as the fraction of incoming
radiation energy that is absorbed. Black bodies absorb all the incoming radiation. Blackbodies are
perfect absorbers of radiation (=1) [6]. Conduction of heat from one object to another:

Q =€ o (T* —T*) (€))
Heat transfer fins
Fins are protruding surfaces utilized in heat transfer studies. Installing fins promotes convection
and heat transmission to or from the environment. Convection and radiation losses equal the heat
an object radiates [8]. Temperature difference increases convection coefficient of heat
transmission, or object-environment interaction. Heat flow barrier increases with area. The base
plus fin surface area heat transfer coefficient is less affected by fin surface area. Engineering fins
of different sizes and forms facilitate heat transfer. Fins accelerate heat transfer on hot surfaces.
Fins increase heat transfer surface area, improving heating efficiency [9]. Fins or other extended
surfaces facilitate heat transfer between the main surface and the fluid in heat exchangers. Simple-
shaped fins include rectangle, square, circular, cylindrical, and tapered. Numerous trials have
improved fin designs for industrial requirements [10]. Optimizing fins involves enhancing heat
dissipation at a given weight or lowering fin weight. Heat transfer fin design and optimization in
thermal engineering was the study emphasis. Increase heat transfer efficiency and decrease thermal
flow resistance to improve system performance. Computational approaches were used to study
innovative fin configurations and find optimum heat exchanger designs.

Literature Review

Many authors have conducted their research in the same direction a literature review and their
findings are presented below:

Zhang et al., (2023) [11] demonstrated that longitudinal and annular fins have been the focus of
research for the last decade, but helical and topologically optimized fins perform better and might
become new topics of study. Beyond fins, the research recommends magnetic fluid, bubble-driven
flow, metal foam, nanoparticles, and ultrasonic vibration to increase Phase Change Materials
(PCMs) heat transfer. Thermal energy storage (TES) finned-tube technology is promoted here.
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Gaikwad et al., (2023) [12] analysed current developments in the field of using microchannels for
heat dissipation and underlines their increasing popularity. The study also analyses the usage and
optimization of heat sinks for contemporary applications considering the development of small
and sophisticated components due to developments in electronics and control systems.

Zhu et al., (2022) [13] emphasized the need for a holistic design strategy by revealing the interplay
of fin size, number, and heat accumulator factors. The study also examines a variety of approaches
that are often used for improving the form and size of fins. Some of these methods include topology
optimization, multi-objective response surface methods, Taguchi methods, and orthogonal testing.
These methods are noted for their ease of use and effectiveness.

Hagq et al., (2022) [14] explained that the efficacy and efficiency of the extended surfaces is what
is utilized to assess the performance of the extended surfaces. The frequency (w), the number of
convectional fins (N), and the amplitude (A) are three dimensionless factors that control the heat
transfer process. The researh provides various case studies that illustrate the fins' effectiveness and
efficiency.

Varma et al., (2022) [15] analysed that pin, triangular, trapezoidal, circular, rectangular, concave
parabolic, and convex parabolic fins are only some of the shapes that have been analyzed by studies
to determine their efficacy. Automobile engines, which are subjected to extreme temperature
swings and thermal stresses, are another area where fins have been studied for potential use. This
study intends to maximize heat transfer rates utilizing fins in a variety of settings by analyzing the
literature on the topic.

Zakaria et al., (2021) [16] demonstrated that by using optimum fins, the charging time was
extended by 65.04% and the discharging time was extended by 58.36%. The optimal fin
characteristics for maximum thermal performance were found to be 14 mm in length, 1 mm in
thickness, 3.45 mm in step, and 66 in the total number of fins.

Sadeghian Jahromi et al., (2021) [17] investigated how changing geometric factors affect things
like heat transmission and pressure decrease. There are direct comparisons between various heat
transfer improvement techniques and compound fin-and-tube heat exchanger designs. Heat
exchanger manufacturing-specific materials, thermal interaction, surface treatment, and particle
deposition studies are covered. The study's conclusion describes fin-and-tube heat exchanger heat
transfer and pressure drop correlations and validation ranges.

Dhaiban et al., (2020) [18] provided a summary of several hydrothermal heat sinks optimization
methods, such as pin fin, flat fin, micro-channel, and topology-optimized heat sinks. Heat sinks
thermal performance under free and forced convection circumstances is discussed, along with the
effects of orientation, forms, perforation, slot, interruption, and spacing between fins. The study
aims to shed light on how different heat sink shapes perform in terms of cooling and provide insight
that may be used to the perennial problem of excessive heat.

Alberto et al., (2017) [19] highlighted many emerging design patterns, such as the trade-off
between discharged energy and the necessary time for complete discharge, the superiority of three-
dimensional designs over two-dimensional ones, and a formulation that keeps the discharge's
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thermal power output constant. For longer discharge durations, the optimized design has fins that
are separated from the central tube.
Liu et al., (2016) [20] employed surrogate models to learn the parameters and objectives, then a
micro genetic algorithm trained on historical data to identify the ideal fin parameters. The
optimization increases average temperature, decreases longitudinal temperature difference, and
dramatically minimizes pressure drop in thermoelectric generators.
Background Study
Heat transfer enhancement requires the inclusion of buoyancy forces, which can be accomplished
by introducing perforations on fin surfaces. This research examines heat transfer by velocity,
density, and temperature using three-hole geometries: inclined square, parallel square, and circular.
Velocity, density, and temperature changes between perforated fin designs are examined using
Computational Fluid Dynamics (CFD). Perforated fins transmit more heat than solid fins of the
same size. Fin holes provide buoyancy force, which improves heat transfer. The study tested
parallel square, inclined square, and circular perforation designs for heat transmission
improvement [21].
Problem formulation
The problem at hand is to design and optimize heat transfer fins to achieve enhanced system
performance. However, the existing fin designs may not be efficient enough, leading to suboptimal
system performance, increased energy consumption, and potential overheating issues. Identifying
heat transfer requirements, choosing a fin material, choosing a fin geometry, calculating fin
efficiency, optimizing fin spacing, considering laminar or turbulent flow, accounting for heat
transfer resistance, evaluating fin performance, iterating and optimizing the design if needed, and
building a prototype and testing it thoroughly are the steps in the formulation. Reduce pressure
drop and maximize heat transfer efficacy to accomplish the specified heat transfer rate and
temperature distribution. To study and anticipate fin thermal behavior, the Dittus-Boelter equation,
a well used correlation for forced convection heat transport, would be utilized. Using this equation,
the goal is to design a fin that optimizes heat transfer efficiency and system performance.
Research Objective
o To develop a numerical model to simulate and optimize heat transfer properties of
different fin designs.
o To develop a computational model using Dittus-Boelter equation to simulate heat
transport across various fin designs.
o To comprehend heat transfer methods and fins' impact on heat dissipation in varied
systems.
o To utilize computational fluid dynamics (CFD) simulations to model the fluid flow and
heat transfer behavior around the heat transfer fins.

Research Methodology
The concept of designed architecture is examined in the context of research methodology.
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Technique Used
There are several techniques used in the proposed methodology. These techniques are given below:

Computational fluid dynamics (CFD)
CFD solves fluid flow and heat transfer problems. The technique involves solving equations to
represent fluid dynamics and energy transfer [22]. The equations of fluid motion could be
numerically approximated using computational fluid dynamics (CFD) [23]. Numerical approaches
in CFD enable engineers and scientists to explore complicated fluid flow phenomena and optimize
designs. Based on the issue and assumptions, CFD equations and methods may calculate the
optimal fin spacing. Examining the system's heat transfer and fluid flow is a frequent technique.
Fourier's rule of heat conduction may be used to provide a generic expression for the equation
controlling heat transmission from the fins:
q = —k*AxdT/dx 4)
Where:
The heat transfer rate, q, is measured in Watts,
The thermal conductivity, k, is measured in Watts per meter Kelvin,
The fin's area (in square meters) is denoted by A,
The x-direction (K/m) temperature gradient is denoted by the symbol dT/dx.
The relationship between temperature difference and flow may be calculated using convective heat
transfer coefficient (h) and fluid velocity (u):
dT/dx = (h * (Tf — Tfin))/k (5)
Where:
Tf is the fluid temperature (K),
Tfin is the fin temperature (K).
Experimental or correlation data may determine the convective heat transfer coefficient, depending
on the situation.
Maximum fin surface heat transfer determines optimal fin spacing. This is done by optimizing fin
surface area while considering pressure drop and flow.
The fin spacing (s) is typically determined by geometric considerations and can be expressed as:
s=d+t (6)
Where:
d is the distance between two adjacent fins (m),
t is the thickness of the fin (m).
The optimum fin spacing would depend on factors such as the desired heat transfer rate, pressure
drop, and constraints of the system [24].
The Dittus-Boelter equation for turbulent flow and the Sieder-Tate equation
Pipe heat transfer coefficients could be estimated for laminar or turbulent flow using the Dittus-
Boelter equation [25]. However, the equation provides accurate results primarily for turbulent flow
regimes [26]. For laminar flow, a modified version of the Dittus-Boelter equation, known as the
Sieder-Tate equation, is often used. Let's discuss both equations.
Dittus-Boelter Equation (for turbulent flow):
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Since the turbulent flow in a pipe is dependent on both the Reynolds (Re) and Prandtl numbers

(Pr), the average heat transfer coefficient (h) could be calculated using the Dittus-Boelter equation:
Nu = 0.023 * Re”0.8 x Pr"0.3 @)
Where:

Nu is the Nusselt number, which represents the dimensionless heat transfer coefficient (h
* D / k, where D is the hydraulic diameter of the pipe, and k is the thermal conductivity of the
fluid).

Fluid density (p), flow rate, fluid velocity (V) hydraulic diameter (D), and dynamic
viscosity (u) are the four inputs into the formula for the Reynolds number, Re = (p * V * D) / .

Pr is the Prandtl number, defined as Pr = p * Cp / k, where Cp is the specific heat capacity
at a constant pressure of the fluid.

Sieder-Tate Equation (for laminar flow):
The Sieder-Tate equation is a modified version of the Dittus-Boelter equation used for laminar
flow in a pipe:

Nu = 0.664 * Re™0.5 * Pr™0.33 (8)

Proposed Methodology

The Proposed layout in Figure 2 shows the operation depicted in diagrammatic form. The
algorithm described a series of steps for designing a fin model for heat transfer:
1: Determine the Heat Transfer Requirements
o Define the desired heat transfer rate as Q (in watts).
o Specify the temperature gradient as AT (in Kelvin).
o Identify other relevant parameters as P1, P2, P3, ..., Pn.
2: Select Fin Material
o Evaluate the thermal conductivity of each fin material, represented as k1, k2, k3, ..., km
(in watts per meter per Kelvin).
o Assess the cost of each material, represented as C1, C2, C3, ..., Cm.
o Consider the compatibility of each material with the system, represented as B1, B2, B3,
..., Bm.
3: Determine Fin Geometry
o Determine the fin height as H (in meters).
o Specify the fin thickness as T (in meters).
o Decide on the fin shape, represented as S1, S2, S3, ..., SL
4: Calculate Fin Efficiency
Calculate the fin efficiency, represented as 1), using empirical correlations or analytical
methods that incorporate the fin dimensions, material properties, and boundary conditions.
5: Optimize Fin Spacing
Utilize computational fluid dynamics (CFD) simulations to determine the optimum fin
spacing, denoted as F (in meters), that minimizes pressure drop while maximizing heat transfer.
6: Design for Laminar or Turbulent Flow
Determine if the flow around the fins would be laminar or turbulent.
For turbulent flow, use correlations such as the Dittus-Boelter equation.
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For laminar flow, employ the Sieder-Tate equation.
7: Account for Heat Transfer Resistance

Account for the resistance to heat transfer from the fin base to the surrounding fluid.

Calculate the overall heat transfer coefficient, denoted as U (in watts per square meter per
Kelvin), using appropriate correlations or analytical methods that consider both convective and
conductive resistances.
8: Evaluate Fin Performance

Evaluate the performance of the fin model by analyzing parameters such as heat transfer
rate (Q), effectiveness, and temperature distribution.
9: Iterate and Optimize

If the initial design does not meet the desired heat transfer requirements:

Modify parameters such as fin dimensions (H, T), spacing (F), or material (k).

Utilize computational tools and experimental data to optimize the design further.
10: Prototype and Test

After finalizing the fin model:

Build a prototype.

Conduct experimental tests to validate its performance.

Measure the heat transfer rate (Q) and other relevant parameters to compare with the
desired requirements.
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Figure 1.

Proposed methodology.

This section describes a model and the conditions set for the simulation. Figure 3 represents the
model of the base structure for the rectangular plate.
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Figure 3. Model of the base structure for rectangular plate.

Boundary Conditions:

These are the conditions set for the simulation or analysis of the rectangular plate. The given

boundary conditions are as follows:
o Fluid = air
Flow = 3D (turbulent and compressible)

Inlet velocity = 1 m/s
Initial Air temperature = 27°C

0O O O O O

Buoyancy is considered for modeling density variation.

The plate surface is at constant heat flux = 200 W/m2

o Far-field size as L=100 mm, B=40 mm on both sides of the plate of width W= 10 mm.
Table 1 provides information about the number of meshes and the skewness values for the surface
and volume regions of the model. The table provides information about the mesh counts and
skewness values for the surface and volume regions of the model. These details are crucial for
accurately representing geometry and flow physics in numerical simulations, such as in

computational fluid dynamics analyses.

Table 1. Modeling details.

S.no. Region Mesh count Skewness
1. Surface 1,32,114 0.6
2. Volume 4,28,323 0.8

Table 2 provides details about the solver methodology used in the analysis or simulation of
the rectangular plate.
Table 2. Solver methodology.

S.no. Details Base model
1. Scheme The second-order
upwind and central

difference
2. Convergence Less than 10-4 and

Continuity and 10-4
momentum
equations

Table 3 provides a comparison of different perforations based on various factors.

Table 3. Comparison of different perforations.
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Circular fins

S.no. Factor Circular Rectangular | Diamond
1. Density 0.998 1.12 1.23
(Kg/m3)
2. Velocity(m/s) 0.000242 0.000234 0.000258
3. Pressure (Pa) | 0.00000276 | 0.00000354 | 0.00000455
4. Temperature(K) 396.67 404.56 400.25

The design of a circular fin typically includes a solid circular base that is in direct contact with the
heat source. The design of a perforated circular fin, as shown in Figure 4, incorporates small holes
or perforations on the surface of the fin.

Figure 4. Design of perforated cicrular fin.
The Static temperature contour plot for a perforated circular fin, as shown in Figure 5, provides a
visual representation of the temperature distribution on the surface of the fin.
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Figure 5. Static temperature contour plot for perforated circular fin.
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Figure 6 depicts the contour plot of the static pressure distribution over the fin surface.
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Figure 6. Static pressure contour plot for perforated circular fin.
The density contour plot for the perforated circular fin is shown in Figure 7.
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Figure 7. Density contour plot for perforated circular fin.
Figure 8 illustrates a contour plot of the velocity magnitude specifically for a perforated circular
fin.
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Figure 8. Velocity magnitude contour plot for perforated circular fin.
XY-plots:
The velocity magnitude in the X and Y quadrants is illustrated in Figure 9. The y-axis of the graph
represents the velocity magnitude in meters per second [m/s], while the x-axis corresponds to the
position. Figure 10 presents the distribution of static temperature. The y-axis displays the static
temperature in degrees Celsius [°C], and the x-axis represents the position in meters [m]. Static
pressure is visualized in Figure 11, with the y-axis indicating the static pressure in Pascals [Pa],
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and the x-axis denoting the position in meters [m]. The graph displayed in Figure 12 depicts the
mass imbalance.
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Figure 9. Velocity Magnitude.
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Figure 10. Static temperature.
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Figure 11. Static pressure.
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Figure 12. Mass imbalance.
Rectangular Fins
A rectangular fin is a widely utilized heat transfer device that is employed to improve the cooling
or heating capabilities of a system. It is commonly affixed to a surface and extends outward,
thereby augmenting the available surface area for efficient heat transfer. Figure 13 visually
represents the design of a perforated rectangular fin.

Figure 13. Design of perforated rectangular fin.
Figure 14 presents a contour plot showcasing the distribution of static temperature for a perforated
rectangular fin. The contour lines represent different temperature levels, providing a visual
representation of the temperature distribution across the fin's surface.
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Figure 14. Static temperature contour plot for perforated rectangular fin.
A contour plot depicting the static pressure distribution for a perforated rectangular fin is presented
in Figure 15. The plot illustrates the variation of static pressure across the surface of the fin.
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Figure 15. Static pressure contour plot for perforated rectangular fin.
A density contour plot for a perforated rectangular fin is depicted in Figure 16. The plot visualizes
the distribution of density across the fin's surface.
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Figure 16. Density contour plot for perforated rectangular fin.
The velocity magnitude contour plot for a perforated rectangular fin is shown in Figure 17.
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Figure 17. Velocity magnitude contour plot for perforated rectangular fin.
XY-plots:
Figure 18 represents the graph of static pressure with the Y-axis displaying the static pressure in
Pascals [Pa], and the X-axis representing the position in meters [m]. In Figure 19, the graph
illustrates the magnitude of velocity. The Y-axis represents the velocity magnitude in meters per
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second [m/s], while the X-axis indicates the corresponding position in meters [m]. Figure 20
depicts the distribution of static temperature. The X-axis displays the position in meters [m], and

the Y-axis represents the static temperature in Kelvin [K].
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Figure 18. Static pressure.
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Figure 19. Velocity magnitude.
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Figure 20. Static pressure.
Diamond fins
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Diamond fins present a cutting-edge cooling solution for electronic devices, offering superior heat
dissipation capabilities and enhancing thermal management. The Design of the perforated
Diamond fin is depicted in Figure 21

I

L

Figure 21. Design of perforated diamond fin
Figure 22 depicts the contour plot showcasing the static temperature distribution of a perforated
Diamond fin.

contour-4
Total T emperature
400e:02

3.90e.02
3800002

3.70es02

3600002
— m
3.4es02

3300402
3. 2002
3.10:02
3.000402

(K]

Figure 22. Static temperature contour plot for perforated diamond fin.
Figure 23 illustrates the contour plot of static pressure for a perforated Diamond fin.
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Figure 23. Static pressure contour plot for perforated diamond fin.
Figure 24 illustrates the density contour plot showcasing the characteristics of the perforated
Diamond fin.
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Figure 24. Density contour plot for perforated diamond fin.
In Figure 25, a contour plot illustrates the magnitude of velocity for a perforated Diamond fin.
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Figure 25. Velocity magnitude contour plot for perforated diamond fin.
XY-plot:
Figure 26 illustrates the static temperature plotted on the XY-axis. The Y-axis represents the static
temperature in Kelvin (K), while the X-axis represents the position in meters (m). In Figure 27,
the static pressure is plotted on both the X and Y axes. The Y-axis represents the static pressure in
Pascals (Pa), while the X-axis represents the position in meters (m). Figure 28 displays the velocity
magnitude. The Y-axis represents the velocity magnitude in meters per second (m/s), while the X-

axis represents the position.
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Figure 26. Static temperature.
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Figure 28. Velocity magnitude.

Discussion

The results section presents the model and conditions used for the simulation, including the
boundary conditions such as fluid type, flow characteristics, and inlet velocity. The section also
provides details on the mesh counts and skewness values for the surface and volume regions of the
model, essential for accurate representation in numerical simulations. Additionally, it includes
information on the solver methodology employed in the analysis. The section further presents
comparison tables for different perforations based on factors like density, velocity, pressure, and
temperature. The results for circular, rectangular, and diamond fins are then discussed individually,
including the design of the fins, contour plots depicting static temperature, static pressure, density,
and velocity magnitude, as well as XY -plots illustrating the distribution of static temperature, static
pressure, and velocity magnitude. These results offer a comprehensive overview of the simulations

and provide insights into the heat transfer characteristics of the different fin designs.
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Conclusion
The design and optimization of heat transfer fins are crucial aspects of thermal engineering,
offering improved system performance across various sectors. Well-designed fins contribute to
enhanced dependability, energy efficiency, and overall system effectiveness by optimizing heat
transfer efficiency and reducing thermal flow resistance. Through cutting-edge computational
techniques, engineers can explore innovative fin configurations and quickly identify ideal designs,
ushering in a new era of heat exchangers characterized by exceptional performance.
In one simulation, a rectangular plate was studied under specific boundary conditions, including
air as the fluid type, 3D turbulent and compressible flow characteristics, consideration of buoyancy
for density variation modeling, an inlet velocity of 1 m/s, an initial air temperature of 27°C, and a
constant heat flux of 200 W/m2 on the plate surface. The plate had a far field size of L=100 mm
and B=40 mm on both sides, with a width of W=10 mm. The model was divided into surface and
volume regions, with mesh counts of 1,32,114 and 4,28,323, respectively, and skewness values of
0.6 and 0.8. The solver methodology utilized second-order upwind and central difference schemes
for convergence of continuity and momentum equations, with a tolerance level below 10-4. A
comparison of different fin designs, including circular, rectangular, and diamond fins with solid
bases and perforations, was conducted, considering factors such as density, velocity, pressure, and
temperature. Contour plots were generated to visualize static temperature, static pressure, density,
and velocity magnitude for each fin type. XY plots displayed the distribution of static temperature,
static pressure, and velocity magnitude along the position axis. Overall, the simulation and analysis
provided valuable insights into the heat transfer characteristics and performance of the various fin
designs. Multi-physics simulations, which consider things like fluid dynamics, thermal dynamics,
and structural mechanics, would be a major focus of future investigation.
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