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The engine fin is an essential component that significantly impacts the cooling system's
effectiveness and overall performance. Although the engine fin is used to dissipate heat
generated, an attempt to enhance the effective surface area for the fin needs to be addressed.
This research aims to enhance the effectiveness of engine cooling systems through the fin
design, which may involve incorporating slots to expand the surface area and improve overall
efficiency. The analysis involved two fin geometries, rectangular and cylindrical fins, made of
Aluminum 1100 material. The design models are created using the computer-aided design
software PTC CREO Parametric 6.0., and steady-state thermal analysis and modal analysis
were performed using ANSYS 2023 R1. The steady-state thermal analysis results indicate that
the slotted cylindrical fin design demonstrated the highest heat transfer rate compared to the
conventional fin design. The results from this study are expected to provide valuable
performance in improving heat dissipation.

Heat transfer.
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1. Introduction

Engine fins play a crucial role in the cooling of
internal combustion engines. These fins are
affixed to the surface of the engine cylinder to
accelerate the heat transfer process from the
engine to the surrounding atmosphere. In the
traditional design of engine fins, various
parameters, such as the type of material used, the
number of fins, the thickness of the fins, and the
fin shape, significantly affect the thermal
performance of the engine [1]. Over time,
continuous exposure to high temperatures and
thermal stress can cause engine fragility and
decrease lifespan. Design modification plays a
vital role in enhancing engine performance and
cost reduction. The main problem with the
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current design and production method of engine
fins is the limited options available for materials
with high thermal conductivity. This results in
low heat transfer rates and a decrease in engine
efficiency. Another issue is the need for more
consideration for optimizing the fin geometry,
leading to a lack of optimal heat dissipation.
Optimizing their geometry, material, and profile
is one standard solution to improve engine fin
performance [2]. It can be done through
numerical simulations using computer-aided
design (CAD) software and finite element
analysis (FEA) tools. Determining the optimal
design can provide the best balance between heat
dissipation and weight reduction by testing
various configurations. Another solution is to use
materials with high thermal conductivity, such as
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Aluminum alloys, to enhance heat transfer.
Incorporating innovative shapes can also
increase surface area and enhance heat
dissipation. Through the combination of these,
we can improve the efficiency and lifespan of
engine fins. The analysis of heat transfer and
temperature variations is essential to understand
the behavior of a system or material, and this
method is commonly known as thermal analysis.
It helps to predict how a system or material will
perform under different thermal conditions. That
information can then be used to modify the
design and improve the performance of the
system or material.

Several researchers worked in this area and
reported their results. Dubey et al. [1] presented
a work to increase an engine's heat dissipation
rate by increasing the fin tip thickness, providing
slots of different sizes, modelling the engine, and
analyzingotherAluminum alloys such as 6061,
C443, and 2014. The analysis shows that
Aluminum Alloy 2014, with a slot width of 75
mm, has the highest thermal heat dissipation rate
compared to other materials and slot widths.
Shareef et al. [2] presented work on investigating
the thermal properties of engine cylinders by
varying the geometry, material, and profile of
fins. Modelling was done for three geometrical
shapes, and a numerical investigation was done
using Ansys Workbench. The findings indicated
that the angular profile fin decreased the weight
by more than 60% compared to the original fin
profile of the engine body while achieving the
highest heat flux value and minimal possible
temperature. Patil et al. [3] presented a work to
identify the geometrical shape of a fin that
dissipates more heat by varying geometry,
material, and thickness of cylinder fins. Thermal
analysis is done for the cylinder fins, and the heat
dissipation rate of different geometries,
materials, and thicknesses of the fins are
compared. The analysis indicates that the step
design fin is the most efficient in eliminating heat
from the cylinder, resulting in a temperature
reduction of 40.43°C compared to the standard
design. Additionally, the wave design fin
produced a temperature reduction of 13.17°C
compared to the standard design. Sagar et al. [4]
presented a work comparing aluminium alloy
and magnesium alloy fins of different shapes
(circular and rectangular) and thicknesses. The
thermal analysis was conducted using a
simplified case of stagnant air and an average
internal temperature, with the film transfer
coefficient used as the boundary condition. The
Aluminium Alloy fin with 2Zmm thickness had the
highest max temp (797.84°C) and shortest time
to reach a steady state, conducting total heat flux
than Magnesium Alloy fins. Increasing surface
area increases heat flux while increasing
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thickness decreases it. Using ANSYS Workbench,
Chaitanya et al. [5] analyzed the engine cylinder
fins' thermal properties by varying their
geometry, material, and thickness. The engine
cylinder fin body was simulated, and a transient
thermal analysis was performed to assess the
temperatures and heat transfer over time. The
findings revealed that implementing a circular fin
made from Aluminum Alloy 6061, with a
thickness of 2.5 mm, yielded superior heat
transfer and reduced weight compared to the
existing rectangular fin. Senthilkumar et al. [6]
presented work on analyzing and comparing
circular fins, axial fins, and circular fins with
triangular profiles for their thermal performance
in a two-stroke aluminium SI engine. The method
uses FEA codes incorporating fluid mechanics to
calculate the heat transfer coefficient and a
simulation program for predicting and improving
thermal performance. The utilization of triangle
profile fins resulted in a decreased tip
temperature distribution. In contrast, the
elliptical fin was found to have better output in
terms of overall thermal performance based on
heat transfer analysis.

Sekhar et al. [7] presented work on the
analysis of the heat dissipation of fins by varying
its geometry and material composition. The 3D
model was done for different geometries,
analysis was conducted using ANSYS, and a
thermal gradient was observed for each
geometry and material composition. It was found
that the triangular fins had a higher thermal
gradient than rectangular fins, and the geometry
and fin’s cross-sectional area were the
parameters that most contributed to the fin's
efficiency. Devsingh et al. [8] presented the work
on thermal analysis of 220cc engine cylinder fins
to determine the heat dissipation through the
cylinder. A parametric model of the piston bore
fins was generated, and the analysis involved the
variation of the fin body's manufacturing
material, cast iron, with aluminium alloy 6082.
The outcomes indicated that using aluminium
alloy resulted in higher total heat flux, and it was
established that cylindrical fins are better suited
for implementation with aluminium alloy. Sagar
etal. [9] presented a study on the effect of surface
roughness on the heat transfer rate of a
cylindrical body made of Aluminum alloy 6061.
The study adopted a simulation approach using
Thermal Analysis and performed body analysis.
The findings demonstrate that an increase in
body roughness from 240 to 400 microns
corresponds to a rise in heat transfer rate and
heat flux. This suggests that the heat dissipation
rate is higher with increased roughness for the
same area and volume. Kummitha et al. [10]
presented a work on thermal analysis of cylinder
block materials to find the best material that
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provides the best heat transfer rate while being
lightweight and strong. A model of the Passion
Pro bike cylinder block was done, and performed
thermal analysis was done. The results indicated
that grey cast iron and magnesium alloys were
the most effective composite materials for heat
transfer, but they were unsuitable for light
vehicles due to their weight. Aluminium alloy
A380 was determined to have the best heat
transfer rate and strength compared to other
alloys.

Tekhre et al. [11] presented work on
designing efficient cooling fins for a 150cc Honda
Unicorn bike engine by improving the design and
material. The cross-sectional area of the fin was
increased by implementing various diameter
holes on the fin, and the computational fluid
dynamics (CFD) analysis was done. The outcomes
revealed that utilizing Aluminum Nitride material
and enlarging the diameter of holes in the cooling
fins resulted in a decrease of up to 20% in the
minimum engine temperature. Durgam etal. [12]
presented work on the thermal analysis of engine
cylinder fins for heat transfer enhancement. The
method includes modelling a fin, evaluating
different physical and thermal properties, and
performing steady-state thermal analysis using
Ansys fluent. The weighted point method was
also applied to determine the best material.
According to thermal analysis in ANSYS and the
weighted point method, the result showed
Aluminium alloy 356 to be the best material
among aluminium alloys, gray cast iron, and
copper alloys.

Alam et al. [13] presented a work to find the
best material for a motorcycle's engine cylinder
fin body to provide maximum heat dissipation
while keeping weight minimum. Thermal
analysis was performed on a cylinder fin body
using three materials Cast Iron, Aluminum alloy
6082, and Copper. Parameters such as geometry,
the distance between fins, and the thickness of
fins were varied to study their effect on heat
dissipation using ANSYS. The result showed that
Aluminum alloy 6082 was the best for the engine
cylinder fin body as it had the highest thermal
flux and the lowest weight. Rupesh et al. [14]
presented work on designing fins of circular and
tapered shapes for a 2-stroke engine and
analyzing their temperature distribution and
heat dissipation. The methodology involved
conducting steady-state thermal analysis using
FEM (Finite Element Method) and comparing it
with the existing fin's shape and material. The
results indicated that using an annular-shaped fin
made of Alusil was a superior material, as it
reduced the fragility of the engine and increased
its lifespan by improving the heat transfer rate
from the engine cylinder to the atmosphere.
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Gupta etal. [15] presented a work to improve the
engine performance and reduce its cost by
analyzing the thermal properties of different
materials for the fins with varying slot sizes.
Using 3D modelling of the engine and performing
steady-state analysis on ANSYS, it was found that
the maximum heat transfer was achieved with 75
mm slotted fins made of Aluminum Alloy 2014.
Heat transfer decreased as the slot size increased
beyond 75 mm, making it the best option for cost
reduction and maximizing heat transfer.

Reviewing various research papers related to
the thermal analysis of engine fins identified
some research gaps. Increasing the surface area
of fins is a well-established method to enhance
heat transfer, but there needs to be more optimal
strategies to increase the surface area of engine
fins to improve heat transfer. One potential
solution to enhance heat transfer in engine fins
could be to employ non-uniform spacing between
fins, utilizing advanced materials such as
aluminium alloys, and incorporate slots in the
design. This approach can enhance the surface
area and improve the heat transfer rate, resulting
in a more efficient and effective cooling system
for the engine.

2. Methodology

The methodology section comprised
preliminary modelling and analysis, design
calculation, modelling, and thermal analysis of
the redesigned fin design.

2.1. Preliminary Analysis

The engine's outer body with the fin was
modelled using PTC CREO (6.0.6), as depicted in
Figs. 1 and 2. The CAD model was created with
accurate dimensions and specifications of the
existing rectangular and cylindrical engine fin as
listed in Table 1.

Fig. 1. Rectangular-shaped engine fin body
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Fig. 2. Circular-shaped engine fin body

As illustrated in Figs. 1 and 2, the design
consists of two different engine variants with fins.
The CAD model was imported into ANSYS
geometry to generate a finite element model. The
model was divided into small elements to
simplify the analysis process. Material properties
and boundary conditions play a critical role in the
accuracy of thermal analysis. The material
properties, such as thermal conductivity and
specific heat, are assigned to each element in the
simulation model.

The boundary conditions are defined to
simulate the real-world conditions of the system.
For instance, the temperature at the inlet and
outlet of the engine can be defined as boundary
conditions that affect the heat transfer from the
engine to the surrounding environment. The
finite element model has meshed to convert the
geometry into small, interconnected elements.
Meshing helped to refine the analysis accuracy.
The finite element model was used to conduct a
thermal analysis to determine the temperature
distribution on the outer body that included the
fin. The study helped to find out the optimum
geometry and slot width for better cooling of the
engine. The results obtained from the thermal
analysis were used to modify the geometry and
slot width of the outer body with the fin. The
modification helped to improve the cooling
efficiency of the engine.

The modal analysis was performed for the
existing and redesigned engine fin, and natural
frequency was obtained for the component and
corresponding mode shape. The mode shape
forms with the combination of bending, twisting,
etc. Based on the modal analysis results, it can be
inferred that the natural frequency of the engine
fin is within the acceptable range. The boundary
conditions used in the modal analysis include
fixed support constraints at the base of the fins
and material. The modal analysis was performed
to obtain natural frequency with the mesh size
obtained from the mesh-independent study.
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2.2. Design Calculations

The number of fins required to achieve the
necessary heat dissipation is calculated assuming
a certain heat transfer rate for an engine fin. It is
assumed that the heat transfer rate is typically
based on the preliminary design.

The rate of heat transfer from a rectangular
fin with a uniform cross-section can be calculated
using the formula

Q=hXx A xAt(n X 2)

Required Heat transfer rate (Q) =550 W

Temperature = 500°C

Film Coefficient (h) = 8.3e-006 W/mm?2K

Ambient Temperature = 25°C

Surface area of the fin (As) = 11935.4 X 2 mm?
=23870.8 mm?

Q@  _5844~6

2hxAgxAt

(1)

Number of fins (n) =

Space between fins=(w - (nxt)) / (n-1)
=(53-(6x%x3))/5=7mm

2.3. Modeling of the Redesigned Engine Fin

The redesigned engine fin profile for
rectangular and cylindrical shape engine bodies,
with slots in the design, is shown in Figs. 3 and 4.
The modelling is done wusing PTC CREO
Parametric software (6.0.6).

Fig. 4. Circular-shaped engine fin body with slot

Adding a slot to a surface can increase the
available surface area for heat transfer, resulting
in a higher heat transfer rate. This occurs as more
heat can be transferred from the solid surface to
the fluid or gas flowing over it. This effect is
because heat is transferred from a hotter object
to a cooler one through conduction, convection or
radiation, and an increase in the more desirable
object's surface area can boost the heat transfer
rate.
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Table 1. Design parameters

Shape of the Engine body

Parameters

Rectangular Rectangular with slot ~ Circular Circular with slot
Fin pitch 7 7 7 7
Fin thickness 3 3 3 3
Length 130 130 - -
Width 125 125 - -
Height 53 53 53 53
Diameter - - 130 130
Slot width - 8 - 7
Slot depth - 16 - 1391

All dimensions are in mm

2.4. Steady-State Thermal Analysis

This analysis considered two fin geometries: a
rectangular fin and a cylindrical fin. The material
chosen for the fins was Aluminum 1100, as
illustrated in Table 2. The ANSYS 2023 R1 steady-
state thermal analysis was performed, which
allows for calculating temperature and heat flux
distributions within the fins. The analysis
involves adding material for the model of the fin
geometry and applying thermal boundary
conditions at the engine-fins interface and the fin-
air interface. The model's thermal boundary
conditions consider the engine's temperature at
the interface with the fin and the heat transfer
coefficient at the fin-air interface. The steady-
state thermal analysis solution provides
information on the fin's temperature distribution
and heat flux. The comparison of the results for
different fin geometries and materials allows for
the determination of the optimal fin design for
the specific engine application.

Table 2. Aluminium 1100 mechanical and
thermal properties

S.No Property Al1100
1. Density (kg m-3) 2710

2. Young’s Modulus (GPa) 69

3. Poisson’s Ratio 0.33

4. Thermal conductivity (W/mK) 222

The analysis assumes steady-state conditions,
meaning that the temperature distribution
within the fin remains constant with time. The
material properties are supposed to be constant
and isotropic.The heat transfer coefficient at the
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fin-air interface is assumed to be constant and
uniform. The temperature of the engine is
considered as 500°C. Table 3 presents the
convention coefficient for different input
temperature profiles. The ambient temperature
was assumed to be 259 C.

Table 3. Convection coefficient table (Stagnant Air
Horizontal cylinder)

Temperature (°C) Convection Coefficient

(W/mmz2/°C)

1 1.24e-006

10 2.67e-006
100 5.76e-006
200 7.25e-006
300 8.3e-006

500 9.84e-006
700 1.101e-005
1000 1.24e-005

2.5. Design Modification

In the design modification study, the objective
was to increase the heat transfer rate of the
engine fin by increasing the surface area in
contact with air. To achieve this, a slot was
introduced in the fin design to enhance the
surface area exposed to the air stream. The slot
size was selected based on an initial assumption
and was further improved through a trial-and-
error process. The final slot size was 7 x 14 mm,
which increased surface area and heat transfer
rate in contrast to the original design. The effect
of the slot on the fin's thermal performance was
evaluated by performing steady-state thermal
analyses in ANSYS 2023 R1. The results were
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compared to the base fin design, which did not
have a slot. This study on improvisation revealed
that including the slot in the fin design increased
the heat transfer rate, leading to lower
temperatures of the fin and enhanced heat
dissipation rates. As a result, the study proved the
effectiveness of adding the slot to improve the
surface area of the fin in contact with air and
enhance the engine fin's thermal performance.

3. Results and Discussions

The result and discussion section comprised
mesh independence study, modal analysis
results, model validation, and steady-state
thermal analysis.

3.1.Mesh Independence Study

The mesh independence study was conducted
for different mesh sizes of the numerically
developed model, and the natural frequency from
the modal analysis was monitored. From Fig.5. it
was found that a mesh size of 4 mm was sufficient
to achieve converged results. Hence, the same
mesh size of 4 mm was maintained throughout
the analysis.

A: Modal

Total Deformation
Type: Total Deformation
Frequency: 19784 Hz
Unit: mm

08-03-2023 07:18 PM

49427 Max
43935
38443
32951
27459
21967
164.76
109.84
54919
0 Min

0.00 50.00

25.00

A: Modal

Total Deformation 3
Type: Total Deformation
Frequency: 2037.2 Hz
Unit: mm

08-03-2023 07:21 PM

499.2 Max
44373
388.27
3328
27733
22187
1664
11093
55.467

0 Min

0.00

50.00

25.00

A: Modal

Total Deformation 2
Type: Total Deformation
Frequency: 19884 Hz
Unit: mm

08-03-2023 07:20 PM

75.00

2080
2060
2040
2020
2000
1980
1960
1940
1920

Frequency (Hz)

9 8 7 6 5 4 3 2
Mesh size (mm)

Fig. 5. Mesh independency study

3.2. Modal Analysis of the existing engine fin

Performing natural frequency helps to ensure
that the fin does not vibrate excessively or
undergo resonance, which can cause mechanical
failure. Therefore, it is essential to perform model
analysis and find the natural frequency to design
fins that can withstand the thermal loads and
vibrations induced during engine operation. It
can be noted that the present study considers
modal analysis for rectangular and circular-
shaped engine fin bodies.

496.83 Max
441.63
38643
331.22
276,02
22082
165.61
11041
55.204
0 Min

0.00 50.00

25.00 75.00

A: Modal

750

Total Deformation 4
Type: Total Deformation
Frequency: 2042, Hz
Unit: mm

08-03-2023 07:23 PM

409.91 Max
364,36
318,82
273.27
217
18218
13664
91,091
45,546
0 Min

0.00

50.00

25.00 75.00

Fig. 6. Rectangular-shaped engine fin body -Mode Shapes 1, 2, 3, 4
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Fig. 6 presents the different mode shapes for
rectangular engine fins. It can be noted that the
end corners of rectangular fins are mostly
affected at the natural frequencies. The natural
frequencies are given in Hertz (Hz) and can be
used to understand the engine fin's behavior
under different loading types. It is observed that
the natural frequencies of the engine fin range

TP
Frequency: 5605
Unit: mm
02-04-2024 03:48 PM
157.72 Max
140.2

| 122.67

| 105,15

] 87.624

] 70.099

= 52,574

17.525

= 0Min

0.00
25.00

from 1978.4 Hz to 2046.7 Hz. The lower natural
frequencies (i.e., mode 1 and mode 2) represent
the fundamental modes of the structure and
correspond to large-scale deformations of the
engine fin. The higher natural frequencies
represent higher-order modes and correspond to
smaller-scale deformations of the engine fin.

Unitimm
02-04-2024 03:49 PM

236.67 Max
21037
184.08
157.78
13148
105.19
78.89

52,594
26297

0 Min

0.00 50.00
25.00

25.00

0.0 50.00
I
5.0

Fig. 7. Cylindrical-shaped engine body -mode shapes 1, 2, 3,4

Fig. 7 presents the different mode shapes for
circular engine fins. It can be noted that curvature
attached to bolt holes is mostly affected at the
natural frequencies. It is observed that the
natural frequencies of the engine fin range from
5605.4 Hz to 6519 Hz. The lower natural
frequencies (i.e., mode 1 and mode 2) represent
the fundamental modes of the structure and
correspond to large-scale deformations of the
engine fin. The higher natural frequencies (i.e,
mode 3 and mode 4) represent higher-order
modes and correspond to smaller-scale
deformations of the engine fin.

3.3.Model Validation

The natural frequencies obtained from the
preliminary model were1978.4 Hz, 1988.4 Hz,
2037.2 Hz and, 2042 Hz. A previous study by
Tandon et al. [16] showed that the natural
frequencies were 2024 Hz, 2216 Hz, 2642Hz and
4400 Hz. Fig. 8 shows the comparison of the

values of natural frequencies of both, the
experimental and the simulation models showing
closeness to each other for the respective modes.
This dynamic behaviour model of the experiment
and the simulation model as indicated by the
values obtained in both cases point that the
analysis could be a paramount tool for research
purposes. Hence, the final model was validated
and used for further analysis and improvement.

3000.00

Numerical
Natural
= Frequency

2500.00

2000.00 -

1500.00 B Experimental
Natural

Frequency from
Literature

1000.00

500.00

Natural Frequency (Hz)

0.00 — Mode

Fig. 8. Simulation model versus Experimental validation
based on natural frequency
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3.4.Steady-State Thermal analysis of existing
and redesigned engine fin

in temperature gradients and heat dissipation
between the two configurations.

Specifically, the heat transfer rate of an
unslotted fin is observed as 0.2915 W/mm?2,
while the presence of slots appears to enhance
heat transfer with a value of 0.30558 W/mm?,
accompanied by a reduction in temperature
differentials across the fin surface.

Fig. 9 and Fig. 10 show the maximum and
minimum temperatures and heat flux values for
rectangular fin geometries, both with and
without slots. The observation reveals variations

08-03-2023 11:42 AM 08-03-2023 11:40 AM

500.01 Max
406,99
403.96
40094
487.97
484.89
481.87
478,85
47582
472.8 Min

0.2015 Max
0.25311
0.22673
0.1%435
0.161%6
0.12958
0.087197
0.064814
0.032431
4.7311e-5 Min

100.00 (mrn)
25.00 75.00

100,00 (mem)
25.00

Fig. 9. Rectangular-shaped engine fin body a) Temperature variation; b) Heat flux variation

0.20373
016978
0.13583
010188
0.067924
0.033973

470.97 Min 2.237e-5Min

100.00 (mrm) A 100.00 (mm)
25.00

25,00 75.00

Fig. 10. Rectangular-shaped engine fin body with slot a) Temperature variation; b) Heat flux variation

Fig. 11 and Fig.12 show the maximum and
minimum temperatures and heat flux values for
circular fin geometries, both with and without
slots. It is observed that the heat transfer rates
are significantly higher compared to the
unslotted rectangular fin, with values of 0.19891
W/mm? for the unslotted cylinder fin and

500.02 Max
497.78
49554
4933
49107
488.83
486,59
484.35
48211
479.87 Min

000 50,00 100.00 (mm)
— —

25.00 75.00

0.38041 W/mm? for the slotted cylinder fin. This
indicates that the presence of slots in the cylinder
fin configuration leads to a substantial
enhancement in heat transfer, emphasizing the
importance of slot design in improving the
thermal performance of engine cooling systems.

0.19891 Max
0.17682

0.15472

0.13262

011053

0.083432
0.066336

0.04424

0.022143
4.6977e-5 Min

0.00 50.00 100.00 {mm)
[ EEa—  ES—
25.00 75.00

Fig. 11. Circular-shaped engine fin body a) Temperature variation; b) Heat flux variation
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476.82 Min

0.00 50.00

25.00 75.00

10000 (mm)
]

5
023 11:54 AM

0.38041 Max
033815
029589
0.25364
021138
0.16913
0.12687
0.084618
0.042362
0.00010679 Min

0.00 50.00 100.00 {mrm)

25.00 75.00

Fig. 12. Circular-shaped engine fin body with slot a) Temperature variation; b) Heat flux variation

Fig. 11 and Fig. 12 show the maximum and
minimum temperatures and heat flux values for
four fin geometries, both with and without slots.
As depicted in Fig. 13, the rectangular slotted
geometry exhibited the highest heat flux value
and the lowest minimum temperature,
suggesting the most efficient heat transfer

482
480
478
476
474
472
470
468
466

472.8

Rectangular fin

Temperature °C

470.97

Rectangular fin

(slotted)

performance. The cylindrical slotted geometry
also has a high heat flux value but a slightly higher
minimum temperature than the rectangular
slotted geometry. Overall, the slotted geometries
show improved heat transfer performance
compared to the non-slotted geometries.

479.87
476.82

Circular fin
(slotted)

Circular fin

Fig. 13. Minimum temperature distribution comparison

3.5.Modal Analysis of the Existing and
Redesigned Engine Fin

The results of the modal analysis are shown in
Fig. 14, and it can be seen that the first mode
occurs at a frequency of 1635.3 Hz, and the
deformation at this frequency is maximum and
occurs at the top fin’s corners due to high-stress
concentration, makes it lessstiffness at the end.
The deformation is primarily due to bending in
the first mode shape. In the case of the other three
modes as well, bending is once again the
dominant contributor to deformation. In the
second mode, deformation occurs at the corner of
the top fins, while in the case of the third and
fourth modes, the deformation occurs at the
corners of the middle fins. It can also be observed
from the analysis that the deformation increases
gradually to the maximum value at the tip of the
fins. The deformation is maximum for the third
mode for the modal frequency value of 1677.8 Hz,
and the fin deformation occurs at two corners of
the engine block. It can be inferred from the
modes that the modal frequency increases from
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1635.3 Hz to a maximum of 1679.3 Hz for the
fourth mode, as shown in the figures and also
listed in the table 4.

Modal analysis of the redesigned cylindrical
engine fin is shown in Fig. 16, where the first
mode occurs at a frequency of 5441.2 Hz, and the
deformation at this frequency occurs at the fins,
as shown in the figure, against the scale for
deformation. The deformation is primarily due to
bending in the first mode shape, which is again
the dominant factor for deformation in the fourth
mode. The second and third modes of the analysis
indicate that the deformation is the result of
twisting action. The deformation of the fins
occurs as indicated in the figures, as seen against
the scale for the deformation values. It can also be
observed from the analysis that the deformation
increases gradually to the maximum value at the
tip of the fins like that in the rectangular engine
fin design. The redesigned engine fin has the first
natural frequency a little lower than that of the
existing one due to the material reduction
because the material reduction makes it less stiff.
Hence, larger deformations and lower natural
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frequencies were observed in the modified
design. The effective mass indicates more in Y
directional vibration, and the participation factor
is maximum in Y directional movement, as
presented in Table 4. This is evident that the first
mode is the dominant mode of vibration.

From Figure 14-17, the modal analysis results
show the natural frequencies of the redesigned
slotted engine fin. The data suggests that the
redesigned fin has lower natural frequencies than
the original design, indicating less stiff and prone

D:Modal
Total Defarmation
Type: Total Deformation
Frequency: 1635.3 Hz
Units mm

02-04-2024 03:50 PM

586.99 Max
521.76
45654
391.32

3261

26088
195.66
13044
65.221

0 Min

0.00 50.00

25.00 75.00

D: Modal

Total Deformation 3
Type: Total Deformation
Frequency: 1677.8 Hz

100.00

D: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 16793 Hz

D:Modal

Total Deformation 2
Type: Total Deformation
Frequency: 1637.5 Hz
Unit: mm

02-04-2024 03:50 PM

to deformation under vibration. This reduction in
stiffness can be attributed to the addition of the
slot, which increases the surface area and
enhances heat transfer with less than 3%
compromising the mechanical strength of the fin.
Overall, the modal analysis results suggest that
the redesign has improved the dynamic
performance of the engine fin. The effective mass
and participation factor are maximum in twisting
mode with respect to X-axis as presented in Table
5.

591.53 Max

0.00 50.00 1
[ EE—  E—

25.00 75.00

Unit: mm Unit: mm
02-04-2024 03:50 PM 02-04-2024 03:51 PM

618.93 Max 514.48 Max

55016 45731

48139 400.15

412,62 342,99

34385 285.82

275.08 228.66

20631 171.49

137.54 11433

6877 57.164

0 Min 0 Min

0.00 50.00 100.00 0.00 50.00 1
.00 B0 — e
Fig. 14. Rectangular shape engine body (slotted) Mode shapes 1, 2, 3, 4
Table 4. Effective Mass and Participation Factor

DIRECTION FREQUENCY MODE EFFECTIVE MASS PARTIC.FACTOR
X 1677.79 3 0.493809E-07 0.22222E-03
Y 1637.49 2 0.184184E-04 0.42917E-02
Z 1679.88 5 0.512498E-07 0.22638E-03
Rotary X 1679.88 5 0.825001E-01 0.28723
Rotary Y 1677.79 3 0.723309E-05 -0.26894E-02
Rotary Z 1635.26 1 0.633788E-01 -0.25175
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1 2 3 4 5 6

Mode

Mode Frequency (Hz)
1 1635.3
2 1637.5
3 1677.8
4 1679.3
5 1679.9
6 1682.2

Fig. 15. Natural frequency plot for Rectangular slotted fin

0.00
25.00

0.00

50.00

50.00

75.00

100,00 (mm)

100,00 (mm!
]

25.00

75.00

0.00 50.00

100.00 ¢
1

25.00

0.00 50.00

75.00

100.00¢
=

25.00

Fig. 16. Cylindrical shape engine body (slotted) Total deformation 1, 2, 3, 4.

Table 5. Effective mass and participation factor.

75.00

DIRECTION FREQUENCY MODE EFFECTIVE MASS PARTIC.FACTOR
X 5441.23 1 0.696044E-04 0.12162E-02

Y 5587.54 2 0.168098E-04 0.41000E-02

Z 5441.23 1 0.300070E-05 0.17323E-02
Rotary X 5441.23 1 0.458914E-01 0.21422

Rotary Y 5587.54 2 0.333256E-02 -0.57728E-01
Rotary Z 5441.23 1 0.569435 -0.75461
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5900
5796.1 5799.2 5808.4 Mode  Frequency (Hz)

o800 5706.2
¥ 5700 1 54412
— 5587.5
& 5600 2 5587.5
S 5500 5441.2
S 3 5706.2
= 5400
&5

5300 4 5796.1

5200 5799.2

1 2 3 4 5 6
Mode 6 5808.4

Fig. 17. Natural frequency plot for Cylindrical slotted fin

3.6. Results of the Improvement of Redesigned
Engine Fin: Top of Form

The four types of design of the engine fin and
the variation in the heat flux for each type of
design were obtained, as shown in figures 9 - 12.
The improvement result in Fig. 18 showed that
the heat transfer rate was the highest for the
slotted cylindrical fin design at 0.38041
W/mmZcompared to the other designs. This was
attributed to the additional surface area provided
by the slots that facilitated efficient heat transfer.
The slotted cylindrical fin design was also found
to have the lowest material cost when compared
to the other designs. Based on these results, it can
be inferred that the slotted cylindrical fin is the
optimal design for the specific engine application
considered in this study. However, it should be
noted that the optimal fin design may vary
depending on the particular application and
requirements. The graph illustrates the variation
in heat flux for different fin geometries, indicating
that the slotted cylindrical fin had the highest
heat flux value, followed by the rectangular
slotted fin.

04 Heat Flux (W/mm?)
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Rectangular Circular

OBase Design M Slotted Design

Fig. 18. Comparison of Heat flux of different profile
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4. Conclusions

The optimal fin design was determined based
on the steady-state thermal analysis conducted
using theANSYS Workbench 2023 R1. The
analysis involved two fin geometries, rectangular
and cylindrical fins, made of aluminium 1100
material.

> Initially, a modal analysis of the designed
engine fins was conducted. The modal
analysis provided the mode shapes and the
totaldeformation corresponding to the
natural frequencies. To validate the accuracy
of the results of the analysis, a mesh
independency study was done.

» Steady-state thermal analysis results as
indicated in figures 9 - 12 in the Model
Validation depict clearly that the slotted
cylindrical fin design has the highest heat
transfer rate of 0.38041 W/mm? amongst the
designs evaluated in this paper, representing
a2 91.5% improvement over the cylindrical fin
design without slots, which had a heat flux
value of 0.19891 W/mm? Similarly, the
slotted rectangular fin design exhibited a
lower heat transfer rate of 0.30558 W/mmz,
showing a 4.6% improvement over the
rectangular fin design without slots, which
had a heat flux value of 0.2915 W/mm? and
53.5% improvement compared to the
unslotted cylindrical fin design.

» In conclusion, results indicate that adding
slots can increase the surface area for air
contact, significantly enhancing the heat
transfer rate. Therefore, the slotted fin
design can be used to improve engine
thermal performance.
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