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Abstract:

The engine compartment is one of the essential components of the engine exposed to excessive
temperature differences and thermal stress. Fins are positioned on the surface of the cylinder to improve
heat exchange by convection. The present study concerns the study of heat exchange between plate fins
and pin fins. Pin fins assembled in two shapes (circular, rectangular) with tubular section to allow better
improvement of the heat exchange rate. We have optimized the heat exchange rate and optimized all
perspectives to achieve a higher heat exchange rate. In the present work, experiments were conducted to
determine the temperature fluctuations inside the fins fabricated in three types of geometries (plate fins,
circular pin fins, and rectangular pin fins) and study the coherent-state heat transfer was used using
ANSYS finite element software to test and approve the results. Temperature fluctuations in different
areas of the pin fins are evaluated using FEM, and the plate fin results are compared with the
experimentally determined pin fin results in Ansys. The principle implemented in this design is to
increase the heat dissipation rate by using wind flow. The main objective of the study is to improve the
thermal properties by modifying the geometry, material and design of the fins.
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1. Introduction

Heating a component under different working conditions represents one of the main problems for
engineering applications today, therefore rapid heat transfer from heated surfaces and reduction of
material costs and weight have become a major challenge for component design of heat exchangers.
Removing unnecessary heat from system parts is necessary to maintain a strategic distance from the
harmful effects of burns or overheating. Therefore, improving heat transfer is a central topic in thermal
engineering. Heat transfer from surfaces can generally be improved by increasing the heat transfer
coefficient between a surface and its surroundings, by increasing the heat transfer zone of the surface, or
both. In most cases the heat exchange area is expanded by using extended surfaces to compensate for the
fins associated with walls and surfaces. Extended surfaces (fins) are often used in heat exchange devices
to increase heat exchange between a substantial surface and the surrounding fluid. Various types of ribs
have been used, from moderately simple to complex geometries. A form of regular fin geometry is
rectangular, triangular, cylindrical, trapezoidal, etc. By conduction, convection and radiation of a set of
fins, the amount of heat exchanged has been optimized, thus increasing the temperature contrast between
the set of fins and the surrounding environment. A slight increase in the convective heat transfer
coefficient or a slight increase in the surface area of the finned structure of the object improves heat

IJFMR230611427 Volume 5, Issue 6, November-December 2023 1



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

exchange. Occasionally it is uneconomical or impossible to change the first two alternatives. In any case,
adding a fin design to the fin pattern increases surface area slightly and can sometimes be an economical
solution to heat transfer problems. The circumferential fins around the chamber, the square and
rectangular fins of a motorcycle engine, and the fins connected to the condenser canisters of a
refrigerator are some well-known precedents that appear only when there is a temperature difference,
flowing faster when such fluctuation is greater, and they always move outwards from high to low
temperatures, the larger the more pronounced the surface.

2. Extended Surfaces (Fins)

When studying heat exchange, the surface extruded from a base is called a fin. Fins are used to improve
heat dissipation to or from the environment by increasing the rate of convection. The combination of
convection, conduction or radiation functions of an object determines the rate of heat transfer. It
increases with the temperature difference between the environment and the object, which increases the
convection coefficient of heat exchange or increases the surface area. However, a larger surface area
also means greater resistance to heat flow. Therefore, the heat transfer coefficient is based on the total
surface area (the surface area of the base and fins) which is less than that of the base. In engineering
applications, fins of different shapes and sizes are used to increase the heat transfer rate, e.g

e Rectangular fins

e Triangular fins

e Trapezium fins

e Circular segmental fins.

Different shape and designs of fins are used in different situations

Figure 1: diagram of heat transfer fin
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(Source: Heat and Mass Transfer. Revised edition, R. K. Rajput).

3. Material properties of Fins material
Thermal analysis of Fins performed by using Aluminum alloy of the Fins material. Composition of
Aluminum alloy is shown in Table 1

Table 1: Material properties of Fins Mode

Parameters Unit Aluminum alloy (6061)
Density (Kg/m®) 2700
Young's Modulus (MPa) 69000
Coefficient of thermal (1/K) 232 x 102
expansion
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Poisson's Ratio - 0.33
Elastic modulus (GPa) 68.9
Ultimate Tensile Strength (MPa) 310
Thermal conductivity (W/m/0C) 167

4. Design and Analysis of Fins

a. Modeling of Fins Model

Fin models with 6061 aluminum alloy material selection and three fin models designed here, namely
plate fins, circular pin fins and rectangular pin Fins. Model with plate fins and pin fins, circular and
rectangular holes, pin fins to convey air through the fins. FEM analysis carried out via Ansys. The
practical application of finite element modeling is called FEA and is best understood in solving real-
world problems. FEA is widely used in the automotive industry. It is an extremely important tool for
creating configurations in product development engineering. It is essential to understand the
fundamentals of FEA and design engineering, demonstration systems, inherent errors, and their impact
on the nature of the results to make FEA an effective design tool. FEA is also used as a computational
tool to analyze engineering problems.

Figure 2: Plate Fins Designed Model in Ansys
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Figure 4: Circular Pin Fins Designed Model in Ansys Figure
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b. Applying boundary conditions

The figure represents the boundary conditions applied to the fins. The model has a heat flux of 13W and
convection conditions of 220°C, where convection has been applied on top of the fins to optimize the
maximum and minimum temperature and also optimize the maximum heat flow for high heat transfer
heat. The figure shows the applied boundary conditions of the Fins model.

Figure 5: Applied Boundary conditions on Plate Fins
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Figure 7: Applied Boundary conditions on Rectangular Pin Fins
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5. Results and Discussion

The Ends to fins model is broken down into a mesh of limited measured components of the basic
framework. Displacement discrimination within each segment is assumed to be calculated from the basic
polynomial profile capacities and node temperatures. Deformation and tension conditions are created up
to the temperature of the dark node. From there, the equilibrium conditions are collected in an easily
customizable grid. The steady-state temperature variation between different fin heights shows the
applied boundary conditions shown in the figures. Maximum temperature above. After solution
processing, the temperature and total heat flux are determined by thermal analysis compared to plate-fin
and pin-fin models. These structural and thermal analysis results are obtained for all three conditions,
i.e., plate fins, circular pin fins, and rectangular pin fins. The figures show the simulation study in Ansys
of Fins models

a) Temperature distribution analysis of Fins Models
Figure 8: Temperature Distribution of Plate Fins
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Figure 9: Temperature Distribution of Rectangular Pin Fins
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Figure 10: Temperature Distribution of Circular Pin Fins

b) Heat Flux analysis of Fins Models
Figure 11: Heat Flux of Plate Fins
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Figure 12: Heat flux of Rectangular Pin Fins
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Table 2: Temperature Variations of Fins Models

Max Min Temperature
Geometry Condition Temperature (°C) Temperature drop(°C)
(°C)
Heat Sink with Plate Fins 51.282 47.613 3.669
Heat Sink with Rectangular 59.528 55.952 3.576
Pin Fins
Heat sink with Circular PinFins 65.903 62.864 3.039

Figure 14: Temperature Variations in Models of Plate Fin and Pin Fin
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Figure 15: Total Temperature Drop in Plate Fin and Pin Fin Models
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Table 3: Heat Flux Found on All conditions of Fin Models

Geometry Condition Heat Flux(w/mm?2)
Heat Sink with Plate Fins 0.0085
Heat Sink with Rectangular Pin Fins 0.0174
Heat sink with Circular Pin Fins 0.0151

Figure 16: Comparison of Heat flux of Fin Models
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6. Conclusion

From the comparative analysis of the plate fin and pin fin study, it was concluded that the total heat flux

reached a maximum of 0.0174W/mm2 for the rectangular pin fin. The maximum temperature measured

in the circular fins is 65.90°C and the minimum temperature measured in the plate fins is 51.2820°C.

Therefore, in this analysis, it was concluded that rectangular profile fins had better heat transfer

properties. Therefore, better heat transfer for fins or experimental results show that rectangular fin

profiles perform better than plate fins. The overall analysis is carried out using the FEM analysis tool

ANSYS 23.0 R1. Therefore, deeper investigations can be carried out using advanced materials and

various design and analysis tools. The following conclusions were drawn from the above study:

« The thermal analysis of the ribs was completed by modifying some parameters such as the geometry
and ribs of the plate and pins.

» This can be easily determined from the analysis results. It is better to use rectangular fins with 6061
aluminum alloy material because the temperature drop and heat transfer rate of rectangular pin fins
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are much higher than plate fins.
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