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ABSTRACT 

The main objective of this research is to design an effective heat exchanger for 

engine head cooling by use of three different shapes of the fins aerofoil, rectangular 

and circular shape of the fins, the thermal performance of the fins can find out with 

various velocities of the blowers the entire research is done in CFD methodology by 

using ANSYS-Fluent Software and all modeling is done in CATIA Software, the result 

comparison of heat transfer rate, velocity, turbulence effects, and pressure drop also 

find in this research 

Keywords: Automotive Cooling, Pin Fin, CFD, Aerodynamic Fin, Circular Fin, 

Rectangular Fin 

1. INTRODUCTION 

Fins (or ribs) are sharp projections provided on the surfaces of the cylinder block and cylinder 

head. They increase the outer contact area between a cylinder and the air. Fins are, generally, 

cast integrally with the cylinder. They may also be mounted on the cylinder. 

With the increase in heat emission from electronic devices and the reduction in the overall 

form factors, thermal management is now becoming a more and more important element of 

electronic component design [1]. Both the performance capability and life cycle of electronic 

equipment are directly related to the component temperature of the equipment.  
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The working and operating temperature of a silicon-type semiconductor device show that a 

small reduction in the temperature will correspond to an exponential increase in the functioning 

and life expectancy of the device. Therefore, better life and good performance of a component 

are achieved by effectively controlling the device’s operational temperature within the limits 

set by the component design engineers. 

The effective use of an electrical component is limited by its maximum operational junction 

temperature. To achieve a required component temperature, the excess heat dissipated by the 

device must be transferred to the environment [2]. The most commonly used method for 

transferring heat from the component to the environment is use of heat sink. To estimate a 

component’s junction temperature, a required value the heat sink’s thermal resistance. The 

thermal resistance of heat sink can be determined analytically or experimentally.  

In electronic component systems, a heat sink is a indirect element that cools a device by 

dissipating the heat into the surrounding air. In computers, heat sinks are generally used to cool 

the electronic components. Heat sinks are generally used with high-power semiconductor 

devices such as power transistors and also the electronic devices such as lasers and light 

emitting diodes (LEDs), wherever the heat dissipation ability of the basic device package is 

insufficient to control its temperature. 

2. MODELING OF PIN FIN 

The pin fin heat exchangers are mostly using in the electronic cooling devices so the model of 

the pin fins are mostly dimensions of millimeters only. The maximum height of the fins is 10 

mm spacing between the fins are 3mm and diameter of the fins are 4mm  

    

(A)Aerofoil Shape                               (B) Rectangular                             (C) Circular 

Figure 1: Different shape of the fins  

The fluid domain is used to modeled to find the external flow in the heat exchangers so the 

fluid domain is modeled and the solid fin volumes are removed from the fluid volume is easily 

to find the exact fluid flow in the structures, the entire fluid volume is meshed in to small 

volumes for getting the heat transfer, pressure and temperature distribution around the fins.  

 

(A)Aerofoil Shape                               (B) Rectangular                             (C) Circular 

Figure: 2 Mesh images of Different shape of the fins 
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3. SIMULATION 

The CFD simulation was done in ANSYS Fluent Software it is Finite Volume method base 

solver, boundary conditions for this research is Pressure based solver, energy equation is 

enabled for calculating the heat transfer, k-epsilon turbulence model is used to predict the 

turbulence flow in the fluid domain, the fins base with the heat generation of 1500 Watts,  

4. RESULTS AND DISCUSSIONS 

     

(A)Aerofoil Shape                               (B) Rectangular                             (C) Circular 

Figure 3: Turbulence Contours of PIN-FIN Heat exchanger 

     

(A)Aerofoil Shape                                (B) Rectangular                                (C) Circular 

Figure 4: Pressure Contours of PIN-FIN Heat exchanger 

             
(A)Aerofoil Shape                                        (B) Rectangular                                    (C) Circular 

Figure 5: Temperature Contours of PIN-FIN Heat exchanger 

     

(A)Aerofoil Shape                            (B) Rectangular                                  (C) Circular 

Figure 6: Velocity Contours of PIN-FIN Heat exchanger 
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Figure 7: Heat Transfer Analysis of Various shapes Pin fin 

 

Figure 8 Pressure Drop Analysis of Various shapes Pin fin 

5. CONCLUSION 

The analysis heat transfer enhancement in the automotive cooling applications of Pin Fin heat 

exchanger with the various shape of the fins are analyzed through ANSYS-Fluent Software, the 

shapes of the fins are rectangular shape, aerofoil shape, and circular shape of the fins aerofoil 

shape of fins will get a higher heat transfer rate and less pressure drop compared to all other 

rectangular and circular shape of the fins through this analysis aerofoil shaped fins are most 

preferable for the pin fin heat exchangers in automobile applications. 
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