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ABSTRACT 
 
This study presents the results of computational numerical analysis of air flow and heat transfer in a light weight automobile 

engine, considering three different morphology pin fins. A numerical study was conducted to find the optimum pin shape 

based on minimum pressure drop and maximizing the heat transfer across the Automobile engine body. The results 

indicate that the drop shaped pin fins show improved results on the basis of heat transfer and pressure drop by comparing 

other fins. The reason behind the improvement in heat transfer by drop shape pin fin was increased wetted surface area 

and delay in thermal flow separation from drop shape pin fin. 
 

KEYWORDS 
 

Turbulence, Optimization, Simulation, CFD, Continuum Type, FLUENT,  
 
 

1. INTRODUCTION 
 
 

One of the useful methods to take away heat transfer from surface area of thermal device was extended 

surface or fins. Pin fin is suitable for numerous applications including heat transfer removal from air cooled I C 

engines, Electrical Small Transfers etc. In past this type of research work was based on experimental study, but having 

large technical and financial issues which was overcome by use of CFD techniques. 
"Pin fin geometry highly affects the different heat exchangers efficiency although these devices are used in 

various industries. Drop shaped pin fins can show more heat transfer with lower pressure drop from system 

and it was used for heat exchange purpose from past decades." 
CFD analysis follow top to bottom procedure to perform simulation for any type of research problems. The first 

step is known as pre-processing, in which geometry making, mesh generation are defined by user. The heat 

transfer and pressure drop behaviour were characterized by second step known as solution of problem 

statement made in first step. Third step i s  very useful because in this step post processing of results was 

performed and conclusion was made by researches. This step was to find optimum shape or performance of any 

thermal device. 
 
 

The objective of this study was to find out optimum type of fins used for heat removal application for automobile 

engine. This task was performed by using CFD as a tool. Three basic shapes of pin fins will be used in this study to 

find best shape. Maximising the heat transfer and minimising the pressure drop will be main criteria for selection of 

optimum pin fin.  
 

2. GEOMETRICAL MODELLING AND MESH GENERATION 
 
 

Methodology:- 
 

For CFD simulation,  

 first of all geometry of the wind duct was created using a software. 
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 second step is to mesh the geometrical model, which was also done using same 

software.  

 Next step is to declare continuum type and boundary type for the surfaces generated.  
 Finally a mesh file is created, which is imported in FLUENT. 

After importing mesh file in FLUENT, dimensional units for CFD domain are specified. In 

FLUENT desired turbulence model was selected for viscous modelling on the basis of literature 

review. After selection of turbulence model boundary conditions are specified. Fluent 

has capability to store value of physical parameters for any point in the domain for analysis. 

Seven points were created to store the value physical parameters such as temperature, 

velocity and pressure. 
 
 

3. DESCRIPTION OF DUCT 
 

3.1 Geometric modelling 
 
 

Geometry: geometry generation is first step for making CFD domain. In gambit we can create both 2-D and 3-D 

shapes. In this case 3-D geometry of the duct was created. 
 
In most of the problems shape of the domain is very complex. Some special operations are given in geometry mode 

to model complex geometries. 
 
The most significant operations are: unite, subtract, split, move, copy, align, rotate, translate etc. Figure 1 shows 3-

D geometry used in our case. Furniture has been subtracted from main body of the room. 
 

3.3 Meshing of CFD domain 
 
 

After making geometry of the CFD domain, next step is to mesh the domain. To perform better results using 

CFD tool it was mandatory to use better quality of mesh. In fluent this task was done in GAMBIT software, where 

various tools are available to complete this task like mesh healing, dynamic refinement, aspect ratio etc. In 

this study various parameters, such as aspect ratio, internal angle, face war-page, right handedness, negative 

volumes, cracks, and tetrahedral quality were used by authors, but in this paper only limited results were shown. 
 
Mesh sizes were kept different for zones. In Gambit, for meshing hexahedral element with sub-map scheme 

was selected. No boundary layer was created in this case. Figure 2 represent meshed domain with hexahedral 

type meshing.  
 

Figure 1 Meshed Domain 
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Table 1 Equi-size skew in percentage 
 

The worst element for equi-size skew has a quality value of 0.6 to 1.0. This is ok, because only some 

elements are in the worst elements range. 
 
 

After mesh generation quality of mesh was checked. Table 1 shows quality parameter like equisize skew. 

Here “from value” to “to value” represents quality parameter. Zero represent best and one represent 

worst element of grid. Figure 3 shows quality parameter aspect ratio, which shows that quality of the 

grid generated is good. 
 
 
 

 
 
 
 
 
 

Figure 2 Aspect Ratio of Domain 
 
 
3.4 Boundary Conditions for Domain 
 
 

After mesh generation boundary conditions are defined for CFD domain. This process is done in Gambit. 

“Specify boundary type” icon is used to create boundaries. Gambit can be used to make mesh files for 

many different CFD Softwares. In this case FLUENT 6 was selected. After boundary creation next and 

last step is to define continuum type. In Gambit both fluid and solid continuum type can be defined. As we 

are studying air flow, fluid continuum type was selected. 
 
 
 

4. CFD SIMULATION 
 
In this work FLUENT software is used for simulation. Main focus of this work is on heat transfer analysis of a duct 

for different types of Pin Fins. In CFD simulation selection of turbulence model is an important issue. Although in 

most of the research papers STD k-ε turbulence model is used for building simulation but k-ω SST show better 

results. 
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Governing Equations and turbulence modelling 
 
 

The governing equations for fluid dynamics are conservation equations for mass, momentum, 

and energy. The Governing Equations have actually been known for over 150 years. In the 

19th century two scientists, Navier and Stokes described the equations for a viscous, 

compressible fluid, which are now known as the Navier-Stokes Equations. These equations 

form a set of differential equations. The generic form of these relationships follows the 

advection diffusion equation: 
∂/∂t (ρ_)+div(ρ∇_-Γ__ grad_)=S 

 
 

4. RESULT AND DISCUSSION 
 
 

By completion of all the test runs in Fluent, several key performance indicators were studied 

to understand the heat transfer characteristics and trends for each pin-fin 

configuration. To understand results we study Temperature based results in graphical mode, 

Velocity results and Pressure based results. 
 
 

4.1 Temperature Contour Results 
 
 

Figure 3 to figure 8 provides a temperature contour like the previous figures, but in a vertical 

surface (from x-plane). Here it is clearer that heat transfer coefficient (total temperature) is 

higher between drop-shaped fin arrays. Heat transfer performance is based on turbulence 

effect created by fins shapes. The other important point is that because of high conductivity of 

material for both base of device and extended surface which an enhancing parameter is for heat 

transfer. 
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Figure 9 to figure 14 provides a contour plot for two virtual plane in y direction to show change 

in temperature profile for various fins used in this study. It is evident that the fins are 

affecting this temperature distribution. In the drop-shaped fins, thermal flow has reached 

the complete developed mode, more quickly than the other fins. The heat transfer coefficient 

has the highest value for the drop-shaped fins and the lowest value in the rectangular fins, 

because of geometry shapes and surface area of fins. The reason is that there is strong 

recirculation flow between fins in the rectangular fins. This recirculation reduced in the 

cylindrical and drop-shaped fins. Recirculation flow acts as a wall preventing the fresh air 

contributes in heat transfer theory. 
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4.2 Pressure plots (inlet outlet) 
 
 

It is seen that the pressure loss is higher in the rectangular pins which was shown in figure 20 

to figure 25 when comparing with all case used in this study. The drop-shaped fins have the 

least pressure loss. The reason is that in rectangular fins case, air flow particles follow a 

smoother path line structure. Figure 20 to Figure 25 shows Total pressure plots on inlet and 

outlet conditions. 
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       4.3 Velocity plots 
 
 

Velocity plots are very helpful to understand air flow analysis in fins. It should be noted here 

that the H/D ratio for drop-shaped pin-fins is smaller than the other ones (but wetted surface 

area is equal for all). This behaviour can be reasoned by noticing the figure 26 to 28. It can be 

seen that for Drop-shaped pin-fins, flow is accelerated in pin-fin section which could cause 

more friction and pressure drop in fins top section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  Temperature plot on VP-12 for all type Fins 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  Temperature plot on VP-22 for all type Fins                                      Figure: Temperature plot on VP-13 for All type Fins 
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3. CONCLUSIONS 
 
 

A reasonable comparison of various pin-fin geometries has been attempted. A three-

dimensional conjugate problem has been studied with a three –dimensional CFD model .These 

were greatly simplified by assuming 1-column in-line pin-fins with axes perpendicular to 

the flow and isothermal heat transfer surfaces. At lower values of pressure drop and 

pumping power, drop shaped fins work best. At higher values, drop-shaped fins and 

Circular fins offer highest performance. For high Reynolds numbers, the fins thermal 

efficiency and effectiveness show same behaviour, but drop-shaped fins configuration 

always stand a little bit upper. Also its variation in different flow regimes is smoother, which 

means that the engine performance varies according the working load conditions. 
 

In last it was important to show that CFD tool is good approach to analysis thermal behaviour 

of any thermal device. For future work refinement of mesh was good approach to refine results 

and validation of CFD results will give more benefit to users. 
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