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Abstract— The two dimensional fin is analysed by numerical 

methods and validating with ANSYS by taking same 

boundary conditions and same grid size by taking certain 

assumptions. There are many mathematical techniques are 

available for finding the temperature distribution on fin 

surface [1][2]. But it contains higher order partial differential 

equation. So it is difficult to solve the equation. Numerical 

techniques convert the partial differential equation in linear 

algebraic equation which is easy to generate a program in 

MATLAB. Due to unavailability of actual practical set up we 

are taking ANSYS analysis is a base. For two dimensional 

problem even finite differences method is quite difficult to 

give the temperature distribution. But numerical method is 

comparatively easy and increases accuracy by taking more 

number of iteration or even number of grid because of 

availability of programming software. 
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I. INTRODUCTION 

Fin in general term is an extended surface in which heat 

transfer rate increases as increasing the surface area. The fin 

is used when convective heat transfer co-efficient is low and 

the required heat transfer cannot be achieved. It increases 

surface area that’s why the heat transfer is increases. Fins are 

used where there is a need of removing heat like motorcycles 

engines [3], electric motor casings, gearbox casings, 

electronic microchips, fluid heat exchanger etc. By increases 

the number of fins we can increases heat transfer. Heat 

transfer by fin is affected by surface area, shape of fin, length 

of fin and material of the fin [4]. There are many research 

papers available to study the temperature distribution on a fin 

surface [1][2][5]. In practice it is found that heat transfer 

between surface and gas as a convective heat transfer co-

efficient is rather low in the situations, the finned surface are 

widely used. There are a many shapes of fin are available 

according to the application.  

For the proper design of fin, the knowledge of the 

temperature distribution along the fin is necessary. Yong Min 

Han, Joo Suk Cho and Hyung Suk Kang have published 

research paper on analysis of one dimensional fin using the 

analytic method and finite difference method [2]. In this 

paper we are going to use numerical methods for solving 

partial differential equation of fin using MATLAB 

programming. And for validating the results of this we used 

ANSYS Fluent. For convenience of the calculation we are 

analysing two dimensional rectangular fin surfaces by 

conduction. 

We know that all Automobile vehicles are working on the IC 

Engine (Internal Combustion Engine).There is a large amount 

of heat is generated inside the internal combustion engine [3]. 

This heat is to be removed to prevent the overheating of the 

engine components. IC engines are used in motorcycles and 

motorcycle engine heads are equipped with array of 

rectangular fins to dissipate heat generated inside the engine, 

as in Figure 1. 

In order to design the cooling system for the 

motorcycle engine, one has to calculate the heat transfer from 

one rectangular fin. The temperature inside the engine should 

not exceed a maximum threshold of  T_engine temperature in 

order for the engine to perform without failure. 

 
Fig. 1: Model representing the single rectangular fin with 

boundary conditions 

In order to make the problem simple, let’s assume 

the surfaces of the fin which are exposed to air (ambient 

temperature T_air=30 C) are at uniform ambient temperature. 

This could be modelled as shown in Figure 1. During the 

design of the fin it is very important to know the temperature 

distribution along the fin. 

Convective heat transfer (forced convection) occurs 

from the surfaces of the fin which are exposed to air. In order 

to keep the problem simple boundary condition are 

simplified. 

In fins the heat transfer is occur from one end to 

another end. This is known as Conduction. 

II. GENERAL HEAT CONDUCTION EQUATION IN CARTESIAN 

CO-ORDINATE 

General heat conduction equation for self-heat generating, 

non-homogeneous material and unsteady three dimensional 

heat transfer,       
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Here we are analysing a plate (2- dimensional body) 

with no heat generation, isentropic material and steady state. 
𝝏𝟐𝑻

𝝏𝒙𝟐 + 
𝝏𝟐𝑻

𝝏𝒚𝟐  = 0                                                                                               

(2) 

Equation (2) represents the mathematical model of 

the steady state heat conduction inside a plate made of 

isentropic material with no heat generation. 
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A. Boundary Conditions: 

 For solving the Laplace equation the following boundary 

conditions are taken. 

T (0, y) = 𝑇𝑒𝑛𝑔𝑖𝑛𝑒  

T (L, y) = 𝑇𝑎𝑖𝑟  

T (x, 0) =  𝑇𝑎𝑖𝑟  

T (x, W) =  𝑇𝑎𝑖𝑟  

We are going to solve this equation with above 

boundary conditions by Numerical Method. The solution of 

Equation (2) gives a temperature distribution on a fin surface. 

So by this solution we get temperature on any point on fin. 

III. SOLUTION OF LAPLACE EQUATION BY NUMERICAL 

METHODS 

 
Fig. 2: a network of square mesh of side h 

Consider a rectangular region R for which u(x, y) is 

known at the boundary. Divide this region into a network of 

square mesh of side h, as shown in figure 3. 

The value of u at any interior mesh point is the 

average of its values at four neighbouring points to the left, 

right, above and below is called Standard 5- Point Formula 

(SFPF). 

For example, 

 𝑢3,3 = 
1

4
 ( 𝑢3,4 +  𝑢2,3 +   𝑢4,3 +  𝑢3,2 ) 

The value of u is the average of its values at the four 

neighbouring diagonal mesh points is called the Diagonal 5- 

Point Formula (DFPF). 

For example, 

 𝑢3,3 = 
1

4
 ( 𝑢2,4 +  𝑢2,2 +   𝑢4,4 +  𝑢4,2 ) 

So by using these iterative methods we can solve our 

equation. So for solution first we convert our problem into 

above figure 3. 

Solution 

For solution of our equation (2), we take a one example of 

practical problem and solve by this method. 

Example: - Consider that Internal Combustion Engine of 

bike. Due to combustion of fuel inside engine cylinder the 

temperature is nearly 573 K and Air ambient temperature is 

303 K. 

    So the mathematical representation of our problem is 

shown below figure 3. 

A. Solution: 

For solution of our equation (2), we take a one example of 

practical problem and solve by this method. 

B. Example: 

Consider that Internal Combustion Engine of bike. Due to 

combustion of fuel inside engine cylinder the temperature is 

nearly 573 K and Air ambient temperature is 303 K. 

So the mathematical representation of our problem 

is shown below figure 3. 

 
Fig. 3: Grid representation of our problem 

So by iterative SFPF and DFPF let’s find out the 

temperature distribution on fin at u. The value at outer region 

is showing an atmospheric air temperature. 

Solution after 8th Iteration, 

𝑢81 = 418.7431                                     𝑢86 = 329.5323 

𝑢82=353.6538                                     𝑢87 = 418.7287 

𝑢83=322.3001                                      𝑢88 = 353.6394 

𝑢84=445.261                                        𝑢89 = 322.2929 

𝑢85=370.5288 

In above points indicate the temperature distribution 

on fin surface by numerical method. For validating the data, 

we have solved this problem in ANSYS. 

IV. ANSYS ANALYSIS 

 In Laplace equation, we observed that the temperature 

distribution is independent of thermal conductivity of 

material. So we can take any material for ANSYS analysis 

and applying the same boundary conditions. Figure shows the 

two dimensional mesh model of the fin. The mesh size is 

taken such a way that it replicates the number of unknown 

temperature point as in mathematical modelling in numerical 

methods. This mesh size is select because the comparison of 

result becomes easy. 

 
Fig. 4: Model of two dimensional fin in ANSYS 
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In this model we are applying boundary conditions 

same as above which is shown in figure. By ANSYS analysis 

we get a temperature profile which is shown in figure. 

 
Fig. 5: Temperature distribution in ANSYS Result 

V. RESULT 

For comparing the results of these two methods effectively, 

we have divided entire region in same way as numerical 

methods grid. In figure 5, shows the temperature distribution 

in colourful contour for easy understanding of the 

temperature distribution.  

In this temperature region we show that the highest 

temperature is at left hand side and it is continuously reduced 

as length increases. Which we can correlate with U4 (U1, U7) 

being greater than U5(U2,U8).The highest temperature is 

observed on a middle portion of the fin width which we can 

correlate with point U4, U5 and U6 in numerical method’s 

temperature distribution.  The temperature of point U4 is 

greater than above and below point respectively U1 and U7. 

By observing the figure ANSYS, the temperature profile is 

symmetric about middle portion which is same as Numerical 

method (i.e. U1=U7, U2=U8, U3=U9). We found that the 

temperature of grid points of numerical method is matching 

with our ANSYS analysis. 

After applying 8th iteration in MATLAB we are 

getting of error of 0.01. By hand calculation it is quite tedious 

job for get accurate result. So it is advisable to go for any 

programming software like MATLAB. 

 
Fig. 6: Temperature Distribution on fin in ANSYS 

 
Fig. 7: Temperature distribution on fin 

VI. CONCLUSION 

The Standard five point formula (SFPF) and Diagonal five 

point formula (DFPF) give same result as actual practical 

problem. And these methods help to solve the Laplace 

equation with given boundary conditions without going for 

any complicated analytic techniques. This method is very 

easy for programming in software like MATLAB because it 

is convert the partial differential equation into linear equation. 

In this numerical method by increasing number of grid nearly 

identical to actual temperature distribution and get 

temperature at any point on surface of fin. For checking the 

results of this method go for actual experiments or ANSYS 

analysis with fine mesh.  It is also calculate the temperature 

distribution of different shape of fins. It can also go for three 

dimensional temperature distribution of fin but it is quite 

complex. 
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