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Abstract—Through the appropriate assumptions, the 

mathematical model was derived in longitudinal fin of 

rectangular profile, use the finite difference method for the 

numerical solution to the model, then use the fluent software to 

draw a two-dimensional temperature distribution within the 

region. The results show good agreement with different solving 

methods, and the influence of different parameters for the two-

dimensional temperature distribution is analyzed. 
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I. INTRODUCTION  

A rectangular fin, the height of the fin is H, the 

thickness is δ, long in length direction is l, the temperature 
of the fin root is t0, the fluid temperature near the fin is t∞, 
the surface heat transfer coefficient is h. Assuming that t0> 
t∞, And h is constant, The area along the height direction is 
Ac, the perimeter of the cross section is P, P/Ac≈2/. 

 
 
 

II. THE ANALYSIS OF THE RESEARCH OBJECT AND ITS 

MATHEMATICAL MODEL 

 

A. The analysis and build of the model 

Ignore the temperature difference in the thickness 
direction, the fins temperature only changes in the height 
direction, only study the average temperature changing in the 
height direction of each cross section. Use the first boundary 
condition on the top of the fin, the surface of the fin is having 
convective heat transfer with the fluid nearby, but in reality, 
the heat transfer through the top of fin is very small, so 
conduct the adiabatic process. The heat transfer through the 
upper surface and lower surface can’t be ignored, so we 
introduce the virtual heat source. 

Differential equations of this heat conduction problem: 
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According to the above assumptions, the boundary 

conditions are: 

0,0 ttx   

0, 
dx

dt
Hx  

Among them: 

CA

tthP )( 
  

 

B. Analysis and solution 

Introduce the over temperature θ=t-t∞, and m
2
=hP/λAc, 

thus makes the equation homogeneous and easy to solve. 

The equation now is: 
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Boundary conditions are: 

0,0  x  

Figure 1. the schematic diagram of 

longitudinal fin of rectangular profile 
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The solution are: 
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C. The basic process of numerical solution 

1) The basic process of one-dimensional numerical 

solution 
Conduct the one-dimensional numerical analysis of 

temperature field within the area of the fin (do adiabatic 
boundary treatment), the solution process is as follows: 

Discrete the region: to discrete the rectangular area, the 
region in the height direction is divided into N sub-region, 

and N + 1 nodes, the step size is Δx=H/N, from left to right 

are the nodes 0-N. 
Establish discrete node equations. 
According to energy conservation relations, the discrete 

equation of the internal node N is: 
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2) The basic process of two-dimensional numerical 

solution 
Conduct the two-dimensional numerical analysis of 

temperature field within the area of the fin(do the third type 
of boundary conditions treatment), the solution process is as 
follows. 

Figure 3 is the discretion of the rectangular area. 

 
According to the energy conservation relation, to give 

temperature expression of the internal node (m,n): 
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Before you begin to format your paper, first write and 
save the content as a separate text file. Keep your text and 
graphic files separate until after the text has been formatted 
and styled. Do not use hard tabs, and limit use of hard returns 
to only one return at the end of a paragraph. Do not add any 
kind of pagination anywhere in the paper. Do not number 
text heads-the template will do that for you. 

The upper boundary nodes (not including the left and 
right nodes): 
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The lower boundary nodes (not including left and right 

nodes): 
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The node in the upper right corner: 
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     The node in the upper right corner: 

Figure 2. the schematic diagram of the 

virtual heat source. 

 

0 
x H 

t∞ 

h 

t0 
Area: Ac 

Perimeter: P 

x 

 
dx 

 

sΦ  0

△ 

1,N 

m 

n 

△x 

△  

m,n 

M,1

△ 

△y 

△  

Figure 3. the discretion of the rectangular area 
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III. CACULATION 

 
The first set of conditions contain such given main 

parameters: the thermal conductivity λ =100W/m/K, the 

surface heat transfer coefficient h=50W/m
2
/K, the thickness 

δ=0.02m, the height H=0.12m, the temperature of fin root 

t0=100℃, the fluid temperature near the fin  tf=20℃ 

To study the two-dimensional temperature field 
distribution under different parameters, give a second set of 

conditions, the thermal conductivity λ =10W/m/K, the 

surface heat transfer coefficient h=400W/m
2
/K, the other 

conditions remain unchanged 
The second set of conditions are only calculated and 

compared in chapter C, and the rest are based on the 

calculation of the first set of conditions. 
 

A. Analytical solution 

Substitute the nodes and obtain the temperature 
distribution of the corresponding node, as shown in Table 1 

 
Table 1. the theoretical solution of each node 

Node 

Number 
Temperature 

0 100 

1 96.23 

2 92.85 

3 89.85 

4 87.19 

5 84.89 

6 82.91 

7 81.25 

8 79.91 

9 78.87 

10 78.13 

11 77.69 

12 77.54 
 

B. One-dimensional numercial analysis solution 

By the analysis of numerical solution process, the area 
will be divided into 12 sub-regions and 13 nodes, the step 

size Δx=H/N=0.01m. 

When the error between two iterations is less than 10
-6

, 
the result convergence. It is shown in Table 2. 

 

Table 2. the iteration results of each node  

Two-dimensional numercial analysis solution 
By the analysis of numerical solution process, the area 

will be divided into 96 sub-regions, 13 nodes horizontal and 

9 nodes in vertical direction and the step size Δ
x=H/N=0.01m. 

When the error between two iterations is less than 10-6, 
the result convergence. It is shown in Table 3.  

Table 3. the two-dimensional numerical solution of each node 

 
The temperature results under the second set of 

conditions are shown in table 4. 
Table 4. the solution of each node under the second condition 

 
 

C. The solution of fluent 

The final temperature contour is shown in Figure 5. 

 
Figure 4. the temperature contours 

 

IV. RESULTS AND ERROR ANALYSIS 

Figure 5 shows the temperature results of each node 
which compares theoretical solution with the numerical 
solution. The results are in good agreement, which illustrate 
both theoretical solution and numerical solution can be used 
to solve this problem. 
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Figure 5. the temperature distribution curve of different solution methods 

 

 

Figure 6. the two-dimensional temperature distribution field under different 
conditions 

 
 

V. CONCLUSIONS 

We can draw the conclusion from figure 6, there are 
differences between the two-dimensional temperature 
distributions under different conditions. The causes are being 
analyzed as follows: 

 

 The difference between minimum temperatures: In 
the first case, the minimum temperature is 75 
degrees, the second case is 20 degrees, the surface 
heat transfer coefficient contributes a lot to the heat 
dissipation, which explains this differences. 

 The difference between temperature distributions in 
the x direction: in the contrary near heat sources, the 
temperature gradient in the second case is 
significantly greater than the first case. The case 
which contains a lager thermal conductivity have a 
uniform temperature distribution and a lower 
temperature gradient, the smaller otherwise. 

 The difference between temperature distributions in 
the y direction: The temperatures are almost the 
same at the center of the first case and the upper and 
lower boundaries. The temperatures are different at 
the center of the second case and the upper and 
lower boundaries. The relative size of conduction 
thermal resistance and the convection thermal 
resistance affects the temperature distribution in the 
y direction, when the convection thermal resistance 
is much less than the convective heat transfer 
resistance, the temperature distribution is uniform in 
the y direction, when the conduction thermal 
resistance is greater than convection thermal 
resistance, the situation is opposite. 
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