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In the present work, optimization of air-cooled heat exchanger using structural theory of Bejan
using fluent software has been investigated. Two constraints are applied in the optimization
process: the first one is to fix the overall area of heat exchanger, A and second, the ratio of
fraction of total heat exchange surface in the fixed pipe, Using these two constraints and the
aforementioned theories, the best geometry, which is symmetric geometry of the tube and the
fins, was obtained. Furthermore, the effect of parameters such as pressure, Stanton number, ratio
of fraction of the convective heat transfer coefficients, ratio of fraction of the conductivity, and the
number of ins, etc. was investigated. The results show that for tubular length of 5.8 cm and 4.3
cm radius, the fraction of optimal ins diameter to pipe diameter is 1.88 and the optimal number
of ins is 7. By using software such as Fluent and Matlab, the ins height and the distance between
the fins were investigated. According to structural constraints, structure was selected such that
heat transfer from all the fins are equal. It was observed that the amount of the heat transfer was
optimized by 6.2%.
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Fig. Studied geometry

1   

2-  
 

 ) 1.(  
   :

A 
 .

 -
 .

"  

  

 .
) 17)  (20 (

  
 

]10[ ] 17 [
  

3 -   
  

   

)1(  = ( )

)2(  =
2

( ) + ( ) ( )

   

)3(  
= function

2 2
2

,

)4(  = exp

)5(  = ( ) 1 exp

] 10:[  

)6(  1
~

  
) 7 (  

)7(  + + = 0

x ) 8 (

)8(  + + = +
2

2 +
2

2 +
2

2

y ) 9 (  

)9(  + + = +
2

2 +
2

2 +
2

2

 ) 10 (  

)10(  + + = +
2

2 +
2

2 +
2

2

) 11 (  

)11(  + + = (
2

2 +
2

2 +
2

2 )

4 -   

   . 

  .
   .

  
) 12(   

)12(  =
1

)13(  =

)14(  =
) 14 (  

 

)15(  =
2

+ 1

)16(  
= f

2 )
,

) 16 (  

) 17 (  
)17(  =

2
+ + ( )

)18(  =
4 St

1 exp 4 St

) 18 (  

St =

 ) 18)  (19 (  

)19(  
1

=
1

+
1

  

)20(  
= 0.023

.

Pr St

.

Pr . / .

5 -   



    

      

  

176  1395161  

""1  . -
.

 .
)  L (12131417 

21  .

  
 

 .
 .

 .
 .

 .

 . 
  

6 -   
. 

 .

 .2 
 

2 3   
2  

 
   .

4 
0.59   

   
   

 .
 .

 .3 
 .  

4000002700000 
1400000 

 .1401025 
  

1 fsolve
2 map 
3 cooper
4 Equiangle skew

  
Fig. Section mesh geometry
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Fig. 3 Chart of heat transfer dependence on meshing

3   

  
Fig. Comparison of heat transfer in 2500 ins using written code of present
work and reference [10]
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1 [10] 2500   
Table Comparison of heat transfer in 2500 ins between present work and
reference [10]

Error percent q in present work in [10] /  
0.4 43.1 42.9277 0.3 

0.23 41.95 42.0482 0.4 
0.414 39.36 39.5344 0.5 
0.05 36.52 36.502 0.6 

2 [10] 4000   
Table Comparison of heat transfer in 4000 ins between present work and
reference [10] 

Error percent q in present work in [10] /  
0.7 40.2 40.4819 0.3 

0.72 37.43 37.69746 0.4 
1.23 33.39 33.80578 0.5 
0.23 29.79 29.85941 0.6 

  

Fig. Heat transfer comparison diagram between present work and
reference [17]
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Fig. 6 Variations of with / for some n's 
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Fig. 7 variations of with respect to for some 's. 
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Fig. Variations of with for three Stanton numbers.
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Fig. 9 Variations of versus / for different values of
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Table Heat transfer rate in fins with different geometry

  6   7 8   
  623.52  360.441  351.802  

4   
Table The rate of separated heat transfer on tubes and fins in the primal
optimization

  
(w)

  
  (w)  

1  56.397  A13.813  
2  51.023  A2  3.727  
3  46.54  A3  3.582  
4  45.235  A4  3.494  
5  44.588  A5  3.483  
6  43.933  A6  3.421  
7  47.11  A7  4.095  

  
Fig. 10 Temperature contour in primal optimization

10   

  
Fig. 11 The obtained geometry using secondary optimization

11   

    
Fig. 12 Temperature contour in secondary optimization 

12 

5   
Table Separated geometry dimension using secondary optimizing

) cm() cm(
1  6.7913L0.4299

2  7.38725L0.442

3  8.05085L0.4562

4  8.3087L0.4704

5  8.66985L0.4705

6  8.81735L0.4793

7  8.2468L0.3916

6   
Table 6 The rate of separated heat transfer on tubes and fins in the
secondary optimization 

  
  

(w)
  (w)  

1  50.810A13.760

2  50.950  A23.981  
3  51.333  A3  3.713  
4  51.712  A4  3.794  
5  51.234  A5  3.296  
6  50.596  A6  3.684  
7  51.422  A7  3.985  

7   
Table Comparison of Nusselt number in two optimized mode

      
Nu =50.982  Nu =51.038  Nu =50.861  
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