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 In this paper three-dimensional incompressible laminar fluid flow and heat transfer of a heated array of 
rectangular perforated and solid fins attached on a flat surface are studied numerically. Perforations with 
rectangular cross section are along the length of bluff plates and their number varies from 1 to 2. For 
solving this problem, Fluent software is used. Discretization of the governing equations were achieved  
through  finite volume method and solved with SIMPLE algorithm. The second order upwind technique 
is used for discretization of momentum and energy equations. Computations were performed for a range 
of Reynolds numbers (100-350), based on fin thickness. The main contribution of this paper is finding 
the optimum place of perforations and afterwards comparing the thermal performance and Nusselt 
number of the fins with one and two perforations and solid fin.  Thermal performances and 
effectiveness of perforated and solid fins are determined and compared. Higher performances for 
perforated fins are observed and effectiveness increased by increasing number of perforations. By 
increasing Reynolds number and number of perforations, Thermal performances and effectiveness and 
Nusselt number increase.  Total drag is highest for solid fin and is equal for fin with 2 perforations at 
optimum and non- optimal place. Higher reduction of weight of fins due to perforation is another major 
of utilization of the new type of fins structure. The advantages of circular perforation can be mentioned 
as economic reasons and simplicity  of implementation as compared to other developed techniques in 
the literature. 

Keywords: 
Laminar flow 
Perforated fin 
Fin performance 
Nusselt number 
Optimum place  

 

  

1 -   
 .

 ]1.[ 
 .

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.7

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             1 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.7.5
https://mme.modares.ac.ir/article-15-1580-fa.html


    

               

13941512  395  

  
]2[. 

 .

 ]3[ .
]4[        

         .
     

    
]5[  

 .
   

 ]6 [
 .

 .
 

  
]7[ 

 .

 .

   
 ]8[ 

 .

  
] 3-8[ 

]9[.  
 ]10[  

 .
  .

]11[.  

 .
  

] 12 [ 
  

]13[   
  

 .

 .]14[ 
  

]1314[  
 .

  
]15[ 

 .
 .

 . 

  
] 16 [

 . .
 .

  
] 17 [

 .
 . 

 .

  
]18[ ]16 [

 .

 .
  

]19 [
 

 .
  

]  20 [
)   

 .12 45 
  

]10[ 
 .]1314 [

] 1519 [
 .

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.7

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             2 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.7.5
https://mme.modares.ac.ir/article-15-1580-fa.html


    

               

  

396  13941512  

] 20[  ( )  
 .

  

 .

  .
 1 2 

 . .
0.0555 0.111 100 350 

 .
 .  

 
 .

 .
 .  

2 -  

 1  .
    

w mK 202  .100 350 
 .10 

 . .
244  12  .

 .0.0555 0.111
 1.84  .

2 
  

3 -  

 
 1 

 .
   

-   

 

-  

-   

-  

-  

-  

 (1) .  

  
)1( 

X = , Y = , Z = , U = , V = , W =  

P = , = , Re =  

:  

)2( U
X +

V
Y +

W
Z = 0 

X:  

  
)3( 

U
U
X + V

U
Y + W

U
Z

=
P
X +

1
Re

U
X +

U
Y +

U
Z  

Y:  

)4( U
Y
X + V

Y
Y + W

Y
Z =

P
Y +

1
Re

Y
X +

Y
Y +

Y
Z  

Z:  

  
)5( 

U
W
X + V

W
Y + W

W
Z

=
P
Z +

1
Re

W
X +

W
Y +

W
Z  

  

)6( U X + V Y + W Z =
1

RePr X + Y + Z  

(7)  
(8)  .

H 
  

)7( Ri =  

)8( =
1

0.5(25 + 70) + 273 = 0.003 

 )7(g  H 
  .

100 m/s 0.37 
 .

0.12  .
   

3 -1-   
3  .abcd 

 
=    =  =0  =   
bckj   

abji  dckl 
z w=0  .

ijkl  x  .
 .

 .
 .25   

efgh   70  .  
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.7

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             3 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.7.5
https://mme.modares.ac.ir/article-15-1580-fa.html


    

               

13941512  397  

adeh  gfli  .]21 [
5 8 

  40 77.5 
  .
 70 

  

4 -   
2 6 

]22 [  .
-  .

 
 .  .

 .

10 10 .  

4 -1-   

 3  .  
  

  
(a) 

)  

  
(b)  

)  
Fig. 1 Arrays of perforated fins considered in the present investigation, 
(a) arrays of fins with 1 perforation in =0.0555, (b) arrays of fins with 
2 perforation in =0.111 
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Fig. 2 Arrays of perforated fins considered in the present 
investigation,(a) arrays of fins with 1 perforation, (b) arrays of fins with 
2 perforation 
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Fig. 3 Computational domain for solid and perforated fins. 
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according to Reynolds number  
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Fig. 8 (a) Comparison of average Nusselt number for fin with 1 
perforation at optimum and non-optimal place according to Reynolds 
number, (b) Comparison of average Nusselt number for fin with 2 
perforation at optimum and non-optimal place according to Reynolds 
number 
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Fig. 11 (a) Comparison of heat transfer coefficient from unit volume of 
perforated fin with 1 perforation at optimum and non-optimal place 
according to Reynolds number, (b) Comparison of  heat transfer 
coefficient from unit volume of perforated fin with 2 perforation at 
optimum and non-optimal place according to Reynolds number 
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Fig. 12  Comparison of average Nusselt number for perforated fin at 1 
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