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 Cooling of high temperature systems such as gas turbine blades is one of the most important systems in 
industry.  In this paper, three dimensional cooling performance on a flat plate is calculated by a 3D 
finite-volume method and the realizable k-  turbulence model which is an improved model on the 
standard k-  turbulence model and it can generate data more appropriately for fluid injections and jets. 
In this investigation, 4 different cases have been compared to find the best cooling case with maximum 
effectiveness. These cooling cases  include  2 cases of film cooling with console and cylindrical holes, 
one case of impingement cooling and one case of transpiration (with porous wall) cooling. For 
validation, the adiabatic cooling effectiveness for the console has been compared with the experimental 
data. These comparisons show good agreement between experimental and numerical data. The adiabatic 
cooling effectiveness, the effects of density ratio (by air and CO2  as a coolant) (DR) and blowing ratio 
(M) are studied in all cases. The adiabatic cooling effectiveness for console and transpiration cooling 
cases have been compared to  study  the penetration of coolant fluid in the main stream (hot fluid) and 
show  the temperature and effectiveness distribution. The main purpose of this paper is finding the best 
cooling techniques with maximum effectiveness and the results show the designed transpiration cooling 
model has the best effectiveness with respect to other cooling techniques. 
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Fig. 1-a- The geometry of Console (film cooling)  
1 - - )   

 

H
ot

 g
as

   
   

 
C

oo
la

nt
  

   
   

   
   

  

Fig. 1-b- The geometry of Impingement cooling  
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Fig. 1-c- The geometry of cylindrical hole (film cooling)  
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Fig. 1-d- The geometry of Transpiration cooling  
1 -  -    

Fig. 1 Geometry of studied cases  
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Table 1 Properties of studied cases  
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Fig. 2-a- Console grid in 2D view 
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Fig. 2-b- Cylidrical hole  grid in 3D view 
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Fig. 2-c- Transpiration cooling grid in 3D view 
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Fig. 2 The samples of studied grids  
2  

6 -3-   
4 

2 
 .3 -

1 
 .  )23 4(

 .
4 ) (2 0.7 %

)  2 .  (  
  

2  
Table 2 The properties of grids studied 

  
1 10×60  ×300 
2 10×80   ×355 
3 15×80  ×380 
4 35×100   ×455 

 
Fig. 3 Studying of the mesh independency 

3  

)2 (  

7 -   
7 -1-  

 .

 ]10[ 1 )1M= (
4   .

 
 .

  

7 -2-   
5   

 1 4 ) 1DR=(
 2 %0.50.95 1.5 

  .
 .0.5 M=

0 X= 75 X=  )  1 (
 .4 

 .0 X= 
30X= 3 ) 4(  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
7.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
19

 ]
 

                             5 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.7.6
https://mme.modares.ac.ir/article-15-1479-en.html


    

                         

  

82  1395164  

 

Fig. 4 The comperison of  adiabatic film cooling effectiveness of 
experimantal (M=0.95) and numerical (M=1) results of Yao[10] with 
present study ( M=0.95) in direction of x/d 
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Fig. 5-a-  M=0.5 
5 - - 0.5 M= 

 

Fig. 5-b-  M=0.95 
5 - - 0.95 M= 

 

Fig. 5-c-  M=1.5 
5 - - 1.5 M= 

Fig. 5  Centerline adiabatic film cooling effectiveness of cases studied 
in M=0.5, 0.95 and 1.5 and DR=1 
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Fig. 6-a-  M=0.5 
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Fig. 6-b-  M=0.95 
6 - - 0.95 M= 

 

Fig. 6-c-  M=1.5 
6 - - 1.5 M= 

Fig. 6  Centerline adiabatic film cooling effectiveness of cases studied 
in M=0.5, 0.95 and 1.5 and DR=1.53 
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Fig. 7-a-  M=0.5 

7 - - 0.5 M= 

 

Fig. 7-b-  M=0.95 
7 - - 0.95 M= 

 

Fig. 7-c-  M=1.5 
7 - - 1.5 M= 

Fig. 7 Centerline adiabatic film cooling effectiveness for case 1 in 
M=0.5, 0.95, 1.5 and DR=1    
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Fig. 8-a-  M=0.5 
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Fig. 8-b-  M=0.95 
8 - - 0.95 M= 

 

Fig. 8-c-  M=1.5 
8 - - 1.5 M= 

Fig. 8 Centerline adiabatic film cooling effectiveness for case 1 in 
M=0.5, 0.95, 1.5 and DR=1.53  
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Fig. 9-a-  M=0.5 
9 - - 0.5 M= 

 

Fig. 9-b-  M=0.95 
9 - - 0.95 M= 

 

Fig. 9-c-  M=1.5 
9 - - 1.5 M= 

Fig. 9 Centerline adiabatic cooling effectiveness for case 4 in M=0.5, 
0.95, 1.5 and DR=1  
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Fig. 10-a-  M=0.5 
10- - 0.5 M= 

 

Fig. 10-b-  M=0.95 
10- - 0.95 M= 

 

Fig. 10-c-  M=1.5 
10- - 1.5 M= 

Fig. 10 Centerline adiabatic cooling effectiveness for case 4 in M=0.5, 
0.95, 1.5 and DR=1.53 
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Fig. 11-a-  DR=1 
11- - 1 DR= 

 

Fig. 11-b-  DR=1.53 
11- - 1.53  DR= 

Fig. 11 Temperature contours for case 4 in M=0.5, 0.95, 1.5 and DR=1 and 1.53 
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