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In this research an inverse design algorithm, called ball-spine algorithm (BSA) is developed on
90-degree bend duct between the radial and axial diffuser of centrifugal compressor with
viscous swirling inflow to bend duct. The shape modification process integrates inverse design
algorithm and quasi-3D analysis code. For this purpose, Ansys CFX software is used as low
solver and inverse design algorithm is written as code inside it. Shape modification is
accomplished for viscous and inviscid flow to check the effect of viscosity on convergence rate.
Also, the effect of swirl velocity in shape modification process is investigated by considering
increased pressure as the target parameter. The algorithm reliability for swirling flow is verified
by choosing different initial geometries. Finally, aerodynamic design of the bend duct with BSA is
accomplished to reduce losses in 90-degree bend. Shape modification process is carried out by
improving the current wall pressure distribution and applying it to the inverse design algorithm.
Results show that convergence rate and stability of BSA are favorable for designing ducts with
swirling viscous low. So the pressure recovery coef icient of the 90-degree bend duct is
increased 4%.

Keywords:
Inverse design
90-degree bend
Centrifugal compressor
Ball-Spine algorithm
Swirling viscous flow

  

1-   

 .
 .

  ( ) ( ) 
 .

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
37

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                               1 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.37.7
https://mme.modares.ac.ir/article-15-9038-en.html


    

90    

  

372  139415 8  

 ]  .1)  [y,x (
)    ( -

 . ]2 [
S 

  

 . 
 

 .
 .

 ) 
 .  (

 
  ]3 [

 .
  .

   ]4 [  ]5 [
]  6 [- 

 .

  
 ]7 [ ]8 [

 .
.  

  ]9 [ 

 .
  

 
 .

.  
 ]10 [ .

 .
  

 ]11 [90 
10 

 .  
90 

90 
 . ]11[ 

90 
  

 ]11[

 -
 ( )

 -
90 

]11[
 - 

  -
  

90 
60 

  - .
 -

) 
 ( -

 .90 

2- 
90 

 . 1 
 .

 90 
 

 .
90  3/118/1 

8/3  .
 

90  .
 .

 . 2 
  

1   

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
37

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                               2 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.37.7
https://mme.modares.ac.ir/article-15-9038-en.html


    

90    

1394158  373  

  
2 90   

3-  -
 -. 

 -
 .

 .
 -
 .

  3
 .

  
- 

 .
 . 4 

 .
 90 

 

 . 5   
 

 .
  

) 1(  -
 ) 1( )C( 

 .

  
)1(  = ×

)1( 
)2)  (3 (  

)2(  = . . cos = . =
× × cos

)3(  =
1
2

× × cos
× ( ) =

( )
2 . cos

 )4(
 2 -10

  

)4(  =
[ ( ) ]

[ ( ) ]

3   

  
4   

5   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
37

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                               3 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.37.7
https://mme.modares.ac.ir/article-15-9038-en.html


    

90    

  

374  139415 8  

4- 
 90 

 
 .

) 
1/0 (

 
 .

 .90 
 6   .  

 .]12[
1 .

6-10   
) )1((

 .

 . -
 (  

4-1-   
 7 .

 . 60 

 .
 .

  .
 .

 .
 .

90 
5  .

 )6 (
  

  
6  90   

1- Shear Stress Transport (SST)

7 90   
  

)5(  d = d

  
)6(  

= + [ln + 1

ln ]

4-2 -   
 .

 . 

90  .
 8  

 .2 9  .
 .

43776  
  

5-  -90 
-90 

 
 .

 

 10 

5-1-   

 -
  

2- Y

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
37

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                               4 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.37.7
https://mme.modares.ac.ir/article-15-9038-en.html


    

90    

1394158  375  

  
8 90 

  

9 90   

  
10   

 . )7 (
  

)7(  = +
1
2 .

 .

  
  .

 11  .
 .

 . 12 
63 

 .
 -

  

5-2-   
90 

 . 13300  
 .

 .
  

11  

  
12   

0 0.2 0.4 0.6 0.8 1
140000

145000

150000

155000

160000

165000

170000

175000

N=15
N=63

(Pa)  

0 0.2 0.4 0.6 0.8 1

175000

180000

185000

190000

195000

Pinc

(Pa)

N=5
N=8

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

 
 

  

0 0.2 0.4 0.6 0.8 10

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Y+

 =43776
 =54144

0 0.2 0.4 0.6 0.8 1-10

-5

0

5

10

15

20

25

z

(Pa)  

 =54144
 =43776
 =25344
 =16704

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
37

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                               5 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.37.7
https://mme.modares.ac.ir/article-15-9038-en.html


    

90    

  

376  139415 8  

13   

5-3-   

 .
 14  .

 .
 .

193 
  

6 - 
     

 .90 
 15 90 

 .
 .

  .
)  

 (

  
 .

 . 
     . 

    
16     . 

     
 90  .  

16        
    . 

  . 
       17   -

 . 117   .  
 90 

            
  .18 

4   

14  

  
15  

  
16 90   

0 0.2 0.4 0.6 0.8 1
140000

145000

150000

155000

160000

(Pa)  

  

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

 
 

  

0 0.2 0.4 0.6 0.8 1
145000

150000

155000

160000

165000

170000

175000

(Pa)  

N=300
N=30

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
37

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                               6 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.37.7
https://mme.modares.ac.ir/article-15-9038-en.html


    

90    

1394158  377  

17 90   

  
18  

 .19 
 .

 .
 20 

 .
 .

  

19   

20   

7-
-90 

90 
  

 
 .

  .

 
 .

 .

  
 .

  
 .

 

 .

90 
 .

4 
 .

8 - 

a)s-2(  

A  )m2(  

0 20 40 60 80 100 120
0

0.2

0.4

0.6

0.8

1

Vz (m/s)

 
 

  

0 0.2 0.4 0.6 0.8 1
0

20

40

60

80

100

120

140

(Pa)  
  

0 0.2 0.4 0.6 0.8 1
1

1.05

1.1

1.15

1.2

1.25

1.3

1.35

 
 

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
37

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                               7 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.37.7
https://mme.modares.ac.ir/article-15-9038-en.html


    

90    

  

378  139415 8  

C  )m2s2kg(  

F  )kg s-2(  

m  )kg(  

P  )kgm-1s-2(  

r  90  )m(  

RE  

S   )m(  

t   )s(  

V   )s-1(  

    

  )kgm-3(  

)kgm-1s-2(  
    

1    

a v e    

b    

d    

i  
inc  

r    

T  

u    

z    

    

9- 
[1] J. D. Stanitz, Design of Two-Dimensional Channels with Prescribed

Velocity Distributions along the Duct Walls,Technical Report 1115 Lewis
Flight PropulsionLaboratory, 1953.

[2] A. Ashrafizadeh, G.D.Raithby, G.D. Stubley, Direct design of ducts, Journal
of Fluids Engineering,Transaction ASME, 125, pp. 158-165, 2003.

[3] R. L. Barger, C.W. Brook, streamline curvaturemethod for design of
supercritical and subcritical airfoils, NASA TN D-7770 1974.

[4] R. L. Campbell, L. A. Smith, hybrid algorithmfor transonic airfoil and
wing design, AIAA Paper pp. 87-2552, 1987.

[5] R. A. Bell, R. D. Cedar, An inverse method forthe aerodynamic design of
three-dimensional aircraft engine nacelles, Dulikravich, pp. 405-17,
1991.

[6] J.B.Malone,J. C. Narramore, L. N. Sankar, An efficient airfoil design method
using the Navier-Stokes equations, AGARD, Paper 5, 1989.

[7] J. E.Borges, three-dimensional inverse method for turbomachinery:
Part 1-theory, Journal of Turbomachinery Vol. 112, No. 3, pp. 346-354,
1990.

[8] M.Zangeneh compressible three-dimensional design method for radial
and mixed flow turbomachinery blades,International Journal for
Numerical Methods in Fluids Vol. 13, No. 5, pp. 599-624, 1991

[9] A. Demeulenaere, R. Braembussche, Three-dimensional inverse method
for turbine and compressor blades, Journal of Turbomachinery Vol. 120,
No. 2, pp. 247-255, 1998.

[10] M. Rahmati, Inverse Approach to Turbomachinery Blade Design,AIAA
JOURNAL Vol. 47, No. 3,2009.

[11] M. Nili-Ahmadabadi, F. Poursadegh, Centrifugal compressor shape
modification using proposed inverse design method, Journal of
Mechanical Science and Technology Vol. 27, No.3,pp. 1-8,2013.

[12]J. Bourgeois, R. Martinuzzi, E. Savory, C. Zhang, D. Roberts,
Assessment of Turbulence Model Predictions for an Aero-
Engine Centrifugal Compressor, Journal of Turbomachinery Vol.
133 No. 1, pp. 11-25, 2010

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
37

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.37.7
https://mme.modares.ac.ir/article-15-9038-en.html
http://www.tcpdf.org

