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One of the interesting and practical problems in thermo-fluid sciences refers to finding the shape of a 
boundary on which a specific distribution of pressure, temperature or heat flux is known. Because 
solving such problems using experimental, semi-experimental and analytical methods is time-
consuming or even impossible in some practical situations, myriad numerical methods have been 
introduced to solve surface shape design (SSD) problems. In all the numerical algorithms, an initial 
guess is modified through a numerical process until the desirable distribution of the target variable is 
achieved. All the numerical algorithms use three computational tools, i.e. grid generator, flow solver 
and shape updater to solve an SSD problem. In most numerical algorithms not only do the three 
mentioned tools work separately, but the shape updater is also not derived from the governing 
equations. In this article, to solve SSD problems containing convection heat transfer, a new shape 
design algorithm called direct design method is presented in which grid generator, flow solver and 
shape updater work simultaneously and also the shape updater is directly derived from the governing 
equations. Some SSD problems containing convection heat transfer in which instead of the boundary 
shape the distribution of the heat flux is known are solved using the proposed algorithm. The obtained 
results show the capability of the method in solving SSD problems containing internal convection heat 
transfer.  
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Fig. 2 Local coordinates in a quadrilateral element. 
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Fig. 4 Schematic view and boundary conditions in cylindrical 
Couette flow 
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Fig. 5 Heat flux distributions for initial guess and target 
geometries in cylindrical Couette flow problem   

5  -
  

 
Fig. 6 Convergence histories in cylindrical Couette flow 
problem 

6   

 .7  
 .  

  

 
] 27:[  

)68(  Q( ) =
1

ln( )
 

= 1 Q = 0.72  = 2 
 .2

Re 10 Re 100 
 .

2 
 .

 -
  

 . -

 .

 .

  .  

 
Fig. 7 Shape evolution in cylindrical Couette flow problem  
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Fig. 11 Shape evolution in the nozzle design problem 
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Table 3 Under-relaxation, iteration number and computational 
time in the nozzle design problem at different Reynolds 
numbers and on various computational grids 
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Fig. 8 Schematic view and boundary conditions in the nozzle 
design problem 
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Fig. 9 Heat flux distributions for the initial guess and the 
target geometry in the nozzle design problem 
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Fig. 10 Convergence history in the nozzle design problem 
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Fig. 12 Schematic view and boundary conditions in the 
concentric annuls design problem 
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Fig. 13 Heat flux distributions for the initial guess and the 
target geometry in the concentric annuls design problem 
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Fig. 14 Convergence history in the concentric annuls design 
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Fig. 15 Shape evolution in the concentric annuls design 
problem 
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Fig. 17 Heat flux distributions for the initial guess and the 
target geometry in the lid-driven cavity problem 
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Fig. 18 Convergence history in the lid-driven cavity problem 
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Fig. 19 Shape evolution in the lid-driven cavity problem 
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Table 5 Under-relaxation, iteration number and computational 
time in the lid-driven cavity problem on various computational 
grids 
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50×50  1  0.8  16  26  3.10  6.73  
75×75  1  0.7  16  30  7.32  15.82  
100×100  1  0.6  16  33  13.16  29.45  

5
 .

5 
  .

7 -   

  
 

-
 .

 
 

 

 

 
   .

 .
 

  .

8 -   
A   
a , a , … ) 29)  (32(  
B   
b , b , b , b    
C , C , .. ) 38)  (41(  
d , d , d    
F  

) ms-2(  
G , G) 25)  (26(  
Gr  
H , H , …) 33)  (36(  

) m(  
M  

N  
P  
p) kg m-1s-2(  
Pe  
Pr  
Q  
R  
Ra  
Re  
Res  
Ri  

, S, s  
T) K(  
U, V  
u v) ms-1(  
X, Y  
x, y) m(  

  
  ) Jm-3K-1(  
  ) K-1(  
    

 )m2s-1(  
 ) kgm-3 (  
 ) s-1(  
  

  
  

c    
h    

   

9 -   
[1]  S. Kubo, Classification of inverse problems arising in field 

problems and their treatments, Proceedings of First IUTAM 
Symposium on Inverse Problems in Engineering Mechanics, 
Berlin: Springer-Verlag, pp. 51-60, 1992. 

[2] A. Ashrafizadeh, G. D. Raithby, G. D. Stubley, Direct design of 
ducts, Journal of Fluids Engineering, Vol. 125, No. 1, pp. 158-165, 
2003.  

[3] M. Nikfar, A. Ashrafizadeh, P. Mayeli, Inverse shape design via a 
new physical-based iterative solution strategy, Inverse Problems in 
Science and Engineering, Vol. 23, No. 7, pp. 1138-1162, 2015.  

[4] S. S. Rao, Engineering optimization, theory and practice, Third 
Edittion, pp. 18-24, New York: Wiley, 1996.  

[5] L. De Vito, R. van den Braembussche, A novel two-dimensional 
viscous inverse design method for turbomachinery blading, 
Transaction of ASME, Vol. 125, No. 2, pp. 310-316, 2003.  

[6] M. Nili-Ahmadabadi, M. Durali, , A. Hajilouy, F. Ghadak, Inverse 
design of 2D subsonic ducts using flexible string algorithm, 
Inverse Problems in Science and Engineering, Vol. 17, No. 8, pp. 
1037-1057, 2009. 

[7] M. Nili-Ahmadabadi, F. Ghadak, M. Mohammadi, Subsonic and 
transonic airfoil inverse design via ball-spine algorithm, Computers 
and Fluids, Vol. 84, No. 7, pp. 87-96, 2013. 

[8] M. Safari, M. Nili-Ahmadabadi, A. Ghaei, E. Shirani, Inverse 
design in subsonic and transonic external flow regimes using 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

1.
14

.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-

29
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.1.14.7
https://mme.modares.ac.ir/article-15-5175-fa.html


    

    

  

236  1395161  

Elastic Surface Algorithm, Computers and Fluids, Vol. 102, No. 8, 
pp. 41-51, 2014. 

[9] R. L. Barger, C. W. Brooks, A streamline curvature method for 
design of supercritical and subcritical airfoils, NASA Technical 
Note, No. NASA TN D-7770, USA, 1974. 

[10]  P. Garabedian, G. McFadden, Design of supercritical swept wings, 
AIAA journal, Vol. 20, No. 3, pp. 289-291, 1982. 

[11]  G. S. Dulikravich, D. P. Baker, Aerodynamic shape inverse design 
using a Fourier series method, Proceedings of 37th Aerospace 
Sciences Meeting and Exhibit, USA: AIAA, pp. 289-291, 1999. 

[12]  J. D. Stanitz, A review of certain inverse methods for the design of 
ducts with 2- or 3-dimensional potential flow, Applied Mechanic 
Review, Vol. 41, No. 6, pp. 217-238, 1988. 

[13]  L. Zannetti, A natural formulation for the solution of two-
dimensional or axisymmetric inverse problems, International 
Journal of Numerical Methods in engineering, Vol. 22, No. 2, pp. 
451-463, , 1986.  

[14] P. Chaviaropoulos, V. Dedoussis, K. D. Papailiou, On the 3-D 
inverse potential target pressure problem. Part I: Theoretical 
aspects and method formulation, Journal of Fluid Mechanics, Vol. 
282, No. 1, pp. 131-146, 1995.  

[15]  P. Chaviaropoulos, V. Dedoussis, K. D. Papailiou, On the 3-D 
inverse potential target pressure problem. Part II: Numerical 
aspects and application to duct design, Journal of Fluid Mechanics, 
Vol. 282, No. 1, pp. 147-162, 1995.  

[16]  J. E. Borges, Computational method for the design of ducts, 
Computers and Fluids, Vol. 36, No. 2, pp. 480-483, 2007.  

[17]A. Ashrafizadeh, A direct shape design method for thermo-fluid 
engineering problems, PhD Thesis, University of Waterloo, 
Waterloo, 2000.  

[18]  G. D. Raithby, W. X. Xu, G. D. Stubley, Prediction of 
incompressible free surface flows with an element-based finite 
volume method, Journal of Computational Fluid Dynamics, Vol. 4, 
No. 3, pp. 353-371, 1995.  

[19] W. X. Xu, G. D. Raithby, , G. D. Stubley, Application of a novel 
algorithm for moving surface flows, Proceeding of 4th Annual 
Conference of the Computational Fluid Dynamics, Ottawa: Society 
of Canada, pp. 201-211, 1996. 

[20]  A. Ashrafizadeh, G. D. Raithby, G. D. Stubley, Direct design of 
shape, Numerical Heat Transfer Part B, Vol. 41, No. 6, pp. 501-
520, 2002.  

[21]  A. Ashrafizadeh, G. D. Raithby, G. D. Stubley, Direct design of 
airfoil shape with a prescribed surface pressure, Numerical Heat 
Transfer Part B, Vol. 46, No. 6, pp. 505-527, 2004.  

[22]  A. Ashrafizadeh, G. D. Raithby, Design Solution of the Elliptic 
Grid Generation Equations, Numerical Heat Transfer Part B, Vol. 
50, No. 3, pp. 217-230, 2006.  

[23]  M. Taiebi-Rahni, F. Ghadak, A. Ashrafizadeh, A direct design 
approach using the Euler equations, Inverse Problems in Science 
and Engineering, Vol. 16, No. 2, pp. 217-231, 2008.  

[24]  F. Ghadak, M. Taiebi-Rahni, A. Ashrafizadeh, Direct design of 
branched ducts, Scientia Iranica, Vol. 16, No. 2, pp. 111-120, 2009.  

[25]  A. Ashrafizadeh, S. Okhovat, M. Pourbagian, G. D. Raithby, A 
semi-coupled solution algorithm in aerodynamic inverse shape 
design, Inverse Problems in Science and Engineering, Vol. 19, No. 
4, pp. 509-528, 2011.  

[26]  G. E. Schneider, M. J. Raw, Control volume finite-element 
method for heat transfer and fluid flow using collocated variables 
Part I: computational procedure, Numerical Heat Transfer, Vol. 11, 
No. 4, pp. 363-390, 1987.  

[27] A. Bejan, Convection heat transfer, Third Edittion, New York: 
Wiley, pp. 8-24, 2004.  

[28]  A. Ashrafizadeh, M. Rezvani, B. Bakhtiari, Pressure-velocity 
coupling on co-located grids using the method of proper closure 
equations, Numerical Heat Transfer Part B, Vol. 56, No. 3, pp. 
259-273, 2009.  

[29]  M. Rezvani, A. Ashrafizadeh, Numerical simulation of the inter-
equation couplings in all-speed flows via the method of proper 
closure equations, Numerical Heat Transfer Part A, Vol. 58, No. 4, 
pp. 313-332, 2010.  

[30]  A. Ashrafizadeh, B. A. Bavafa, P. Mayeli, A new co-located 
pressure-based discretization method for the numerical solution of 
incompressible Navier-Stokes equations, Numerical Heat Transfer 
Part B, Vol. 67, No. 6, pp. 563-589, 2015.  

[31]  M Nikfar, A. Ashrafizadeh, A coupled element-based finite 
volume method for the solution of incompressible Navier-Stokes 
equations, Numerical Heat Transfer Part B, Accepted for 
publication, 2015.  

[32]  A. Al-Amiri, K. Khanafer, J. Bull, I. Pop, E ect of the sinusoidal 
wavy bottom surface on mixed convection heat transfer in a lid-
driven cavity, International Journal of Heat and Mass Transfer, 
Vol. 50, No. 10, pp. 1771-1780, 2007.  

[33]  M. Nikfar, M. Mahmoodi, Meshless local Petrov-Galerkin 
analysis of free convection of nano uid in a cavity with wavy side 
walls, Engineering Analysis with Boundary Elements, Vol. 36, No. 
3, pp. 433-445, 2012.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

1.
14

.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-

29
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.1.14.7
https://mme.modares.ac.ir/article-15-5175-fa.html
http://www.tcpdf.org

