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In this paper simulation of steady super cavitation phenomenon has been considered by using partial 
non-linear model of Boundary Element Method(BEM).The grid mesh used is fixed and the strength of 
dipole and source are constant on each element. With the assumption of a partial non-linear model the 
cavity condition is applied on the body with the assumption that cavity height is low. Thus there is not 
any calculation on the cavity surface, but it is restricted to only the panels on the body surface. 
Cavitation number is known at first and the cavity length is determined in every iteration. When the 
lengths obtained in two successive iterations are very close to each other it is assumed to be the answer. 
Based on this method two Kutta conditions including Morino condition and Iterative Pressure Kutta 
Condition(IPKC) are studied to satisfy the wake surface condition. The application is a wing with 
NACA16006 section. IPKC condition compared to Morino one needs higher computational costs, but 
on the other hand leads to more accurate results. It has been shown that simulation of the flows with 
super cavitation over wing leads to a pressure difference at the trailing edge of each strip if Morino’s 
Kutta condition is used. While if Iterative Pressure Kutta Condition is used the results are satisfactory. 
Comparison of the results shows that this method leads to very accurate predictions for the behavior of 
flows with cavitation, while significantly lower computational cost is required if the simple cavity 
closure condition is used. 
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Fig. 1 Boundary of the flow domain and reference surface. 2D view 
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Fig. 2  Discretization parameters of three-dimensional wetted flow 
around the geometry model  [11] 
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Fig. 3 Pressure distribution for mid span section of 3D wing with 
NACA16006 section at. = 5° for different number of elements a)All 
over    b) Optional point 
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Fig. 4 Pressure distribution for mid span section. 3D NACA16006 
hydrofoil. = 5° for different number of elements a)All over    b) 
Optional point 

4  16006 

= 5°     (    (  

 . 

NACA16006 = 5°  7   

   
Fig. 5 Pressure distribution for mid span section compared with 
experimental data [18]. 3D wing with NACA16006 section at = 5° 
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Fig. 6 Pressure distribution for tip span section, compared with 
experimental data [18]. 3D wing with NACA16006 section at = 5° 
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Fig. 7 Pressure distribution. 3D NACA16006 hydrofoil = 5° 
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Fig.  8 Pressure distribution.at mid-span on 3D wing with NACA16006 
section at = 5° , with and without IPKC conditions    a)All over    
b)T.E region 
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Fig. 9 Cavity lengths along the span for 3D wing with NACA16006 
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Fig. 10 Cavity length  along the span on 3D wing with NACA16006 
section at   = 4°, = 0.6 for different spanwise elements 
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Fig. 11 Cavity length ( )  on 3D rectangular wing at = 4°  and 
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Fig. 12 Cavity lengths along the span for 3D wing with NACA16206 
section at = 6° and = 0.628. compared with experiments [16] 
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Fig. 14  Pressure distribution.at mid-span on rectangular wing at =
4°, = 0.6 with and without using IPKC  a)All over    b)T.E region 
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Fig. 17 Super cavity length ( ) on the rectangular wing at = 8° and 

= 0.5 for with and without IPKC. 
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Fig. 18 Pressure distribution.at mid-span of rectangular wing at =
8°, = 0.5 for with and without IPKC.   a)All over    b)T.E region 

 18 

) = 8° 
= 0.5 (      (       (  

 18 

 .  
= 0.5 = 8° 

   .
  0.005   .

 

 
2100 

6  .  

)  
 .  (

  

5 -  

16006 

 .

 

 .

  

 3 

= 8° = 0.5   
Table 3 Comparison of Kutta conditions in current study. = 8°  

= 0.5 

  
  

  975  1625  

 15  10  

  
0.205  0.007 

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

7.
29

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.7.29.4
https://mme.modares.ac.ir/article-15-9700-en.html


    

      

  

22  1395167  

 .

 .  

6 -  
   

   
   

 m (  
 Pa(  
 ) m(  
 ) m(  

 ) m(  
, ,  ) m (  
, ,    

 ) s(  
V ) ms-1(  

 ) ms-1(  
, ,  ) ms-1(  

 ) m(  
  

   
 ) °(  
 ) m(  
 ) m(  
 ) m(  
   
  

+   
   
  

TE   
, ,    

tot   

7 -   
 -

  

8 -   
[1] J. S. Uhlman, The surface singularity method applied to partially 

cavitating hydrofoils, Journal of Ship Research, Vol. 2, No. 31, pp. 
107-124, 1987. 

[2] J. S. Uhlman, The surface singularity or boundary integral method 
applied to supercavitating hydrofoils, Journal of Ship Research, 
Vol. 3, No. 1, pp. 16-20, 1989. 

[3] W. S. Vorus, A theoretical study of the use of supercavitation/ 
ventilation for underwater body drag reduction, VAI Technical 
Report, Vorus & Associates Inc., Gregory, MI., 1991. 

[4] Y. Chou, Axisymmetric cavity flows past slender bodies of 
revolution, Journal of Hydronautic, Vol. 8, No. 1, pp. 13-18, 1974. 

[5]  N.  E.  Fine,  S.  A.  Kinnas,  A  boundary  element  method  for  the  
analysis of the flow around 3-D cavitating hydrofoils, Journal of 
Ship Research, Vol. 37, No. 3, pp. 213-224, 1993.  

[6] S. A. Kinnas, N. E. Fine, Non-linear analysis of the flow around 
partially or super-cavitating hydrofoils by a potential based panel 
method, Boundary Integral Methods, Vol. 23, No. 1, pp. 289-300, 
1991. 

[7] J. Dang, G. Kuiper, Re-entrant jet modeling of partial cavity flow 
on two dimensional hydrofoils, Journal of Fluids Engineering, Vol. 
121, No. 4, pp. 773-780, 1999. 

[8] G. Kuiper, J. Dang, Re-Entrant Jet Modeling of Partial Cavity 
Flow on Three Dimensional Hydrofoils, Journal of Fluids 
Engineering, Vol. 121, No. 4, pp. 781-787, 1999. 

[9] J. Dang, Numerical simulation of unsteady partial cavity flows, PhD 
Thesis, Delft University of Technology, Delft, 2001. 

[10] V. P. Carey, Verification Study for BEM Models in 2D Cavitating 
Flows, CMCE 2004 Proceeding, Lisbon, Portugal, pp. 23-40, 2004.  

[11] G. Vaz, Modelling of sheet cavitation on hydrofoils and marine 
propellers using boundary element methods, PhD Thesis, Lisbon 
University of Technology, Lisbon, 2005. 

[12]  P. Krishnaswamy, Re-entrant jet modelling for partially cavitating 
hydrofoil, proceeding of Cav2001, California, USA, 2001. 

[13]  M. Changizian, Reduced-order modeling of unsteady partial 
cavity flows over 3D hydrofoil by using boundary element method, 
PhD Thesis, Department of Mechanical Engineering, Shahid 
Chamran  University, Ahvaz, 2013. (in Persian ) 

[14]  M. Behbahani-Nejad,  M. Changizian, Reduced-order modeling of 
three-dimensional unsteady partial cavity flows, Journal of Fluids 
and Structures, Vol. 52, No. 4, pp. 1-15, 2015.  

[15] M. Behbahani-Nejad,  M. Changizian, A fast non-iterative 
numerical algorithm to predict unsteady partial cavitation on 
hydrofoils, Applied Mathematical Modelling, Vol. 37, No. 9, pp. 
6446–6457, 2013.  

[16] Y., Ukon, Cavitation characteristics of a finite swept wing and 
cavitation noise reduction due to air injection, Proceedings of the 
International Symposium on Propeller and Cavitation, Netherlands,  
pp.383-390, 1986. 

[17]   J.  Kerwin,  S.  A.  Kinnas,  J.  Lee,  W.  A  Shih,  A  Surface  panel  
method for the hydrodynamic analysis of ducted propellers, 
Journal of Ship Research, Vol. 95, No. 1, pp. 93-122, 1987. 

[18] J. C. Falcao, Two-dimensional modelling of partial cavitation with 
BEM, Cav2003  Proceedings, Osaka, Japan, 2003. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

7.
29

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.7.29.4
https://mme.modares.ac.ir/article-15-9700-en.html
http://www.tcpdf.org

