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The unsteady rotating force or dipole strength distribution, acting by the fan or propeller on the
fluid, is predicted by inverse method. In this method, the far-field acoustic pressures are used in
non-cavitating condition. In this paper, the far-field acoustic pressures are obtained from Ffowcs
Williams and Hawkings (FW-H) equations using computational fluid dynamic (CFD) in specific
hydrophone array and then the unsteady rotating force, acting by the propeller on the fluid, is
obtained as the most important sound source in non-cavitating condition. The unsteady rotating
forces are extracted using inverse method by analytical code in Matlab. The correct solution is
independence to the optimum choice of regularization parameter from transfer function; the
transfer function represents the relationship between the force coefficients and the far-field
acoustic pressure. Therefore, the appropriate range of regularization parameter should be chosen
in order for an ill-conditioned problem from transfer function to be solved. The analytical code is
solved for different regularization parameters and then the unsteady rotating forces are obtained
for three sections on the blade surface. The inverse method could be used for dipole strength
distribution calculation as the most important sound source in non-cavitating condition in order
to design the noiseless marine propeller.
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4-  Acoustic pressure
5-  Tonal noise
6- Computational Fluid Dynamic (CFD)
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(%)  

  2495/0  04088/0  -  -  
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3  2348/0  03834/0  89/5  21/6  

3 8/0J=  

  
    

  
(%)  

  
(%)  

  1451/0  0270/0  -  -  
1  1359/0  0238/0  34/6  85/11  
2  1447/0  0259/0  89/1  07/4  

2- Reynolds Normalization Group 
3- Wall plus 

    
(%)    

(%)  
  3454/0  05298/0  -  -  
1  3101/0  04905/0  22/10  53/6  
2  3396/0  05174/0  67/1  34/2  
3  3391/0  05168/0  82/1  45/2  



    

    

  

358  1394157  

  
 3   

  
 4 y+   

5/3  .
5 

3-2-  

 .
  

 . 2 

  .

 .
1  .  

  
 5   

R10  
 6 - 

R10  .
1   

x-y z-y    
  . -

   
 ]24[   .

64 6- -
 .5 

 ]9[ . 

 .

 . 
 .

 ]24[ .
64  

   4 6 - 
  16 32 

64    .rj 

  R10 75/0 
 

  
  ]24[.   

6 –   

  
 6–  

 



    

    

1394157  359  

4    
  i (i=1…64)(rad) (rad) ( ) 

64 × /32 5533/1  5/1  
32 × /165533/1  5/1  

64  6 -
2   .

  1  .
 

  . 
 64 
 .)9(  

 
) 11 (

  1 )6-
 (7  .

. 7 

 .  

 .

 .

]5[DTMB4119  -
 .7R10 

 .
7 

  
6- 

1 
)7.(  

 . 2 

 7   

1- Reynolds-averaged Navier-Stokes equations (RANS)
2- Sound Pressure Level (SPL)

12   6-8 3 
 .8 
2 1  .
 

 .8 75 
R10 o0=  .

4 - 

 .
  

64 6-  

 .  
   . 

  .
    k

   .
R5/0R7/0R9/0  0375/0ri= 

0525/0ri= 0675/0ri=  .qmin qmax 

) 9 ( ]21[ .
qmin=-sB-2 qmax=-sB+3  s 

B q ) 2 ( -
 1s= 

5=B .
Q ) 9(  qmax-

qmin+1=6 ]21[ 6  .
9 6×64 1×6 

 .   
  

  
9 

 .  

8  1 2   

3- Frequency



    

    

  

360  1394157  

2 fs 2  
 R5/0R7/0

R9/0 10 12  . 

]21[  
10 12  .

 .
 

L ]21[  .
  5  .

5 4 7  -
 .   6 

R7/0   

9   

  
10 2 2 1s= R5/0 r= 

  
11 2 2 1s= R7/0 r= 

12 2 2  1s= R9/0 r= 

  
 .
 . 

 ]21[  
 12 -10 5-10 

12 -10    7-10  .
  

 .
104×21/1-106×21/1   

5      
R s=15/0  R s=17/0  R s=19/0  

  K    K    K  

1  20 -10  1013×19/6  20 -10  1014×21/1  20 -10  1014×2  
2  18 -10  1011×19/6  18 -10  1012×21/1  18 -10  1012×2  
3  16-10  109×19/6  16-10  1010×21/1  16-10  1010×2  
4  14 -10  107×19/6  14 -10  108×21/1  14 -10  108×2  
5  12 -10  105×19/6  12 -10  106×21/1  12 -10  106×2  
6  10 -10  103×19/6  10 -10  104×21/1  10 -10  104×2  
7  8-10  10×2/6  8-10  102×21/1  8-10  102×2  
8  6-10  06/1  6-10  21/2  6-10  01/4  

6    

K … ( )( … ) ( )

]24[
105×012/15533/1× /32

 
104×21/1-106×21/15533/1× /32 



    

    

1394157  361  

 -

)9 ( ) 11(  .

s-q 
)2 ( .

  .
 .9 

 -
 

z 

 . 

  .
)8(  )  

 (
   

 .

  

)8(   
 .

  
  .

  . R5/0
R7/0R9/0 13   

 . 13 
 .

 
13  .  

  
13 R5/0R7/0

R9/0  

5 -   
) 

 (
 .

 
 .

 

 .
 .

 

 .

 .  
12-10 7-10   .

104×21/1 -106×21/1 
 .

 .

 .

 .

 .

  

6 - 
  B

  c

  
  

  z  
 z  

  
  

   
  J

 m  
  

  
  



    

    

  

362  1394157  

)rpm(  N

  
  

  
)kgs-1(  

  q

  Q

)m(  R

  s

)dB(  SPL

  
)rads-1(  

  
  

  

7 -   
[1]  J.E. Ffowcs Williams, D.L. Hawkings, “Sound generated by turbulence and

surfaces in arbitrary motion”, Philosophical Transactions of the Royal
Society, Vol. 264, No. 3, pp. 321–342, 1969. 

[2] Y.c. Pan, H.X. Zhang, “Numerical prediction of marine propeller noise in
non-uniform in flow”, Journal china ocean Eng Vol. 27, pp. 33-42, 2013.

[3] Y. jin-ming, X. Ying, L. Fang and W. Zhang-Zhi, “Numerical prediction of
blade frequency noise of cavitating propeller”, Journal Hydrodynamics
Vol. 24, No. 3, pp. 371-377, 2012

[4] H. Seol, B. Jung, J.C. Suh and S. Lee, "Prediction of non-cavitating
underwater propeller noise", Journal Sound and Vibration, Vol 257, No.
1, pp. 130–157 2002.

[5] H. Seol, J.C. Suh, S. Lee, "Development of hybrid method for the
prediction of underwater propeller noise", Journal Sound and Vibration,
Vol 288, No. 1-2, pp. 345–360, 2005.

[6] S. Caro, R. Sandboge, I. Iyer and Y. Nishio, "Presentation of CAA
formulation based on LightHill’s analogy for fan noise", Conference on
fan noise Lyon, 17-19 Sep, 2007.

[7] M.R. Bagheri, M.S. Seif, H. Mahdigholi “Numerical simulation of
underwater propeller non-cavitating noise by FVM method”, 2nd

International conference on Vibration and Acoustic, Sharif University of
Technology, Tehran, Iran, 2012. (In Persian)

[8] M.R. Bagheri, M.S. Seif, H. Mahdigholi, “Hydrodynamic and acoustic
analysis of underwater propellers by numerical method”, Journal
Maritime Technology, Vol. 9, No. 17, pp. 1-14, 2013.

[9] M.R. Bagheri, M.S. Seif, H. Mahdigholi, “An analysis of hydrodynamics and
noise behavior for submerged propeller in various conditions by
experimental and numerical methods”, Journal Modares Mechanical
Engineering, Vol. 14, No. 5, pp. 15-25, 2014.(In Persian)

[10] M.E. Goldstein, “Aeroacoustics”, McGraw-Hill International Book
Company 293, 1976.

[11] S.E. Wright, “Sound radiation from lifting rotor generated by
asymmetric disk loading”, Journal of Sound and Vibration, Vol. 9, No. 2,
pp. 223-240, 1969

[12] J.M. Tyler, T.G. Sofrin, “Axial flow compressor noise studies”, Transaction
of the Society of Automotive Engineers, Vol. 70, pp. 309-332, 1994

[13] W. Neise, “Review of Fan Noise Generation Mechanisms and Control
Methods”, Fan Noise 92 pp. 45-56, 1992.

[14] X.D. Li, S. Zhou, “Spatial transformation of the discrete sound field from
propeller”, American Institute of Aeronautics Journal, Vol. 34, No. 6, pp.
1097-1102, 1996

[15] J. Lue, X.D. Li, “An inverse aeroacoustics problem on rotor wake/stator
interaction”, Journal of  Sound and Vibration, Vol. 254, pp. 219-229,
1998.

[16] S.P. Grace, H.M. Atassi, “Inverse aeroacoustic problem for streamlined
body”, part 1: Basic formulation American Institute of Aeronautics and
Astronautics Journal, Vol. 34, pp. 2233-2240 1996.

[17] S.P. Grace, H.M. Atassi, “Inverse aeroacoustic problem for streamlined
body”, part 2: Basic formulation American Institute of Aeronautics and
Astronautics Journal, Vol. 34, pp. 2241-2246 1996.

[18] T.V. Wood, S.M. Grace, “Inverse aeroacoustic problem for rectangular
wing”, American Institute of Aeronautics Journal, Vol. 38, No. 2, pp. 203-
210,2000.  

[19 H. Trabelsi, M. Abid, M. Taktak, T. Fakhfakh and M. Haddar,
“Reconstruction of the unsteady rotating forces of fan’s blade from far-
field sound pressure”, Applied Acoustics, xxx (2014) xxx-xxx.

[20] M.V. Lowson, “Theoretical analysis of compressor noise”, Journal of the
Acoustical Society of America, Vol. 47, No. 1, pp.371-385, 1968

[21] A. Grad, A. Berry and P. Masson, “Reconstruction of aeroacoustic sources
from far-field sound pressure”, Journal of Sound and Vibration, Vol. 288,
pp.1049-1075, 2005

[22] M.J. Light hill, “On sound generated aerodynamically: I. General theory”,
Proc. RoyalSociety London, Vol.211, pp. 564-587, 1952.

[23] J.E. Ffowcs Williams, D.L. Hawkings, “Sound generated by turbulence
and surfaces in arbitrary motion”, Philosophical Transactions of the
Royal Society, Vol. 264, No. 3, pp. 321–342, 1969.

[24 F. Presezniak, G. Steenackers, P. Guillaume, “Mechanical systems and
signal processing”, Mechanical Systems and Signal Processing, Vol. 24,
pp. 1682–1692, 2010.

[25] W. Li, C. Yang, “Numerical Simulation of Flow around Podded
Propeller”, Proceedings of the Nineteenth International Offshore and
Polar Engineering Conference, pp.756-762, Oska, Japan, June 21-26,
2009.

[26] S. Subhas, V.F. Saji, S. Ramakrishna and H.N. Das, “CFD Analysis of
Propeller Flow and Cavitation”, International Journal of Computer Appli,
cations, Vol.55, No.16 pp. 26-33, 2012.

[27] A. Sanchez, “P4119 RANS calculations at VTT”, 22nd ITTC propeller
RANS/Panel Method workshop, France 1998.

[28] S. Ivanell, “Hydrodynamic simulation of torpedo with pump jet
propulsion system”, Master thesis Stockholm, 2010.

[29] J. Kulczyk, L. Skraburski and M. Zawislak “Analysis of screw propeller
4119 using the Fluent system”, Archives of civil and mechanical
engineering Vol. 7, No, 4, pp. 129-136. 2010


