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In this paper, a computational method is discussed to predict aerodynamic sound fields. The sound radiation is 

analyzed using LEE (Linearized Euler Equations) with source terms of sound generation. The sound generation is 

computed with the SNGR (Stochastic Noise Generation and Radiation) model for local turbulence scales obtained 

from RANS (Reynolds Averaged Navier-Stokes) flow simulation. In the analyses, an unstructured grid method is 

employed for effective handling of complex geometric models. This method is applied to aeroacoutic simulation 

around an airfoil. The results show that sounds are generated by turbulent boundary layers interacting with the 

trailing edge. 
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1  Wave vector geometry for the n th Fourier velocity
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2 Von Karman-Pao spectrum.       is an energy 

spectrum that corresponds to a wave number of the nth

Fourier velocity mode  , and   is the wave number 

of the most energetic length scale. 
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solution and (b) from the analytical solution taken from 

the acoustic database9), at (1) t=40, (2) t=80, and (3) 
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4  Pressure fields  obtained  (a) from the computational

5 Time evolution of Lp/Lp(0), where Lp(0) is the value 6  Distribution of  the  simulated turbulent velocity field at 
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7  Spatial two-point correlation for generated turbulence 

velocity field as a function of distance. 

8  Autocorrelation for generated turbulence velocity field 

as a function of normalized time separation. 
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NACA0012 airfoil with the blunt trailing edge used in 

the noise experiment conducted by T. F. Brooks et al.10):

(a) overall view and (b) enlarged view of the trailing 

edge.
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Unstructured hybrid mesh around NACA0012 airfoil 

for high Reynolds number viscous flow and 

aeroacoustics simulations, comprised of structured 

quadrilateral elements around the solid wall surface and 

unstructured triangular elements in the outer side.
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(c)

around NACA0012 airfoil (M =0.205, Re=2.86 106,

=5 ): distribution of (a) Mach number, (b) pressure, 

and (c) turbulence kinetic energy near the trailing edge. 
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(c)                      (d)  

Instantaneous velocity fluctuation field near the trailing 

edge: (a) t = 0, (b) t = t, (c) t = 2 t, and (d) t = 3 t, 

where t is the time increment.
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(a)                    (b) 

(c)           (d) 

Instantaneous pressure fluctuation field around 

NACA0012 airfoil (white: > 0, black: < 0) : (a) t = 

0, (b) t = t, (c) t = 2 t, and (d) t = 3 t , where t

is the time increment. 

13

12 SNGR

p p

11  Computational results  of  the RANS flow  simulation 
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14  Instantaneous pressure fluctuation near the trailing 

edge (     : > 0,     : < 0 ) . 

 the result computed by E. Manoha et al.11). 
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