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Abstract 

In this paper, the acoustic radiation of a structure vibrating in an uniform subsonic flow is 
investigated using the pre-corrected fast Fourier transform accelerated BEM (pFFT-BEM). The 
governing equation together with the boundary conditions are transformed into the classical 
Helmholtz wave equation and the corresponding boundary conditions. The pFFT-BEM is then 
applied to simulate the acoustic field. A vibrating spheroid in a subsonic uniform flow is simulated 
to validate the algorithm. 
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Governing Equation 

The velocity potential of the acoustic filed of a structure vibrating in a subsonic uniform flow along 
x direction satisfies the equation 
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Where M is the Mach number of the flow field. 
Using the Prandtl-Glauert transformation 
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and assuming that 
i xe                                                                          (3) 

 
Then Eq.1 can be transformed into the classical Helmholtz wave equation 
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The boundary condition can be correspondingly transformed as   
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Eq.(4)  with the boundary condition (5) can be simulated using the pre-corrected fast Fourier 
transform accelerated boundary element method.  

Numerical Example 

To validate the algorithm, the acoustic field of a spheroid 2 2 2 2 2 2x y z      vibrating in a 
subsonic uniform flow with 0.7M   as shown in Figure 1 is simulated. After the Prandtl-Glauert 
transformation (2), this spheroid is transformed into a sphere as shown in Figure 2. 
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Figure 1 A spheroid vibrating in a subsonic uniform flow 
 

 

Figure 2  The shape of the spheroid shown in figure1 in the transformed domain 
 
To define the boundary condition, we assume there is a point sound source at the center of the 
spheroid  in the subsonic uniform flow. The normal velocity described by Eq. 5 is generated by this 
point sound source. The velocity potential of the acoustic field is  
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After the Prandtl-Glauert transformation (2), Eq. 6 became as 
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Therefore the boundary condition in the simulation satisfies 
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The model shown in Figure 2 is discretized using 19200 constant triangular elements. The velocity 
potential of the acoustic field as a function of the wave number is shown in Figure 3. In this figure, 
both the numerical results obtained by the pFFT-BEM based on the Helmholtz integral equation and 
the composite Helmholtz integral equation are presented. From this figure, it is clear that the 
numerical results obtained by the composite Helmholtz integral equation agree very well with the 
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corresponding analytical solutions given by Eq. 6. While, there exist some characteristic 
frequencies where the numerical results obtained by the Helmholtz integral equation are nonunique. 
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Figure 3  The shape of the spheroid shown in Figure1 in the transformed domain 
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