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On the Spurious Mode Filtering by Plane Wave Approximation in Low-Mach Flow
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Abstract
To impose a proper boundary condition on the surface source located in the acoustic domain for the convected acoustic wave
equation, vortical modes should be removed to avoid spurious mode emission. Plane wave approximation was proved to be
effective for this purpose in a simple noise emission problem. Here we validate the approximated approach for an acoustic field
with strong interference. By considering the singularity and complex nature of wavenumbers, a more suitable formulation is

derived for the plane-wave approximation, which shows better quantitative far-field results in a low Mach flow.
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Fig. 1 Instantaneous distributions of acoustic velocity
potential near noise sources at M/ = 0. Color range
indicates +8.0 x 10*3coo/D from red to blue.

Fig.2 Instantaneous distributions of acoustic velocity
potential approximated by Eq. (6) at M = 0.
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Fig.3 Instantaneous distributions of acoustic velocity
potential obtained directly by the wave equation solver
at M = 0.3.
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Fig. 4 Instantaneous distributions of acoustic veloc-
ity potential approximated by Eq. (9), Approach A, at
M =0.3.
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Fig. 5 Instantaneous distributions of acoustic veloc-
ity potential approximated by Eq. (9) and prescribed
magnitude of real wavenumber given by Eq. (11), Ap-
proach B, at M = 0.3.

Fig. 6 Instantaneous distributions of acoustic velocity
potential approximated by Eq. (9) and limited magni-
tude of complex wavenumber given by Eq. (11), Ap-
proach C, at M = 0.3.
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Fig. 7 Polar diagram for complex acoustic velocity
potential magnitudes at r = 1.5.
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Fig. 8 Polar diagram for the magnitudes of real part
of complex acoustic velocity potential at r = 1.5.
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