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Decomposition of aerodynamic and acoustic pressure of flow around automobile
by using wavenumber-frequency
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In order to estimate interior noise of automobiles, it is necessary to develop the decomposition method of flow field
and sound field around the body. In this research, we attempted to separate flow field and sound field by using the
wavenumber frequency spectrum. The result of wind tunnel experiment with MEMS microphone array, it was
confirmed that aerodynamic noise components can be separated, and the separated sound field is proportional to the
sixth power of velocity. The result of the incompressible flow simulation, it revealed that the wavenumber of peak
component of the flow fluctuations becomes apparently small in the reverse flow region of the downstream of the
rear-view mirror. In this case, the contribution of the fluid to the interior noise may increase. Therefore it is necessary
to elucidate the mechanism by which the wave number decreases in the reverse flow region. The wavenumber analysis
is considered to be useful for understanding the noise transmission mechanism of the interior noise caused by the flow

around automobiles.
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Fig. 1 Schematic diagram of the concept of wavenumber-frequency
spectrum
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Fig. 2 An example of one-dimensional wavenumber-frequency
spectrum projected on wave number frequency plane
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Fig. 3 An example of two-dimensional wavenumber-frequency
spectrum (Single frequency sound wave and random fluid motion of
convected uniform flow velocity)
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Fig. 4 Schematics of wind tunnel for aerodynamic noise measurements
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Fig. 5 Wavenumber-Frequency spectrum of wake flow of rear-view
mirror model
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Fig. 6 Pressure spectrum decomposed into turbulent and acoustic fields
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Fig. 7 Dependency of mean flow velocity on sound field and pressure
field. Red line: Acoustic pressure6™ power law of velocity, Blue line: 4"
power law of velocity)
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(b) Separated flow around rear-view mirror
Fig. 8 Flow field around a major noise source of automobiles
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Fig. 9 Comparison of wave number / frequency spectra
(incompressible flow simulation data)
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