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On the Theoretical Prediction of Sound Generated by the Flow around a Circular Cylinder
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Sounds generated by flows around a circular cylinder are solved by direct numerical simulations (DNS) of the
compressible Navier-Stokes equations, and compared with those computed by the Curle’s equation. The results
show that the Curle’s equation describes the basic nature of dipole sounds as observed in DNS, but cannot
precisely predict the sound field because it lacks information on the Doppler shift and the time-averaged pressure
field. In consideration for both of these effects, a modification of the Curle’s equation is proposed and found to
give a better prediction especially for the propagation directions of sound peaks.
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Fig. 1: Schematic diagram of flow
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Fig. 2: Contours of the sound pressure Ap by DNS.
M = 0.2, Re = 150, t = 2000, Apstep =5 x 107°
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Fig. 3: Time histories of forces on cylinder (left) and

their time-derivatives (right). . lift by pressure,

: drag by pressure,
: total lift and drag.

. lift by viscous stress,

— : drag by viscous stress,
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Fig. 4: Contours calculated by the Curle’s equation (3).
M = 0.2, Re = 150, t = 2000, Apstep =5 x 107°
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Fig. 7: Contours of the sound pressure fluctuation with
respect to the time-averaged pressure field, by DNS.
M = 0.2, Re = 150, t = 2000, Apstep = 5 x 1075.
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