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On Aerodynamic sound and Large Scale Eddies in the Wake of a Circular Cylinder
by
Akiyoshi Iida and Toshio Otaguro
Mechanical Engineering Research Laboratory, Hitachi, Ltd.

ABSTRACT

We predict aerodynamic sound from a circular cylinder focusing on the relationship between
radiated sound and coherence length of surface pressure fluctuation. We estimated experimentally the
coherence length, L., defined as the integral scale of the spanwise coherence function of surface
pressure fluctuation. We attempted to calculate sound spectra with a modified Curle’s equation by
using measured surface pressure fluctuations and L. Up to five times the fundamental frequency, the
predicted spectra of radiated sound are in good agreement with those actually measured. Here, L. turns
out to act as a good index to estimate the character of radiated sound by using surface pressure
fluctuation. We also found that the spanwise coherence function at the fundamental frequency is a
Gaussian function, including spanwise spacing with Reynolds number as a control parameter, and
revealed that the coherence length L. is inversely proportional to Re'”. The wavelength of shear layer
instability in the laminar wake of a circular cylinder is proportional to the thickness of separating
boundary layer, which scales approximately with Re'”. Therefore, we speculate that L. is related to the
wavelength of shear layer instability. We evaluated the distribution of aerodynamic sound source by
using coherent output power (Cop) in terms of vorticity and aerodynamic sound. It was found that Cop
is high near the formation region of Karman vorties; that is, X/D=1.5 to 2.0, Y/D=%0.4. This result

shows that separated shear flows contribute strongly to the aerodynamic sound generation.
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