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A Predictive Model for the Tones Generated from Aerodynamically Excited
Helmholtz Resonators

Hyungseok Kook

ABSTRACT

The interior of open cavities exposed to a grazing flow is known to experience strong periodic pressure oscillations
sustained for a wide range of flow velocities. In this study, an original approach was followed to develop a describing
function model for the flow-excitation mechanism, governed by the shedding of discrete vortices within the shear layer
over the orifice. A feedback loop analysis was performed to predict the frequency and the amplitude of the interior
pressure fluctuations. Furthermore, a limit cycle stability analysis based on the extended Nyquist Stability criterion
allowed the predictions of the onset and termination velocities for various modes. The analytical model was verified

experimentally.
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Fig.1 Nonlinear Feedback Loop Model of the Flow-

Excited Cavity
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Fig.5 Frequency of the flow pulsation as a function of Fig. 6

flow velocity for four orifice lengths. The solid
lines show analytical predictions. Dark lines
represent regions of stable oscillations. The
circles are experimental data for the first
excitation mode. The x’s denote experimental
values for the second excitation mode
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Amplitude of the flow pulsation as a function of
flow velocity for four orifice lengths. The solid
lines show analytical predictions. Dark lines
represent regions of stable oscillations. The
circles are experimental data for the first
excitation mode. The x’s denote experimental
values for the second excitation mode
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