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Abstract

The aerodynamic generation of sound by phonation was studied by using numerical simulations of the flow and the sound field in an idealized axisymmetric model of the human vocal tract. Forced oscillations with an imposed wall motion were considered, neglecting fluid-structure interactions. The compressible Navier-Stokes equations were numerically integrated on a moving grid using high-order compact finite difference schemes and pseudo-spectral methods for spatial discretization and the standard fourth-order Runge-Kutta method for time advancement. The effects of subglottal pressure and glottal oscillation frequency on the velocity, vorticity, wall pressure and shear stress, and acoustic signal of the pulsating jet were investigated. Predictions of the far-field acoustic pressure were found to be in excellent agreement with results obtained using a acoustic analogy approach based on the Ffowcs-Williams-Hawkings equation. The acoustic analogy was then used to decompose the acoustic source into its monopole, dipole, and quadrupole contributions for analysis. The results showed significant effects of subglottal pressure and oscillation frequency on the jet vortical structure, wall forces, and sound radiation.  The effect of including the ventricular (false) folds downstream of the oscillating glottal region was also investigated.  Jet impingement on the ventricular folds introduced additional dipole sources similar to those observed in cavity noise.  The results suggest that the monopole contribution associated with displacement flow may be significant at high frequencies (above 1 kHz).
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Figure 1: A time sequence showing vorticity contours during one cycle of the

glottis motion for Case D.
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Figure 2: Contribution to sound radiation from (a) monopole source, (b)  dipole source, (c) quadrupole source.
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