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Investigation of Vortex Sound Propagation Using Spectral Element Method

BAO Zhenzhong, QIN Guoliang, GENG Yanhui, HE Wenqgiang

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to meet the requirements of low dispersive and low dissipative numerical
discretization schemes in computational aero-acoustics, the spectral element method combined
with Lighthill > s acoustic analogy theory for the simulation of aeroacoustic problems is
investigated. Taking the second temporal derivative of pseudopressure as the source of the
inhomogeneous wave equation, and space discretization using spectral element method time
discretization using implicit Newmark method, under the C-E-M absorbing boundary condition
the acoustic field generated by a co-rotating spinning vortex pair is solved. This co-rotating
vortex pair consists of two point vortices separated by a fixed distance of 2r, with a circulation
intensity I. The incompressible flow field is obtained using the complex potential theory, and the
acoustic source terms are computed using these hydrodynamic quantities. The acoustic pressure
results are evaluated by comparing them with the analytical solution obtained from the matched
asymptotic expansion (MAE) method The numerical solutions are in good agreement with the
analytical solutions. The results show that the spectral element method can obtain high accuracy
using only eleven grids in one wavelength. In the case of the same number of grids, the smaller

the time step, the smaller the error between numerical solution and analytical solution. Finally,
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it is proved that the aero-acoustic problems induced by incompressible flows can be solved with

high accuracy by using the second temporal derivative of the pseudopressure as the acoustic

source.

Keywords: computational aero-acoustics; spectral element method; acoustic analogy theory; ab-

sorbing boundary condition; finite element method; co-rotating spinning vortex pair
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