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Acoustic analysis and experiment of expansion chamber muffler based on
coupled sound field modeling method

XU Qiang, CHEN Yuehua*, ZHANG Gang, FENG Zhimin, LIU Yifan
( Faculty of Maritime and Transportation, Ningbo University, Ningbo 315832, China )

Abstract: Aiming at the three-dimensional modeling and acoustic performance analysis of the muffler of
cylindrical expansion chamber, a coupled sound field modeling method based on Chebyshev’s variational
principle is proposed to establish a three-dimensional theoretical model of the cylindrical expansion chamber
muffler. The accuracy of the theoretical model is verified on the test bench and by the transmission loss test
results. The internal sound field of the expansion chamber muffler is decomposed into several sub-acoustic fields.
Upon the continuous conditions of pressure and particle velocity of vibration between sub-acoustic fields, the
variational formula of sound field coupling is constructed to complete the Lagrangian energy function of
sub-acoustic field. The sound pressure function in each sub-acoustic field is generalized to the form of
Chebyshev-Fourier series, and the Lagrangian function of the expansion chamber muffler’s is solved using
Rayleigh Ritz method. As a result, the natural frequency, the sound pressure response and transmission loss of
the expansion chamber muffler are predicted. By calculating and comparing the effects of expansion ratio,
expansion cavity length, inlet and outlet offset on the performance of expansion cavity mufflers, some useful
findings can be drawn, providing helpful references for the design of complex mufflers.

Key words: expansion chamber muffler; coupled sound field; Chebyshev-Fourier series; experimental verification
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