Mesh-Free Analysis of 3D Acoustic Fields by Analytic Solutions

Yoshihiko URATA and Hiroshi SHIBAYAMA,
Shizuoka Institute of Science and Technology,
Toyosawa2200-2,Fukuroi, Shizuoka, 437-8555 Japan

This paper deals with a mesh-free approximate numerical method for three-dimensional acoustic fields. The
keystone of this method is the collocation method applied to analytic solutions represented in the polar coordinates. In this
paper, the method is applied to free and forced vibration problems of three-dimensional acoustics. Numerical results are
examined by comparing with experimental results. The calculated natural frequencies of a domain with the shape of a
frustum of pyramid agree with measured ones.
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Fig.1 Three-dimensional polar coordinates
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Fig.2 An example of nodal point configuration
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Table Comparison of calculated and measured natural
frequencies of a frustum of pyramid
Mode Calculated Measured C/M
. 1st 456.17 Hz 459.3 Hz 0.993
Cross-section for
mode examination 5th 856.27 Hz 858.8 Hz 0.997
10th 1103.73 Hz 1109 Hz 0.995
20th 1455.74 Hz 1463 Hz 0.995
X 30th 174475 Hz 1747 Hz 0.999
y 40th 1011.52 Hz 1017 Hz 0.995
50th 2108.85 Hz 2110 Hz 0.999
60th 2261.65 Hz 2263 Hz 0.999
70th 2416.96 Hz 2416 Hz 1.000
77th 2504.88 Hz 2486 Hz 1.008

24th mode calculated 25th mode calculated 42nd mode calculated
1544.9Hz 1585.4Hz 1958.5Hz

AN

24th mode measured 25th mode measured 42nd mode measured
1540Hz 1592Hz 1964Hz

Fig.4 Distribution of relative sound pressure on a cross-section of the frustum of pyramid
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Fig. Measured impedance of a porous
absorber at normal incidence
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