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ABSTRACT

A two-domain method for eigenvalue analysis of arbitrarily-shaped acoustic cavities with convex or

concave shapes is proposed in this paper. This method divides the concave acoustic cavity of interest

into two convex regions.

The sound pressure (approximate solution) of each convex region is as-

sumed by linearly superposing plane waves generated at edges of the region. A sub-system matrix

for each convex region is extracted by applying a provisional boundary condition to the approximate

solution. Finally, a system matrix, of which the determinant provides the eigenvalues of the concave

cavity, is made by considering the rigid-wall boundary condition at edges and the compatibility con-

dition (the condition of continuity in sound pressure and its slope) at the interface between the two

regions. In addition, a practical method for reducing the size of the system matrix is presented to

facilitate the calculation of the determinant of the system matrix. Case studies show that the pro-

posed method is valid and accurate when the eigenvalues by the proposed method are compared to

those by the exact method or FEM.
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Table 1 Eigenvalues of the rectangular cavity by the pro-
posed method, the exact method, and FEM (par-
enthesized values denote errors (%) with respect
to the values by the exact method)

Table 2 Eigenvalues of the arbitrarily shaped, concave
cavity by the proposed method and FEM (par-
enthesized values denote errors (%) with re-
spect to the values by FEM with 2806 nodes)

Proposed method FEM Proposed method FEM(ANSYS)
Exact
method!” | (2309 2806 | 1299 | 573
Ns=2 | Ns=3 | Ns=4 nodes) Ns=4 | Ns=5 | Ns=6
nodes | nodes | nodes
1 2.618 2.618 2.618 2.618 2.618 1 2.454 2.455 2.455 2.456 2.457 2.457
(0.00) | (0.00) | (0.00) (0.00) (0.08) | (0.04) | (0.04)
5 3.491 3.491 3.491 3.491 3.492 2 3.856 3.855 3.855 3.856 3.857 3.860
(0.00) | (0.00) | (0.00) (0.03) (0.00) | (0.03) | (0.03)
3 4.362 4.363 4.363 4.363 4.364 3 4.416 4.417 4.417 4.418 4.419 4.421
(0.02) | (0.00) | (0.00) (0.02) (0.05) | (0.02) | (0.02)
5.239 5.236 5.236 5.236 5.238
4 (0.06) (0.00) (0.00) (0.04) 4| 4.527 4.527 4.527 None None None
5 6.293 6.293 6.293 6.293 6.295 5 5.262 5.262 5.262 5.264 5.267 5.273
(0.00) | (0.00) | (0.00) (0.03) (0.04) | (0.04) | (0.04)
6 6.981 6.981 6.981 6.981 6.989 6 6.452 6.452 6.452 6.454 6.458 6.466
0.00) | (0.00) | (0.00) (0.11) 0.03) | (0.03) | (0.03)
7 7.547 7.548 7.548 7.556 7.564 7.582
0.12) | (0.11) | (0.11)
/'\\
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