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ABSTRACT

A meshfree method for a highly accurate eigenvalue analysis of arbitrarily shaped acoustic cavities
with a mixed boundary, comprising rigid-wall and pressure-release boundaries, is proposed in this
paper. A sound pressure at a point inside an acoustic cavity is assumed by linear superposition of
the plane waves propagated from the boundaries of the cavity. First, the sound pressure is assumed
as an approximate solution of the eigenvalue analysis of the cavity. Next, two local system matrix
equations for the cavity are extracted by applying rigid-wall and pressure-release boundary conditions
to the approximate solution and taking a special step to remove two location variables for the
Cartesian coordinates. Finally, a global system matrix, the determinant of which provides the ei-
genvalues of the cavity, is extracted by merging the two local system matrix equations. In addition,
a practical and effective approach is proposed to exclude the spurious eigenvalues. In verification ex-
amples, comparisons between the eigenvalues by the proposed method and those by the exact sol-
ution, FEM, and the NDIF method show that the proposed method has an excellent convergence fea-

ture of eigenvalues and produces highly accurate eigenvalues.
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Fig. 1 Arbitrarily shaped acoustic cavity (dotted lines)
located on an infinite acoustic filed
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Table 1 Eigenvalues of the rectangular cavity obtained
by the proposed method and the exact solution

mefhrggo(s;? —4) Exact solution

Mised boundary| (Mied | Rigidwall | 0
boundary

S 1.309 1.309

N 2.618 2.618

S3 3.491 3.491

S4 3.728 3.728

Ss 3.927 3.927

Se 4.363 4.363 4.363

S; 5.236 5.236

Sg 5.254 5.254

So 6.293 6.293 6.293

Sio 6.545 6.545

Sui 6.981 6.981

Si2 7.103 7.103
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Proposed method FEM NDIF
Exact (1271 method
N=2 N=3 Ne=4 solution nodes) (24
nodes)
1 1.309 1.309 1.309 1.309 1.308 None
(0.00) | (0.00) | (0.00) (0.08)
5 3.728 | 3.728 | 3.728 | 3.728 | 3.729 | 3.728
(0.00) | (0.00) | (0.00) (0.03) | (0.00)
3 3.927 | 3.927 | 3.927 | 3.927 | 3.926 | 3.927
(0.00) | (0.00) | (0.00) (0.03) | (0.00)
4 5254 | 5254 | 5254 | 5254 | 5253 | 5254
(0.00) | (0.00) | (0.00) (0.04) | (0.00)
5 6.545 | 6.545 | 6.545 | 6.545 | 6.551 6.545
(0.00) | (0.00) | (0.00) (0.06) | (0.00)
6 | None 7.103 | 7.103 | 7.103 | 7.115 | 7.103
(0.00) | (0.00) (0.17) | (0.00)
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Table 3 Eigenvalues of the arbitrarily shaped cavity by
the proposed method and FEM (parenthesized
values denote errors (%) with respect to the
values by FEM using 2542 nodes)

Proposed method FEM (ANSYS)
N=5 | N=6 | N=7 | N=8 2542 nodes
1307 | 1.307 | 1.308 | 1308
Stl0.15) | 0.15) | 0.08) | (0.08) 1309
3.500 | 3.501 | 3.501 | 3.501
$210.06) | 0.03) | (0.03) | (0.03) 3.502
4027 | 4026 | 4025 | 4.025
$510.10) | 0.07) | (0.05) | (0.05) 4.023
5.541 | 5.543 | 5.544 | 5.545
S+10.09) | (0.05) | (0.04) | (0.02) 3.546
6363 | 6363 | 6364 | 6365
Ss | (0.08) | (0.08) | (0.06) | (0.05) 6.368
6712 | 6712 | 6713 | 6713
Se 1 (0.04) | 0.04) | (0.03) | (0.03) 6.715
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