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ABSTRACT

The NDIF method is a numerical analysis technique that was developed for high-precision eigenvalue
analysis of arbitrarily shaped acoustic cavities. It is characterized by a limitation where the precision
of higher-order eigenvalues increases, but low-order eigenvalues are not extracted as the number of
nodes increases. In a recent study, a practical method was developed to overcome this limitation in
acoustic cavities with rigid-wall boundaries. In this study, the practical method was applied and
extended to acoustic cavities with mixed boundaries, comprising rigid-wall and open boundaries. To
verify the validity and accuracy of the proposed method, example studies were conducted on both a
rectangular acoustic cavity with a known exact solution and an arbitrarily shaped acoustic cavity. The
verification demonstrated that lower-order eigenvalues can be successfully extracted regardless of the
number of nodes. In future studies, this method will be applied to acoustic cavities with more diverse
shapes and boundary conditions.
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Table 1 Eigenvalues of the rectangular cavity with the
mixed boundary condition, which are obtained
by the original NDIF method using Eq. (15),
the exact solution and FEM(ANSYS)

Original NDIF method Exact FEM
. (ANSYS)
N=16 | N=20 | N=24 | OO | 1571 hodes)
AV 1309 - - 1.309 1.308
A2 | 3728 | 3.728 | 3.728 | 3.728 3.729
AP 3927 | 3.927 | 3.927 | 3.927 3.926
A9 | 5254 | 5254 | 5254 | 5254 5.253
A8 | 6547 | 6545 | 6.545 | 6.545 6.551
A9 | 7108 | 7.103 | 7.103 | 7.103 7.115
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Table 2 Eigenvalues of the rectangular cavity with
the mixed boundary condition obtained by
the proposed method using Eq. (23) and the
exact solution

/1(1) /1(2) /1(3) /1(4) /1(5) /1(6)
Proposed
method | 1.309 | 3.728 | 3.927 | 5.254 | 6.545 | 7.103
(N=20)
Proposed
method | 1.309 | 3.728 | 3.927 | 5.254 | 6.545 | 7.103
(N=24)
Exact |y 309 | 3728 | 3.927 | 5.254 | 6.545 | 7.103
solution
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Table 3 Eigenvalues of the arbitrarily shaped cavity with
the mixed boundary condition, which are
obtained by the original NDIF method using
Eq. (15) and FEM (ANSYS)

Original NDIF method FEM(ANSYS)
N=16 N=20 N=24 1390 nodes

A 131 - - 131

i 3.47 347 - 3.50

A 4.02 4.01 4.01 4.03

AL 5.49 5.52 5.56 5.54

i 6.37 6.38 6.36 6.37

A0 6.72 6.71 6.71 6.72
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Table4 Eigenvalues of the arbitrarily shaped cavity with the
mixed boundary condition obtained by the pro-
posed method using Eq. (23) and FEM(ANSYS)

/1(1) /1(2) A(B) ﬂ“) /1(5) /1(6)
Proposed method
(N=20) 1.29 | 3.47 | 401 | 552 | 638 | 6.71
Proposed method
(N=24) 1.29 | 3.50 | 4.01 | 5.56 | 6.36 | 6.71
ANSYS
(1390 nodes) 1.31 | 3.50 | 4.03 | 5.54 | 6.37 | 6.72
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