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ABSTRACT

The eigenvalues of acoustic cavities in the low-frequency range are not extracted as the number of
nodes increases in the original NDIF method. The study demonstrates, using example studies for two
types of arbitrarily shaped acoustic cavities that a modified NDIF method successfully improves the
problem of the original NDIF method. The modified NDIF method for arbitrarily shaped acoustic
cavities also provides accurate and valid results not only for eigenvalues but also for mode shapes,
as demonstrated in the example studies. Meanwhile, the accuracy of the eigenvalues decreases slight-
ly as the number of nodes increases in the case of the quadrilateral acoustic cavity considered in the
example studies. The causes of the decrease in accuracy will be thoroughly investigated in future

studies, and the research results to prevent it will be presented.
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Fig. 2 Arbitrarily shaped quadrilateral acoustic cavity
discretized with 16 and 24 boundary nodes,
respectively
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Fig.3 Determinant curves for the arbitrarily shaped
quadrilateral acoustic cavity obtained by the
original NDIF method” using Eq. (10)
(dotted line: 16 nodes, solid line: 24 nodes)

Table 1 Eigenvalues C; ~Cs of the arbitrarily shaped
quadrilateral acoustic cavity by the original
NDIF method” and ANSYS (parenthesized

values denote errors(%) with respect to
ANSYS using 606 nodes)
Original NDIF method ANSYS
16 24 606 456 377
nodes nodes nodes nodes nodes
2.650 2.661 2.661 2.661
C (-0.41) None
3.398 3.397 3.397 3.397
C, 0.03) None
M, 4.460 4.462 - - -
c 4.606 4.616 4.606 4.606 4.606
3 (0.00) 0.22)
C 5.179 5.230 5.183 5.183 5.183
‘| (-0.08) 0.91)
M, 6.526 6.527 - - -
c 6.535 6.527 6.533 6.533 6.533
3 (0.03) (-0.09)
c 6.916 6.921 6.907 6.907 6.907
6 0.13) (0.20)
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Table 2 Eigenvalues C;~ Cs of the arbitrarily shaped
quadrilateral acoustic cavity by the modified
NDIF  method’ wusing 24 nodes and
ANSYS using 606 nodes (parenthesized val-

ues denote errors(%) with respect to
ANSYYS)

C1 Cz C3 C4 CS C6

Mﬁgf;:d 2.687 | 3.416 | 4.616 | 5230 | 6.527 | 6.921
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(b) 2nd mode

(d) 4th mode

2
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(f) 6th mode

Fig. 6 Mode shapes obtained by the modified NDIF
method"? using 24 nodes
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Fig.7 Mode shapes obtained by ANSYS using 606
nodes
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4

(b) 24 nodes

Fig. 8 Arbitrarily shaped acoustic cavity discretized
with 16 and 24 boundary nodes, respectively
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Fig.9 Determinant curves for the arbitrarily shaped
acoustic cavity obtained by the original NDIF
method” using Eq. (10) (dotted line: 16 no-
des, solid line: 24 nodes)
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Table 3 Eigenvalues C; ~Cs of the arbitrarily shaped
acoustic cavity by the original NDIF meth-
0od” and ANSYS (parenthesized values de-
note errors(%) with respect to ANSYS using
1030 nodes)

NDIF method ANSYS
16 24 1030 690 466
nodes nodes nodes nodes nodes
c 1.958 Non 1.959 1.959 1.959
" | (-0.05) one
2.025 2.025 2.025 2.025
C, (0.00) None
M, | 2.708 2.709 - - -
c 3.082 3.085 3.085 3.085 3.085
3 | (-0.10) (0.00)
C 3.633 3.637 3.640 3.640 3.640
4 | (-0.19) (-0.08)
c 3.996 4.000 4.000 4.000 4.001
* | (-0.10) (0.00)
M, | 4.219 4228 - - -
M; | 4.358 4358 - - _
N 4.578 4.584 4.584 4.584 4.584
¢ | (-013) (0.00)

25

24 (— ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
23 .

22

21
—— R, (Acoustic cavity)
20

19 ~ R, (Membrane)

Rank of system matrix

18

17

16 + + + t t t
15 2 2:5 3 3.5 4 4.5
Wavenumber

Fig. 10 R. and R, for the arbitrarily shaped acoustic

cavity and membrane discretized using 24
nodes
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Fig. 11 Determinant curve for the arbitrarily shaped
acoustic cavity discretized using 24 nodes,
obtained by the modified NDIF method!?
using Eq. (14)
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(a) 1st mode (b) 2nd mode

e
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o%

(e) 5th mode (f) 6th mode

Fig. 12 Mode shapes obtained by the modified NDIF

method'? using 24 nodes
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Table 4 Eigenvalues C;~Cs of the arbitrarily shaped
acoustic cavity by the modified NDIF meth-
0d" using 24 nodes and ANSYS using
1030 nodes (parenthesized values denote er-
rors(%) with respect to ANSYS)

ol C Cs Cs Cs Cs
MISI%IﬁF"d 1.959 | 2.025 | 3.085 | 3.637 | 4.000 | 4.584
method | (00) | (0.00) | (0.00) | (-0.08) | (0.00) | (0.00)
ANSYS | 1.959 | 2.025 | 3.085 | 3.640 | 4.000 | 4.584

\ & 4

(a) 1st mode (b) 2nd mode

L& 4

(c) 3rd mode (d) 4th mode

L 4

(e) 5th mode (f) 6th mode

Fig. 13 Mode shapes obtained by ANSYS using

1030 nodes
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