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Acoustic characteristics analysis of expansion
muffler with flexible back cavity

HOU Jiu—xiao, YUAN Su—wei, ZHU Hai—chao
(National Key Laboratory on Ship Vibration and Noise, Naval University of Engineering, Wuhan 430033, China)

Abstract: Compared with an expansion muffler with a rigid back cavity, the expansion muffler with a
flexible back cavity has better low-frequency noise reduction performance. However, most of the current
calculation methods for expansion mufflers with the flexible back cavity are based on transfer matrix methods
under the plane wave assumption. The calculation error of such methods increases with acoustic-structure
coupling, and it is difficult to obtain the modal function of the flexible structure under elastic boundary
conditions with traditional calculation methods. Therefore, this paper proposed a calculation method based on
the energy principle that does not rely on the plane wave assumption. The model of the muffler is
decomposed into three sub-acoustic cavities, and these cavities are coupled to each other through coupling
surfaces. Then, the sound pressure function of the sound field and the displacement function of the flexible
structure are expanded into three-dimensional and two-dimensional Chebyshev series respectively, and the

Rayleigh-Ritz method was used to solve the unknown coefficients in the Chebyshev series. The sound
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pressure and transmission loss of the muffler were obtained, and the correctness of the theoretical model was
verified by comparing it with the FEM results. Finally, the coupling characteristics were analyzed, and the
effects of boundary constraints and muffler parameters on transmission loss were studied. The results show

that the expansion muffler with a flexible back cavity has a lower natural frequency and stronger low-
frequency coupling effect than that with a rigid back cavity. The impact of boundary constraints on

transmission loss is mainly reflected above 1000 Hz. When boundary constraints are released, the peak value

the low frequency, and the influence of back cavity’s radius on the acoustic performance of the muffler is
will move further to the low frequency.

of transmission loss moves to low frequencies and increases. This shift is conducive to improving sound
principle

attenuation performance. As the back cavity’s length or radius increases, the transmission loss curve moves to

0 5l
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more obvious. As the thickness of the flexible wall or Young's modulus decreases, the transmission loss curve
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Tab.1 Geometric and material parameters of the muffler with a flexible back cavity

L, /mm L, /mm L; /mm R; /mm R, /mm R; /mm E,/GPa hg /mm 2 ool ( kgm™)
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Tab.2 Natural frequency of cylindrical shells under classical boundary conditions ( Hz )

St N
ARENE BER : . pEE . o FEM R
k/IK=10 k/IK=10 k/IK=10 k/IK=10 k/IK=10 kK=10 7k (%)
1 722.34 792.64 811.03 813.18 813.39 813.41 810.64 0.31
2 792.79 934.30 964.54 967.92 968.26 968.30 967.16 0.08
3 1095.71 1118.66 1125.66 1126.51 1126.60 1126.60 1119.20 0.65
4 1336.79 1425.63 1449.58 1452.43 1452.72 1452.75 1448.60 0.26
¢C 5 1375.56 1468.56 1484.22 1486.16 1486.36 1486.38 1476.60 0.65
6 1418.83 1595.66 1629.76 1633.37 1633.73 1633.77 1633.20 0.01
7 1698.03 1706.37 1709.18 1709.54 1709.57 1709.57 1692.80 0.99
8 1771.74 1924.39 1932.76 1933.84 1933.95 1933.96 1913.50 1.06
1 698.60 773.90 794.20 796.58 796.82 796.85 794.76 0.23
2 753.19 909.24 942 .36 946.06 946.43 946.47 946.25 0.02
3 1084.20 1108.92 1116.91 1117.89 1117.99 1118.00 1111.00 0.62
S-S 4 1259.00 1372.80 1403.60 1407.25 1407.62 1407.66 1405.40 0.13
5 1342.97 1427.53 1447.26 1449.73 1449.99 1450.01 1441.90 0.54
6 1369.69 1580.47 1616.73 1620.56 1620.94 1620.98 1621.00 0.03
7 1676.54 1700.12 1703.53 1703.97 1704.01 1704.02 1687.60 0.97
8 1690.92 1881.67 1906.72 1908.12 1908.26 1908.27 1889.30 1.00
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Tab.3 First eight natural frequencies of different noise reduction structures

RIS B B [ A 5%/ (Hz)

Bl
PR 1 2 3 4 5 6 7 8

WIPETS i 1112.2 1621.8 1815.0 2592.4 2945.5 3213.9 3750.0 3874.9
T i 304.6 321.7 464.2 4773 558.4 584.8 623.2 674.5

% 4-6 il T RFISIESREBALE,, py, h) FIRATHUR. T 1, PRS0 A 55K
AR A MU EC R AR, 0, JEEIE A/, BB 45 0 1A R B (1, 3 550k
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Tab.4 Effect of Young’s modulus on natural frequency

¥ IG5 i AR BB A [ A 450 % / (Hz )
E./GPa 1 2 3 4 5 6 7 8
10 175.9 185.9 268.2 2774 3228 360.2 367.7 390.9
30 304.6 3217 464.2 4773 558.4 584.8 623.2 674.5
210 802.9 843.9 965.9 1192.5 1221.9 1460.3 1578.1 1634.5

x5 BEp N EFRERM
Tab.S Effect of density on natural frequency

HE AR B A A% / (Hz)

o/ (kgm™) 1 2 3 4 5 6 7 8
1200 304.6 321.7 464.2 4713 558.4 584.8 623.2 674.5
2700 280.9 301.6 212 454.7 513.0 563.8 580.5 630.1
7800 228.6 253.8 3329 395.8 4145 4432 523.8 525.9

&6 BEEFMERNFM
Tab.6 Effect of thickness on natural frequency

JEL ARSI R A M4 / (Hz)
hy/ (mm) 1 2 3 4 5 6 7 8
4 215.6 261.6 278.3 394.9 418.6 432.4 437.2 492.8
6 304.6 321.7 464.2 477.3 558.4 584.8 623.2 674.5
8 3749 405.1 544.2 654.1 674.7 687.8 778.0 855.0
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Fig.6 Influence of back cavity length on transmission loss Fig.7 Influence of back cavity radius on transmission loss
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