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Fig.1 The diagram of the coupled Helmholtz reso-

nance muffler
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Fig.2 The diagram of the flexible plate with mass blocks
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Fig.3 2D theoretical model of the muffler
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Tab.l1 The material physical properties of flexible

plate and mass blocks

A DL b X e ke A A7 B S M AR R T S AR TL kL Bkt /Pa ¥/ (kgem ) L/
I R AT, SR AR A R R S A E X TL B Bk (B BR) 20 X 107 7870 0.30
A BB, KT R T 2 Ry CGEER) 70 < 10 2710 0.35
F2 HBERYEBVBREHSY
Tab.2 The initial values of the structural parameters of the resonance muffler mm
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Fig.4 Comparison of transmission loss spectrums cor-
responding to the traditional and coupled reso-

nance muffler
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Tab.3 Different values of the structural parameters of mass blocks and flexible plate mm
ZH A B C D E
L, 1.0 1.5 2.0 2.5 3.0
L, 10.0 15.0 20.0 25.0 30.0
t, 0.2 0.3 0.5 0.8 1.0
h 4.5 9.5 24.5 49.5 74.5
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Fig.5 Different thicknesses of mass block correspond

to transmission loss and peak frequencies
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(c) Average pressure in the cavity at resonance frequencies
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Fig.6 Different thicknesses of mass block correspond to

line displacements of the flexible plate and the av-

erage pressure in the cavity at resonance frequen-

cies
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spond to transmission loss and peak frequencies

as well as vibration modal of flexible plate
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Fig.8 Different thicknesses of flexible plate correspond

to transmission loss and peak frequencies
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Fig.9 Different depths of cavity 2 correspond to trans-

mission loss and peak frequencies
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(c) Average pressure in the cavity at resonance frequencies
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Fig.10 Different depths of cavity 2 correspond to line

displacements of the flexible plate and the aver-

age pressure in the cavity at resonance frequen-

cles
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Fig.11 Different thicknesses of mass block correspond
to the first and second peak frequencies vary

with different distances of mass blocks
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first and second peak frequencies vary with

different thicknesses of flexible plate
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Fig.13 The experiment setup used to measure the trans-
mission loss of muffler and the transmission loss
spectrums of the muffler with and without flexi-

ble plate

400

o LB & f,-K5
s f T E L%

53300 /

10%.5 195 295 395 495
h/mm

350
300f === ===

D250 o fAHE af,-SEH

32000 ST« f SR
150\\N
100}
1.0 15 20 25 35
t,/ mm
B 14 3 7 06 001 2R Bl AN R 25 4 S B0 e i B 5 5
gk X L

Fig.14 Peak frequencies obtained by simulation and

experiment vary with different structural

parameters
5 & it

1) #54 Helmholtz H 41z 74 75 &5 7= A= (9 7 7 04 &
TR AR RN AR 2 5 3 VAR A5 A 2 ) AR R A 3
oI A, BH P AR AR AL B R B 2 SR T
PR 5 A 2 A6 B2 B ER B R G0 X L 4 S A1 AR

B A JEAR AT R, DT 7 31 7 45 B 9 A I 00 R ] R A
Jr % o

3) A R LS i 9 R IE LR o 3
7%@*filﬁﬁrf“%@,v\%%ﬁﬁ%ﬁmiﬁﬁﬁﬂﬁ'ﬂ?
2 T B T P U R (ELR 2 S AR R B
5 TR JE I, P A R R T W O W R BE T,
B0 R A 25 BT I i B e B R
R

4) FEPEAR S A 5 IR 22 1) AR A O B AR
gy F B A v DI, PRI J5 A e ) B ) 8
67 2 1P A 45 A ) S IR 5 8 3 g, L T Bk G
IR SIS 1) 52 0 328 345 55

5) M M 25 K T TR b B 07 R AR RO T
PR TAIEEAR 2 5 2 PEAR 2540 AR A I IR BT . AR
W (1) R, BB i A 2 1% B (384, i 7 0 AR R
(] 1% 22 BPF 32 7 19 K

z % x #

[1] BIES D A,HANSEN C
theory and practice [M]. New York, NY: E&FN
Spon, 1997:185-195.

[2] BERANEK L L. Noise and vibration control [M].

H. Engineering noise control,

Washington, DC: Institute of Noise Control Engineer-
ing, 1998:279-293.

[3] PIERCE A D,SAUNDERS H. Acoustics, an introdu-
ction to its physical principles and applications [ M ].
Woodbury, NY: Acoustical Society of America, 1991:
200-205.

[4] SUN D M, QIU L. M, WANG B, et al. Novel
Helmholtz resonator used to focus acoustic energy of
thermoacoustic engine[J]. Applied Thermal Engineer-
ing, 2009, 29(5): 945-949.

[5] CHEN K T, CHEN Y H, LIN K Y, et al. The
improvement on the transmission loss of a duct by
adding Helmholtz resonators [J]. Applied Acoustics,
1998, 54(1): 71-82.

[6] YASUDA T, WU C Q, NAKAGAWA N, et al.
Studies on an automobile muffler with the acoustic
characteristic of low-pass filter and Helmholtz resonator
[J]. Applied Acoustics, 2013, 74(1): 49-57.

[7] FLYNN K P, PANTON R L. The interaction of
Helmholtz resonators in a row when excited by a
turbulent boundary layer[J]. The Journal of the
Acoustical Society of America, 1990, 87(4): 1482-1488.



o955 1 g H L% A Helmholtz JE4R 314 75 25 09 33 K S 8000 #r 855
[8] SUGIMOTO N, HORIOKA T. Dispersion character- W092/15088[P]. 1997-11-19.

[9]

[12]

[15]

[16]

istics of sound waves in a tunnel with an array of
Helmholtz resonators[J]. The Journal of the Acoustical
Society of America, 1995, 97(3): 1446-1459.
BAZHENOV D V, BAZHENOVA L A, RIMSKII-
KORSAKOV A V. Waveguide and resonant silencers
[J]. Acoustical Physics, 1996, 42(5): 525-531.

XU M B, SELAMET A, KIM H. Dual Helmholtz
resonator[J]. Applied Acoustics, 2010, 71(9): 822-829.
SELAMET A, LEE 1. Helmholtz resonator with
extended neck[J]. The Journal of the
Society of America, 2003, 113(1): 1975-1985.
SELAMET A, RADAVICH P M, DICKEY N S, et

al. Circular concentric Helmholtz resonators [J]. The

Acoustical

Journal of the Acoustical Society of America, 1997,
101(1): 41-51.

SELAMET A, JI Z L. Circular asymmetric Helmholtz
resonators[J]. The Journal of the Acoustical Society of
America, 2000, 107(5): 2360-2369.

SELAMET A, XU M B, LEE 1], et al. Helmholtz
resonator lined with absorbing material[J]. The Journal
of the Acoustical Society of America, 2005, 117:
725-733.
GRIFFIN S, LANE S A, HUYBRECHTS S.
Coupled Helmholtz resonators for acoustic attenuation
[J]. Journal of Vibration and Acoustics, 2001, 123:
11-17.

MATSUHISA H, REN B S, SATO S. Semiactive
control of duct noise by a volume-variable resonator[J].
The Japan Society of Mechanical Engineers, Internati-
onal Journal, 1992, 35(2): 223-228.

SATO S, MATSUHISA H. Semi-active noise control
by a resonator with variable parameters[J]. Proceedings
of Inter-Noise, 1990, 90: 1305-1308.

MCDONALD A M, HUTCHINS S M,
STROTHERS J, et al. Method and apparatus for

attenuating acoustic vibrations in a medium: European,

[19]

[20]

[25]

[26]

iR . 22 A TR ATOK O P g O BT AR SE (D). iR R
I W R TR R, 2011,

YUAN M, YANG F, LUO J, et al. Planar acoustic
notch filter for low frequency sound wave suppression
[J]. Results in Physics, 2018, 11: 259-266.

MUNJAL M L. Acoustics of ducts and mufflers [M ].
New York: John Wiley and Sons, 1987:43-45.

YUAN M, CAO Z P, LUO J, et al. Helix structure
energy harvesting[J].
2018, 89 (5) :

for low Irequency acoustic
Review of Scientific Instruments,
055002.

BERANEK L L, MELLOW T J. Acoustics: sound
fields and transducers [M]. USA: Academic Press,
2012:131-136.

SANADA A, TANAKA N. Extension of the
frequency range of resonant sound absorbers using two-
degree-of-freedom Helmholtz-based resonators with a
flexible panel [J]. Applied Acoustics, 2013, 74 (4) :
509-516.

IGARASHI J, TOYOMA M. Fundamentals of acous-
tical silencersiM]. Tokyo: Aeronautical Research
Institute, University of Tokyo, 1958:223-241.
MUNJAL M L, DOIGE A G. Theory of a two source-
location method for direct experimental evaluation of the
four-pole parameters of an aeroacoustic element[J].

1990, 141 (2) :

Journal of Sound and Vibration,
323-333.

F—1EEE T HE,H 19882 A4,
WA, EEAFIETT AR 3h 5 R
Tl T 7 A R T e 4 A

E-mail: thunderhan@nuaa.edu.cn



