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Acoustic performance of piezoelectric acoustic liners with
heteromorphic cavity

CHEN Peng, LU Haifeng, AN Jun, ZHANG Xiaoguang,
WANG Puhao, LU Chuanmao
(School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

Abstract: In order to improve the suppression range of the low frequency noise of the
piezoelectric acoustic liners, the structure of the acoustic liner was optimized. By using the
plane wave theory, the acoustic physical model of two kinds of curvilinear channels was con-
structed, and the transfer matrix of two models was established, which can be used as the
theoretical basis for loss calculation of the Helmholtz resonator of the heteromorphic cavity;
and the correctness was verified by simulation. Combining the deformation of the piezoelec-
tric oscillator with the finite element simulation analysis of the acoustic liner, the results
showed that under the condition of applying 500V driving voltage to the piezoelectric oscilla-
tor, the two kinds of acoustic systems were offset by 115Hz and 120 Hz, respectively. Com-
pared with cylindrical cavity acoustic liner, the results show that: within the same cavity
thickness range, for the cavity generated by the curve of greater curvature under the condi-
tion of the same driving voltage, the frequency variation is higher, thus providing an effec-

tive basis for the acoustic liner cavity structure optimization.

Key words: acoustic liner; Helmholtz resonator; plane wave theory; transfer matrix;

transmission loss
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Table 1 Geometrical parameters of y=1/(ax) shaped

heteromorphic cavity resonator
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Table 2 Geometrical parameters of y=e™ shaped

heteromorphic cavity resonator
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Fig.4 Simulation and theoretical comparison of

y=1/(ax) shaped heteromorphic cavity resonators
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Table 3 Frequency offset and variation rate of

three kinds of acoustic liner

s AR 45 R AR AL
AR
A%/ Hz HAE/ %
58] A4 T s R 75 4 60 9. 36
T8 B0 oR ORI R 7 4 115 14. 86
WL 2 I s A 75 A 120 15. 29




3006 i o= 3

Ji

e %33 %

LYW WU L] i VR P e 7 A TR] 9 A
7 BB 0 AR Al A2 a5 DL SR AR AR 1 g R
H e AR TR e P A AR

5 #& &

D) DL =S AR g i o Sl S TS
i T ¥ A T A T A R R T T R R A
22 MR 25 LR A A% 6 8 % i B T B AR O L 1 B
SRR T 1Y I B M L X Ok 5 OE AR 7R A
PEAE T B LA

2) AR AR T B 2R R IE IR S
b 1) 7P A AR I X AN () e ol 4 s AR 1) 7 AT
S L, v s R AR FBRUE AR R 7E 0~ 500 V5K 5
FL R 4 0 4R A A 1 T o A ) e Al R Y
9K By H Ok S B Aol 206 410 o M 7 R T AT I

3) BB KE TR i R 75 ek 5 P R S TR i AR S A
FEAR TR RSE T BEAT 07 BLXE LL, 85 51 2 W - il 26 o WL
2 T 118 J A4 75 Al 451 252 flg % e AT R AR Ak e K
Iy 120 Hz M1 15.29% ., [8] FE T B 4K 5 ) f
AN AR 60 Hz, A58 0 9. 36 %0, 43HT &
B, T ORUHR 2 1 RO = R B R WP A TR
RV T ARV R N R R, A 7S
o FEE A (0 D AR B TR AL T — o 25 B e A

S 3k :

[1] HAUFE D,SCHULZ A,BAKE F,et al. Spectral analysis
of the flow sound interaction at a bias flow liner[J ]. Ap-
plied Acoustics,2014,81:47-49.

ENVIA E, THOMAS R. Emerging community noise re-
duction approaches[ R]. AIAA-2011-3532,2011.

LU Z B,CUI Y D,DEBIASI M, et al. A tunable dielectric

2]

[3]
elastomer acoustic absorber[]J]. Acta Acustica United with
Acustica,2015,101(4) :863-866.

[4] LUZB,CUI Y D,DEBIASI M. Active membrane-based

silencer and its acoustic characteristics[J]. Applied Acous-

tics,2016.111:39-48.

[5] LU Z,ZHU J. A novel duct silencer using dielectric elastomer

absorbers[ J ]. Proceeding of SPIE, 2014, 9056 90562N. 1-

90562N. 13.

[ 6] BECK BS.,SCHILLER N H.JONES M G. Impedance as-

sessment of a dual-resonance acoustic liner[ J]]. Applied A-

coustics,2015.93:15-22.

ZEARR M T XU T I e A 7 2 g

SERSAFE L) . ias 3h 1 2% 4. 2002,17(1) 1 45-48.

LI Chunlin, LAI Shihong. Experimental study on the a-

7]

coustic of property of bonding honercomb nacell models in

compressor inlet[ J]. Journal of Aerospace Power,2002,17

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(1) :45-48. (in Chinese)

TR RIRAR  Ph e, 3 3 0 1548 38 75 A A BE BT 1 WU%
AR S A ST LT, s 3 1 4. 2008, 23(1) - 70-74.
WANG Gunagfa, JING Xiaodong, SUN Xiaofeng. An ex-
perimental investigation of two-microphone method for in
situ measurement of the acoustic impedance of a duct liner
[J]. Journal of Aerospace Power,2008,23(1);70-74. (in
Chinese)

Wik kUL L 22 BORY  AF. kT AT R 2 0 7R 2K S IR AR
B db A 2 D M P 3 P S s AR I LT . 7R 2 2E 4R 2010,
35(3):309-320.

JIN Guoyong,ZHANG Hongtian, LI Wanyou,et al. Adap-
tive semi-active noise control in enclosure using self-tuning
Helmholtz resonators[J]. Acta Acustica,2010,35(3) :309-
320. (in Chinese)

AR bR A A S A E e 5 LML b st B R
2015:51-57.

X L M BT I, 9k SO ORI A AR I A 2 AR S 4
HrLIJ. 4% 3h 45 oh 7. 2015,34(17) . 152-160.

ZHAO Xiaochen, LIU Gongmin, ZHANG Wenping. A-
coustic attenuation performance of a drumlike silencer[ J].
Journal of Vibration and Shock,2015,34(17) :152-160. (in
Chinese)

TRIE ZEMEAR. A R T 2 P 5 AR ks g W RS AR L L
S E) J1%H.2016,31(3) :548-554.

XU Juns LT Xiaodong. Sound absorption characteristics of
resonator with multi slits under high sound pressure level
[J]. Journal of Aerospace Power, 2016, 31 (3):548-554.
(in Chinese)

B E. He T MEMS A 955 2% 36 it $ORBFSE (D], 74 %« 1
46 Tk k2%, 2010.

LUO Jian. Research on new jet technology based on MEMS
technology[ D]. Xi’an: Northwestern Polytechnical Univer-
sity,2010. (in Chinese)

KANG Z X.,JI Z L. Acoustic length correction of duct ex-
tension into a cylindrical chamber[J]. Journal of Sound and
Vibration,2008,310(4) . 782-791.

J1Z L,FANG Z. Three-pass perforated tube muffler with
end-resonator[ J ]. SAE International Journal of Passenger
Cars-Mechanical Systems,2011,4(2):989-999.

MUNJAL M L. Acoustics of ducts and mufflers[ M ]. New
York: Wiley-Interscience, 1987.

JI Z L. Acoustic length correction of closed cylindrical side-
branched tube[ ] ]. Journal of Sound and Vibration, 2005,
283(3):1180-1186.

FREAR L B IY K /NI L AL I I T P AR R A L —
U IE Hp[] ], 222547, 2011,36(6) : 652-657.

KANG Zhongxu,ZHENG Sifa, LIAN Xiaomin, et al. Cor-
rected one-dimensional approach for the acoustic simula-
tion of expansion chamber silencer [ J]. Acta Acustica,

2011,36(6):652-657. (in Chinese)

(h#.TR A





