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Frequency Characteristics of a Membrane Duct

Sunghoon Choi and Yang-Han Kim

ABSTRACT

Theoretical analysis of noise reduction by a membrane-duct system is presented. When aco
waves propagate in the membrane-duct, the membrane is also excited and its motion is cour
with interior medium. It has been shown that propagating waves with supersonic wave spt
exist beyond a certain critical frequency that is determined from the mass ratio of the me
and the fluid. Also found are subsonic waves which couple strongly with the membrane a
provide a powerful mechanism of energy dissipation. Existence of an exterior medium alter
dispersion characteristics. [t provides additional mass loading and reduces the subsor
speed further. The effect of mean flow speed on dispersion characteristics is also conside:
results show that the membrane-duct system can be applied to diminish and absorb 1
frequency noise in duct instead of passive muffler, such as a simple expansion chamber

absorption material,

F Ao AFoE 25719 HFPE AdY &

2 A%AU WAl Woute wiol Yo

TEIG #5717 T AA Agdte 2571
of ¥ 714 &g&7le 5A4& HHd XY Y
A &&717F AHeEY. Ui WA 25714
Me Sdzd F43% e Fo24 duda

19

RS dogEed ool 25719 RH7 A
A 9ol 1 Yt} gy gy gRHNg
7F obd g wHog A s RIS

s A, FFHYrd JIAZT Y

I, A& A& Folth,

ag 164 BoiFe 99y 287l Huang ™Y
TEY 2871 A Urol FoA9 BEE o Fd JuiA ALHAET o] AL7)E B HEY
&3ste &3t dAUAE FelyAE HMIBAIE  F3 BR @4E e d o] Bad 3z 9
5%, ¥9dx 73 3H(impedance mismatch)& ©] Atg Suhe uiute] of TotolA wAEAY Wi 2y
3t S8 WA 2SS AZste VAIE & EdsiuiM g o8 AatdEnl wEo] ol
22 ERE F A% B LEVle FE AF PF e £3 15T S22 g 1YY 1y 359
oA AMEEH Aol Fou BRI Adke &t 49 ¢EA(compressibility) T THAe] W
2EE M F8¥ 2e7le RFAIIANN (gistensibility)o] 23 2% H=g® gds =

Boehe 29 £5e ARSAIMY SuEEEY A
8 AL 3 VR 9y YECME o|3A &
ge] &7t 323 ZolEA Hol ulute] AR
A o] A el® B3kn whalrl dojdt

oty e Fig §4E I A8 4 79
Zoje] Hiet-HA AZBA A HME Atk olg F
3 HE Hojdgoz AYsh= v Fu 548
T wh oRe] fAl o dF¥ E UF RF
&30 Fgo) WHAME AT {Eole watg

o 4

-420-



BE 88 Ade go R wue FYte

Felol 942 EEsn £59RY 2 AL A
golel Wi, Fah ¥ Z2R8% ¥ BN

rigid walf
EE——

incident wave  membrane wave
I

transmitted wave

reflected wave €——
L]

FIG. 1 Illustration of wave propagation in a

membrane duct
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FIG. 2 Wavenumber vs, frequency: (a) Membrane
dominant mode. (b) Fluid dominant modes, (T =

50N/m, 0,=0.lkg/m?, D= 0)
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FIG. 3 Effect of membrane density (a) and tensi
(b) on dispersion. (D = 0)
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FIG. 4 Effect of mean flow speed on the fluid

dominant mode, (7 = 50N/m, p,=0.1ke/m?, D =

0)
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FIG. 5 Effect of internal and external fluid
dispersion, (T = 50N/m, p,=0.l1kg/m? D =0)
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