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ABSTRACT

When a membrane couples with compressive fluid, waves on the membrane follow a typical disper-

sion relations. One of characteristics of this relations is that evanescent waves occur below cutoff

frequency. We have attempt to use this spatially decaying characteristics as a low frequency sound

absorber. Theoretical development has required to solve membane-fluid coupled linear differential. The

solution has been successfully obtained by using eigenfunctions. To assure the obtained solution.

experiment was also performed. The comparison was quite satisfactory. We conclude, based on these

theoretical as well as experimental evidences, that it is very likely possible to use a membrane as a low

frequency sound control element.
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Fig. 2 Dispersion curve for membrane-fluid coupled
system without external fluid effects. Solid line :
dispersion curve of coupled system, crossed line :
dispersion curve of uncoupled fluid and mem-
brane with =0.1 kg/m? ¢,=343 m/s, T=50 N/
m, #=0.1m. (a) Real part of %,, (b) Imaginary
part of k,, (c) Real part of ky, (d) Imaginary
part of k.
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Fig. 4 Dispersion curve of coupled system for various
membrane density and tension. (a) Dispersion
curve for various membrane density from 0.1 to
5 with constant 77=100 N/m, (b) Dispersion
curve for various membrane tension from 10 to
10000 with constant =(.1 kg/m?
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Fig. 5 Dispersion curve of air and membrane coupled
system without external coupling and that of
coupled system with external coupling. =0.1 kg/

343 m/s, T=50 N/m. Thick line : fluid

vacuum exterior, crossed

m? y Co—
exterior, thin line :
line : uncoupled fluid.
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Fig. 7 FRF of SPL in rigid duct and various membrane
~walled ducts. Thick line : FRF in rigid duct,
thin line : FRF in membrane-walled duct. /i~ f;
are the peak frequencies in rigid duct and '~ f3’
are peak frequencies of membrane-walled duct.
(a) pn=1.325kg/m?
T =50 N/m, fcutoff 165 Hz,
ASPL=21.2dB,

(b) pn=0.6kg/m?
T =50 N/m, fcutoff 245 Hz,
ASPL=33.0dB,

(¢) pn=1.325kg/m?
T =10 N/m, fcutoff 165 Hz,
ASPL=29.9dB.
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Fig. 9 FRF of SPL in rigid duct.

(a) Simulation result,
(b) Experimental result.
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Fig. 10 FRF of SPL in rigid duct and various membrane
-walled ducts. fi~ f£ are the peak frequencies in
rigid duct and f’~ £ are peak frequencies of
membrane-walled duct.

(a) Tthick line : FRF in rigid duct, thin line :

FRF in membrane-walled duct with
=0.1kg/m? T=50N/m, feuor 600.5Hz,
=26.1dB.

(b) Crossd line : FRF in rigid duct, thick line :

FRF in membrane-walled duct with
=0.2kg/m?, feuorr 424.6Hz, thin line :
FRF in membrane-walled duct with
=0.1 kg/m? for same 7=25N/m..

(c) Thick line : FRF in membrane-walled duct
with 7=50 N/m, =26.1 dB, thin line :
FRF in membrane-walled duct with
T=25N/m, =35.0dB for same
={.1 kg/m2
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Fig. 11 Comparison bewteen experimental and simula-
tion results. Thick line : FRF of SPL in rigid
duct, thin line : FRF of SPL in membrane
-walled duct with =0.1 kg/m? T =50 N/m. £
~ f5 are the resonant frequencies in rigid duct
and Ai'~f, A"~ Ff", A7 ~/f" are resonant fre-
quencies of membrane-walled duct.

(a) Simulation results of finite coupled system,
(b) Experimental results,
(c) Simulation results of infinite coupled system.
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