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Abstract

The purpose of this study is to investigate the sound absorption characteristics of
the porous material saturated with water. According to Biot’s theory, there are three
waves can exist when a sound wave incident on the porous material. Then the transfer
matrix between the two ends of the porous layer has been derived. Further, the
boundary conditions on the contact interfaces, such as fluid-porous material, porous
material-elastic solid and fluid-elastic solid, are also expressed as the form of transfer
matrix. The combination of these matrices can be used to analyze the sound
absorption characteristics of the porous material backed with elastic solid. To verify
the accuracy of the present study, the surface impedance of a glass wool in air is
analyzed and compare to the result in literature. Further, the propagation constants
and sound speeds in ocean sediment are also verified. The agreements are all pretty
good. Finally the effects of the parameters are investigated.
Keyword: porous material, sound absorption, transfer matrix
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% 4 10m 100 m
Bulk modulus of
3.6° 10 pal n? 3.6 10%° pal n?
frame Kg
Bulk modulus of . 19 . a0
AudK; 27 10° pal n? 27 10° pal n?
Mass density of
Y 2650kg/ N’ 2650kg/ N
frame
Mass density of
ke 1000kg/ n? 1000kg/ n*
fluid rg
Viscosity of fluid 1.0° 103N - sec/ n? 1.0° 103N - sec/ n?
n
Coefficient of 1.0° 10 P 1.0° 10" %n7
permeability
Porosity 0.47 0.47
Structure factor 1.25 1.25
Bulk modulus of
WK MOBIUSOT | (4 34 70.0049) " 10° pal n?| (4.7 +70.0049) " 10° pal n?
frame Ky
Shear modulus . A8 . s an8
(1.3+0.02)" 108 pal/ n? |(4.2+i0.0154) " 108 pal n?
Pore size parameter 1.2°10°m 1.2°10°m
xﬁ» ﬁ,- -
Vs [G(X)] first two columns
v WK, COS K, X - Jwk, Sink,x
74 - jW/ﬁssin/(lsx Wk13 COSk13X
3

Su| [- Pk +ka) +2NiClcosk,x  JIAK + k) - 2Nk ]sink,x

sS 2 [Nkk,sink,x - 2Nkk,, cosk,x
Vs [G(X)] last two columns
v JWKy; Sin Ky, x - WKy COS Ky X
v WK, COS Ky X - JWK, Sinkyu X




sS 2 Nk Ky, Sin Ko, X - 2Nk kK, coSky, X
5153 N(k323 B ktz) C05k33X - jN(k323 B kzz)Sin k33X
& =
V, [G,(X)] first three columns
3 Wk, cosk,, X - WK Sinkg X WK, COS Ky, X
v - JWkzSIn K X WK, COS K3 X - JWKy;SIN KX
v | 7 JwksmSinkx Wk M COS K5 X - JWKy gy SN Koy X
sS, - D, cosk,x JD,sink,x - D, cosk,; x
sS 2 Nk Kk, SNk, x - 2Nkk,; COsk,x 2 NKK,; Sin k,, x
s 3f3 - E cosk,x JE sink,x - E, cosk,x
Vv, [G,(x;)] last three columns
v - Jwk, Sink,,x JWKy; Sin Ky, X - WKy COS Ky X
v WK, COSK,; X WK, COS Ky X - Jwk, Sin k x
v WK, 11 COS K3 X WK, 1T}, COS Kyu X - jwkmsink,x
sS, /D, sn Kk, x 2 Nk Ky, Sin ko, X - 2Nk k,, coSky, X
5153 i 2Nk'k23 COSk23X N(k§3 - kz‘z) COSk33X - jN(k§3 - ktz)SIn k33X
s/ JE, Sink,,x 0 0
k=2sne =ksne, » k,=(d?- K)*  j=123

G

D, = (P+Om)(K: + k%) - 2NIE  j=12

E,=(Q+RM)(K +I2)  j=12
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