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Parametric studies of propagation characteristics of bulk waves
in two-phase porous media
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Abstract: Based on the modified Biot theory, the effects of grain compressibility, frequency, porosity, fluid viscosity and dynamic
permeability on the velocity and attenuation of the three bulk waves (P, P,, S) in infinite two-phase porous media are studied by
numerical calculation, respectively. Numerical results show that: (1) the velocity and attenuation of compressional waves (P, P,) are
variable and approximately linear with grain compressibility, while those of shear wave (S) almost keep constant, and by quantitative
comparison, it is found that whether the effect of grain compressibility can be neglected or not depends on the ratio between skeleton
bulk modulus K, and grain bulk modulus K . (2) The porosity affects the velocity of Py and S obviously; and it can be predicted
that mutual conversion between P, and P, when the porosity almost reaches 1.0. (3) Both the fluid viscosity and the dynamic
permeability have effects on the velocity and attenuation of Py, P, and S, but for each of the waves, the variation trends with those two
parameters are almost opposite. (4) The velocity and attenuation of the three bulk waves increase with frequency; and among them P,
is affected by frequency most.

Key words: grain compressibility; frequency; porosity; fluid viscosity; dynamic permeability
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Fig.1 Curves of wave velocity and attenuation vs. Biot coefficient a ( f= 100 Hz)



512 HEHEAE: X2 AL O AR RES PE REm Z 4t 5t 3447
3.2 FRKEW H10.878 9, L5 o AELAHNS L FR) [ A4 HRAR AR A48 73 3]

K2 04T T ANHI ) Biot 230 o {H FAUHZ LA
JTU AR R S RN SR AR ARG R, AR
B, 3 FlARis 5 50 3 A0 OC IR R SRR P AN SRR e
DLE AR %2 2 D SR g R — 80, Bl 3 ik
Wk Py AR R, ARV, T Py AL RS,
Rl R, FEARAE N Py S BRI
Py U IR R BE RS2 AR (P 5 MR, 7 43 B oA,
ZHII R I B IEAHR GE AR I IR AR A . M
WA R DUE Y, 78 S BN Py PRI T S U
(R, PRI, P IR AN AEE— R R o

BEAk,  E IR DU U 2 b 43 B ] AR
b EZEME (Biot RE o ) KHBCHRIRERE 0 520 . 7
A Wb, AR AR BT A JIOR AR AR 1S B R AR
Bl K,=36GPa, MK, =(1-a)K,. K2 FH%ET 4
FANH ) Biot 2%, a =1.000 0. 0.998 8. 0.987 9

Ky =0 CRIARZE EE AR R TR K, =
43.6. 436 MPa i1 4.36 GPa. MIEHATLLEH, AN
Fa=1.0000 Ffla =0.998 8 KLk JL-FEHEN,
F WIIX A AN [ 1) o AEL T 451 A PR B0 A e 1 22
AR, PG DL N AERT T AT LA 22086 ] A4 FoRs
Mk, (HAN T a = 0.878 9 [F I £k CLHH B
H A H Ry BT R (P P30, R a SIS
N, IGINE A 22 T A RO s 4 1 )55 e <ty
KRR Z . L, 2 Biot R¥a (SILEK, /KD
FEFEAE I, AT LIS S [ AR I e 4 1, ]
o BB H I RN, )R LS ] AR PR s A o A
I, BB 2 [ A RORL (1) P i PR PRI i B R T oA
BRI E K, / K RN B2 Bl BURKIEL, o
XTSRRI AT 52, X ARIGAE T B 1 )
FHIREE .

2300 F e 10000 120 F a0 1.0000 1081 & 4=1.0000
—4— =0.998 8 —a—r=0.998 8§ ——a=0.998 8
2200 F —— a=09879 L omogew — = 09879 lo7 | @ =09879
—*— =0.878 9 g¥ 90 [ —s—g = 0878 9 [ —*—a=0.8789
2 2 000-- ' ég or 2"
® X B
105
1900 30r
1 800 1 | I IS S N I E— ] 1 ' Y T T 104 1 1 ]
2-10 123 4567 21012 3 456 7 2-10 123 456 7
XTHORE 1g( £ Hz) XU 1g( f Hz) XTI 1g(fHz)
(a) Py P (b) Py B (c) S WesH
061 —s—a=1.0000 60 [—E—=1.0000 4T —s—a=-1.0000
—4—a=09988 —a—a=0.998 8 ——=0.998 8
—*—a=0.9879 —4—0a=0.9879 3l —*—=0.9879
_ o4k TTam08789 ——a=0.8789 ——q=0.878 9
E 7 E 40| £
/M a /M
= g =2
® 02} ® 20 =
1F

0.0
2-1 012 3 456 7

KEE 1g( f /Hz)

(d) Py PEEWK

2-1012 34567
WA 1g( f Hz)
(e) Pp A5k

B2 BOEMIERBESR R Lk

2-10 12 3 45 67
KEE 1g( f /Hz)

(f) S WA

Fig.2 Curves of wave velocity and attenuation vs. frequency f
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