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grid finite-difference algorithm.
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Fig. 3. Snapshots of the (a), (b) horizontal and (c), (d) vertical particle velocity component of (a), (c) solid grain frame and (b),

(d) pore solid when the frequency is 20 Hz and b12 = 0 at 0.45 s.

099101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 9 (2022) 099101

B 4 FpApz, NAMBINAKRIC P1, S1, P2 Fl S2 .
R T 25 0 AR AL, B 4 T
FGYHT T B 1 AR L R [ 4 %) o a5 4 2 38 38 7K
AT RIA—R AT . BRI R SRS R 3 3k AR
RIS H—3, #HWUS AT (200 m, 2600 m)fi &
Ak FL R £ S ER FNAT 0 R £ 43 1) 38 B 2R AR
B AR e . A 4 7T DO 2], P1 Al
ST U AE B R AR T A5 R Bk B TR v R R A K
B SR [E R B FE [ R 5 552 B [ AH. P2 A1 S2 7
T 70 A O i S B T i B A, B R T
FIE 70 [ 5 552 sl A . 2R BLF BiotBEig il
T R R 5 AL B AR A X2 Bl e A A2 Gl
P2 A1 S2 I 43 e B 4 A R 7 [ R 2
B AE AT 328 2017 A A 1 e i B U8

1.0
R |
o= ]
(] -

X i :
= i : Il
é 0 ! !

] 1 ' ! :
T | it

W |:
| i
—0.5¢ i !
o1 P2 {s2
s1 E
~1.0 - S -
0 0.5 1.0 1.5 2.0
Bfie) /s

K4 BR 20 Hz H bio = O, 240 BT iR Sl BE K
Sy IR

Fig. 4. Waveform comparisons of the horizontal particle ve-
locity component between different phases when the fre-

quency is 20 Hz and b2 = 0 (normalized).
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Wave propagation characteristics in porous medium
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containing a solid in pores

Liu Lin Y23  Zhang Xiu-Mei Y237  Wang Xiu-Ming 1?3
1) (State Key Laboratory of Acoustics, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China)
2) (University of Chinese Academy of Sciences, Beijing 100149, China)
3) (Beijing Engineering Research Center of Sea Deep Drilling and Exploration, Institute of
Acoustics, Chinese Academy of Sciences, Beijing 100190, China)

( Received 28 October 2021; revised manuscript received 17 January 2022 )

Abstract

Aiming at the propagation characteristics of acoustic waves in a porous medium containing a solid in pores,
the equations of motion and constitutive relation are deducted in the case of two-solid porous media. The
frequency dispersion and attenuation characteristics of wave modes are analyzed by a plane wave analysis. In
addition, based on the first-order velocity-stress equations, the time-splitting high-order staggered-grid finite-
difference algorithm is proposed and constructed for understanding wave propagation mechanisms in such a
medium, where the time-splitting method is used to solve the stiffness problem in the first-order velocity-stress
equations. The generation mechanisms and energy distributions of different kinds of waves are investigated in
detail. In particular, the influences of the friction coefficient between solid grains and pore solid as well as
frequency on wave propagation are analyzed. It can be known from the results of plane wave analysis that there
are two compression waves (P1 and P2) and two shear waves (S1 and S2) in a porous medium containing a
solid in pores. The attenuations of P2 wave and S2 wave are much larger than those of P1 wave and S1 wave.
This is due to the friction between the solid grains and the pore solid. The results show that our proposed
numerical simulation algorithm can effectively solve the problem of stiffness in the velocity-stress equations,
with high accuracy. The excitation mechanisms of the four wave modes are clearly revealed by the simulation
results. The P1 wave and S1 wave propagate primarily in the solid grain frame, while P2 wave and S2 wave are
concentrated mainly in the pore solid, which are caused by the relative motion between the solid grains and the
pore solid. Besides, it should be pointed out that the wave diffusions of the P2 wave and S2 wave are influenced
by the friction coefficient between solid grains and pore solid. The existence of friction coefficient between two
solids makes P2 wave and S2 wave attenuate to a certain extent at high frequency, but the attenuation is much
smaller than that at low frequency. This is the reason why it is difficult to observe the slow waves in practice.
However, because the slow waves also carry some energy, it may not be ignored in the studying of the energy

attenuation of acoustic waves in porous media.

Keywords: porous media acoustics, time-splitting staggered-grid finite-difference, plan wave analysis,

propagation characteristics
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