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Fig. 1. Schematic of porous medium cylinder in an infinite
fluid.
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Table 1. Material parameters.
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Table 2.  Material parameters of porous medium.
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Table 3. Velocity of body sound waves in porous
media with different porosity.
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Fig. 2. The dispersion curves of porous cylinder in infinite

fluid.
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Fig. 3. The first sixth order mode of dispersion curves of
porous cylinder in infinite fluid.
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Fig. 4. The dispersion curves of circumferential guide waves
between an elastic cylinder and a porous cylinder in infin-
ite fluid.
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Fig. 5. Dispersion curves for different cylinder radius.
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Fig. 6. Dispersion curves versus porosity.
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Up(r,0,t) = /+OO </+OO ureiMedM> F(w)e “tdw,

o (19)

Hodt M = kr, Fw) 25 sE0TGE, Hokrh s 502

ft) =te== /72, 7 KBk b L FHEFE], B 20 ns. w,
Fek ATy (10) A (11) A5,

WALBREE R 0.1, K S T 0 =n/2F0 =n

R R
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Fig. 8. Schematic of excitation and detection points of porous

medium cylinder in an infinite fluid.
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Fig. 9. Time-domain waveform of radial displacement at

different detection points when the porosity is 0.1: (a) De-
tection point at 8 = n/2; (b) detection point at 6 = .

084301-6


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. 68, No. 8 (2019) 084301

AR A ) 5 B SR T i 9 Fis, NGl A A% R
B, RS sE]. AR 9(a) HaT AR HRHS A
PN 0  A, J— 2 900 B A A 15
IR, WOR R, Jaik s R B IMEHE 270°/915
T, IREEARXT RO, WIEFEE. B 9(b) ki
FE 180° B AL B BRI T, %8 th AL 2 58
B BIAL R 180° R FLER A ot (54T B A2 Bk Aar T o
Y I8 ) B . AR 8 A [ A DU S 5 Ak T R % L
B, i LUE HBEE LRI 2 AR, & EE Y
i [ I b AR I T e EE )N, TR R i ]
Bl 3. ARSI AT R e T S T S A% R i
1, B S IR, AN 245 B
B E .

& 10 AFLERE R 0.1, 0.2, 0.3 B, A& 55 78
0 = n LB AR I AL B TE X LU L. AT LLAE ), R
EALBERIIG R, A A 558 BALRS 1R B2
75Ny O I AR AR A R T LS 4
KA/, 5 2 SECRERTE 7 B iR th v &

— 0.1
" — 02
= A “.A..AWWMM "
= AW v
=
=
— 0.3
VZAVAVAVWNMM
0 5 10 15 20 25 30 35 40 45 50

Hi$iE) /s
B 10 FLERJE N 0.1,0.2,0.3 B, &0 S AE 60 = n i B ab 12
] {32 8% B 305 T8 B4 % L

Fig. 10. Time-domain waveform of radial displacement of
detection point at € = n when the porosity is 0.1, 0.2, 0.3.
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o

mar = [L— (1 —n)B] [MIn(a21r) — c21rda (aair)],
maz = [1 = (1 = n2)B] [MIn(az2r) — azerdayi(aszer)],
mag = iM [L — (1 —n2)B] In (B2r),

mis = — [MKa(ear) — arKary1(aar)],

mar = 2N [M(M — 1) — a3, ] Iar(0air) + azidasi (oair)
—a5 (A+mQ + Q +mR)In(anr),

ma = 2N [M(M — 1) — Oé%z} JM(Oézz’r‘) + OézzJM+1(OézzT‘)
—an(A+mQ + Q +mR)In(axnr),

mas = 2MNi[(M — DIy (Ber) — BoIni1(Ber)],

mas = —AadKas(aur),

ms1 = 2IN [M(M — DIy (aar) — aa MIy4i(aar)],

my = 2N [M(M — 1)Jar(a) — oMy i (anr)]

may = —N [2M(M — 1) = 82)Ian (Bor) + 2823 ai 41 (Bor)]
my =0, ma = —a3(Q + Rm)In(azr),

may = —a(Q + Rm) I (o),

my3 =0, My = —ABQ%KM(OH).
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Abstract

Underground water, gas and oil all exist in the fractured or porous strata. Waves that propagate through
porous cylinder immersed in infinite fluid are of considerable interest in the estimation of porous parameter,
such as an underwater concrete column may present pore characteristics after a long time water immersion.
Compared with longitudinal guided wave, circumferential guided wave has its advantages in the ultrasonic
nondestructive inspection of porous cylinder. In order to investigate the propagation characteristics of guided
waves in a porous cylinder immersed in infinite fluid and analyze the effects of the porous medium parameters
on the dispersion characteristic, a model of porous cylinder surrounded by fluid is built. Based on the elastic-
dynamic theory and modified liquid-saturated porous theory, the characteristic equation of guided wave is
established, and the dispersion curves are obtained numerically. The effects of cylindrical radius and pore
parameters on the propagation characteristics of guided waves are discussed; the attenuation characteristics of
guided waves are also analyzed; the time domain waveforms of the guided circumferential waves are obtained by
numerical inversion, and the influence of porous parameters on waveforms is simulated. It is found that the
dispersion curves are similar to that of elastic cylinder in the fluid, there exist multiple mode guided waves and
approximate shear velocity of medium for higher modes, and higher order modes are more affected by the
radius, but it does not change the tendency of curve. The phase velocity decreases with porosity increasing at
the same frequency and the effect of porosity on higher order modes is greater than that on mode 1; due to the
dissipation in the medium, the attenuation increases porosity increasing. It can be seen from the transient
responses that the wave packets move backward and the displacement amplitude decreases with the porosity
increasing. The characteristics of the inversed transient response are in good agreement with theoretical
dispersion and attenuation. The results show that the propagation of guided circumferential wave is affected by
the pore parameters, especially for porosity, which can provide a theoretical reference for the non-destructive
evaluation of the porous cylinder surrounded by infinite fluid.
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