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ABSTRACT: In this paper, radial vibrations of an infinitely long fluid-filled
transversely isotropic thick-walled hollow composite poroelastic cylinder are
investigated in the framework of poroelasticity. The cylinder consists of two
concentric cylindrical layers namely, core (inner one) and coating (outer one),
each of which retains its own distinctive properties. A comparative study has
been made between the thick-walled hollow composite poroelastic cylinder
and that of fluid-filled one. Frequency is computed against the ratio between
the thickness to inner radius of the composite cylinder at various anisotropic
ratios. Another comparative study is made between the results of current case
and that of isotropic case by making Young’s modulus and Poisson ratio values
of isotropic and that of transversely isotropic in the transverse direction equal.
Numerical results are depicted graphically and then discussed.

KEY WORDS: poroelasticity, radial vibrations, composite poroelastic cylinder,
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LIST OF SYMBOLS

(r,0,2) cylindrical coordinate system oy normal stress components
w(u.,0,0)  solid displacement component M  Biot’s modulus
U (Uy,0,0) fluid displacement component P pore pressure
o Biot’s effective stress coefficient b dissipative coefficient
in the plane of isotropy e solid dilatation
M;; components of the drained elastic € fluid dilatation
modulus w frequency
E drained Young’s modulus in t time
the isotropic plane V2 Laplacian operator
E drained modulus in pi; ~ mass coefficients
the transverse direction ps  density of the fluid
v drained Poisson’s ratio in 1 inner radius
the isotropic plane a interface radius
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v drained Poisson’s ratio in T9 outer radius

the transverse direction g ratio of outer and inner radii
Vy undrained Poisson’s ratio ¢y velocity of the sound in fluid
In () Bessel function of first kind of K, bulk modulus of

order n the solid constituents
Y, () Bessel function of second kind B Skempton pore pressure

of order n coefficient
Ng, N, anisotropic ratios h thickness of the cylinder

1 INTRODUCTION

In the last few decades, deformation problems and fluid flow in porous media has
been of great importance due its applications in the diversified areas. The mathe-
matical model of poroelasticity is very useful in describing the interaction between
fluid motion and deformation in the porous solid. Linear isotropic poroelasticity the-
ory was developed by Biot [1]. Employing Biot’s theory of wave propagation in
fluid saturated poroelastic solids, radial vibrations of a thick-walled hollow isotropic
poroelastic cylinders are investigated [2]. The frequency equations of these vibra-
tions for a permeable and an impermeable surface are derived. Reddy and Tajud-
din [3] studied plane strain vibrations of thick-walled hollow poroelastic cylinders
and derived extreme limiting cases of plate and solid cylinder. A study of torsional
vibrations of an finite poroelastic composite circular solid cylinder made of two dif-
ferent materials is made [4]. In absence of dissipation, analysis of flexural wave
propagation in composite poroelastic solid cylinders that are bonded end to end is
presented in the paper [5]. In this study [5], it is seen that the nature of surface does
not have influence over shear vibrations unlike in the case of extensional vibrations.
Radial vibrations of infinitely long poroelastic isotropic composite hollow circular
cylinders are studied by Shanker et al. [6]. Authors of this paper derived frequency
equations for radial vibrations of poroelastic composite hollow cylinder with rigid
core, poroelastic composite solid cylinder, poroelastic composite solid cylinder with
rigid casing and of rigid core. Axially symmetric waves in cylindrical bone filled with
marrow is investigated under the assumption that bone exhibits isotropic poroelastic
behavior [7]. Vibrations in a fluid-loaded poroelastic cylinder surrounded by a fluid
are investigated employing Biot’s theory of wave propagation in poroelastic media
under plane-strain condition [8]. From the paper [8], it is observed that the shear
and dilatational vibrations of the fluid-loaded poroelastic hollow cylinder surrounded
by a fluid are uncoupled in the case of axially symmetric vibrations. Analysis of
radial vibrations of poroelastic isotropic circular cylindrical shells of infinite extent
immersed in an acoustic medium is investigated [9]. In [10], authors investigated
axially symmetric vibrations of fluid-filled and empty isotropic poroelastic circular
cylindrical shells of infinite extent for different wall-thickness. The analytical solu-
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tions for pore pressure and stress fields for inclined bore hole and the cylinder are
presented in the papers [11, 12]. Poromechanical analysis of a fully saturated trans-
versely isotropic hollow cylinder is studied by Kanj et al. [13]. In the frame work
of transversely isotropic poroelasticity, Reddy and Sandhya [14] studied radial vi-
brations of cylindrical bone filled with marrow. In this paper, bone is assumed to
be transversely isotropic. The poroelastic behavior of rocks is often more compli-
cated than the common assumptions of linearity and isotropy. Berea sandstone and
shale rock exhibit transversely isotropic behavior at low effective stresses. Sandhya
et al. [15] studied torsional vibrations of transversely isotropic composite poroelastic
cylinder consists of two concentric cylindrical layers made of different poroelastic
materials. In the paper [15], the limiting cases of torsional vibrations in a poroelastic
thick-walled hollow cylinder, thin poroelastic shell and plate are discussed. To the
best of authors knowledge, vibrations in composite transversely isotropic poroelas-
tic cylinder filled with another fluid are not yet studied. Because of mathematical
complexity, here radial vibrations are considered so that problem becomes a plane
strain and therefore can be solved analytically. This kind of model is useful in the
problem of bone mechanics and petroleum engineering. Frequency values are com-
puted against ratio between the thickness to inner radius of the composite cylinder at
different anisotropic ratios. The numerical results are also obtained for the particular
cases.

This paper is arranged as follows. Transversely isotropic thick-walled hollow
composite cylinder is considered in Section 2. In Section 3, composite cylinder filled
with fluid is investigated. Some particular cases are discussed in Section 4. In Section
5, numerical results are presented. In Section 6, concluding remarks are given.

2  THICK-WALLED HOLLOW COMPOSITE POROELASTIC CYLINDER

Consider an infinitely long transversely isotropic cylinder having axis in the direc-
tion of the z-axis of the cylindrical coordinate system (r, 6, z). Assume that z-axis
is along the axis of rotational symmetry. Poroelastic composite thick-walled hollow
cylinder, under consideration consists of two concentric cylindrical layers with two
different materials. The radius of core and coating are r; and 75, respectively whereas
interface radius is a. Let @(u,,0,0) and U (U,,0,0) be the solid and fluid displace-
ments of radial vibrations, respectively. These displacements are functions of rand
time ¢ only. The pertinent equations of motion for transversely isotropic poroelastic
solid saturated with fluid are [14]:
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2
gi ! gi = %(puur + p22U;) — b%(ur -U).

In Eq. (1), V2 is the Laplacian, e and ¢ are the dilatations of solid and fluid,
respectively; pj; are mass coefficients, « is Biot’s effective stress coefficients in the
isotropic plane (r—f plane), which can be expressed in terms of elastic moduli M;;
and the bulk modulus of solid constituents (/). The components of elastic modulus
M;;, Biot’s effective stress coefficient (), Biot’s modulus (A/) and the bulk modulus
of solid constituents (K ) can be determined from the following relations [13]:

E(E' — EV?) E(E'v + EV?)
M = 5o Mz = 7\
(1+v)(E'— E'v—2EV?) (14+v)(E'— E'v —2EV"?)
EE"V B(1 E
Mz = - PR K= ( ha I/U) )
E'— E'v—2EvV 3B(1—2v)(14vy) — (v —v)
y—1_ My + Mg + M3 ’ M= B?(1 - 2v)(1 +v,)*E

3K, 91 —2v) (1 +v)(vy —v)

Here I/ and v are drained Young’s modulus and Poisson ratio in the isotropic
plane, £’ and v/ are similar quantities as that of F and v pertaining to the transverse
direction of the axis of symmetry. For given anisotropic ratios Np = E'/E, N,, =
V' /v [13], E' and v/ can be determined. Different Ny and N, ratios define different
degrees of anisotropy. If the substitutions £ = E', v = v/ (Ng = N, = 1) are
made, then Eq. (1) will be reduced to Biot’s equations of motion for isotropic solids
which are used by many researchers in this domain [2,6,9]. The solid displacement
u, and the fluid displacement U, in the radial direction are assumed as follows:

) jur(rt) = jf(r)e™t,  U(rt) = ;F(r)e™",  j=1,2

In Eq. (2), the prefixes j = 1, 2 are used to denote two layers of composite
cylinder. The quantities with prefix 1 refer to the core while 2 refers to the coating, w
is the frequency of wave, ¢ is the complex unity and ¢ is time. Substituting Eq. (2) in
Egs. (1), then Egs. (1) become

(M + Mjo) A f — jog MAGF = —w?(j K, f + jK12,F)

3)
—jaiMAGf + jMAGF = —w?(jK1a; f + jK22;F)
where,
2 14 1
A= 42 =
dr?  rdr 1?2’
ib b ib

7
iK1 = jp11 — — K12 = jp12 + — i Koo = jpoo — —.
J iP w7 iP w7 iP w
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Solving the above equations, we obtain
—iM ;M
w?(; M K12 — jo M jK2)

- ijKll +jaijK12 '

F = .
’ JM K1+ ja; M Koy

Ajf

Substitution of ; F' into Eq. (3), gives

(jMH + ijOZQ)jKQQ + MMy — ja; MKy
M j My

) Aij+w2( )Ajf
iK1 Ko — KTy
M j My

+ w( )if =0,

Equation (4) can also be written as

) A5+ GG+ 3G A f + (56E563)5f = 0.
Equation (5) can also written as

(©) (A+;0if =0, (A+;G)f =0.

Solving Eq. (6), we obtain ; f for ;¢; and ;(2. Similarly we can obtain ; F'. Substitut-
ing these in Eq. (2), we obtain the displacement components as follows:

jur(r,t) = (je1;Dia(r) + je2;Dia(r) + jesjDia(r) + jeajDua(r))e'™,
(D) jUn(r, t) = —=(je1507 D11 (r) + je2;67 1 D1a(r) + jes o3 Dis(r)
+ jeaj055 D1a(r)) e,
where jcq, jco, jc3 and jcy are arbitrary constants,
iDu(r) = i(j&r),  jDia(r) = Ya(j&r),
iD13(r) = J1(j&er),  ;D1a(r) = Y1(62r),

Jn, and Y, are Bessel functions of first and second kind of order n, respectively, and
o, & (I=1,2) are

i = ((ijK11+jaijK12) - fga‘MjMn)(ijKlerjaijKm)_l,
(L1 + jL2)'/? (L1 —jL2)'/?
R
() ;L = w2((jM11 + ijjer)ngg + ;MK + 20 ;M K12),
jLy = (W((; M1 + jM;a?) jKog + jMK 11 + 2 ja ;M ;Ki2)?
— 4w MMy (jKu Ko — jK)'?,
iL3 = (2;M;M)/2, for j=1,2.
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From the stress-displacement relations [13] and the displacement functions in Eq.
(7), the following stresses are obtained:

j(omts)=(jerj A (r)+jca;Ara(r)+jcs; Ars(r) +jeaj Ara(r) ) e,

js= (jcle21(7)+j02jA22(r)+j03jA23(7“)+j04jA24(r))ew, for j =1,2.

Where,

(10)

jAn(r) :_72(ij5%(1—3'04) =
+ (M0t (jo — 1

©)

(j M1+ Mg + 2, M ja(ja—1))J1(;617)
— (M1 + jMja(ja —1))) 61 02(5617)

J6r)+(GM 67+ ja; M) &1 Ja(jéir),

N ~— N

—2
jA2 () = —=(;M 0t + o, M).Jy

jA12(r), jA22(r) are similar expressions as jA11(r), jA21(r) with Jy, Jo replaced
by Y1, Yo, respectively, jA13(r), jA23(r) are similar expressions as jA11(7), jA21(7)
with ;&;, ;01 replaced by ;&a, 02, respectively, jA14(r), jA24(r) are similar expres-
sions as jA11(r), jA21(r) with Jy, Jo, j€1, j61 replaced by Y1, Ya, &2, 02, respec-
tively.

With regard to the boundary conditions, the inner and outer surface of the com-
posite hollow cylinder are stress free and there is a perfect bonding at the interface.
Moreover, pores at the interface assumed to be sealed. These conditions can be ex-
pressed mathematically as follows:

l(UTT+3) :01 15=0 at r,=ry,
(1) 1(opr +8) —2(opr +5) =0, 15=25=0, qus—2us=0 atr=a,

2(0rr +5) =0, 25=0 at r =ro.

From the first and third set of conditions, it is clear that the inner surface r = r;
and outer surface r = rq are traction free. From the second set of conditions, it is
clear that the effective stress and displacement of inner solid are intact with that of
outer solid at the interface. Also, pores are assumed to be sealed. That is, there is
no flow across the interface » = a. Equations (7), (9) and (11) gives a homogeneous
system of eight equations in eight constants jci, jcg, jc3 and jcq (j = 1,2). A non-
zero solution exists if the determinant of the coefficient matrix vanishes, which leads
to the following frequency equation:

(12) |Pmn ()] = 0, (m,n=1,2,3,...,8),

where
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|Pmn(r)| =

1A11(71) 1A12(r1) 1A13(r1) 1A14(71) 0 0 0 0
1A421(r1) 1A22(r1) 1A23(11) 1A424(71) 0 0 0 0
1411(a) 1412(a) 1413(a) 1414(a) —2A11(a) —2412(a) —2A13(a) —2414(a)
1A21(a) 1A22(a) 1A23(a) 1A24(a) O 0 O 0

0 0 0 0 2Asi(a)  2A21(a) 2A421(a) 2421(a) |’
1D11(a) 1D12(a) 1D13(G) 1D14(a) —2D11(a) —2D12(a) —2D13(a) —2D14(a)

0 0 0 0 2A11(r2) 2A12(r2) 2413(r2) 2414(r2)

0 0 0 0 2A21(r2) 2A22(1r2) 2A23(r2) 2424(72)

where the elements ;Ay;, jAg, ;D1 (j = 1,2, | = 1,2,3,4) are defined in Egs.
(10) and (8).

3 THICK-WALLED HOLLOW COMPOSITE POROELASTIC CYLINDER FILLED
WITH FLUID

In this section, thick-walled hollow composite cylinder is filled with fluid is consid-
ered. The example for this model is bone filled with marrow. First, the behaviour
of waves in fluid is studied independently from the solid cylinder. The equation of
motion of the fluid in the inner cylinder for the case of radial vibrations are [16]

%
Or?

19y _
r or

1 0%
13 .
(13) c?c o2

In Eq. (13), c; is the velocity of the sound in fluid, ¢ is the displacement potential
function and satisfies ¢ = Jo(rw/cg)e™?. The fluid pressure (ps) and the radial
displacement (D,.) of the fluid are [16]

82

© rW.
Pr="Piga = —prw?Jo(—) ™",
cr
(14) 0
2 w zwt
D - =—0 .
" or cy (Cf)

In Eq. (14), py is mass density of the fluid, Jo(x) and J;(x) are the Bessel function
of first kind of order 0 and 1, respectively. The boundary conditions for fluid-filled
composite poroelastic cylinder are considered as follows:

l(arr + 5)
1Ur B
1(0’TT + 8) — 2(07«7« + S) = O,
2(0pr +5) =0,

1s=20 at r =rq,
1
(15) 1§=295=0, qu, —ou,=0 atr=a,

9s =10 at r = ro.
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From the first set of conditions, it is clear that the effective stress and displacement
of solid are intact with that of fluid at inner surface » = r;. From the second set of
conditions, it is clear that the effective stress and displacement of inner solid are
intact with that of outer solid at the interface. Also, pores are assumed to be sealed.
Then, there is no flow across the interface » = a. From the third set of conditions,
it is clear that the outer surface » = ry is traction free. Equations (7), (9), (14) and
(15) result in a homogeneous system of eight equations in eight constants jcq, jco,
jcs and jeq (j = 1,2). For a non-trivial solution, the determinant of the coefficient
matrix must be vanished. Accordingly, the frequency equation is obtained and which
is given below

(16) ’qmn<r)’:07 (man:172737a8)7
where
|Gmn ()| =
1471 (r1) 1455(r1) 1A15(r1) 1A34(r1) 0 0 0 0
1A421(r1) 1A22(71) 1A423(11) 1A424(71) 0 0 0 0
1An(a) 14i2(a) 14i3(a) 1414(a) —2A11(a) —2Ai2(a) —2Ai13(a) —2A14(a)
1A21(a) 1A22(CL> 1A23(a) 1A24(a) 0 0 0 0
0 0 0 0 2A21(CL) 21421(&) 2A21(a) 2A21(a) ’
1D11(a) 1D12(a) 1D13(a) 1Di1a(a) —2Dr1(a) —2Dr2(a) —2Dr3(a) —2Dra(a)
0 0 0 0 9A11(r2) 2A12(r2) 2A13(r2) 2A14(r2)
0 0 0 0 2A21(12) 2A22(r2) 2A23(r2) 2A24(r2)

ALy (r) = —1An(rw/cpJi(rw/cr) + ppw?Jo(rw/cp) Ji(1€17),
1A%5(r) = —1Awa(r)w/cpJi(rw/cs) + ppw?Jo(rw/ep)Yi(1&ir),
Als(r) = —1Auz(r)w/cpJi(rw/ep) + ppw?Jo(rw/ep) i (16ar),
1A% (r) = —1Aw(r)w/cpTi(rw/cs) + ppw?Jo(rw/ep) Y (1€ar),

and the elements ; Ay, jAy, ;D (j = 1,2,1 = 1,2,3,4) are defined in Egs. (10)
and (8).

(17)

r

4 PARTICULAR CASES

4.1 TRANSVERSELY ISOTROPIC THICK-WALLED HOLLOW POROELASTIC
CYLINDER FILLED WITH FLUID

When the material constants of both coating and core are equal, the composite poroe-
lastic cylinder results in a thick walled hollow poroelastic cylinder with thickness
h (= r2 — r1). Then the frequency equation Eq. (16) reduces to

(18) |Epn(r)| =0,  m,n=1,23,4,
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where
1A11 r1

(
1A21(Tl
(

Afp(r1) 1475(r1) 1A74(r1)
A22(T1) 3(7“1) 4(7“1)
1411(r2) 1412(r2) 1413(r2) 1A14(r2)
1A421(r2) 1A22(r2) 1A23(r2) 1A24(72)
and the elements 1 A}, 1Ay, 14y (I = 1,2,3,4) are defined in Eq. (10) and (17).
This case is discussed in the paper [14].

’Emn’ =

~— — —

4.2 THICK-WALLED HOLLOW COMPOSITE ISOTROPIC POROELASTIC CYLINDER
FILLED WITH FLUID

If the substitutions £ = E’, v = v/ are made in Eq. (16), then transversely isotropic
thick-walled hollow composite cylinder filled with fluid reduces to isotropic thick-
walled hollow composite cylinder filled with fluid. In this case, the frequency equa-
tion is

(19) | Frn ()| = 0, m,n=1,2,3,4,...,8,

where the elements F,,, are similar to the elements ¢, in Egs. (16) and (17) with
E=FE.,v=1.

4.3 THICK-WALLED HOLLOW ISOTROPIC CYLINDER FILLED WITH FLUID

Apart from the above substitutions in Section 4.2, if the material constants of both
coating and core are equal then the case of isotropic thick-walled hollow poroelastic
cylinder filled with fluid is obtained [9].

4.4 ISOTROPIC THICK-WALLED HOLLOW COMPOSITE EMPTY CYLINDER

Apart from the above substitutions in Section 4.2, if py = 0 then the case of isotropic
thick-walled hollow composite cylinder is obtained [6].

5 NUMERICAL RESULTS

All the frequency equations are investigated in absence of dissipation. If the dissi-
pation coefficient (b) is non-zero, then frequency equations will be complex valued
and implicit. Therefore, b is made to be zero so that frequency equation will be real
valued and the roots will be obtained easily that explicitly give frequency. Even if
we make b zero, the problem would be poroelastic in nature as the coefficients M1,
Mo, Mq3, @ and M would not vanish. In this case, mass coefficients /K11, K12 and
K3 are real. For numerical process, two materials are considered. The composite
poroelastic cylinder consists of two cylindrical layers namely core made up of Berea
sandstone and the coating made up of shale rock. The material constants for Berea
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sandstone and shale rock are taken from the papers [13,17]. The parameter values are
computed from the available data in the literature and the values are given in Tables 1
and 2.

Table 1. Parameter values

Parameters Berea sandstone Shale rock
E 14.4 Gpa 1.854 Gpa
v 0.20 0.22
B 0.62 0.903
7 0.33 0.46
M 12.307 Gpa 8.5602 Gpa
K, 37.7823 Gpa 44.60346 Gpa
P11 2407.64 kg/m? 1398.72 kg/m?
012 -266 kg/m?> -257.28 kg/m?
P22 456 kg/m? 771.84 kg/m?

Table 2. Parameter values

Parameters Water Kerosene
cf 1.432 x 103 m/s 1.432 x 103 m/s
pf 1000 kg/m3 820.1 kg/m?

Employing these values in Eqgs. (12), (16), (18) and (19), implicit relation be-
tween frequency (w), ratio of thickness to inner radius (h/r;) and anisotropic ratios
(Ng = E'/E, N, = /' /v) is obtained. The frequency is computed against h/rq
for both thick-walled hollow composite cylinder and fluid filled composite cylinder.
The numerical values are presented graphically in Figs. 1-4. Variation of frequency
against h/r; when the anisotropic ratio Ny = 1 at various NNV, values in the case of
g = 2 is depicted in Fig. 1. Variation of frequency against i /71 when the anisotropic
ratio when IV, = 1 at various Ny values in the case of g = 2 is depicted in Fig. 2.
From Figs. 1-2, it is seen that the frequency values of the fluid-filled composite cylin-
der are, in general, greater than that of the thick-walled hollow composite cylinder
and the values depend on the anisotropic ratios.

For the comparative study, the numerical results of current case and that of isotropic
case are presented in Figs. 3 and 4. Fig. 3 depicts the variation of frequency against
h/rq in the cases of transversely isotropic and isotropic composite cylinder when
g = 2. For each case, two different fluids water and kerosene filled in the cylinders
are considered. From this figure, it is seen that the frequency values of composite
cylinder filled with water are, in general, greater than that of composite cylinder filled
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Frequency

—&— Hollow cylinder, Nv=0.25

—o— Fluid filled cylinder, Nv=0.25
—— Hollow cylinder, Nv=0.5
—a— Fluid filled cylinder, Nv=0.5

SO P N W b OO N

hi/rl

Fig. 1. Variation of frequency with ratio of thickness to inner radius of core (h/r1) in the
cases of thick-walled hollow and fluid filled composite cylinders when Ng = 1.

Frequency

—&— Hollow cylinder, NE=0.25
—o— Fluid filled cylinder, NE=0.25
—=— Hollow cylinder, NE=0.5
—>— Fluid filled cylinder, NE=0.5

o P N W b~ 00 OO

01 02 03 04 05 06 07 08 09
h/rl

Fig. 2. Variation of frequency with ratio of thickness to inner radius of core (h/r1) in the
cases of thick-walled hollow and fluid filled composite cylinders when N, = 1.

with kerosene in the case of both isotropic and transversely isotropic. Also, it is seen
that frequency values of isotropic composite cylinder are, in general, greater than that
of transversely isotropic composite cylinder in both the cases of water and kerosene.
Fig. 4 depicts the variation of frequency against h/ry in the cases of transversely
isotropic and isotropic cylinder for both hollow composite and fluid filled cylinders.
In Fig. 4, the notations IHCC, TIHCC, IFFC, TIFFC stand for isotropic hollow com-
posite cylinder, transversely isotropic hollow composite cylinder, isotropic fluid filled
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—&— Transversely Isotropic, Water
—o— Transversely Isotropic, Kerosene
—— Isotropic, Water

—=a— |sotropic, Kerosene

Frequency

h/rl

Fig. 3. Variation of frequency with ratio of thickness to inner radius of core (h/r1) in the
case of fluid-filled composite cylinder.

16 —&— IHCC, Ref. [6]

—o—TIHCC
14 —a— IFFC, Ref. [9]
——TIFFC
12

10

Frequency

o N b OO

h/rl

Fig. 4. Variation of frequency with h/r in the cases of isotropic and transversely isotropic
cylinders.

cylinder, transversely isotropic fluid filled cylinder, respectively. From Fig. 4, it is
observed that frequency values of fluid filled cylinder are greater than that of hollow
composite cylinder for both the cases isotropic and transversely isotropic. Also, it is
seen that frequency values of transversely isotropic cylinder are, in general, greater
than that of isotropic cylinder in both the cases of hollow composite and fluid filled

cylinder.
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6 CONCLUSION

Radial vibrations in an infinitely long thick-walled hollow fluid-filled transversely
isotropic composite poroelastic cylinder are studied. A comparative study has been
made between the composite thick-walled hollow cylinder and the composite cylinder
filled with fluid. Frequency as a function of ratio between the thickness to inner radius
of the composite cylinder at various anisotropic ratios is obtained. The numerical
results are also obtained for the pertinent isotropic case and depicted graphically for
the case of comparison. From the figures, one can infer that the dispersive behaviors
in thick-walled hollow cylinder and fluid filled cylinder are different in phenomenon.
Also, it is seen that the anisotropic ratio effects frequency values in all the cases.
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