Indian J Phys (February 2021) 95(2):289-298
https://doi.org/10.1007/s12648-020-01703-9

tion 4,

mo

®

N Check for
updates

ing,
28NS

ORIGINAL PAPER

Thermal shock problem in porous orthotropic medium
with three-phase-lag model

S Biswas®*

Department of Mathematics, University of North Bengal, Darjeeling 734013, India

Received: 01 July 2019 / Accepted: 04 October 2019 / Published online: 4 March 2020

Abstract: The present article deals with the thermal shock response in homogeneous orthotropic medium under the
purview of three-phase-lag model in the presence of voids. The normal mode analysis is used to obtain a vector matrix
differential equation which is then solved by eigenvalue approach. In order to illustrate the analytical developments, the
numerical solution is carried out and the results for stress, displacement and temperature are presented graphically.
Comparison of stress, displacement and temperature for different thermoelastic models such as Lord—Shulman (LS) and
Green—Naghdi-IIT (GN-III) is observed, and it is noticed that the value of all parameters is maximum for the LS model and

minimum for the GN-III model.
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1. Introduction

The theory of elastic materials with voids developed by
Nunziato and Cowin [1] and Cowin and Nunziato [2] is one
of the generalizations of the classical theory of elasticity
which deals with the elastic materials consisting of small
pores (voids). This new theory has applications in inves-
tigating geophysical, biological and synthetic porous
materials. This theory can also be extended and applied in
viscoelastic, micropolar and thermoelastic materials. Iesan
[3] proposed a theory for thermoelastic materials with
voids and Iesan [4] represented a theory of initially stressed
thermoelastic materials with voids. Ciarletta and Scarpetta
[5] proved uniqueness, reciprocity and variational theorems
for generalized thermoelastic theory for non-simple mate-
rials with voids.

The generalized thermoelasticity theories have been
developed with the aim of removing the paradox of infinite
speed of heat propagation inherent in the classical coupled
dynamical thermoelasticity theory. Lord and Shulman [6]
first modified Fourier’s law by introducing the term rep-
resenting the thermal relaxation time. The heat equation
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associated with this theory is a hyperbolic type, and it
eliminates the paradox of infinite speed of propagation. The
following Green and Lindsay [7] developed a more general
theory of thermoelasticity by introducing two relaxation
times. Later, Green and Naghdi [8-10] developed three
models for generalized thermoelasticity of homogeneous
isotropic materials which are known as models I, II, III.
Detailed information regarding these theories can be found
in [11, 12].The next generalization to the thermoelasticity
is known as the dual-phase-lag model developed by Tzou
[13]. Tzou [13] introduced two-phase lags to both the heat
flux vector and the temperature gradient and considered as
constitutive equation to describe the lagging behavior in
the heat conduction in solids. Roychoudhuri [14] has
established a generalized mathematical model of coupled
thermoelasticity theory that includes three-phase lags in the
heat flux vector, the temperature gradient and the thermal
displacement gradient. The three-phase-lag model is very
much useful in the problems of nuclear boiling, exothermic
catalytic reactions, phonon—electron interactions, phonon-
scattering, etc.

Baksi et al. [15] proposed magneto-thermoelastic prob-
lem with thermal relaxation and heat sources in three-di-
mensional infinite rotating elastic medium. Said [16]
considered the influence of gravity on generalized mag-
neto-thermoelastic medium for the three-phase-lag model.
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Othman et al. [17] considered the effect of magnetic field
on generalized thermoelastic medium with two tempera-
tures under the three-phase-lag model. Kalkal and Deswal
[18] examined the effects of phase lags on three-dimen-
sional wave propagation with temperature-dependent
properties. El-Karamany and Ezzat [19] studied three-
phase-lag linear micropolar thermoelasticity theory. Oth-
man and Said [20] investigated a two-dimensional problem
of magneto-thermoelasticity in fiber reinforced medium
with three-phase-lag theory. Biswas et al. [21] discussed
Rayleigh surface wave propagation in orthotropic ther-
moelastic solids with the three-phase-lag model. Abo-Da-
hab and Biswas [22] considered the effect of rotation on
Rayleigh waves in magneto-thermoelastic transversely
isotropic medium with thermal relaxation times. Biswas
and Mukhopadhyay [23] employed the eigenfunction
expansion method to analyze thermal shock behavior in
magneto-thermoelastic orthotropic medium under three
theories. El-Attar et al. [24] discussed phase-lag Green—
Naghdi theory without energy dissipation for electro-ther-
moelasticity including heat sources. El-Karamany and
Ezzat [25] considered fractional phase-lag Green—Naghdi
thermoelasticity theories. Ezzat and El-Bary [26] proposed
the unified GN model of thermoelasticity with the frac-
tional order of heat transfer. Ezzat and El-Bary [27] con-
sidered electromagneto-thermoelastic  interaction in
thermoelastic solid with a cylindrical cavity. Ezzat and El-
Bary [28] studied fractional magneto-thermoelasticity with
Green—Naghdi theory. El-Karamany and Ezzat [29] dis-
cussed two-temperature Green—Naghdi theory of type-III in
linear thermoelastic anisotropic solid. El-Karamany and
Ezzat [30] considered thermoelastic problem with Green—
Naghdi theory, and Ezzat et al. [31] studied fractional
Fourier law with three-phase lag of thermoelasticity.

In this article, thermal shock response in orthotropic
medium in the presence of voids is investigated. The
problem is treated in the context of the three-phase-lag
model of thermoelasticity. A vector matrix differential
equation is formed by employing normal mode analysis
which is then solved by eigenvalue approach. In order
to illustrate the theoretical developments, the numerical
results of stress, displacement and temperature for
Lord-Shulman (LS), Green—Naghdi type-III (GN-III)
and three-phase-lag (TPL) model are presented
graphically.

2. Formulation of the problem
Let us consider a plane strain problem parallel to xz plane

of orthotropic thermoelastic medium. The body is initially
at rest, and the surface z = 0 is assumed to be traction free.

The surface of the half-space is subjected to a time-de-
pendent thermal shock.

2.1. Basic equations

The basic governing equations of motion with the three-
phase-lag thermoelastic model in anisotropic medium in
the presence of voids are as follows:

(a) Constitutive equations:

oy = cjuen + Bijd — BT (1)
pSTo = pC,T + B Toe;; + bTop (2)
(b) Equation of motion:

gjjj = pU; (3)
(c) Energy equation:

pSTy = —qi, (4)

(d) Modified Fourier law with three-phase lags:

(1 +rqg+éa—2>qg = —{K,,(l +TTE>T‘J+K;<1 +z\,g>TJ}
or 207 ot / ot
(5)
(e) Balance of equilibrated forces:
Aijj —Bieij — < + bT = pydp (6)

where T is the temperature above reference temperature, T
is the reference uniform temperature of the body chosen
such that Tln < 1, p is the mass density, g; are the
components of the heat flux vector, K;; are the components
of the thermal conductivity tensor, Kj; are the material
constant characteristic of the theory, C, is the specific heat
at the constant strain, c;; are elastic constants, g;; are the
components of the stress tensor, u; are the components of
the displacement vector, e; are the components of the
strain tensor, S is the entropy per unit mass, f3; are the
thermal moduli, 74, 77 and 7, are the phase lags of heat
flux, temperature gradient and thermal displacement
gradient, respectively, where 0 <17 <7, and ¢ denotes
time, ¢ is the void volume fraction field, b is the measure
of diffusion effects, A;;, B;; and ¢ are void parameters and y
is the equilibrated inertia. The comma notation is used for
spatial derivatives.

We assume that the material parameters satisfy the
inequality 0 <1, <17 <74 (Roychoudhuri [14]).

The displacement components have the following form:

u=u(x,z1),v=0w=w(,z1) (7)

The stress—displacement—temperature relations (in the
presence of voids) are given as
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Ow = Crilly +cr3w, +Bi¢p — BT (8)
O = Ci3Uy + c3w, + B3 — p3T )
Ox; = Cs5 (uﬁz + w,X) (10)

where 0y, 0., 0., are the stress components, c; are the
elastic constants, §; and f; are the thermal moduli.
The equations of motion are

Oxxx T Oxzz = P’i (1 1)
Oxzx + Oz = pW (12)
The basic governing equations in porous orthotropic

medium with the three-phase-lag model reduce to the
following equations:

Clill e + CssUz + (€13 + ¢55)Wap + Bip, — BT = pii

(13)
(c13 + €55) Uy + C55W x4+ C33W o + B3, — 3T = pW

(14)
(Al¢,xx +A3¢,zz) - (Blu,x + BSW,Z) - §¢ +bT = p)fd)

(15)

K (1 + ‘ET%> TM + K3 (1 + TT%) Tzz

+K; (1 +1, &) T+ K; (1 + 1 5) T

o T . 3 ) .
=1+ Tq& + E@ (pCvT + ﬁlT()lfl,x + ,[;3T()W,z + bT0¢> .

(16)
2.2. Boundary conditions
The mechanical and thermal boundary conditions at the
thermally stress-free surface z = 0 are
(a) Thermal conditions:
T = F(t)H(a — |x]) (17)

where H is the Heaviside function.
(b) Vanishing of the normal stress component:

6,=0 (18)
(c) Vanishing of the tangential stress component:

oy, =0 (19)
(d) Condition on void volume fraction field:

¢,=0. (20)
3. Solution of the problem

We take the solutions of Egs. (13)-(16) in the following
form:

(w,w, p, T)(x,2,1) = (LI, W, P, ﬂ(z) explik(x —cr)]  (21)

where k is wave number and c is the phase velocity.
Using Eq. (21) in Egs. (13), (14), (15) and (16), we
obtain
2 —

du 2 2 2 - . dw
C55d7Z2+ (pk C —Cllk )M+ (613 +C55)lk?Z (22)

+ ikB1¢p — ik, T =0

e du
33 7? + (PP — essk®)w + (13 + Css)ikl
dz dz (23)
dé dT
B:——f3,—=0
+ B3 dz B3 dz

dzd_) 22 2 T oap - dw _
A3d—Z2+ (prk*c® — KA, —;)¢—szlu—B3d—Z+bT
=0
(24)
X . &T 3 22 w72\
(Kgrz — zkcrlK3) FJr (zk‘cKlrl + pCk“c” — K| 12k )T
) Z

dw _
+ By Toik’ i + 3 Tok>c? d—w FLTRH =0 (25)
Z

1—iket,

- 22 20
1—ikct, 51

in whicht; = %,
1 —iket, =12

T, = u,w,¢p and T

must be bounded at infinity to satisfy the regularity con-
dition at infinity. So we assume that u, w, ¢ and T as well
as their derivatives vanish at infinity.

3.1. Formulation of vector matrix differential equation

Equations (22)—(25) can be written in the form of a vector
matrix differential equation as follows:

— = AV (26)

_ _ iy AT v
de dw d—(zf’ d: and matrix A is

00 0O

. - (0 I\ ..~ |0 00O
given by A = <}; Q~)W1th0 000 ol

0 0 0O

1 0 0 O as;1 0 as3 asy

i— 01 00 P 0 a2 0 O
o 0 0 1 0 T ary 0 ars ajg ’

0 0 0 1 agt 0 ag; as

in which
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(C11 — pcz)k2 —ikBl
as) = ——————— —, das3 = )
Cs5 Css
ikﬁl —ik(6'13 +C55)
as4 =——, dsg=——— ",
Css Cs5
~ (ess — pc?)i?
o
—ik(C13 + C55) —B; Bs
ass = —————— 67—, d68 =,
€33 €33 €33
ikB1 szl + (- ,0}{](26‘2
ayn = ——, an = 5
71 A3 73 A3
—b B3
ay=-—, ap=-—,
=0, =4,
_ﬁl Toik3 C2 _bTQk2C2
ag) — vV agy = v
U (K —ikeniKs) 0 (Kita — iker K)

f(ichlrl + pCvc2 — Kl*rz)kz

agy = )
8 (K;“rg — ikcrlK3)

a =
7 Kyt — iketiK3)

3.2. Solution of vector matrix differential equation

For the solution of Eq. (26), we follow the method of
eigenvalue approach (Das et al. [32]).
The characteristic equation of matrix A is given by

I8 —B12° +By2* +B32* + B, =0 (27)
where

Bi = (as) + ag + a73 + ags + ag1a76 + assase + asedcs)

B> = arzagy — anags + asear + asiasq + dsaagy + derdsa
+ ge2a73 — as1azz — ayasz — Asiden + Asadesdse
— Q670a74086 + A67034a76 + As56A65084 + As56065073
— As53065a76 + Aegd73d86 — AegdT6ds3 — ds51d67476
— as51068086 1 As56a68081

B3 = — as3ass(araags — areass) + assaes(arzags — dgzaze)
+ aseass (ar3ass — agzars)
— asiae7(araags — areass) + assder(ariags — agiaze)
— aseder (0716184 - a74081)
— aes(arzass — azeass) — aszaes(azags — azeagi)
— aseags(ar1ags — apag)) — asi(azass — aaags)
— as3(anags — arsagy) — ass(aziags — azzag;)
+ as7aerass — asiaera73 + as3aegrar — ds7ds| e

— aex(an3ass — aszass)

B4 = asiaey(ar3ass — agzars) — assae(arzags — agiags)
+ aspags(ariags — anasy)

The roots of the characteristic Eq. (27) which are also

the eigenvalues of the matrix A are of the form A = £/,
A= :E)Q, A= :|:/13 and 1 = :t/14

The right and left eigenvectors X and Y of the matrix A
corresponding to the eigenvalue A can be taken as follows:
> T
X = [xl7x2ax37x4ax57x67x77x8]

-

Y = b’l7}’2aYS7}’4aYSa)’67)’7ay8]

where

x1 = (as3aes — Aassaer) [ (ae2 — /12)@74 - ;vzassam]
— [Aagra74 — aes(azs — )-2)]
[2Passass — ass(acy — 2%)]

Xy = [}va67a74 - /laég ((173 - /12)] [iaeg (051 — 22) — /1054065]
— A" (aesars — aesan ) (assaes — dsader)

x3 = [asrass — ass(aer — 2%)][Aagsars — dagzar]
— [(ae2 — 7»2)0174 - /1261766168]
[/laﬁg (a51 — 12) - vas4065}
x4 = Jaes (as) — )v2) [(a73 — 2%) (agy — 77) — )»20676176]
+ A’aseacs [Aagran — ags(azz — 77)]
+ Jasyaes [ A2 azsass — an (agy — 1%)]

X5 = AX1, Xe= /Xy, X7=/X3, Xg=Ax4

and

yi = A2aky[(asa — 2%) (az3 — 7%) — azsas;]
[Z2asiasragsass — A’ aas) (aszaes — 2 de7)]
— )vzaéz [a7|a83 — as; (a73 — )vz)]
[12 (aszaes + )~2a67) (agsae — }~2(162)
—2agass (assaes — Aags) ],

2 = Aag, [anass — agi (a3 — 17)]
[Aassae (asaaer — /12062) - )»022083054]
— )vzaéz [(a34 - 22) (a73 — /12) — a74a33]
[/laézam (a51 - AZ) - ﬂyaézagagd

y3 = 2*(aseass — assase)(assder — as3des)
— 2lassasr — ass(aer — )] [assass — ass(ass — 7))
— Jagy ase(az3 — 7*) — asaaze)
[(ass — 2%)ass — assass] + A*aer(assase — aszase)
[(a73 — %) (asa — 22) — azsass)
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ya = A[2assagr — as3 (agy — 27)]
ass(azs — i2) — as3az) — 23 (assaer — aszaeg)

[
lase (ar3 — 1*) — assans) — Aags [ase (a73 — 27) — agzazg)
[as3 (aga — 2%) — assass| + 2*aes(aszass — aszase)

[

(a73 — 2%) (ass — 2%) — azaass ]

Vs = [(a73 - /12) (084 - /12) - 1174083}
[APagrass — ass(as — 7°)]

-2 asge (a73 — /12) — agaaze) [ae7 (ass — 7~2) — aesass)

Yo = Alase(ar3 — i*) — assaz] [(ass — 27)ass — asaass)
— Massass — assase) [(az3 — 1°) (asa — 2%) — araass]

y7 = /2 (aseass — asyass)(assdsy — asides)
- laseasr — as3 (as> — i2)] lassass — as3 (ass — )»2)]

yg = [}~2f156f167 — as3(ag — }vz)] lass (az3 — )»2) — as3az]
— A(assasy — aszacs) [ase (a3 — 17) — aszaz]

For further reference, we wuse the following
notations:X; = [X],_; , Xo = [X],_ , , X5 = [X],_,, Xa =
Xliesys X5 = [X];_p00 Xo = X5, X7 = [X],s,5
Xs = [X],—_,,
and Y, = [Y],_ e Y2 [Yb:—alv Y3 = [Y]A:/127 Yy =
[Y]A:—zz» [ ]A ,3, [Y]A:—)@» Y; = [Y]/z:/w
Yo =[Y],__,,

Assuming the regularity condition at infinity, the
solution of Eq. (26) can be written as

V=AX, exp(—41z) + AxXgexp(—/422)

+ A3Xs exp(—7432) + AsXs exp(—/az) (28)
Now we obtain
4
i = Z {(as3ass — Anassa)[(as2 — 22)ars — Jndesars)
n=1 (29)

—[Anasra74 — Anaes (azz — )i)]
[/ﬁaésase — ass(aer — /ﬁ)] }exp(—7nz),

4
W= Z {[Anaera7s — inaes (azs — Az)]

n=1
[dnaes (asi — 22) — Jnasades| — A (assaza — assan)
(a53‘168 - 0541167)} CXP(—;LnZ),

(30)

4

¢= Z { [)»iaszaes — ass(ag — Zi)]

n=1
[Anaesars — Inaszan] — [(as2 — 1,21)674 - ;via76a68]
[Anaes (asi — 22) — Jnasades) } €xp(—inz),
G1)

12
- A,,a67a76]

T Z{z ainass — 72)[(ars — 72) (a2 — )

—‘r /lna56a68 [Ana67d71 — AnQg5 (a73 - ;“i)]
+ Anas3a68 [)bﬁa76a65 —an (a62 - )5)] }exp(—4a2)

(32)
Hence, we get
4
u= Z byA, exp[—2A,z + ik(x — ct)]
n=1
4
w= Z dnA, exp|—Anz + ik(x — ct)] (33)
n=1

4
¢ = anA exp[—Anz + ik(x — ct)]

n=1
4
Z 8, expl—Anz + ik(x — ct))

where

bn = (a53a68 - ;Lr1a54a67) [(aﬁz - /‘Li)a74 - Cl6ga76}

- [/lna67a74 — ndés (073 - A } [ﬂ Aedse — ds4 (%2 =4 )]

dy = [Anas7a74 — Anaes (azz — ii)]
[Anaes (asi — 27)

(aszags — asaasr)

— Jnls4des| — JX(agsans — aggan)

fo = [Zrasraes — asa(asx — 7)) | [Anassars — Inaszan)
— [(ae2 — 77)an
[/lnaég (a51 — },21)

80 = nas (asi — 22) [(ar3 — 72) (as2 — 22) —
+ 2laseass [Zne7a71 — Anaes (azz — Aﬁ)]
+ Jnassacs [ Apazeass — an (agy — Ay)]

2
— Jeazeas|

— Jnls4Ges |

A 61676176]

Now we derive the stress components as follows:

4
Oxx = § (ikcllbn - ClS;Ln

n=1

[—Anz + ik(x — ct)]

dn - ﬁlgn + BLfn)An CXP

4
= (ike13by — c33/ndy — Bsgn + Bafu)An exp[—inz + ik(x — ct)]

n=1
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Fig. 1 Comparison of gy, with
respect to z

GXX

Fig. 2 Comparison of u with
respect to z

4'5 T T T T T T T T
TPL (with voids)
8 s GN-III (with voids ) i
>~ LS (with voids)
>~ TPL (without voids)
35S — — — GN-lIl (without voids) i
> K"~ . — — — LS (without voids)
3k
25 F
2+
15
1L u
1 1 1 1 1 1 1 1
0.1 0.15 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
z
x 107
T T T
TPL (with voids)
---------- GN-III (with voids)
T LS (with voids)

TPL (without voids)
— — — GN-lII (without voids)
— - — LS (without voids)

4
Ox; = Z CSS(ikdn - )“nbn)An exp[—/l,,z + lk('x - Ct)]
n=1

4. Application

Using the boundary conditions (17), (18), (19) and (20), we
system of four equations i

obtain the following
Ay, Ay, A3,Ay

4
ZgnAn = Fl(xa t)

n=1

4
> (ikersby = c33iudy — B3gn + Bafu)An = 0

3
Il
—_

(34)

(35)
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Fig. 3 Comparison of w with %1074

respect to z T T T T T
35 TPL (with voids) 7

---------- GN-III (with voids)

————— LS (with voids)

TPL (without voids)

3 — — — GN-lll (without voids) e
e — - — LS (without voids)

2 - -
15 S T T e ]
1 1 1 1 1
0.1 0.11 0.12 0.13 0.14 0.15 0.16
z
Fig. 4 Comparison of 7' with -4 : : : : :
respect to z sl — |
: 3k GNHIN
5 | LS |

85| -
_9 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7
z
4 A = g1[N>(P3Q4 — P4QO3) — N3(P2Q4 — P4Q
chs(ikd,, by = 0 (36) 1[N2(P3Q4 — P4Q3) 3(P20Q4 — P40Q»)
— +Ny(P2Q3 — P302)]
4 — £2[N1(P3Q4 — P4Q3) — N3(P1Q4 — P4Q1)
> Ay =0 (37) +Nu(P1Q3 — P30y)]
n= + 83[N1(P20Q4 — P4Q2) — N2(P1Q4 — P4Q1)
where  Fy(x,7) = F(t)H(a — |x|) exp[—ik(x — ct)]Solving +N4(P1Q> — P20))]
the above four equations, we obtain the arbitrary constants — g4[N1(P203 — P30,) — N2(P1Q5 — P30)

Al 3A27A37A4-
We obtain the constants as follows: A} = %, Ay = %,
Ay =5 Ay =5 in which

+N3(P1Q2 — P,01)]
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Fig. 5 Comparison of u with x107*

respect to ¢ T

-05 F

TPL (with voids)
---------- GN-III (with voids)
————— LS (with voids) E
TPL (without voids)

— — — GN-IlI (without voids)

Dy = F1[N2(P304 — P403) — N3(P2Q4 — PaQ2) + Na(P203 — P30,)]
Dy = —F1[N1(P3Q4 — P4Q3) — N3(P1Q4 — P4Q1) + Na(P1Q3 — P301)]
D3 = F\[N1(P204 — P4Q2) — N2(P1Q4 — PaQ1) + Na(P1Q2 — P201))]
Dy = —F\[N(P2Q3 — P302) — Na(P1Q5 — P3Q1) + N3(P1Q2 — P2Q))]

where N, = (ikc13b, — c33/ndy — 380 + Bafy),
CSS(ikdn - ;vnbn)v O.,=1 ﬂvn-

P, =

5. Particular cases

We obtain the following different results in orthotropic
medium:

(a) The problem falls into the theory of classical coupled
thermoelasticity (C T) when we put 7, = 7, = 177 =0
and K =0(i = 1,3).

(b) When we put 1,=17=0, 7:3 =0 and
K =0(i=1,3),74 # 0, the problem falls into the
theory of the Lord—Shulman model .

(c) Equation (16) falls into the theory of GN model type-
II when we put 7, =7, = 77 = 0.

(d If we put K =0 (i=1,3) in Eq. (16), then the
problem falls into the theory of the dual-phase-lag
model.

The problem reduces to the case of without voids if we take
b=¢c=A =A3 =B =B3; =0, and the results agree
with Biswas and Mukhopadhyay [23].

6. Numerical results and discussion

For numerical computations, we take the following values
of the relevant parameters for zinc material as follows:

ci =16.28 x 10'°°Nm 2, ¢;3 = 5.08 x 10'°Nm2,
c33 =627 x 10"°Nm 2, ¢55 = 7.70 x 10'°Nm2,
By =575 x 10°Nm2K™!, f3=5.17 x 10°Nm2K"!,
K, =124Wm'K™!, K3 = 124Wm 'K!,
K; =42Wm 'K 's7", Kj =42Wm 'K s,
p =714 x10°Kgm™>, C, =390JKg 'K™!,
Ty = 296K.

The void parameters are given as follows: b = 1.2384 x
10°N/m’K,  x = 0.05655 x 107"m?, ¢ =0.19603 x
10'ON/m?, A; =14.798 x 107N, A3 =10.9174 x 107N,
B; = 10.52849 x 10'°N/m?, B3 = 0.41 x 10'°N/m>.

For the three-phase-lag model, the heat conduction law
is stable (Quintanilla and Racke [33]) if

2Kif7‘

o > 1, > K14
where 7} = K1, + K; and i = 1, 3.

We have assumed the values of three-phase-lag
parameters in this article in the way that they have satisfied
the above condition, and hence, for numerical computation
we have taken T, =2x10""s, 17 =15x%107s,
7, =1x 1073s.

In Fig. 1, stress (o,,) with respect to z is presented
graphically for the fixed value of time. Stress for the LS
model is maximum, and stress for the GN-III model is
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TPL (with voids) 4
---------- GN-III (with voids)
————— LS (with voids)
TPL (Without voids)
-~ — — — GN-llII (Without voids)
~ - — — — LS (Without voids)

Fig. 6 Comparison of w with x10™*
respect to ¢ T
9k
~
-
\'
\-
8 P~ . it
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~
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2 6L
50
4
3 1
1 2
Fig. 7 Comparison of 7" with -3 .
respect to ¢
'_

minimum. Stress decreases in the presence of voids, and
stress decreases with the increase in distance.

In Fig. 2, it is observed that the absolute value of hori-
zontal displacement (u) decreases with the increase of z.
The absolute value of horizontal displacement for the LS
model is maximum, and displacement for the GN-III model
is minimum. Horizontal displacement decreases in the
presence of voids.

It is noticed in Fig. 3 that vertical displacement (w)
decreases with the increase of z. Vertical displacement for
the LS model is maximum, and displacement for the GN-

IIT model is minimum. Vertical displacement decreases in
the presence of voids.

It is found in Fig. 4 that the absolute value of temper-
ature decreases with the increase of z. The absolute value
of the temperature for the LS model is maximum, and
temperature for the GN-III model is minimum.

In Fig. 5, it is observed that the absolute value of hori-
zontal displacement (u) decreases with the increase of 1.
The absolute value of horizontal displacement for the LS
model is maximum, and displacement for the GN-III model
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is minimum. Horizontal displacement decreases in the
presence of voids.

It is noticed in Fig. 6 that vertical displacement (w)
decreases with the increase of z. Vertical displacement for
the LS model is maximum, and displacement for the GN-
IIT model is minimum. Vertical displacement decreases in
the presence of voids.

It is shown in Fig. 7 that the absolute value of the
temperature decreases with the increase of ¢. The absolute
value of the temperature for the LS model is maximum,
and temperature for the GN-III model is minimum. Tem-
perature for the TPL model lies between the temperatures
for other two models.

7. Conclusion

In this article, thermal shock response in porous orthotropic
medium is investigated in the context of the three-phase-
lag model of thermoelasticity. The comparison of three
generalized thermoelastic models in case of stress, dis-
placements and temperature is presented graphically. From
the theoretical and numerical discussion, the following
concluding remarks can be drawn:

(a) All considered parameters decrease in the presence of
voids.

(b) All parameters decrease with the increase in distance
and time.

(c) The value of all parameters for the LS model is
maximum and minimum for the GN-III model.

(d) There is significant difference in the considered
parameters for different models.

(e) The present problem is the most general one as other
problems with different thermoelastic models can be
obtained as special cases from it.
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