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ABSTRACT: The present article deals with the gravity field and the laser pulse on porous thermoelastic solid under
the effect of the temperature dependent properties in the context of the Green-Naghdi theory. The normal mode method
used to obtain the exact solution of the considered physical quantities which have been shown graphically in the
presence and the absence of the physical operators used in the problem.
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. INTRODUCTION

In the classical thermoelasticity (C-D) theory due to Biot [1], the equation of the heat conduction is a parabolic
type. It could predict the infinite speed of the heat propagation in elastic media, but it was inconsistent with
experimental observation. With this motivation, Lord and Shulman [2], and Green and Lindsay [3], established the (L-S)
and (G-L) generalized thermoelasticity theories respectively. In the (L-S) theory, a relaxation time parameter
introduced into the Fourier heat conduction equation, with the heat flux and its time derivative taken into account. The
heat equation associated with this theory is essentially of a hyperbolic type. In the (G-L) theory, the constitutive
equations were modified by introducing two relaxation time parameters. Both the equations of motion and heat
conduction are of the hyperbolic type. The two theories can better characterize thermal disturbances with limited speed
of the wave propagation and exhibit the so-called second sound effect in solids. Later, Green and Naghdi [4-6]
established a new generalized thermoelasticity theory (G-N) theory of three types based on the energy and entropy
balances, in which the energy dissipation was not considered in the previous theories. The linearized form of type | was
equivalent to the classical thermoelasticity (C-D) theory. Type Il describes the thermoelastic system without energy
dissipation, while type Il permits the dissipation of the energy. Therefore, the (G-N) theory is an ideal thermoelasticity
theory. Ailawalia et al. [7] studied the effect of initial stress and rotation in (G-N) theory of type Ill. Othman et al. [8, 9]
investigated the effect of rotation, the gravity and temperature dependent properties of porous thermoelastic solid with
(G-N) theory. There are a number of theories about the mechanical properties of the porous materials. The concept of a
distributed body introduced by Goodman and Cowin [10] in the context of granular and porous materials asserts that

the mass density has the decomposition y*q) where y* is the density of the matrix material and ¢ is the volume

fraction filed. This representation introduces an additional degree of kinematic freedom. Nunziato and Cowin [11] used
this concept to present a non-linear theory to describe the properties of homogeneous elastic materials with voids free
of fluid. Moreover, the theory of Cowin and Nunziato a more appropriated theory than other theories for the study of
special continuum and geological materials, such as rocks, soils, and manufactured porous materials like ceramics and
pressed powders. Generally, this theory based on the balance of energy, where the presence of the pores or voids
involves an additional degree of freedom, called the fraction of elementary volume. In [12] Cowin and Nunziato
established a theory to describe the linear elastic materials with voids. lesan [13, 14] has developed a linear theory of
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thermoelastic materials with voids. The temperature dependence is an important physical property of materials
reflecting the elastic deformation capacity of the material when subjected to an applied external load. Most of the
investigations were done under the assumption of the temperature-independent material properties, which limit the
applicability of the obtained solutions to certain ranges of temperature. At high temperature, the material characteristics
such as the modulus of elasticity, Poisson's ratio, the coefficient of thermal expansion and the thermal conductivity are
no longer constants [15]. In recent years due to the progress in various fields in science and technology the necessity of
taking into consideration the real behaviour of the material characteristics prosperities as the temperature dependent
measurements. In the classical theory of elasticity, the effect of the gravity neglected in a general manner. Bromwich
[16] in particular on an elastic globe, was the first study the effect of the gravity of the problem of propagation of waves
in solids. Laser at a high intensity when interacts with the solid surface, the absorption takes place. This in turn causes
an internal energy gain of the substrate material and heat release from the irradiated region. Since the process, in
general, is fast, the temperature gradients remain high in the irradiated region. This results in high thermal strain and
thermally induced stresses in this region. The ultra-short lasers are those with the pulse duration ranging from
nanoseconds to femto-seconds. In the case of ultra-short-pulsed laser heating, the high intensity, energy flux and ultra-
short duration laser beam have introduced situations where very large thermal gradients or an ultra-high heating rate
may exist on the boundaries by Sun et al. [17]. The microscopic two-step models, that is, parabolic and hyperbolic are
useful for modifying the material as thin films. When a laser pulse heats a metal film, a thermoelastic wave generated
due to thermal expansion near the surface. Othman et al. [18] investigated a model of thermoelasticity under thermal
loading due to laser pulse.

This investigation studies the effect of the temperature dependent properties and the gravity field of porous
thermoelastic solid heated by laser pulse with both types Il and 111 of the (G-N) theory. The physical quantities obtained
analytically. The physical quantities represented graphically in the presence and the absence of the gravity, the
temperature dependent, the laser pulse and the porous effect.

1. BASIC EQUATIONS, FORMULATION AND SOLUTION OF THE PROBLEM

Following Green and Naghdi [5] of type IIl, Cowin and Nunziato [12], the field equations and the constitutive
relations for a porous linear homogenous, isotropic thermoelastic solid without body forces, heat sources and extrinsic
equilibrated body force and heated by a laser pulse, can be written as

%, =P, 1)
agii —buy k —Gd—wgdy +MmT = py gy, )
KT +k T —mTod=pCeTy +BToe s —pQy, (3)
o =AU O +u (U j +uj i) +b ¢S — BT &, i,j,k=123, (4)
&j; :%(uiyj +Uj i) (5)

Where, 4,u are the Lame constants, «,b,&,w,m and w are the constants due to porous material, T is the absolute
temperature, g=(31+2u), SiNCe ¢ is the coefficient of thermal expansion, p is the density, C, is the specific heat, k is
the thermal conductivity, k" is the material constant characteristic of the theory, T, is the reference temperature chosen
so that |r —T,)/To|<<1, ¢ is the change in the volume fraction field, e is the dilation, e; is the strain components, o

are the stress components, & is the Kronecker delta, and Q is the heat input of the laser pulse. When k™ —0 then (3)
reduces to the heat conduction equation in (G-N) theory of type Il. Consider a homogeneous, linear, porous and
isotropic thermoelastic solid with half space (y >0), the rectangular Cartesian coordinate system (x,y,z) having
originated on the surface z =0. In equations for this problem a dot denotes differentiation with respect to time, while a
comma denotes the material derivative. For two dimensional problem assume the dynamic displacement vector as
u = (uyv,0), all the considered quantities will be functions of the time variable and of the coordinates x the axis y. The
laser pulse given by the heat input illuminates the plate surface
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2:102 7o (—);—j—tt—o) exp(-7y). (6)

Where, 1, is the energy absorbed, t,is the pulse rise time, r is the beam radius, x is the heat deposition due to the
laser pulse is assumed to decay exponentially within the solid. To study the effect of the temperature dependence of
modulus of elasticity, keeping the other elastic and thermal parameters, assuming that

A=t @) p=mf (@), B=BFT) a=af @) og=ouf ), §=5,F @), w=yaf @), m=mf(T), b=bf(T)

Where, 4, B, 04,011,&1,1,my, by are constants, f (T)=(1-a'T,) is @ non-dimensional function of temperature and " is
the empirical material constant.

Equations (1)-(3) in the 2-D space under the effect of the gravity field under the temperature dependent investigation
will be on the form

Q=

oe 0 aT v o4
N R e Y e I e A D - A B s ™
2 ® % _ L o &
VAV + (2 + /1) o +(by/ 1) o (B ) o (P [t ONZ=olmt TN~ )
2 o¢ %
Ve —(by/ay)e —(511/0:1)¢—(wu/a1)g+(m1/a1)T =(p Wl/al)?v C))
« 0 0 o o2 0
KV kv —mlf(r)TOE”j:pce?wlf (r)Toat—‘Z—ng. (10)
The equation can put in a more convenient form by using the following non-dimensional variables
* *2
YUV )=y u), ()=o), 0=, =S =V ot Qa2 o2 (A2 and
Cy M Ty Cray C anToCe p
2
of ~LSe 1D
To relate the displacement components to the two potential functions v, and w, use the expression
w1 V2 angy 9V _9ve (12)

ox 0y oy  0X
To get the exact solution without any approximation for the physical quantities, consider the solution in the form of the
normal modes as
1wz 6,010,y 1) =ly;.w3.6",671(y Jexpfi(ax - £1)}, (13)
Where, [v;.v5.¢".6"1(y) are the amplitude of the physical quantities, ¢ is the angular frequency, i=y/-1 and a is the
wave number in the x - direction.
Eqgs. (7)-(10), with the help of the Egs. (11)-(13) after dropping primes for convenience

[D? ~m,lyy ~myys+m, ¢ —mg 07 =0, (14)
mg vy +[D*-m;]y; =0, (15)
—ag[D? a2l y; +[D? —my] ¢" +a,0" =0, (16)
My [D? -aly; +my; ¢  +[D2—my,]1607 =-Sf (x,t)e 7Y, @an
Where, m,=a?-(a;¢?/my), my=(iaa,/m;), m,=a,/m;, mg=ag/m;, mg=iaa,, m;=a’-a;e?, mg=a’+a,—iggE a2,
Mg =&3-i &ép, My =, &% /mg, myy =igay/my, my, =a® = (£2/my), § =Qo/mg,

2 2
f(x,t)=@-t/to)exp{(~x2/r?)—(t/ty)—(iax) +(iEt)}, Qo =1or/22r2t¢, D=d/dy, alz’h“‘l, a= ,lecl , 8= Ao, =22
Hy A"y iy Hy wmf )
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&3= péecf , mp=a+1

Eliminate the functions y;, v;,¢" and 6" between equations (14)-(17), to obtain the differential equations
[D®—2,D°+2,D* = 2,D% + 2] vy == Ay T (x,t)exp(-7Y), (18)
[D8 -2, D8 +4,D% = 4, D? + 4,15 =—S A, f (x.t)exp(-7y), (19)
(D4, D°+2,D% = 2,D%+ 2,]¢" == Ay T (x Dyexp(~7y), (20)
D82, D8+2,D% -, D%+ 2,16 =—S A,  (x.t)exp(~ry). (21)

Jn(n=1,2,3,4) and A, (n=1,2,3,4) can be obtained from elimination the functions from Eqgs. (14)-(17).
Equation (21) factored as

(D? —k2)(D? =k3)(D? —kZ)(D* —k£)6" ==5 A, f (x,t)exp(~7Y), (22)
k§ (n=1,2,3,4) are the roots of the characteristic equation of the homogeneous equation of Egs. (18)-(21).

The general solution of the considered physical quantities which is bounded as y — =, is given by

u(x,yt)= éLm Ro eXp{-kyy —i(£t—ax)}—((2Ap /r?)+7 A;)B1Q €Xp(-7y), (23)
v,y ) :éMm R, eXp{okny —i(£t —ax)}+ (A +(2xAy/1?) )ByQr X (ry), (24)
p(x,y.t)= élcm Ry exp{-k,y —i(&t —ax)}+A;B1Q1€Xp(-7y), (25)
0(x,y,t) :é% Ry eXp{-k,y —i(Et—ax)}+A,B1Q eXp(-ry), (26)
oy (X,Y,) :é% R, exp{-k,y —i(£t —ax)}+B;B1QeXp(-yy), (27)

where  C,, =—mg/(kZ-m;),  Cpy={asMs(kZ—a%)+agMyCyy —ag(k2—My)}AMs(kZ—mg)+agm,},  Can =f My (k2 ~M,) -MsCyy +m, Con}/ms,
Csn =@ (ialy, —ky Myy) =283k My +a14Con —815Can, By ==/ — A% + 207" —2gr? + 43, Q=SHX1). f,(x,t)=(-t/tg)exp{(-x*/r?)~(t/to)},

f 2f Tof
2X2A2)+a14A3—a15A4, ag :L(T)Y ag=f ), %:qcliq;)y 315:'81070-),
r H HUQ H

2x A,
2

M—28(-r A+

2
By =k A (-5 X A1y A+
Ly, =(ia—k,Cy,), My, =—(k,+iaCy), n=1234,
Since, R,(n=1,2,3,4) are constants (the coefficients of the series).

1. APPLICATIONS

Consider the following non-dimensional boundary conditions to determine the coefficients R, (n=12,3,4) and
suppress the positive exponentials to avoid the unbounded solutions at infinity. Then the surface of the solid at y =0

assumes these conditions
(1) The mechanical boundary conditions are
(i) The normal stress condition (mechanically stressed by constant force p, ), so that

oy :7plei(ax—.§t), (28)
(ii) The tangential stress condition (stress free), then
Oyy =0, (29)

Copyright to IJIRSET DOI: 10.15680/IJIRSET.2015.0404088 2313



)
@ ISSN(Online) : 2319 - 8753

- ISSN (Print) :2347- 6710
IJIRSET

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 4, April 2015

(2) The condition of the voids (the volume fraction field is constant in y-direction). This implies that

9 _q 30

Pl (30)
(3) The thermal condition (the half-space is a thermally insulated boundary).

20

. 0. (31)

Substituting the expressions of the considered quantities in these boundary conditions, to obtain the equations satisfied
by the parameters. Then one can obtain a system of four equations. After applying the inverse of matrix method, we get
the values of the constants R,(n=12,3,4).

Ry Cs1 Csy Cs3 Csy —P1

R, Cet  Ce2 Coz  Cgy o (32)

R3 —k1c21—kzczz_ksczs_k4cz4 0
Ry) \—kiC31—kyCa —k3C33—k4Czq JL O
Hence, obtain the expressions for the physical quantities of the plate surface.

(AVA PARTICULAR CASES

(i) In the case of absence of the gravity: taking g =0in equation (1).

(ii) In the case of absence of the temperature dependent properties: taking " =0 in the relations
(iii) In the case of the absence of the porous: taking «,b,&,o,,m and y =0 in Egs. (1)-(4).

V. NUMERICAL RESULTS AND DISCUSSION

Following Dhaliwal and Singh [19], the porous magnesium crystal-like thermoelastic solid chosen to evaluate the
numerical results. All the units of parameters used in the calculation given in Sl units. The constants of the problem
taken as
2=217x10"N /m?, 1 =3.278x10N /m?, k =1.7x10°W /m-K, C, =1.04x10%J /kg -K, p=1.74x10%kg /m3, [=268x10°N /m?.K,
o =358x10t /s, o =1.78x10°°N /m?, To=298K, w=1753x10""m? a=3.688x10°N, ¢ =1.475x10°N /m?, g=9.8m/s’
b =1.13849x10'N /m?, m =2x10°N /m?-K, @, =0.0787x10°N /m?s, | =10J/m, r=10um, y=50/m, t=4ns, p,=15N /m?,
k*=85W /m-K, a=1.6m, &=n+im, x=10m, n=0.1rad/s, my=55rad/s, t=0.0ls, 0<y <2m.

These numerical values were used for the variation of the real parts of the displacement, the temperature, the stress

and change in the volume fraction field. Figs. 1-13 are graphically represented changes in the behavior of the physical
quantities against distance y in 2D for the (G-N) theory of both types Il and Ill in the presence and absence of the

gravity effect (g =9.8,0)during «" =0.00051, the temperature dependent («" =0.00051,0) during g =9.8, in the presence and
absence of the porous effect on the solid. Figs. 1-4 represent the variation of the considered physical quantities in the
case of the absence and the presence of the gravity since the other effects are present. Figs. 5-8 determine the variation
of the considered physical quantities in the case of the absence and the presence of the temperature dependent although
the other effects are present. Figs. 9-11 show the variation of the physical quantities in the case of the absence and the
presence of the laser pulse effect although the other effects are present, while figs. 12-13 show the variation of the
considered physical quantities in the case of the absence and the presence of the porous effect although the other effects
are present. In the obtained figures, the solid and dashed lines represent the solutions in the context of the (G-N) theory
of type Il and the lines with dots represent the derived solutions using (G-N) theory of type Ill. Fig. 1 shows the
variation of the displacement u in the case of g =9.8,0; it noticed that the variation of u is increasing in the case of both
types Il and Il of (G-N) theory for y >0, with the increase of the value of g. Fig. 2 clarifies the variation of ¢ is

increasing for types Il and 111 of (G-N) theory with the increase of the gravity for y >o.
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Fig. 1 Variation of u with and without the gravity Fig. 2 Variation of @ with and without the gravity

Fig. 3 depicts the variation of o, is increasing for both types Il and I11 of (G-N) theory with the increase of g for y >o.

Fig. 4 expresses the variation of ¢ is decreasing with the increase of the value of g for y >0 in both types Il and Il of
(G-N) theory with the increase of the value of g for y >0. It is clear that the gravity has an important role in the

variation of the physical quantities. Fig. 5 shows the variation of the displacement u in the case of " =0.00051 0; it
noticed that the variation of u is increasing in the case of (G-N) theory of both types Il and IIl for y >0 with the
increase of the value of «". Fig. 6 clarifies the variation of ¢ is increasing for types 1l and Il of (G-N) theory with the
increase of the temperature dependent properties for y >0. Fig. 7 depicts the variation of o,, for " =0.000510; it is
noticed that the variation of o, is decreasing for both types 1l and I11 of (G-N) theory with the increase of " for y >0

with the increase of «" value.

Fig. 3 Variation of Oyy with and without the gravity Fig. 4 Variation of ¢ with and without the gravity

Fig. 8 expresses the variation of ¢ is decreasing with the increase of the value of " for y >0 in both types Il and Il

of (G-N) theory. It deduced that the temperature dependent properties have a significant role in the variation of the
physical quantities.

G =0 NSt
—— -GN I, &*=0.00051
—— =GN I, o=0

— e G NI, a0

GoM L =0 uusT
— — -3 NN, ot—0.00051

Fig. 7 Variation of Oy with and without the temperature dependent Fig. 8 Variation of ¢ with and without the temperature dependent
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Fig. 9 shows the variation of the displacement u in the case of the absence and the presence of the laser pulse effect; it
noticed that the variation of u is increasing in both types Il and Il of (G-N) theory for y >0 with the increase of the

laser pulse value of the porous thermoelastic solid. Fig. 10 expresses the variation of ¢, in the case of the absence and

the presence of the laser pulse effect; it observed that the variation of o,, is increasing in both types Il and 111 of (G-N)

Yy
theory for y >0 with the increase of the laser pulse value of the porous thermoelastic solid.

0025

SN, 1,-0.001
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Fig. 9 Variation of u with and without the laser pulse effect Fig. 10 Variation of Oy with and without the laser pulse effect

Fig. 11 clarifies the variation of 4 in the case of the absence and the presence of the laser pulse effect; it observed that
the variation of ¢ is decreasing in both types Il and Il of (G-N) theory for y >0 with the increase of the laser pulse
value on the porous thermoelastic solid. It deduced that the presence of the laser pulse effect is a significant in the
variation of the physical quantities. Fig. 12 shows the variation of the displacement u in the case of the absence and the
presence of the porous effect; it noticed that the variation of u is decreasing in both types Il and 111 of (G-N) theory for
y >0 with the increase of the porous existence on the thermoelastic solid.

G-M I, Ig=0.001
ooisF =0 — -GN, =0.001

oot ...w‘*(““\\. T ENLE0
. -, e GNL =0
L ~ 4

Fig. 11 Variation of ¢ with and without the laser pulse effect

Fig. 13 clarifies the variation of ¢ in the case of the absence and the presence of the porous effect; it observed that the
variation of ¢ is increasing in both types Il and 1l of (G-N) theory for y >0 with the increase of the porous existence
on the thermoelastic solid. It deduced that the presence of the porous effect is a significant in the variation of the
physical quantities. All the previous functions are continuous and all curves converge to zero.

G- I, with poraus G-M I, with perous
0.06 % —-— - G-M Ill, with porous 003 —— - G-M Ill, with parous
s — — = G-N II, without porous

without porous —— = G-N Il, withaut porous
— -+ - G-MIl, without porous __=
0.05 5 0025 G-I IIl, withaut porous
\

. 1 002
with porous
u s 3 \

0015| | e with parous
N

001 -0.005
o o2 0.4 o6 o8 1 12 1.4 1.6 18 2 o 0.z 0.4 06 08 1 1.2 1.4 1.6 1.8 2

Fig. 12 Variation of u with and without the porous effect Fig. 13 Variation of @ with and without the porous effect
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3D curves are representing the complete relation between physical quantities u and o,, with both components of the

distance as shown in Figs. 14-15, in the presence of the gravity, the temperature dependent properties and the effect of
the porous in the studied thermoelastic solid in the context of (G-N) theory of type Ill. 3D figures stated that all the
physical quantities are moving in the wave propagation.

i
i
i :,,,:,:‘\\\\\\\ll\\\\

Figs. 14, 15 respectively 3D Curve of variation of u and o, versus the components of distance
IV. CONCLUSIONS

The gravity and the temperature dependent properties have a significant effect on the variation of the considered
physical quantities, since they make great changes in the behaviour of the functions, also the same observation of the
absence and the presence of the porous and the laser pulse effect in the thermoelastic solid. The laser pulse heating
effect is an important thermal loading in many scientific uses as the biological and the geological treatments of the
materials. These physical quantities are continuous functions and all the curves converge to zero, as the solution using
the normal mode method gives the exact solutions of the functions.
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