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Dynamical behavior of generalized thermoelastic diffusion
with two relaxation times in frequency domain
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Abstract. A general solution to the field equations of homogeneous isotropic generalized thermoelastic
diffusion with two relaxation times (Green and Lindsay theory) has been obtained using the Fourier
transform. Assuming the disturbances to be harmonically time-dependent, the transformed solution is
obtained in the frequency domain. The application of a time harmonic concentrated and distributed loads
have been considered to show the utility of the solution obtained. The transformed components of
displacement, stress, temperature distribution and chemical potential distribution are inverted numerically,
using a numerical inversion technique. Effect of diffusion on the resulting expressions have been depicted
graphically for Green and Lindsay (G-L) and coupled (C-T) theories of thermoelasticity.

Keywords: generalized thermoelastic diffusion; time harmonic; concentrated and distributed loads;
fourier transform.

1. Introduction

The classical uncoupled theory of thermoelasticity predicts two phenomena not compatible with
physical observation. First, the equation of heat conduction of this theory doesn’t contain any elastic
terms; second, the heat equation is of a parabolic type, predicting infinite speeds of propagation of
heat waves. Biot (1956) introduced the theory of coupled thermoelasticity to overcome the first
short coming. The governing equations for this theory are coupled, eliminating the first paradox of
the classical theory. However, both theories share the second shortcoming. Since the heat equation
for the coupled theory is also parabolic.

Two generalizations to the coupled theory were introduced. This first is due to Lord and Shulman
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(1967), who obtained a wave-type heat equation by postulating a new law of heat conduction to
replace the classical Fourier’s law. Since the heat equation of this theory is of the wave type if
automatically ensures finite speeds of propagation of heat of elastic waves. The remaining
governing for this theory namely, the equation of motion and constitutive relations remain the same
as those for the coupled and uncoupled theories.

The second generalization to the coupled theory of elasticity is what is known as the theory of
thermoelasticity with two relaxation times or the theory of temperature- rate -dependent
themoelasticity. Muller (1971), in a review of the thermodynamics of thermoelastic solids proposed
an entropy production inequality with the help of which he considered restrictions on a class of
constitutive equations. A generalization of this inequality was proposed by Green and Laws (1972).
Green and Lindsay (1972) obtained independently by Suhubi (1975). This theory contains two
constants that act as two relation times and modify all the equations of the coupled theory not only
the heat equation. The classical Fourier’s law of heat conduction is not violated if the medium
under consideration has a center of symmetry.

Diffusion can be defined as the random walk, of an ensemble of particles from regions of high
concentration to regions of lower concentration. There is now a great deal of interest in the study of
this phenomenon, due to its many applications in geophysics and industrial applications. In
integrated circuit fabrication, diffusion is used to introduce “dopants” in controlled amounts into the
semiconductor substrate. In particular, diffusion is used to form the base and emitter in bipolar
transistors, form integrated resistors, form the source/drain regions in Metal Oxide Semiconductor
(MOS) transistors and dope poly-silicon gates in MOS transistors. Study of the phenomenon of
diffusion is used to improve the conditions of oil extractions (seeking ways of more efficiently
recovering oil from oil deposits). These days, oil companies are interested in the process of
thermoelastic diffusion for more efficient extraction of oil from oil deposits.

Nowacki (1974a,b,c,d, 1976) developed the theory of thermoelastic diffusion. In this theory, the
coupled thermoelastic model is used. Recently Sherief er al. (2004) developed the generalized
theory of thermoelastic diffusion with one relaxation time, which allows the finite speeds of
propagation of waves. Olesiak and Pyryev (1995) discussed a coupled quasi-stationary problem of
thermodiffusion for an elastic cylinder. Sherief and Saleh (2005) investigated the problem of a
thermoelastic half-space in the context of the theory of generalized thermoelastic diffusion with one
relaxation time. Singh (2005, 2006) discussed the reflection phenomena of waves from free surface
of an elastic solid with generalized thermodiffusion. Recently, Aouadi (2006) studied the
thermoelastic-diffusion interactions in an infinitely long solid cylinder subjected to thermal shock on
its surface with a permeating substance. Aouadi (2006) investigated the problem of thermoelastic
half-space with a permeating substance in contact with the bounding plane in context of the theory
of generalized thermoelastic diffusion with one relaxation time and with variable electrical and
thermal conductivity. The formulation and solution of the problems in frequency domain are simpler
than in the time-domain. This is, off course, due to the absence of the time variable in the frequency
domain formulation and hence, the transformation of the dynamic problem into the static like
problem. Many researchers have dealt with the dynamic problems in the frequency domain. Sato
(1969) gave theoretical expressions both in time and frequency domains for seismic waves due to a
double couple in an infinite elastic medium in Cartesian, cylindrical and spherical-polar coordinates.
Schiavone and Tait (1995) examined the bending of a Mindlin type thermoelastic plate due to time
harmonic source. Allam, Elasibai and Abou Elregal (2002) obtained the thermal stress distribution
in a harmonic field for a homogeneous isotropic infinite body with a cylindrical bob.
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Sharma et al. (2000) discussed time harmonic sources in a generalized thermoelastic continuum.
Kumar and Rani (2005) investigated the dynamic response of a homogeneous, isotropic
thermoelastic half-space with voids subjected to time harmonic mechanical and thermal sources.

The present investigation is to determine the components of displacement, stress, temperature
distribution and chemical potential distribution in an isotropic homogeneous elastic solid with
generalized thermoelastic diffusion subjected to concentrated and distributed loads.

2. Basic equations

Following, Green and Lindsay (1972) and Sherief et al. (2004), the governing equations for
isotropic homogeneous elastic solid with generalized thermoelastic diffusion in the absence of body
forces and heat sources are

The constitutive relations

0 0
0 0
P = —ﬁzekk+b(1 +71071)C—a(1 +11071)6’ ()
The equation of motion
o o ﬁzui
i+ (A+ ,u)uj’,-j—ﬂl(l + TIEI‘) Qi—ﬂz(l + TIE;) C,=p pe 3)
The equation of heat conduction
o, 2 a 3, 00
pCE(Et + 10;) 0+ f, Tog + aTo(gt + 10}) C = K0, 4)
The equation of mass diffusion
D/}ze,,i+Da(1 N ‘r,gt) H,[i+%f—Db(1 n r‘gt) Ch=0 (5)

where

Q

i,j

1 .
- E(ul,j-i_uj’l); l,‘] = 1,2,3
B = BA+2wa, B=@BA+2u)a,

and A, ¢ - Lame’s constants, ¢; - coefficient of linear thermal expansion, ¢, - coefficient of linear
diffusion expansion, & = T-T,, T - absolute temperature, 7, - temperature of the medium in its
natural state assumed to be such that |6/T,| < 1, #; - components of stress tensor, u; -displacement
vector, e; - components of strain tensor, e = ey, cubic dilatation, p - density, C - concentration , P -
chemical potential per unit mass, Cy - specific heat at constant strain, K - coefficient of thermal
conductivity, D - thermoelastic diffusion constant, 7, 7;- thermal relaxation times, 7°, 7'- diffusion
relaxation times, a -coefficients describing the measure of thermoelastic diffusion effects, b -
coefficients describing the measure of diffusive effects, J; - Kronecker’s delta.
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The thermal relaxation times 7y and 7 satisfy the inequality 7, > 7, > 0. The diffusion relaxation

times 7 and 7' also satisfy the inequality £>720.

3. Formulation and solution of the problem

We consider an isotropic homogeneous elastic solid with generalized thermoelastic diffusion in the
undeformed state at temperature 7,. We introduce the rectangular Cartesian coordinate system
(x,y,z) which has its origin on the surface z=0 with the z-axis pointing normally into the

medium.
For two dimensional problem, we assume

i = (uy, 0, u3)

The initial and regularity conditions are given by

U (x,2,0) = 0 = %(x,z, 0)
uy(x,2,0) = 0 = %(x,z, 0)
O(x,2,0) = 0 = %H(x, z,0)

Clx,20) = 0 = %f(x,z, 0) for z>0, -0 <x<w
u(x,z,t) = usz(x,z,t) = Ax,z,t) = C(x,z,t) = 0 for t>0 when z—
Assuming time harmonic behavior as
(uy, us, 6, C)(x,z,1) = (u,, us, 6, C)(x,z)e’”

where o is the angular frequency.
To facilitate the solution, the following dimensionless quantities are introduced

[ a)l , * ’ a)l
X =—X, Z =—1Z, = a)lt, ul = —I/II

C C Cy
o, t t
' @
Uy = —us, = —3;, s I = —3} , O = -
C BT, BT, 0]
C o, .
9’:%9, C’:ﬁz—z, a'=—a, 1 = o1
PCy PC €

, * Ir « 1 0o * 0 , P
T, =W %, T =0T, T =w,7, P =—

B

(6)

)

(®)

©)

(10)
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where

2
o = A2 g = 22
yo K

The displacement components u,(x,z,¢) and u;(x,z,t) may be written in terms of potential
functions ¢(x, z, ¢) and w(x,z,¢) as

_2¢9_2y _29, oy 11
“ ox oz’ "3 0”Z+0"x (1

Using Eq. (6) and Egs. (9)-(11), the Egs. (3)-(5) recast into the following form (after suppressing
the primes)

2
(v2+2) w=0 (12)
5
(V+0)g—(1 + iw)0—-(1 + Tiw)C = 0 (13)
(V' =n))0 = &ioV’ ¢+ gayn,C (14)
Vig+a, (1 + 1io)V 0-&[(1 + T i)V —a,iw]C = 0 (15)
where
5o _H AT a2 b(A+2p)
- ’ 81 - s al - s 82 - P
A+2u PC(A+2p) BB 5>
1 = p_C‘E

az = m?’ 77 K }’Zl = la)(l + Toia)), 1’12 = la)(l + Toia))

Applying Fourier transformation defined by

f(&z,0) = [*fix,z, 0)¢ dx (16)
on Egs. (12)-(15), then eliminating ¢, 0,C and w from the resulting expression we obtain
6 4 2
(L 0L o NL 1 1)G.0.8) = 0 (17)
dz dz dz
d’ ;
(—z—ﬁ)y/ =0 (18)
dz
where
1 2
= =[F-3¢E
0 = L[F-3'E]

N = }E[G—ng2 +3£8°E]

I = é[Ff‘-Gg%H-Eg"]
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Ay = - =

i =< 5

and

E=[-&+1](l+7io)
F = [gaio+ (&-1)n (1 + z'lia)) + gan,(1 + rjiw)(a, + 1)
+io(1 + z'lia))[ia)82+ £&(1 + rjio)+ ga,(1 + rjiw)]
G = gn|liva, + a)z(l + rlia))] +ia)3gza2+ a)zg,(l + z’lia))[nza?+ &a,]

. 3
H = -1l gzaznl

The roots of the Eq. (17) are +4;(/=1,2,3) and the roots of Eq. (18) are +4,. Making use of
radiation condition ¢, 9 C and w—>0 as z—> o, the solutions of Eqgs. (17) and (18) may be

written as
$ = Ale_l'Z+A2e_izz+A3e_%z
0 = dde " +dyde ™ +dide””
C = elAle_i'z + ezAze_/lzz + e3A3e_/132
Vo= A4e—/14z
where
% 42 % % A4 % A2 5
a=Are o JBATIATE -123)
R*A +S" XU +T
pr=—t v 1__ U=(+a)
l+7io a/(l+7iw)
2
0= | = < = -2 +a)E-a,0)
1+‘rza) a (1 + rza))
R'=——, w=(+a)'a,0&
&an,
. 1 . . .
S (& 4n,)+— T”‘”, X = a(l+7io)+ el + T io)
glalnz 1+ i
T = ~{[a,(1 + Tio)+&(l + Tiw)|E +ivga,}

with 4,, (I = 1,2, 3) being arbitrary constants.

(19)
(20)
210

(22)
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4. Applications

On the half-space surface (z =0) normal point force, thermal point source and chemical potential
source, which are assumed to be time harmonic, are applied. We consider three types of boundary
conditions, as follows:

CASE 1. The normal force on the surface of half-space
The boundary conditions in this case are

(i) t(x,2,8) = =Py (x)e'”, (i) ty(x,z,1) = 0
(i) 6 =0, (v)P =0, at z=0 (23)

where /;(x) specify source distribution function along x-axis and P, is the magnitude of force
applied.

CASE 2. The thermal source on the surface of half-space
When the plane boundary is stress free and subjected to thermal point source the boundary
conditions are

(i) t35(x, 2z, 1) = 0, (ii) t3(x,z,1) = 0
(iii) 0 = Py, (x)e'”, (iv)P =0, at z=0 (24)

where ;(x) is the source distribution function along x-axis and P, is the constant temperature
applied on the boundary.

CASE 3. The chemical potential source on the surface of half-space
Here the boundary is stress free and subjected to chemical potential source, therefore the

boundary conditions are
(i) t33(x, 2, 1) = 0, (ii) t51(x,z,1) = 0
(iii) 6 = 0,  (iv) P = Py (x)e'”, at z = 0 (25)

where ,(x) is the source distribution function along x-axis and P; is the constant potential applied
on the boundary.

4.1 Green’s functions

To synthesize the Green’s functions, i.e., the solutions due to concentrated normal force/thermal
source/chemical potential source on the half-space is obtained by setting

wi(x) = o(x) (26)
in Egs. (23), (24) and (25). Applying the Fourier transforms defined by Eq. (16) on the Eq. (26) gives

v =1 27)
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SUBCASE 1(a). Normal force

Making use of Egs. (1), (2) and (9)-(11), along with P/ = P,/f,T, (suppressing the primes for
convenience) in the boundary conditions (23) and applying the transforms defined by Eq. (16) and
substitute the values of ¢, 0,C, w from Egs. (19)-(22) in the resulting equations, we obtain the
expressions for components of displacement, stress, temperature distribution and chemical potential
distribution as

A 1 A . Az Az A5z Az ie

iy = AP OIE(Ae "= Ae ™+ Age ) + Ahge e (28)

n -1 n ~Az —Ayz —Asz . A4z iot

Uy = K{Pll//l(é)[ﬂ'lAle —hhe T+ ALAe T +idhe e (29)

~ 1 n -z -z —A3z -4z i

I3 = Z{P1W1(§)[S1Ale =500 T+ 5305 + 5,00 e (30)
1 R -z -z -Ayz —Ayz io

I = K{Pll//l(f)[/llA]e —AhAe "+ LAe T —mAe T ]je t GD
/) 1 ~ -Aiz =47 -4z iot
0 = Z{Pll//](f)[dlAle —d,Aye ~ +d;Aje " ]}e (32)
P = i{PLVA’I(@[hA&_MZ_’2Aze_/122+t3A3e_%z]}eim (33)

where

A = {=[sgdy + mys [(dyt; — dsty) + [s44, + my$,](d 15 — dst) — [543 + mys31(d = dyt) }
Ay =m(dyt; - dsty), Ay =m\(dt;-dst,), A;=m(dt,-dyt))
Ay = [A(dyts = dsty) = ,(d s = dsty) + A3(d 1, — dyty)]
s;= b2, —b(1+ riw)d,—b,(1 + Tiw)e,— byi&, (I=1,2,3)
si = (iéb, + b)) Ay (34)
= -l -1+ 7io)e-a(l+rio)d
_ G2 _cigh o, At E
AT, AT, 2i¢

SUBCASE 2(a). Thermal source on the surface of half-space

With the help of the Egs. (1), (2) and (9)-(11), along with P, = ﬁ‘sz (suppressing the primes for
PCy
convenience) and the boundary conditions (24), the corresponding expressions for components of
displacement, stress, temperature distribution and chemical potential distribution are as given by
Egs. (28)-(33) with A, replaced by A,(/=1,2,3,4) and P; replaced by P,, respectively, in
Eq. (34), where
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Ay = my(8yt5 = 831) + 54( Aoty — A315)
Ay = my(s\t3—s31)) + 5,(A 15— A31))

. 35
Az = m(sity=55t1) + 54( At = Aoty) (33)

A: = —[s1(Aats = A3ty) = 5,( A1t = Asty) + 55( 411, = Aoty)]

SUBCASE 3(a). Chemical potential source on the surface of half-space

Adopting the same procedure as in case of mechanical force and thermal source, along with
P; = P;/f, (suppressing the primes for convenience)and using the boundary condition (25) the
expressions for components of displacement, stress, temperature distribution and chemical potential
distribution are as given by Egs. (28)-(33) by replacing A, with A, (/ = 1,2, 3,4) and P, with Ps,
respectively, in Egs. (34), where

AT = —[m(5,d; — s3d5) + $4,(Ardy — A3d,)]
A = —[m\(s,d;5—s5d,) + s,(A,d5 — Asd,)]
V= —[m(s,dy - $,dy) + s4(Ady — Ard))]
A = 51(Aads — A3dy) — 55(Ayds — Asd,) + 55(Ady — And))

(36)

As

The expressions for displacements, stresses, temperature distribution and chemical potential
distribution can obtained for concentrated normal force/thermal source/chemical potential source, by
replacing ¥,(&) from Eq. (27), respectively, in Eqs. (28)-(33) along with Egs. (35) and (36).

4.2 Influence functions

The method to obtain the half-space Influence function i.e., the solutions due to distributed load
applied on the half-space is obtained by setting

Vi(x) = {1 if bl <a (37)

in Egs. (23), (24) and (25). The Fourier transforms with respect to the pair (x, &) for the case of a
uniform strip load of unit amplitude and width 2a applied at origin of the coordinate system
(x=z=0) in dimensionless form after suppressing the primes becomes

0@ = [2sn(E29) /], gx0 (39)

@

The expressions for displacements, stresses, temperature distribution and chemical potential
distribution can be obtained for uniformly distributed normal force/thermal source/chemical
potential source by replacing (&) from Eq. (38), respectively, in Eqgs. (28)-(33) along with
Egs. (35) and (36).
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5. Particular cases

5.1: Neglecting the diffusion effects (i.e., 5, = b =a =0), we obtain the corresponding expressions
due to normal force for displacements, stresses, and temperature distribution and given by Eqgs. (28)-
(33) in generalized thermoelastic half-space as

~ 1 A . ’ */112 ’ *3-22 r */142 io
iy = PO A e + e ™) = duie e (39)
A —1 A r Az Az . Az iot
Uy = E{Pll//l(‘f)[_/llAle +AhAe T —idAje T]}e (40)
A 1 ~ x 1 —Az ¥ 1 —AzZ w1 Az io
ty; = E{lel(.f)[—slAle + 5506 T —siAse e 41)
1 A Az 1 Az 1 Az iot
ty = E{Ply/l(g)[—/llAle +AhAe  +mAse ]je (42)
~ 1 A y Az =z iot
0 = < (POl disie v die e (43)

where

A" = [sy(dy = 2pdy) +my(s1dy — 53d))]
Ay =mdy, Ay =md, Ay =[A4dy—Ad]
s; = b —b(1 + njio)d, - byi&,  (I=1,2)
sy = (i&b, + by) Ay

(44)

The above expressions yield the corresponding expressions for concentrated and uniformly
distributed normal force by replacing ,(&) from Egs. (27) and (38) respectively in Egs. (39)-(43).

5.2: Making use the values of (&) from Eqs. (27) and (38) and by replacing A; with A}
(I=1, 2, 3) as given below, we obtain the expressions for displacements, stresses and temperature
distribution in thermoelastic medium due to concentrated and uniformly distributed thermal source,
where

Al = mls; +8544,, A = mls}k +8,34, A = S;ﬂ’l _ST/qu (45)

6. Special case

In case of coupled thermoelasticity, the relaxation times vanish i.e., 7, = 7 = 7, = 7 =0 and
consequently, we obtain the corresponding expressions in thermoelastic with diffusion and
thermoelasticity due normal force, thermal source and chemical potential source, respectively, with
changed values in Egs. (28)-(33) and Egs. (39)-(43).

E=[-g+1]
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. . . 2 2 . . .
F =linga,+iog +ivga, —o & +ineg & +iv2ea, —in)
2 . 3 . 3 . 3 2 2
G =[gao +ivo ga,+in &+iw a)+ & &a,0 |

4
H= w 82612

P*:1+l, Q*=—[§2—w2+§}

a; a,
2 .
= g gtie
T = —{[a,+ &]|E +ivea,}, X =a+s

s = bA—bdi-byié,  (I=1,2)
s) = b A —bdi—be,—bi&,  (I=1,2,3)
sy = (i8by + b)) A4

2 2
= & —A—&e—ad,

7. Inversion of the transforms

To obtain the solution of the problem in the physical domain, we invert the transforms in
Egs. (28)-(33) and (39)-(43), for the two theories, i.e., G-L and C-T theories of thermoelasticity.
These expressions are functions of z and the parameter of Fourier transform & and hence are of the
form f (&, z). To obtain the function f{(x,z) in the physical domain, we invert the Fourier
transform using,

fx,2) = 5 [ 57(E e = L [(cos(&0)f. - isin( 0y dé (47)
71'700 72'0

where £, and f; are, respectively, the even and odd parts of the function f (&, z) . The method for
evaluating this integral is described by Press ef al. (1986), which involves the use of the Romberg’s
integration with adaptive step size. This also uses the results from successive refinements of the
extended trapezoidal rule followed by extrapolation of the results to the limit when the step size
tends to zero.

8. Numerical results and discussion
Following Sherief and Saleh (2005) copper material is chosen for the purpose of numerical
calculation.
T, = 293K, p=8954 kgm™, 7,=0.02s, 7 =0.2s, Cy =383.1 Jkg ' K
a, = 1.78(10)°K", a, =1.98(10) " 'm’kg”', K = 386Wm 'K’
A= 7.76(10) kgm™"'s™, = 3.86(10)" kgm™'s”, D = 0.85(10) *kgssm™
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a=12(10)'m* K", b=09(10)°m’kg 's”

The values of the relaxation times 1, 7 have been taken from Sherief and Saleh (2005) and the
values of 7, 7' are taken proportionally of comparable magnitude as 7, = 0.03, 7 =03.

The values of normal displacement 3, normal stress t;, temperature distribution & and chemical
potential distribution P for thermoelastic diffusion (TED) and thermoelasticity (TE) are studied for
normal force/thermal source/chemical potential source. The variations of the components with
distance x are shown (a) solid line for TED and solid line with center symbol ‘plus’ for TE for G-L
theory (b) small dashed line for TED and small dashed line with center symbol ‘Dimond’ for TE
for C-T theory. The variations are shown in Figs. 1-24. The computations are carried out for non-
dimensional frequency @ = 0.75 and time 7= 0.5 in the range 0 <x < 10.

8.1 Normal force on the surface of half-space

8.1.1 Concentrated force

Fig. 1 shows the variations of normal displacement u; with distance x, which for TED increase
sharply in the range 0<x<3,5<x<7 and decrease in the remaining range for C-T theory
whereas for G-L theory the values of normal displacement #; have an oscillatory behavior in the
range 0 <x < 10. The values of normal displacement u; for TE have an oscillatory behavior in the
whole range for both G-L and C-T theories.

Fig. 2 depicts the values of normal stress #33 with distance x, which for TED have similar behavior
in the range 0 <x <10 for both G-L and C-T theories. The values of normal stress t;; for TE
increase sharply in the range 0 <x <3 and then have an oscillatory behavior in the remaining range
for G-L theory whereas for C-T theory the values of normal stress #33 show small variation near the
zero value.

Fig. 3 shows the values of temperature distribution & with distance x, which for TED have similar

0.02 — 025 —
0.015 — 02 —
_ 001 — 015 —|
2 0005 — . 01—
g 0 — = 0.05 —
| %) —
8 -0.005 — g 0—
s 001 — / @ -0.05 —
5 0015 — e £ 01—
g -002— mp! S -0.15 —
S 0025 — 02 — I —
-0.03 — / -0.25 — ———t—— TE@GD
— / — — — — TEED
-0.035 —- -0.3 —
(AL AL B B BRI
0 2 4 6 8 10 0 2 4 6 8 10
Distance x Distance x

Fig. 1 Variation of normal displacement u; with  Fig. 2 Variation of normal stress #;; with distance x
distance x (Concentrated force) (Concentrated force)
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0.004 — 0.015 —
— /0\ /\ a
0.003 i / \‘ /0 \ - - -
2 0002 — ! ;o ! S 001 —
i<l - ¢ <¥ | \ 2
B 0.001 ] | ’ é//r \‘/o/ % ] TED (GL)
= | P \ '~ i\ — ] — - TED(C-T)
5 0 i/“m 4//? S 0.005
© }// S | £
-0.001 — ¢ / = -
] ) A4 | | c
5 - \ & | ? Q
= -0.002 — / \ / . , 9 0 —
& -0.003 — X : ! v 5 .
f / 9
S 0004 | "4 S € -0.005 —|
= -1y \/ TED (1) [0)
-0.005 — oy ) R
— — = — TEECT
B L L B B B A Bt LA B B
0 2 4 6 8 10 0 2 4 6 8 10
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Fig. 3 Variation of temperature distribution 6 with  Fig. 4 Variation of chemical potential distribution P
distance x (Concentrated force) with distance x (Concentrated force)

behavior in the range 0 <x <10 for both G-L and C-T theories. The variation of temperature
distribution @ for TE has similar behavior in the range 0 <x <10 for both G-L and C-T theories
with difference in their magnitude. The values of temperature distribution & for TE are magnified by
multiplying by 10 for C-T theory.

Fig. 4 shows the values of chemical potential distribution P with distance x, which for TED
decrease sharply in the range 0 <x <6 and then increase with increase in horizontal distance x for
both G-L and C-T theories.

8.1.2 Uniformly distributed force

Fig. 5 shows the variations of normal displacement x5 with distance x, which for TED show small
variation near zero value in the whole range for G-L theory whereas for C-T theory the values of
normal displacement u; increase sharply in the range 0 <x <3 and have an oscillatory behavior in
the remaining range. The values of normal displacement u; for TE have an oscillatory behavior in
the range 0 <x <10 for G-L theory whereas for C-T theory the values of normal displacement u;
show small variation near the zero value.

Fig. 6 depicts the values of normal stress #;3 with distance x, which for TED have similar behavior
i.e. increase sharply in the range 0 <x<1.5, 7<x <10 and decrease in the remaining range for
both G-L and C-T theories. The values of normal stress #;; for TE increase sharply in the range
0 <x <3 and then have an oscillatory behavior in the remaining range for G-L theory whereas for
C-T theory the values of normal stress £33 show small variation near the zero value.

Fig. 7 shows the variations of temperature distribution 6 with distance x, which for TED in case
of G-L theory are greater than in case of C-T theory in the range 0 <x<10,7<x<10 and are
smaller in the remaining range. The values of temperature distribution & for TE have an oscillatory
behavior in the range 0 <x < 10 for both G-L and C-T theories.

Fig. 8 shows the values of chemical potential distribution P with distance x, which for TED
decrease sharply in the range 0 <x<6 and increase in the remaining range for G-L and C-T
theories.
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8.2 Thermal source on the surface of half-space

8.2.1 Concentrated thermal source

Fig. 9 shows the variations of normal displacement u; with distance x, which for TED decrease
sharply in the range 0 <x<2,4<x<6,8 <x <10 and increase sharply in the remaining range for
both G-L and C-T theories. The values of normal displacement u; for TE show small variation near
zero value in the whole range for G-L theory whereas for C-T theory it has an oscillatory behavior

in the range 0 <x < 10.
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Fig. 10 shows the variations of normal stress #; with distance x, which for TED increase in the
range 0 <x<2,4<x<6,8<x<10 and decrease sharply in the remaining range (i.e., it has an
opposite behavior to normal displacement of thermal source). The values of normal stress ;3 for TE
shows small variation about zero value in the range 0 <x <10 for G-L theory whereas for C-T
theory it increase sharply in the range 0 <x <2 and then has an oscillatory behavior in the

remaining range.

Fig. 11 shows the variations of temperature distribution @ with distance x, which for TED in case
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of G-L theory is smaller than C-T theory in the range 0 <x < 1.8,4.5 <x <10 and is greater in the
remaining range. The values of temperature distribution € for TE have an oscillatory behavior in the
range 0 <x < 10 for both G-L and C-T theories.

Fig. 12 shows the variations of chemical potential distribution P with distance x, which for TED
decrease sharply in the range similar 0 <x <2,7 <x <10 and increase in the remaining range for
both G-L and C-T theories.

8.2.2 Uniformly distributed thermal source

Fig. 13 shows the variations of normal displacement u#; with distance x, which for both TED and
TE has an oscillatory behavior in the whole range for both G-L and C-T theories with difference in
their magnitude.

Fig. 14 shows the variations of normal stress #;; with distance x, which for TED increase sharply
in the range 0<x<2,4<x<6,8<x<10 and decrease sharply in the remaining range for G-L
theory whereas for C-T theory the values of normal stress #;; has an oscillatory behavior in the
range 0 <x < 10. The variations of normal stress #; for TE increase sharply in the range 0 <x <2
and then has an oscillatory behavior for G-L theory whereas for C-T theory the values of normal
stress £33 shows small variation near zero value.

Fig. 15 shows the variations of temperature distribution & with distance x, which for TED in case
of G-L theory is greater than C-T theory in the range 0 <x <4 and is smaller in the remaining
range whereas for TE the values of temperature distribution & have similar behavior (i.e., oscillatory
behavior) for both G-L and C-T theories in the range 0 <x < 10.

Fig. 16 shows the variations of chemical potential distribution P with distance x, which for TED
increase sharply in the range 2 <x <7 and decrease in the remaining range for both G-L and C-T
theories.
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8.3 Chemical potential source on the surface of half-space

8.3.1 Concentrated chemical potential source

Fig. 17 shows the variations of normal displacement u; with distance x, which for both TED has
similar behavior (i.e., oscillatory behavior) for both G-L and C-T theories in the range 0 <x < 10.
Fig. 18 shows the variations of normal stress #; with distance x, which for TED increase in the
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Fig. 18 Variation of normal stress ¢33 with distance x
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range 0 <x<2,5<x<10 and decrease in the remaining for G-L theory whereas for C-T theory
the values of normal stress #; decrease in the range 0<x<3,6<x<8 and increase in the
remaining range.

Fig. 19 shows the variations of temperature distribution &€ with distance x, which for TED in case
of G-L theory is smaller than C-T theory in the range 0 <x<1.2,5<x <10 and is greater in the
remaining range.

Fig. 20 shows the variations of chemical potential distribution P with distance x, which for TED
decrease sharply in the range 0 <x<2,7 <x <10 and increase in the remaining range for both G-
L and C-T theories.

8.3.2 Uniformly distributed chemical potential source

Fig. 21 shows the variations of normal displacement u; with distance x, which for both TED in
case of G-L theory is greater than C-T theory in the range 2 <x <4,8 <x <10 and is smaller in
the remaining range.

Fig. 22 shows the variations of normal stress #;; with distance x, which for TED has an oscillatory
behavior in the range 0 <x <10 for C-T theory .The values of normal stress #;; for G-L theory
increase in the range 0 <x < 2,5 <x <10 and decrease in the remaining range.

Fig. 23 shows the variations of temperature distribution & with distance x, which for TED increase
sharply in the range 0 <x <3,6 <x <9 decrease sharply in the remaining range for both G-L and
C-T theories.

Fig. 24 shows the variations of chemical potential distribution P with distance x, which for TED
decrease sharply in the range 0 <x <2.3 and then has an oscillatory behavior for both G-L and C-
T theories.
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Effect of diffusion plays important role in the deformation of the body. As disturbances travel
through different constituents of the medium, it suffers sudden changes, resulting in an inconsistent/
non-uniform pattern of curves. It is observed from the figures that the diffusivity effects the
disturbances produced due to concentrated and distributed loads. The trend of curves exhibits the
properties of thermo-diffusivity of the medium and satisfies the requisite condition of the problem. It
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is observed that the values of normal displacement w3, normal stress 3, temperature distribution € and
chemical potential distribution P in case of concentrated and uniformly distributed normal force and
chemical potential source have almost similar behavior with difference in their magnitude. The results
of this problem are very useful in the two dimensional problem of dynamic response due to various
sources of the thermoelastic diffusion which has the various geophysical and industrial application.
Study of phenomenon of thermoelastic diffusion is used to improve the conditions of oil extraction.
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