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stress: comparison of different theories
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Abstract A new model of generalized rotation-thermoelastic in an isotropic elastic medium with voids and two-
temperature is established. The entire elastic medium is rotated with a uniform angular velocity. The
formulation is applied under three theories of generalized thermoelasticity: Lord-Schulman with one relaxation
time, Green-Lindsay with two relaxation times, as well as the coupled theory. The normal mode analysis is used
to obtain the exact expressions for the considered variables. Some particular cases are also discussed in the
context of the problem. Numerical results for the considered variables are obtained and illustrated graphically.
Comparisons are also made with the results predicted by different theories (CD), (L-S), (G-L) in the absence and
presence of rotation, initial, as well as two-temperature parameters.

Keywords Rotation; Initial Stress; Two-temperature; Generalized thermoelasticity; Voids; Normal mode
analysis

1. Introduction
Generalized theories of thermoelasticity have been developed to overcome the infinite propagation speed of

thermal signals predicted by the classical coupled dynamical theory of thermoelasticity [1]. The subject of
generalized thermoelasticity covers a wide range of extensions of the classical theory of thermoelasticity. We
recall the two earliest and most well-known generalized theories proposed by Lord and Shulman [2], Green and
Lindsay [3]. In the model of (L-S), Fourier’s law of heat conduction is replaced by the Maxwell-Cattaneo law,
which introduces one thermal relaxation time parameter in Fourier’s law, whereas in the model of (G-L), two
relaxation parameters are introduced in the constitutive relations for the stress tensor and the entropy. Othman
[4] studied the (L-S) theory under the dependence of the modulus of elasticity on the reference temperature in
two-dimensional generalized thermoelasticity. Othman [5] investigated the effect of rotation on plane waves in
generalized thermoelastic medium with two relaxation times.

Theory of linear elastic materials with voids is an important generalization of the classical theory of elasticity.
The theory is used for investigating various types of geological and biological materials for which classical
theory of elasticity is not adequate. Othman and Atwa [6] developed the response of micropolar thermoelastic
medium with voids due to various sources under (G-N) theory, Othman et al. [7] studied the effect of the
gravitational field and temperature dependent properties on a two-temperature thermoelastic medium with voids
under (G-N) theory, Cowin and Nunziato [8] developed a theory of linear elastic materials with voids. Puri and
Cowin [9] studied the behavior of the plane waves in a linear elastic material with voids. The domain of
influence theorem in the linear theory of elastic materials with voids was discussed by Dhaliwal and Wang [10].
Dhaliwal and Wang [11] developed a heat flux dependent theory of thermoelasticity with voids. Ciarletta and
Scarpetta [12] discussed some results on thermoelasticity for dielectric materials with voids.

The initial stresses develop in the medium due to various reasons, and it is of paramount interest to study the
effect of these stresses on the propagation of elastic waves. A lot of systematic studies have been made on the
propagation of elastic waves. Abd-Alla and Alsheikh [13] showed the effect of the initial stresses on the
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reflection and transmission of plane quasi-vertical transverse waves in piezoelectric materials. Recently, Abbas
and Kumar [14] studied the response of the initially stressed generalized thermoelastic solid with voids to
thermal source.

The thermoelastic plane waves without energy dissipation in a rotating body have studied by
Chanderashekhariah and Srinath [15]. Othman [16, 17] used the normal mode analysis to study the effect of
rotation on plane waves in generalized thermo-elasticity with one and two relaxation times. Schoenberg and
Censor [18] studied the effect of rotation on elastic waves.

The two temperatures theory of thermoelasticity was introduced by Chen and Gurtin [19], Abbas and Zenkour
[20] have studied the two-temperature generalized thermoelastic interaction in an infinite fiber-reinforced
anisotropic plate containing a circular cavity with two relaxation times. Othman et al. [21] studied the effect of
rotation on micropolar generalized thermoelasticity with two-temperature using a dual-phase-lag model.
Youssef [22] has developed the theory of two-temperature generalized thermoelasticity based on the (L-S)
model. Youssef and El-Bary [23] solved a two-temperature generalized thermoelasticity problem with the
variable thermal conductivity.

In the present paper, we will study two-temperature generalized rotation-thermoelastic medium with void and
initial stress comparison of different theories. The normal mode method is used to obtain the exact expression
for the considered variables. A comparison is carried out between the considered variables as calculated from
the generalized thermoelastic pours medium based on (L-S), (G-L), and coupled theories in the absence and
presence of rotation. A comparison is also made between the three theories with and without initial stress and
two-temperature.

2. Formulation of the Problem
We consider a homogeneous thermoelastic half-space under hydrostatic initial stress and two-temperature
rotating uniformly with angular velocity £ =.2n , where N is a unit vector representing the direction of the

axis of rotation. All quantities considered are functions of the time t and the coordinates X and y . The
displacement equation of motion in the rotating frame has two additional terms [23]: the centripetal acceleration
O x (2 xu) due to the time-varying motion only and the Coriolis acceleration 2Q Xu  where

u =(u,v,0) is the dynamic displacement vector and 2 =(0,0,£2) is the angular velocity. These terms, do
not appear in non-rotating media. The rectangular coordinate system (X,Yy,z) has originated on the surface
y =0, and y-axis pointing vertically into the considered medium.

3. Basic Equations
The basic governing equations of a linear thermoelastic rotation medium and initial stress with voids two-
temperature under three theories are:

Cii | = plU; o +{2 < (2 xu)}; +(22 xu ), 1, 1)
Plujy +{€2x(£2xu)}; +2(2xu )] )
av2¢—be—§¢—wob¢+m(1+00§)T - 3
KVAT = pCe (L 700 + BTy ngty )6 +mTy L+ 57, ). )
E e 0 070 5 0 070 5
1%} .
oy =25 +[1e — BLl+u, E)T 165 — p (@ +5ij), ®)
1

& = E(ui,j +u;;). (6)
a)l- :%(UJ i —UI Yj ), i, j:1,2,3. (7)
(nf?:"sf:
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The thermodynamic temperature, T is related to the conductive temperature, & as
T - 0 —aH’ii (8)

A, p are the Lame' constants, ¢,b,&,@,,m, y are the material constants due to the presence of voids,
B=BA+2u)0y such that ¢ is the coefficient of thermal expansion, € is the dilation, €;; components of

strain tensor, O;

i is the Kronecker delta, i, j =x,y, p is the density, C is the specific heat at constant

strain, N is a parameter, 7,, U, are the thermal relaxation times, K is the thermal conductivity, TO is the

reference temperature is chosen so that |(T —TO)/T0| [1'1, 4 is the change in the volume fraction field, o ;;

are the components of stress tensor, p is the initial stress, «; is the rotation tensor,a is the two temperature
parameter.
0. 0. o8 &
Ve—i+—j, Vi=—+—.
ox oy X% oy

The components of stress tensor are

ou ov ou 0
GXX =l(a—x+—)+2ﬂa—x+b¢—ﬂ(l+Ua)T—p (9)
ou ov ov 0
=A(—+—)+2u—+bod-BAL+0—)T -p, 0
Oyy (6x+5)+ K +¢ﬂ(+uat) p (10)
ou ov, p,0v Ov
A S A 11
Oyy u(5 +8x) 2(8)( 5 ) (1)

The basic governing equations of a rotating initially stressed linear thermoelastic material with voids under the
influence of two-temperature will be

P. s p.de , 0¢ o. 0T _ 2u ov
DWW +(a D= 0 Bty =) — = p[— - Q% -20], 12
=2V U@t pr )= +b == flro =) — /0[atz u e (12)
P2 p.oe |, 04 0. 0T N ou
W+ (2 D=4 L - B+ vy —)— = p[— -0V +20—], 13
(u 2) v (+ﬂ+2)ay+ Y B( vo&)ay p[at2 at] (13)
aV2¢—be—§¢—w0b¢+m(1+00§)T =pyd, (14)
K 2T 0. o.. 0
=pC. A+, E)T + BT, (L +nyz, E)e +mTy(1+n,yz, E)gﬁ (15)

To facilitate the solution of the problem, introduce the following dimensionless variables

[ _a)* ro N — ' ij [ CO*Z ! T 1 *.
Ky)=Axy) W=D, o =Tis,, ¢'=g T=— t=al,
Co C, Ho C, To

Q2 A+2u, . pCCE . .0 . p
.Q - ) C1: s 0)1: ’Uo_a)luﬂ’ z‘o :a).I.TO’ 9:—, p = — (16)
@y P K Ty H

In terms of non-dimensional quantities defined in Eq. (16) the governing Egs. (12)-(15) reduce to (dropping the
prime for convenience)
oe o¢
VAU +A —+A, = —Ay(1+ 0, —
1 x 2 x a( 0 ot

o.0T . o«

)6_X_A4?’ 17

A
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r_~\ . - - H
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2
V2v+Ala—e+A2%—A3(1+uog)al: 46—‘2/, (18)
oy oy ot oy ot
d d o
o o2 o o2 o o2
VEO-Ay (5 +No7p FW - 5(5 +No7p g)e = (5 +75 ¥)T : (20)
Also, the constitutive Egs. (9)-(11) reduces to
o, =A [a—u+ﬁ]+28—u+A ¢—ApL+v, Q)T— (21)
XX P ax 12 13 0 ot D,
ou ov ov 0
Ty =An[a—x+g]+25+z4iz¢—/1l3(1+uo E)T -p, (22)
ou ov, p,0v Ov
=(—+—)——(—-). 23
Tyy (8y+ax) 2(8x ay) (23)
24 2 2bc? 2 2,C? b
Where A1=M,A2=Q—1,A3=&,A4=A,A5=—Z,
u(2-p) o xu(2-p) H(2-p) u(2-p)
o ol mT 2 mc; i
Aszg—l*z’ A, =—, Ag = — OZ' Agz—mlz’ A1o:—1*z’ Ay =—,
awm, aw, o a ey H
2
A12: bCl A 2IB.I-O ﬂ

e = &= .
poly' P u(2-p) pCe

We define displacement potentials y/, and the vector potential y, which related to displacement components

U and V as,
u=Vi, %%  _ oy Oy, (24)
OX oy oy  oX
ou ov
e= vzl//l, (5 —&) = Vzl/lz. (25)
By substituting from Eq. (25) in Egs. (17)-(20), this yields
2
[L+A)VZ-A, % +A, 2%y, - 2A4Q§% +A,4—As(L+u, g)(l—a*v2 )0 =0, (26)
o 2 82 2 —
2A, Q2 —y, +[V —-A,—5+ A2y, =0, (27)
ot ot
d 0

— AV + (V2= Ag — A, Fraaat )p+Ag(L+ v, g)(l—a"v2 )0 =0, (28)

a?

d o o o? o o .
- 8(5 +ny7, F)VZM A (5 +ny 7, ¥)¢+v29—(5 +7, y)(l—a V)6 =0. (29)
* *2
. a
T =@1-a'V?e, a= azl (30)
Cy

3. NORMAL MODE ANALYSIS
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The solution of the considered physical variable can be decomposed in terms of normal modes as the following
form

T, 0w, 60 106,y ) =07V T 70 5wy o o 1y )expli (wt +¢x)], (1)
Where [u*,v*,T *,49*,W1*,!//2*,¢*,0;;] are the amplitudes of the function [u,v,T 6, wl,l//z,(/ﬁ,aij], o is the

complex time constant, i = «y —1 and C isthe wave number in x-direction.
Using Eq. (31) into Egs. (26)-(29), then we have,

(D*-S,)y; —Say, +S,¢ +[S,D*-S,10 =0, (32)
Sy, + (D? ~Sg) ¥, =0, (33)
—As(D* —c?)y, +(D?=Sg) ¢ —(S,0D?=S,,)0 =0, (34)
—-Sp (D? —Cz)‘//: _813¢* + (514[)2 —Si5) 6 =0. (35)
2 2 ; * s
S1 S1 Sl Sl
s _aAy(l+iv)(L+ac?)
6 Sl J
. 2 2 2 2 . 2
S, =2iAQw, Sg=C"—-A,0° —A,2°, Sqg=C"+A5+iI0A; A0,
S;s=iApo+ivyw), Sy =1+ica (A+iryw), S, 5 %ciw ( 1+ Jo &
p-9
dy

Eliminating (//;, ¢* and T~ between Egs. (32)-(35), we get the following eighth ordinary differential

equation satisfied with ‘//: :

[D!-~AD®+BD*—E D*+Fly, (y)=0. (36)
In a similar manner we arrive at
[D°-AD°+BD*~ED*+F](yy .w, .4 ,0)(y) =0. (37)
Where A Z;[Sﬁ +S1489 _810813 +SSSl4 +82814 _A554814 _54510812 +8559812 +55812C2
(SlA +85812)
_A585813 +8588812 +86812]
1
B = [56515 =S11515 55515 5555514 =S5516915+5,515 5556514 =S :510915 +5,545 1
(814 +85812)

+5,5,51, —AsS,S15 —AsS,51,% —S,511S1, —5,81651,6° —AsS,S¢S14 —S 48651651, +S55651,C°

565651507 +5:5:56S1, +555:51,6° —AsS:S:S15 +S5:56S15 +5651,C° —AsSS1z +S:5:5:,]
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1
E = m[sssgsls —S§511513 +525¢515 =S5,511513 +5,58515 +5,5859S 14 +5,55510513
14 959712
+35357515 +53575¢514 —S357510513 _A584815C2 "‘54511812C2 —AsS4Sg5;5 _ASS488814C2 —5,45851151,
—5,54510515C 2 +5:505651,02 —AcScS5:51:C% 56565152 —AcSS1402 +5:5:5651, +5¢545,C >
498910°12 59899912 59598913 629912 596913 69829912 T 9698912
—AsS4SgS 3]
1

F = [5,555¢515 =5,55511513 + 535754515 =5357511513 —A53438515C2 _8488811812C2
(S14+55517)

+5655651,% —AsSSeS,.°].
Equation (36) can be factored as
[(D* —k)(D* ~k3)(D* —k3)(D* —k)ly1 (¥) = 0. (38)
Where kn2 (n=1,2,3,4) are the roots of the characteristic equation of Eq. (36).
The solution of Eq. (36) bound as y — oo, is given by:

4
v =3 Re ™, (39)
n=1
4
vz =2 HiRe ™", (40)
n=1
4
§ =2 HyuRpe ™, (41)
n=1
4
g =Y HgRe ™ . (42)
n=1
4
T =D HyRe ™ . 43)
n=1

Where, R, (n=1,2,3,4) are some constants.
To obtain the components of the displacement vector, from (39) and (40) in (24)

4
u”=>G,Re ™, (44)
n=1
. 4
v =G, Re Y, (45)
n=1
From Egs. (39)-(45) in (21)-(23) to obtain the components of the stresses
4
U:x = ZHSaneikny ' (46)
n=1
. 4
Oy = 2 HenRpe ™, (47)
n=1
=
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4
Oyy = ZH7ane7kny. (48)
n=1
Where
. =S H, = As(k2+c2)+(Syok 2 =S11)[SsH, — (kz—sz)]
n n
T kZ-Sg)’ (K2 —Sg) +S,(Syok? —Syy)
S,H, . —(k2-S,)-S,H B
H3n= S é&z ;) . Zn’ H4n:[1_a(kr$_cz)]Hln,’ Gln_lc_anln!
5fn 7 Y6

G,y =kp+icH,,, Hg, = Ay (icGy, +k Gy ) +2icGy, +ApH o —AigH .
Hen = A (icGy, +kGon) —2K G + A H 5 —AggH 4y,

H,, = (k,Gy, +icGZn)+%(knGln ~icG,,).

4. Boundary conditions
In this section, we need to consider the boundary conditions at y =0, in order to determine the parameter

R, (1=1,2,34).

(1) The thermal boundary condition that the surface of the half-space is subjected to
T =pel@*ex), (49)
(2) The mechanical boundary condition

:_Pzei(a)t +cx)’ 0y =0, %:0_ (50)

Where, P, is the applied constant temperature to the boundary P, and is the magnitude of the applied force in

Tyy

of the half-space.
Using the expressions of the variables into the above boundary conditions (49), (50), we obtain

ZH4an ¥ (51)
4
Y HeR, =0, (52)
n=1
4
Z H,,R, =0, (53)
4
ZH7 R, =P, (54)
n=1

Invoking boundary conditions (51)-(54) at the surface Y =0 of the plate, we obtain a system of four
equations, (51)-(54). After applying the inverse of matrix method, then get the values of the four constants

R, (n=1234).

=
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-1

Rl H 4 H 42 H 43 H 44 —P,

R, || He He He He 0 (55)
Rs _le21 _leZl _k1H21 _le 21 0

R, J\H, H., H,, H,, P,

Hence, we obtain the expressions for the displacements, the temperature distribution, and the other physical
quantities of the plate surface.

5. Numerical results and discussion

Copper material was chosen for purposes of numerical evaluations and the constants of the problem were taken
as follows:

A=776x10°N.m~?  u=386x10"kg.m*s? o =178x10°k™,  p=8954kg.m>,
C.=3831J.kg k™ T,=293K, B=268x10°N/m?deg, o =3.58x10"/s.

The voids parameters are

7 =1.753x10"m?, E=1. &7 M0 b=113849x10°N /m®, o =3.688x10°N,

m =2x10°N /m?deg, @, =0.0787x10°N /m?s.

The comparisons were carried out for
x =01 t=01 w=¢+i¢{, ¢ =-01 &=1 p,=2, p,=001 7,=0.05 v, =0.5
c=2 02=01 p=01 a=01 0<Ly<3

The above numerical technique, was used for the distribution of the real parts of the displacement component
U, thermodynamic temperature distribution &, the conductive temperature T , the stress components Oy s

Oyy and the change in the volume fraction field ¢ with distance in three theories, for the following cases:

(i)  Figs. 1-6 show the comparisons between the considered variables in the absence and presence
of initial stress (i.e. P =0,0.1)at £2=0.1, a=0.1

(if)  Figures 7-12 show comparisons among the considered variables for two different values of the non-
dimensional, two-temperature parameter @ (a=0,0.1) where a = 0 indicates one-type of temperature

and @ = 0.1 indicates two-type of temperature in the presence of an initial stress (i.e. P =0.1) and
rotation (i.e. £2=0.1).
With and without rotation effect are shown graphically in Figs. 13-18 in the case of two different values of
rotation (£2 =0,0.1)at P =0.1, a=0.1.

cbD
p=0.1 L-S |
ffffff G-L
. . . :
1 1.5 2 2.5 3

Yy

Figure 1: Horizontal displacement distribution u in the absence and presence of initial stress
=
37 [N
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x 10
(S
CcD
L-S
5~ — -L
=4 —
o . . . T
o 0.5 i 1.5 2 2.5 3

v

Figure 2: The distribution of the conductive temperature & in the absence and presence of initial stress

cD

G-L

I
1.5 2 2.5 3
Y

L L
(o] 0.5 i

Figure 3: Conductive temperature distribution T in the absence and presence of initial stress

25
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L-S
G-L
20
15 —
=
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o
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Figure 4: Change in volume fraction field distribution ¢ in the absence and presence of initial stress
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-0.06

-0.08

-O.1

_o.12 L L L L L
o o.5 a 1.5 2 2.5 3

Figure 5: Distribution of strain component Oyy in the absence and presence of initial stress

o o.5 a 1.5 2 2.5 3
b

Figure 7: Horizontal displacement distribution U for two different values
of a two-temperature parameter a = 0,0.1

x 10
S
D
L-S
S G-L |
a k- -
- 3 —
a=0.1
2 / _
B o —
o . . . . n
o o.5 a1 1.5 2 2.5 3

Y
Figure 8 (a): Conductive temperature distribution & for in the presence
of two-temperature parameter a = 0.1
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o o.5 a 1.5 2 2.5 3
Y

Figure 8(b):Conductive temperature distribution 8 for in the absence
of two-temperature parameter a =0

2 2.5 3

Figure 9: Thermodynamic temperature distribution T for two different values
of two-temperature parameter a =0, 0.1

25

L L e ——
o o.5 a 1.5 2 2.5 3

Figure 10(a:) The distribution of the volume fraction field ¢ in the presence
of two-temperature parameter a = 0.1

L L L L
o o.5 a 1.5 2 2.5 3
Y

Figure 10(b): The distribution of the volume fraction field ¢ in the absence
of two-temperature parameter a =0
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-0.05

Figure 11: Distribution of stress component o for two different values

of two-temperature parameter a = 0,0.1

o.o8

0.07 /,/““‘nx_n -s N
N .

0.06

0.05
a=0.1

oO.04a -

0.0z - N =
o.02
oO.01

-0.01

Figure 12: Distribution of stress component Oy for two different values

of two-temperature parameter a =0,0.1

-10

-12
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Figure 14: Conductive temperature distribution @ in the absence and presence of rotation
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o o.5 a 1.5 2 2.5 3
v

Figure 15: Thermodynamic temperature distribution T in the absence and presence of rotation

30

20 =

10 - <2—0.1 -

ol

10 = <2=0 -

-zo - —

3O = -

_ao L L L L L
o o.s a 1.5 = 2.5 =
v

Figure 16: Distribution of the volume fraction field ¢ in the absence and presence of rotation
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-0.06

-0.08

¥

-0.1
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Yy

Figure 17: Distribution of stress component O, in the absence and presence of rotation
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0.04a

0.03

0.02

o.0o1

_0.01 L L L L L
o 0.5 a 1.5 2 2.5 3

Figure 18: Distribution of stress component Ty in the absence and presence of rotation
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The computations were carried out for a value of time t =0.1. All the considered variables depend not
only on the variables t, X and Y, but also depend on the thermal relaxation times 7, and v,.

Figure 1 depicts that the displacement component U with distance y has been shown. In the context of the
three theories, the values of U decreases in the range 0 <y < 0.3, then increase in the range 0.3<y <3,
for p =0.1,0. Figures 2 and 3 demonstrate that the distribution of the conductive temperature € and the
thermodynamic temperature T begin from a positive value and satisfies the boundary conditions at y =0. In

the context of the three theories and in the absence and presence of initial stress (i.e. P =0,0.1), & and T
decrease in the range 0 <y < 3. We also notice that the initial stress has no great effect on the distribution of

the conductive temperature € and the thermodynamic temperature T . Figure 4 expresses that the distribution
of change in the volume fraction field ¢ begins from a positive value for (P = 0,0.1),in the context of the
three theories, however it decreases with the increase of the initial stress for y > 0. It was observed that the

initial stress has a great effect on the distribution of (15 Figure 5 depicts that the distribution of the stress
component o, begins from negative value. In the context of the three theories, Oyy increases in the beginning
to a maximum value in the range 0 <y < 0.4, then decreases in the range 0.4<y <3 for p =0,0.1. It

shows that the values of &, at p =0 are higher than thatat p =0.1. Figure 6 shows that the distribution of
the stress component O,y reaches a zero and satisfies the boundary conditions at y = 0. In the context of the
three theories, the values of o, increases in the beginning to a maximum value in the range 0<y <03

then decreases in the range 0.3<y <3 for (P =0,0.1). Figure 7 exhibits that the distribution of the vertical

displacement U begins from negative value in the case of a = 0. In the context of the three theories and in the
absence and presence of two-temperature, the values of the displacement U start by decreasing, then increasing.

Figures 8a, b depict that the distribution of the temperature & begins from a positive value for a = 0.1,0 in the
context of the three theories; it noticed that the distributions of & increases with the increase of the two-
temperature for Y >0, and finally goes to zero. Figure 9 demonstrates that the distribution of the temperature

T begins from a positive value and satisfies the boundary conditions at Y =0. In the context of the three
theories and in the absence and presence of two-temperature, T decreases in the range 0 <Yy < 3. The values
of the temperature T converge to zero as Y > 3. It is noticed that the two-temperature has no great effect on

the distribution of the temperature T. Figure 10a, b show that the distribution of change in the volume fraction
field (15 begins from a positive value for (a = 0,0.1), in the context of the three theories, however it decreases

in the range 0 <y <3 for @a=0. However, in the other cases, ¢ increases in the range 0 <Yy <3. It
explains that all the curves converges to zero. Figure 11 shows that the distribution of stress component o,
begins from the negative value for a =0, 0.1, in the context of three theories. We observe that the distribution

Oy increases with the decrease of the time value. Figure 12 explains that the distribution of the stress

component oy, , in the context of the three theories starts with zero for a = 0,0.1, and increases in the range

0 <y <0.3, then, it decreases until attaining zero for a = 0.1, which agrees with the boundary conditions. It
is also clear that the two-temperature parameter & acts to decrease the values of Oyy - Figure 13 depicts that

the distribution of the displacement U always begins from negative values. In the context of the three theories, in
the absence and presence of the rotation, the values of U increase with the increase of the rotation. We can also
‘5.'; D
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observe from this figure that the values of U in the presence of rotation are lower than that in the absence of

rotation for Yy > 0. Figure 14 demonstrates that the distribution of the conductive temperature &, in the

context of the three theories, decreases in the range 0 <y <3 for =0,0.1. Figure 15 determines that the

distribution of the thermodynamic temperature 7" always begins from a positive value and satisfies the
boundary condition at y = 0. In the context of the three theories, the values of the temperature 7" decrease in

therange 0<y <3, for 2= 0,0.1. Figure 16 expresses the distribution of the change in the volume fraction
field ¢ in the context of the three theories, for £2 =0.1,0, decreasing with the increase of the rotation for
y > 0. It explained that all the curves converge to zero. Figures 17 depicts that the distribution of the stress

component o, in the context of the three theories, for £2 = 0.1 decreases in the range 0 < y <3,and

increases in the range 0 <y <3,for £2=0. It is observed that the distribution of o, in the context of the
three theories, is inversely proportional to the rotation for y > 0. Figure 18 shows that the distribution of the
stress component o, with distance in the context of the three theories, increases in the range 0 <y < 0.4,

then decreases intherange 0.4<y <3, 22 =0.1,0.

6. Conclusion

By comparing the figures obtained under the three theories, important phenomena are observed:
1. Analytical solutions based upon the normal mode analysis for thermoelastic problem in solids have
been developed and utilized.
2. The value of all the physical quantities converges to zero with an increase in the distance y and

all functions are continuous.
3. There are significant differences in the field quantities under (CD), (L-S) and (G-L) theories.
4. The presence and absence of rotation and initial stress effect in the current model is of  significance.
5. The two-temperature effect for thermoelastic medium with voids is an interesting problem of
thermo-mechanical.
6. The initial stress, the rotation and the two-temperature effect are significant in the current model
since the amplitudes of these quantities are varying (increasing or decreasing) under the effect of
the used fields.
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