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This paper aims to explore the impact of viscosity and time on the spread of
thermoelastic waves within a uniform and isotropic three-dimensional
medium subject to a thermal load on its surface. This study utilizes the
temperature-rate-dependent thermoelasticity based on the GN model,
specifically applying the GN II model of generalized thermoelasticity, which
does not account for energy dissipation. The normal mode analysis technique
is employed to address the non-dimensional coupled field equations, yielding
precise formulas for displacement, stress, temperature distribution, and
strain. This issue is further illustrated by graphically depicting the field
variables for a material similar to copper alongside the corresponding
results. Comparative analyses of numerical data, with and without
considering viscosity effects, suggest that the wave propagation speed will be
limited.

© 2024 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Two phenomena predicted by the classical
uncoupled theory of thermoelasticity are
incompatible with physical observations. First, there
is no elastic term in this theory's heat conduction
equation; second, the heat conduction equation is of
the parabolic type, allowing heat waves to propagate
at infinite speeds. Lord and Shulman (1967)
developed a mathematical model of generalized
thermoelasticity that is referred to as the ‘LS model.’
Biot (1956) introduced the classical dynamical-
coupled theory. This classical linear theory of heat
conduction is based on Fourier’s law of thermal flux.
This theory eliminated the paradox of infinite speed
of propagation of thermal disturbances. Green and
Lindsay (1972) developed a new model. Fourier's
law of heat conduction remains unchanged in this
model, but the classical energy equation and the
constitutive equation have been modified by the
addition of temperature rate-dependent terms. Two
relaxation time parameters have been introduced in
the GL model. This model is frequently referred to as
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temperature-rate-dependent thermo-elasticity
(TRDTE). First, there is no elastic term in this
theory's heat conduction equation; second, the heat
conduction equation is of the parabolic type,
allowing heat waves to propagate at infinite speeds.
The three theories of generalized thermoelasticity
were studied by Green and Naghdi (1991, 1993).
Hetnarski and Ignaczak (1993) examined five
generalizations to the coupled theory and obtained a
number of important analytic results. The main
objective of these approaches is to advocate a theory
in which the propagation of heat is modeled with a
finite speed. The modified heat conduction equation
in this theory is of hyperbolic type, ensuring finite
speeds of propagation for heat and elastic waves.
Dhaliwal and Sherief (1980) further extended this
theory to general anisotropic media in the presence
of heat sources. Sherief et al. (2002, 2015) conducted
a number of studies on the Lord-Shulman theory.
Because of the rapid development of polymer
science and the plastics industry, as well as the
widespread use of materials at high temperatures in
modern technology, theoretical investigation and
application in thermoviscoelastic materials have
become a significant task for solid mechanics.
Several studies (Ezzat et al, 2002; Abd-Alla et al,
2003; Abd-Alla and Abo-Dahab, 2009; Deswal and
Kalkal, 2011) Investigated wave propagation in
linear thermovisco-elastic and electro-magneto-
thermoviscoelastic solids. Chandrasekharaiah
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(1996) studied one-dimensional waves in a half-
space of a homogeneous and isotropic material
within the frame of the linear theory of
thermoelasticity =~ without energy dissipation.
Dhaliwal and Wang (1995) introduced a heat flux-
dependent theory of thermoelasticity, where the
heat flux figures among the thermo-dynamical
variables, with an evolution equation associated with
it.

A class of mixed initial boundary-value problems
is defined for porous media. Hetnarski and Ignaczak
(1996) investigated the propagation of soliton-like
thermoelastic waves at low temperatures. Tang and
Araki (1997) studied thermal relaxation and a one-
dimensional non-Fourier heat wave propagation.
Chandrasekharaiah (1998) presented a review of
temperature-rate dependent thermoelasticity
theory, the recently developed theory of
thermoelasticity without energy dissipation, and the
new thermoelasticity theory. Kumar et al. (2017)
investigated the propagation of thermoelastic
harmonic plane waves under the two-temperature
theory with two relaxation times. The one-
dimensional = formulation allows a  simple
interpretation of the results and puts in evidence the
wave nature of heat propagation. Yu et al. (2013)
solved a one-dimensional problem in fractional
order generalized electro-magneto-thermoelasticity.
Yu et al. (2015) introduced a novel compact
numerical method for solving the two-dimensional
non-linear  fractional reaction-sub  diffusion
equations. The importance of state-space analysis is
recognized in fields where the time behavior of any
physical process is of interest. The state-space
approach is more general than the classical Laplace
and Fourier transform theories. Consequently, state-
space theory is applicable to all systems that can
analyzed by integral transforms in time and is
applicable to many systems for which transform
theory breaks down. One can refer to Ezzat (1994,
2012) and Ezzat and Youssef (2010) for a survey of
the state space approach in continuum mechanics.
Abouelregal (2019) introduced a two-temperature
thermoelastic model without energy dissipation,
which included higher-order time derivatives and
two phase-lags. Hendy et al. (2019) employed the
state space approach to fractional two-dimensional
problems of thermo-viscoelasticity order heat
transfer. The one-dimensional model of the theory
applied to Stokes' flow of unsteady incompressible
fluid due to a moving flat plate in the presence of
both heat sources and a transverse magnetic field.
Aldawody et al. (2019) studied the Green Naghdi
theory of thermomechanics of continua to derive a
linear theory of MHD thermoelectric fluid with
fractional order. This theory permits the propagation
of thermal waves at finite speed. De Sciarra and
Salerno (2014) studied thermodynamic functions in
thermoelasticity without energy dissipation. Khamis
et al. (2020) and Helmy et al. (2021). Studied the
magneto thermoviscoelastic waves with Green-
Naghdi theory in a homogeneous isotropic hollow
cylinder. Hendy et al. (2019) solved a two-

119

dimensional problem for thermoviscoelastic
materials. See, also Amin et al. (2022) and El-Attar et
al. (2022).

The goal of this paper is to use normal mode
analysis to investigate the aforementioned three-
dimensional problem, as well as to use the state-
space approach to examine the effects of viscosity on
a three-dimensional thermoelastic homogeneous
isotropic half-space solid body that is assumed
stress-free with a surface that has undergone a
thermal shock. Based on the GN model, without
energy dissipation, the formulation for generalized
thermoelasticity was developed. To obtain the
precise analytical formulas for the variables under
investigation, the normal mode analysis and state-
space technique were both applied. The findings of
numerical calculations for a particular material and
theoretical comparisons in the presence and absence
of viscosity effects indicate that the speed of
propagation will bounded.

2. Mathematical model

The equations of motion for a homogeneous
isotropic thermally conducting viscoelastic material
without body forces, the relations stress-strain-
temperature and strain-displacement, and the heat
induction equation in the absence of a heat source
can all be represented as:

1
Gij =5 (ui; + w0 1)
Sij = Aug 045 + 2uf;; — yToy; (2)
Sijj =P a; (3)
2T d%e

a a a
A=2,(1 +loa)! p=u(1+ ﬂoa)' Y =7 +Voa)'
Ye = (340 + 2u,)Br, Yo = BAo¥e + Zﬂol"e)?,_:f Lj k=
X, ¥,z

where, S;; stands for the components of the stress
tensor, {j; for the components of the strain tensor,
A, 1 Lame’s constants, y = (34 + 2u)B+ is a material
constant characteristic of the theory. By is the
coefficient of linear thermal expansion, p is the
density, oy, is Kronecker delta, u; are the
components of the displacement vector, C; is the
specific heat at constant strain, (I' > 0) is a material
constant characteristic of the theory, T is the
temperature change, T, is the medium's presumed
reference temperature where |T/T,| < 1,e =e,, is
the cubical dilatation, A,,u,, v, are viscoelastic
constants.

3. Formulation of the problem
We consider a homogeneous isotropic solid

material that is thermoviscoelastic and covers the
space in three dimensions.
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Q={((xy2:0<x< ®¥,—©<y< ®-w
<z < oo},

[t is in contact with a time-varying heat source on
the surface x=0. Furthermore, it is assumed that the
surface x=0 is assumed to be stress free. By
employing the Cartesian coordinates (%, y, z), it is
assumed that the initial conditions for all physical
variables are homogeneous, and as a result, the
displacement components have the form u; =
(u,v,w). Consequently, the following are the
governing equations:

pii = [(Ae +21e) + (Aedo + 2410 He) 2t r +
Ue (1 + U, %) (u,yy + u,zz) +
[Ae + 201) + ey + 2410 te) 2] (Vy + W)= V(1 +
Vo) T
p i = (Ao + 2ue) + (oo + 2o tte) 20y +
e (14 1o 2) (Vzz + V) +
(e + 200) + (Aedo + 2010 o) )Wy + ) = Ye(1 +

()

Vo) T, (6)
PV = [(Re + 21e) + (Relo + 2010 He) =IW, 5+
e (14 1o o) (Wyy + W) +

(e + 2u0) + Aedo + 2410 o) ] (Vzy + ) = Ye(1 +
Vo) T, 7)
PV2T = pCpf +7eTo (1470 20) é (8)
S =2te (14 o) e + 2o (142, 2) e — v (1 +
Your) T )
Syy =2t (1+ o a) vy + 2o (1+ 252 ) e — e (1 +
Vo) T (10)
Siz=2me (14 o) watde (14 A0 ) e —ve (14
Vo) T (11)
Sey = te (14 Ko ;) ey +v,) (12)
Sz = e (14 o) (s + w) (13)
Sye = te (14 Ho3g) (0 + ) (14)
where,
e=(uy+vy+w,) (15)

Moreover, a superimposed dot signifies time-
related differentiation, while a subscript comma
indicates spatial derivatives. The following non-
dimensional parameters are defined, using the non-
dimensionalized equations above:

1 Aet+2u,
&y z)=¢ (xy,z) , @, v,w)= ﬁ wv,w),
Cit
t'= =
K
C T X
(/10, nuo,ﬁ}/O,) = ;1 (AO'I'LO ’YO)' Y= ;O ! S;Cy = y:,;;

where, K is some standard length. By including the
aforementioned non-dimensional parameters in Egs.
5-14 and utilizing the relation in Eq. 15, we obtain
the following set of governing equations.
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= ot D) v
i=a Ho 5 | ViU ; ;
(-0 + 0, - 200 + ang) o] e = (14705 00

at
(16)

;= (1+ a)\72 +

¥V =a Ho 57 ) ViV ; ;

[(1 —+ 0, (- 2a) + auo}a] ey — (1 +7, &) Oy
(17)

i o= (1+ a)vz +

W =a Hozr | VEW

-0+ 0,020 + @ o] ea— (1+70m0) 0

(18)
" AP
C%szp=(p+s(1+yl,§)e (19)
2 2
Spx = 2a(1+u05)ux+ (1-2a) (1 +ao=)e—
2
(1 +%o 5) 2z ) ) (20)
Syy=2a(1+1y2) vy + (1= 2a) (14 Ao 5) e —
2
(1+)/05) 2z , ) (21)
S, =2 a(1+u05)w,z+ (1-2a) (1 +/105)e—
a
(1+73) e (22)
2
Sy =«a (1 + Uo E) (uy +vy) (23)
9
Sxz=0a (1 + o E) (uz +wy) (24)
]
Sy = a1+ o) (v, +w,y) (25)
where, e =V2T,/[pCs( Ve + 2110)] is the
dimensionless thermoelastic coupling

parameter,C; = ¢3 / ¢; is the non-dimensional
finite thermal wave speed of GN theory, c¢; =
v (¥e + 2p,)/p is the longitudinal wave speed, ¢; =
JI/pCy is the finite thermal wave speed of G-N
theory, and a = p, (v, + 21,).

Using Egs. 16, 17, and 18 to differentiate them
with regard to X, y, and z, respectively, we obtain:

¢ =140 —2a(A - u)} 2] Ve — (1+7,2) V.
(26)

According to Dhaliwal and Sherief (1980), the
invariant stress S will be taken to equal the mean

value of the primary stresses S,

S =3 (Sxx + Syy + 522) (27)
From Egs. 20-22 and using Egs. 15 and 27 we get:

o[ (2o s B e (1 4n2)e.
(28)

4. Normal mode analysis

By using normal modes analysis, the physical
variables can be decomposed.

[wv,w,e,0,5,58;|(x,y2t) =
[u*,v*, w*, e*, p* ,S*,S*,-]-](x)exp[wt +i(ay + bz)] (29)

where, u* = u(x,y,zt), i is the imaginary unit, w
(Complex) is the time constant, and a, b are the wave
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number in the x and y direction respectively. Using
29 in the Egs. 19, 26, 28, we have

d?e*

?ZAl (p*-I-AZS* (30)
a’x _ * *
oz = Az 9T+ A4S (31)
where,
2 2, @ e0’(1+y,w)? _ w?(1+y,w)
Ay =[a?+b%+ g2 +—BC% 1, A, =
_ 102A4y,0) 0 (@-B)A+y,0){B+e(1+y,@)%}
A3 - [ d - dpc?
T
42 2 4 @2 ew?(@-p)(1+y,w)?
Ay =[a® + b7 + 5 - T
d = [1+ (% — 2a (A, — 1)}w], B=l1-%+
2
(@ -22, + 5 po} 0]
From Egs. 30, 31, ¢* and S, then,
d*v _
=4V . (32)
_ [¢” _ |1 2]
Vix) = , Alw) =
@=[2]. =1 &
We assume the non-dimensional boundary

conditions as follows for the stress-free surface,
where x=0.

(i) The thermal boundary condition:

Gn +vo(x,y,2z,t) =7(x,y,z,t),onx =0 (33)
where, q, is normal component of the heat flux
vector, v is Biot’s number and r(0, y, z, t) represents
the intensity of the applied heat sources on x = 0.
All the physical quantities are assumed to be
bounded as x — +o. From Eq. 33, we use the
generalized Fourier’s law of heat conduction in the
non-dimensional form, then,

4
== (34)

From Egs. 33, 34, and 29, we obtain:

vp*(x) —Dp*(x)=r* on x=0 (35)
where, D = d/dx
(ii)) Mechanical boundary condition that the

bounding plane to the surface x = 0 has no
traction anywhere and by using Eq. 29, then,

57(0,y,2,t) = S53x(0,y,2,t) = 55,(0,y,z,t) =
S$;,00,y,z,t)=0

§7(0) = 3 (0) = 55, (0) = 57,(0) =0 (36)
5. State space approach

Eq. 32, then (see Youssef (2010)):
V() = exp [~/A@)z] v (0) (37)

where,
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V(0) = [‘pg’ | (38)

From Eq. 36, Eq. 35, Eq. 38 and omitted the
positive exponential part to obtain a bounded
solution for large x, in the solution Eq. 37. Now, we

shall first find the form of the matrix exp [—w/A(w)x].
AZ - (Al +A4‘)A + (A1A4 - A2A3) = 0. (39)

Then, the solution of Eq. 39 is:

1= (A1+A4)+(_1)jv (A1—A4)?+4A5A3)
; =

- j=1,2.

The spectral decomposition of the matrix A(w)
from Sherief (1993) is:

where, E and F are the projectors of A(w) (see
Simmons (2003))
E+F=1 ,EF=FE=0 ,E=E2,F = F? (41)

Now, /A(w) has the same projectors as of A(w)
and if p;, p, are the eigenvalues of \/A(w) then, p; =

A1, P2 = +/A,. Then, the spectral decomposition of
the matrix \/ A(w) are:
VA(w) = piE + p,F (42)
where,
__1 (Ai—X A, ) =
E_/ll—/lz( As Ay — A/ F=
1 A1 - ).1 AZ )
/12—/11( As Ay — ) (43)
Thus,
. _ _ 1 (A +pip2 4, )
A" (@) = JA@) = pm( A A T

The Taylor series expansion of the matrix
exponential in Eq. 37 has the form:

exp |—/A(w)x| = exp[— A" (w)] = w_
[ ] n!

Using the Cayley-Hamilton theorem, we can
express A*?(w) and higher orders of the matrix
A*(w)in terms of I and A*(w)where I is the second
order unit matrix. Thus, the Taylor series in Eq. 45
can be reduced to:

(45)

exp[— A"(w)] = a, ()] + a1 () A" (w). (46)

By the Cayley-Hamilton theorem, the
characteristic roots p; and p, of the matrix A*(w)
must satisfy Eq. 46 and we get:

(47)
(48)

exp[—pix] = a, () + a; (x)p,
exp[— pox] = a, ()] + a1 (x)p,.
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From Eqgs. 47 and 48, we have
ay(x) = Py exp[- sz]:pz exp[- pﬁt]' a,(x) =
P1—D2
exp[- pyx]—exp[- pzx]. (49)
P1—P2

From Egs. 46 and 49, we have:

oo [VA] = (5! 5,7)

(50)

where,

_ u=21) exp(=y/Z; 0)=(A2=41) exp(=yA1 %)
(A1-22)
_ A, [exp(—/2; x)—exp(—y/A; x)]
(A1-22)
A3[exp(—Jl_1 x)—exp(—\/l—z x)]
(41-22)
_ =A4) exp(—A; )~ (A2 =A4) exp(—A; x)
(A1=22) '

(51)

Bll
BlZ
BZl
BZZ

(52)

Finally, the solution of Eq. 32 is written as
V(x) =43 V(00) , jk=1,2 (53)

Hence, using Egs. 38, 51, and 52 in 53, the field
variables ¢*(x) and S*(x) are

9" (1) = prexp(—A x) = @3 exp(—/22 %) (54)
S*(x) = (;13%"2) [exp(—\//l_l x) - exp(—\/l_z x)] (55)
where, 01 = @o(A1 — 1) /(A — 43), P2 =

(A1 — A1) /(4 — 42).
By using Eq. 35 we have ¢ as

r(A—22)
V(ll_lz)"'\/)-—l(Al_lZ)_\/l—Z (A1=21) ’

o=

By using Egs. 29, 54, and 55 with Eq. 28 we have:

e*(x) = ey exp(—/A, x) — e, exp(—\//l—z x) (56)
where,
el = 9043+ (A1—21) (1 +y,0)
! B(A1-12) ’
e, = PoAst(A1—4) (1+y,w)
2 B(A1-1z)

Form Eq. 16, Eqgs. 29, 54, and 56 in the Eq. 16, we
have the displacement component u*(x) as:

2
D2 =22)u*(x) = ) (1) Mu;(12 - 2)exp(— |1 x
St -fod
(57)
where,

22 =a?+b?+—2
u a(1+p,w)

VAle{-a)+o (o (1-2a)+1o@)}=9;(1+¥,w)]
(L o) (- 22)

Uj=

i j=1, 2.
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The general solution of the ordinary differential
Eq. 57 is:

u(x) = ug exp(—2,x) + X, (=1)/ " u; exp(—,/7; x) (58)

where, 12 # 13 # 12, u, is a constant.

From the boundary conditions Eq. 36. Using Egs.
29, 54, 56, and 58 in the Eq. 20, then the stress
components ys,(x) is:

Six(x) = S5 exp(=2,0) + i(—l)f-lxj exp (- [3 %)
=1
(59)

where,

Sz = =2at,uy(1 + pow)
S = =2aJZwj (1 + pow) + (1 — 2a)(1 + Aow) —
;1 +yow), j=1,2.

From Eq. 36 and Eq. 59, we obtain u, as:

Uy = X1—X2
0™ 202, (1+pow)

6. Numerical example and discussions

Since we have w = w, + iy, where i is the
imaginary  unit, exp(wt) = exp(w,) (cos Yt +
i sint) and for small values of time, we can take
w = w, (real). We will compute these physical
variables numerically for a specific model in order to
discuss the type of dependence of these physical
variables on viscosity. The relevant numerical values
for a material that resembles copper that we selected
for this purpose are shown in Table 1.

Table 1: Numerical values

le = 776x1010N/m®> pu, = 009s 3
4o = 386x1010N/m* T, =293K a =1.2
2o =0.06s & =00168 b =13
Br = 1.78 x 1075K 1 a = 0.25 v =50
Cg = 383.1m?%/K T =100 Cr =2
p = 8954 kg/m®

From Table 1, the variations of the temperature
distribution ¢, the mean stress S, the displacement
component u, and the stress component S,, along x
axis at two different plane y = z = 0. and y =
z = 0.4 for a particular time instant t = 0.25 have
been shown for:

0.25, ( solid by solid line)

0.25 ,(solid by solid-dot

(i) aty = z = 0, t =
, T

(ivyaty =z = 0.
line)

(v) at y =z =0, t = 0.25, (solid by solid-dot
(bold) line)

(vijat y = z = 0.4, t = 0.25, (solid by dashed
line)

These variations are shown in Figs. 1-7
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4.5

-0.05

-0.1

-0.15

-0.2

v -0.25 g GTEV, y=2=0.0
el GTEV,y=2=0.4
-0.3 e GTE, y=2=0.0
et GTE, y=2=0.4
-0.35 1

-0.4 [x]

Fig. 1: Mean stress distribution S. vs. x at t=0.25

35
3
et GTEV, y=2=0.0
2.5
emmfle= GTE,y=2=0.4
e GTEV,y=2=0.0
2

et TE,y=2=0.4

&
=
4
=}
=
2
=
[
=
=
=
4fs
-05 -
Fig. 2: The variation of temperature vs. distance x at t = 0.25
35
3
g TE,y=2=0.0
2.5
el GTEV, y=2=0.4
s GTE,y=2=0.4
2
= GTEV, y=2=0.0
15
e
>
%]
1

0.5

4.5

-0.5

X

Fig. 3: Stress distribution vs. distance x at t=0.25
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X

e t=().3, y=2=0.5
el 1=(.2 , y=2=0.5

g £=0),3, y=2=0.0

b £=(). 2., y=7=0.0

4.5

Fig. 4: Displacement distribution u and x at t =0.25

From Figs. 1-4 show that yand z decreasing
effect on ¢,S,u and S,, for both GTVE and GTE
model for fixed t. Also, it is depicted that the
numerical values of S ,u and S, are greater in GTVE

3.5

2.5

model than GTE model for fixed, y,zand t, but in
Fig. 2 the viscosity has no significant effect on ¢. The
maximum value of all the physical quantities attain
in the case of GTVE at the planey = z = 0.

e t=().2. y=2=0.4
el t=().3 y=2=0.4
ey t=().3, y=2=0.0

b 20,2, y=2=0.0

1.5
e
&
1
0.5
0
0 0.5 1 1.5 2 2.5 3 35 4 4.5
-0.5
X
Fig. 5: Stress distribution Sy vs. x for two time instants
4
e =().2, y=2=0.4
3.5

el t=03, y=2=0.4

ey 1=().3, y=2=0.0

b t=().2, y=2=0.0

Fig. 6: Temperature distribution ¢ vs. x for two time instants
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0.2

-0.4

-0.6

1.2 b

14

-1.6

g 1=().3,y=2=0.4
el t=(.3,y=2=0.0
t=0.2, y=2=0.0

b =002 y=7=0.4

X

Fig. 7: Displacement distribution u vs. x for two time instants

Figs. 5-7 show the distributions of u, ¢ and S,,
for the GTVE model at y=z=0 and y=z=0.4 for two
different time instants t=0.2 and t=0.3. Figs. 5-7
show that t has increasing influence on all the
physical quantities.

Figs. 1-7 show that the wave propagation speeds
of all physical quantities are finite and conform to
the physical behavior of elastic materials. All of the
additions to the illustration indicate that the
boundary conditions Egs. 35 and 36 are satisfied.

7. Conclusion

In this research, we apply the state space
approach to solve a generalized thermo-elastic issue
of an isotropic half-space with changing thermal
conductivity.

e The numerical results presented here may be
considered more general in the sense that they
include the exact analysis of the Laplace transform
domain of different field quantities. It is concluded
from the graphical results presented in most cases
that the Biot theory gives a set of results that
intermediate those given by the GN theories.

e All of the distributions analyzed have a non-zero
value only in a confined region of space; all values
vanish in the same way, suggesting that the region
has not yet experienced thermal disturbance. All
physical variables' behavior at y=z=zero and
y=2=0.4 are likely to be comparable, with minor
magnitude variations.

e The behavior of physical processes is of interest,
and the importance of state space analysis has
been acknowledged (Bahar and Hetnarski, 1978).

e The state space method is more general than the
traditional Laplace and Fourier transform
methods. As a result, state space is applicable to all
systems that can examined by integral transforms
in time, as well as many systems where transform
fails (Ogata, 1967).
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e We attempted to implement a very useful
technique in order to solve a three-dimensional
generalized thermo-viscoelastic issue.
Comparisons were made within the theory in the
presence and absence of viscosity effects.

List of symbols

p Density

t Time

Ck Specific heat at constant strain

B; Components of magnetic field strength

qn Components of heat flux vector

Ho Magnetic permeability

Oxy Kronecker delta

Sij Components of stress tensor

Gij Components of strain tensor

Ui Components of displacement vector

Au Lame's constants

0 T—Ty

To Reference temperature is chosen so that
T —Tol/Ty < 1

Br Coefficient of linear thermal expansion

. v2T,/[pCs(ve + 2u,)]; Thermoelastic coupling
parameter

14 B+ 21)Br

a tre(Ve + 241)

Acknowledgment

The authors gratefully acknowledge the approval
and support of this research study by the Grant No.
SCIA-2022-11-1256 from the Deanship of Scientific
Research in Northern Border University, Arar, KSA.

Compliance with ethical standards
Conflict of interest
The author(s) declared no potential conflicts of

interest with respect to the research, authorship,
and/or publication of this article.



Mohamed H. Hendy, Alaa Kamal Khamis/International Journal of Advanced and Applied Sciences, 11(2) 2024, Pages: 118-127

References

Abd-Alla AM and Abo-Dahab SM (2009). Time-harmonic sources
in a generalized magneto-thermo-viscoelastic continuum with
and without energy dissipation. Applied Mathematical
Modelling, 33(5): 2388-2402.
https://doi.org/10.1016/j.apm.2008.07.008

Abd-Alla AN, Yahia AA, and Abo-Dahab SM (2003). On the
reflection of the generalized magneto-thermo-viscoelastic
plane waves. Chaos, Solitons and Fractals, 16(2): 211-231.
https://doi.org/10.1016/S0960-0779(02)00170-4

Abouelregal AE (2019). Two-temperature thermoelastic model
without energy dissipation including higher order time-
derivatives and two phase-lags. Materials Research Express,
6(11): 116535. https://doi.org/10.1088/2053-1591/ab447f

Aldawody DA, Hendy MH, and Ezzat MA (2019). Fractional Green-
Naghdi theory for thermoelectric MHD. Waves in Random and
Complex Media, 29(4): 631-644.
https://doi.org/10.1080/17455030.2018.1459061

Amin MM, Hendy MH, and Ezzat MA (2022). On the memory-
dependent derivative electric-thermoelastic wave
characteristics in the presence of a continuous line heat
source. International Journal of Advanced and Applied
Sciences 9(8): 1-8.
https://doi.org/10.21833/ijaas.2022.08.001

Bahar LY and Hetnarski RB (1978). State space approach to
thermoelasticity. Journal of Thermal Stresses, 1(1): 135-145.
https://doi.org/10.1080/01495737808926936

Biot MA  (1956). Thermoelasticity and irreversible
thermodynamics. Journal of Applied Physics, 27(3): 240-253.
https://doi.org/10.1063/1.1722351

Chandrasekharaiah D (1996). One-dimensional wave propagation
in the linear theory of thermoelasticity without energy
dissipation. Journal of Thermal Stresses, 19(8): 695-710.
https://doi.org/10.1080/01495739608946202

Chandrasekharaiah DS (1998). Hyperbolic thermoelasticity: A
review of recent literature. Applied Mechanics Reviews,
51(12): 705-729. https://doi.org/10.1115/1.3098984

De Sciarra FM and Salerno M (2014). On thermodynamic
functions in thermoelasticity without energy dissipation.
European Journal of Mechanics-A/Solids, 46: 84-95.
https://doi.org/10.1016/j.euromechsol.2014.02.007

Deswal S and Kalkal K (2011). A two-dimensional generalized
electro-magneto-thermoviscoelastic problem for a half-space
with diffusion. International Journal of Thermal Sciences,
50(5): 749-759.
https://doi.org/10.1016/j.ijthermalsci.2010.11.016

Dhaliwal RS and Sherief HH (1980). Generalized thermoelasticity
for anisotropic media. Quarterly of Applied Mathematics, 38:
1-8. https://doi.org/10.1090/qam /575828

Dhaliwal RS and Wang ] (1995). A heat-flux dependent theory of
thermoelasticity with voids. Acta Mechanica, 110: 33-39.
https://doi.org/10.1007/BF01215413

El-Attar SI, Hendy MH, and Ezzat MA (2022). Magneto-
thermoelasticity Green-Naghdi theory with memory-
dependent derivative in the presence of a moving heat source.
International Journal of Advanced and Applied Sciences, 9(7):
33-41. https://doi.org/10.21833/ijaas.2022.07.005

Ezzat MA (1994). State space approach to unsteady two-
dimensional free convection flow through a porous medium.
Canadian Journal of Physics, 72(5-6): 311-317.
https://doi.org/10.1139/p94-045

Ezzat MA (2012). State space approach to thermoelectric fluid
with fractional order heat transfer. Heat and Mass Transfer,
48: 71-82. https://doi.org/10.1007 /s00231-011-0830-8

Ezzat MA and Youssef HM (2010). Stokes’ first problem for an
electro-conducting micropolar fluid with thermoelectric

126

properties. Canadian Journal of Physics, 88(1): 35-48.
https://doi.org/10.1139/P09-100

Ezzat MA, Othman MI, and El-Karamany AM (2002). State space
approach to two-dimensional generalized thermo-
viscoelasticity with two relaxation times. International Journal
of Engineering Science, 40(11): 1251-1274.
https://doi.org/10.1016/S0020-7225(02)00012-5

Green AE and Lindsay K (1972). Thermoelasticity. Journal of
Elasticity, 2: 1-7. https://doi.org/10.1007 /BF00045689

Green AE and Naghdi P (1991). A re-examination of the basic
postulates of thermomechanics. Proceedings of the Royal
Society of London. Series A: Mathematical and Physical
Sciences, 432(1885): 171-194.
https://doi.org/10.1098/rspa.1991.0012

Green AE and Naghdi P (1993). Thermoelasticity without energy
dissipation. Journal of Elasticity, 31(3): 189-208.
https://doi.org/10.1007/BF00044969

Helmy AED, Nasr AMAA, El-Bary AA, and Atef HM (2021). Effect of
modified Ohm's and Fourier's laws on magneto
thermoviscoelastic waves with Green-Naghdi theory in a
homogeneous isotropic hollow cylinder. International Journal
of Advanced and Applied Sciences, 8(6): 40-47.
https://doi.org/10.21833/ijaas.2021.06.005

Hendy MH, Amin MM, and Ezzat MA (2019). Two-dimensional
problem for thermoviscoelastic materials with fractional
order heat transfer. Journal of Thermal Stresses, 42(10):
1298-1315.
https://doi.org/10.1080/01495739.2019.1623734

Hetnarski RB and Ignaczak ] (1993). Generalized thermoelasticity:
Closed-form solutions. Journal of Thermal Stresses, 16(4):
473-498. https://doi.org/10.1080/01495739308946241

Hetnarski RB and Ignaczak ] (1996). Soliton-like waves in a low
temperature nonlinear thermoelastic solid. International
Journal of Engineering Science, 34(15): 1767-1787.
https://doi.org/10.1016/S0020-7225(96)00046-8

Khamis AK, El-Bary AA, Youssef HM, and Bakali A (2020).
Generalized thermoelasticity with fractional order strain of
infinite medium with a cylindrical cavity. International Journal
of Advances in Applied Sciences, 7(7): 102-108.
https://doi.org/10.21833/ijaas.2020.07.013

Kumar A, Kant S, and Mukhopadhyay S (2017). An in-depth
investigation on plane harmonic waves under two-
temperature thermoelasticity with two relaxation parameters.
Mathematics and Mechanics of Solids, 22(2): 191-209.
https://doi.org/10.1177/1081286515578495

Lord HW and Shulman Y (1967). A generalized dynamical theory
of thermoelasticity. Journal of the Mechanics and Physics of
Solids, 15(5): 299-309.
https://doi.org/10.1016/0022-5096(67)90024-5

Ogata K (1967). State space analysis of control systems. Prentice-
Hall, Hoboken, USA.

Sherief HH (1993). State space approach to thermoelasticity with
two relaxation times. International Journal of Engineering
Science, 31(8): 1177-11809.
https://doi.org/10.1016/0020-7225(93)90091-8

Sherief HH and Helmy KA (2002). A two-dimensional problem for
a half-space in magneto-thermoelasticity with thermal
relaxation. International Journal of Engineering Science,
40(5): 587-604.
https://doi.org/10.1016/S0020-7225(00)00093-8

Sherief HH, Hamza FA, and Abd El-Latief AM (2015). 2D problem
for a half-space in the generalized theory of thermo-
viscoelasticity. Mechanics of Time-Dependent Materials, 19:
557-568. https://doi.org/10.1007/s11043-015-9278-4

Simmons GF (2003). Introduction to topology and modern
analysis. Krieger Publishing Company, Malabar, USA.


https://doi.org/10.1016/j.apm.2008.07.008
https://doi.org/10.1016/S0960-0779(02)00170-4
https://doi.org/10.1088/2053-1591/ab447f
https://doi.org/10.1080/17455030.2018.1459061
https://doi.org/10.21833/ijaas.2022.08.001
https://doi.org/10.1080/01495737808926936
https://doi.org/10.1063/1.1722351
https://doi.org/10.1080/01495739608946202
https://doi.org/10.1115/1.3098984
https://doi.org/10.1016/j.euromechsol.2014.02.007
https://doi.org/10.1016/j.ijthermalsci.2010.11.016
https://doi.org/10.1090/qam/575828
https://doi.org/10.1007/BF01215413
https://doi.org/10.21833/ijaas.2022.07.005
https://doi.org/10.1139/p94-045
https://doi.org/10.1007/s00231-011-0830-8
https://doi.org/10.1139/P09-100
https://doi.org/10.1016/S0020-7225(02)00012-5
https://doi.org/10.1007/BF00045689
https://doi.org/10.1098/rspa.1991.0012
https://doi.org/10.1007/BF00044969
https://doi.org/10.21833/ijaas.2021.06.005
https://doi.org/10.1080/01495739.2019.1623734
https://doi.org/10.1080/01495739308946241
https://doi.org/10.1016/S0020-7225(96)00046-8
https://doi.org/10.21833/ijaas.2020.07.013
https://doi.org/10.1177/1081286515578495
https://doi.org/10.1016/0022-5096(67)90024-5
https://doi.org/10.1016/0020-7225(93)90091-8
https://doi.org/10.1016/S0020-7225(00)00093-8
https://doi.org/10.1007/s11043-015-9278-4

Mohamed H. Hendy, Alaa Kamal Khamis/International Journal of Advanced and Applied Sciences, 11(2) 2024, Pages: 118-127

Tang DW and Araki N (1997). On non-Fourier temperature wave
and thermal relaxation time. International Journal of
Thermophysics, 18: 493-504.
https://doi.org/10.1007 /BF02575178

Youssef H (2010). A two-temperature generalized thermoelastic
medium subjected to a moving heat source and ramp-type
heating: A state-space approach. Journal of Mechanics of
Materials and Structures, 4(9): 1637-1649.
https://doi.org/10.2140/jomms.2009.4.1637

127

Yu B, Jiang X, and Xu H (2015). A novel compact numerical method
for solving the two-dimensional non-linear fractional
reaction-subdiffusion equation. Numerical Algorithms, 68:
923-950. https://doi.org/10.1007 /s11075-014-9877-1

Yu Y], Tian XG, and Lu TJ (2013). Fractional order generalized
electro-magneto-thermo-elasticity. European Journal of
Mechanics-A/Solids, 42: 188-202.
https://doi.org/10.1016/j.euromechsol.2013.05.006


https://doi.org/10.1007/BF02575178
https://doi.org/10.2140/jomms.2009.4.1637
https://doi.org/10.1007/s11075-014-9877-1
https://doi.org/10.1016/j.euromechsol.2013.05.006

	Effect of homogeneous generalized thermoelasticity on semiconductor layer under magnetic field on Green and Naghdi model without energy dissipation
	1. Introduction
	2. Mathematical model
	3. Formulation of the problem
	4. Normal mode analysis
	5. State space approach
	6. Numerical example and discussions
	7. Conclusion
	List of symbols
	Acknowledgment
	Compliance with ethical standards
	Conflict of interest
	References


