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1. Introduction

The propagation of thermoelastic waves and the
associated memory effects in solid media have emerged
as fundamental topics in modern continuum mechanics,
owing to their critical relevance in geophysical
processes,  biomedical  applications,  aerospace
structures, and advanced functional materials.
Accurately describing such phenomena requires

sophisticated theoretical models capable of capturing
microstructural  interactions,  porosity,  thermal
relaxation, and nonlocal effects. These features become
particularly significant under rapid thermal loading,
high-frequency excitations, and small-scale
configurations, = where  classical  thermoelastic
formulations are no longer adequate. At micro- and
nano-length scales, nonlocal elasticity provides a more
realistic representation of material behavior by
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Nomenclature

p Material density

0 Thermodynamic temperature

6. Reference temperature

u, w Displacement components

M Nonlocal couple stress tensor

0jj Nonlocal stress tensor

(O Y Scalar functions

Ce Specific heat

ALu Lame’s constants

n, K Micropolar material constants

Ly Nonlocal parameter

(0} Microinertia

€ Time relaxation parameter

D, Is known as a non-local operator

a; Coefficient of linear thermal
expansion

k Temperature-dependent thermal
conductivity

k* Temperature-dependent material
property corresponding to the rate
of conductivity

ky Thermal diffusivity

k, Thermal conductivity at reference
temperature 6,

k; Material property corresponding to
the rate of conductivity at reference
temperature 6,

v Dilatation term

Bi, B> Void parameters

Y1,7,,9; Void parameters

§ 08,8, Void parameters

Y1,V1, 0y Thermal parameters

q1, 9 Volume fractions of matrix and
fracture pores, respectively

I, I, Equilibrated inertia of matrix and
fracture pores, respectively

D Initial stress

7} Microrotation vector

¢ Thermal displacement

Q Rotation parameter

t Time

0jj Stress components

0;,G; Nonlocal equilibrated stress vectors
of matrix and fracture pores,
respectively

b Wave number

Angular frequency

incorporating long-range interactions between material
points, thereby overcoming the inherent limitations of
local continuum theories. This approach is especially
important for materials with pronounced microstructural

d-} 10.57647/mathsci.2026.97471

heterogeneity. In parallel, the consideration of variable
thermal conductivity allows for a more faithful
description of heat transfer in functionally graded
materials and thermally adaptive composites, where
thermal properties may vary spatially or depend on
temperature. The coupled thermo-mechanical response
arising from these effects plays a pivotal role in
determining the overall dynamic behavior of
thermoelastic bodies. A variety of thermoelastic theories
have been proposed to investigate the coupling between
thermal and mechanical fields, and numerous studies [ 1—
5] have explored the interaction between temperature,
displacement, and related physical variables. Further
advancements in this area include investigations of wave
propagation and initial stress effects in complex
thermoelastic media. In this regard, Boora et al. [6]
analyzed wave reflection in a thermodiffusion medium
with double porosity, while Othman et al. [7] examined
the influence of initial stress in thermoelastic media
containing voids and micro temperatures. Nonlocal
thermoelasticity, commonly formulated within the
framework of Eringen’s nonlocal elasticity theory [8],
extends classical thermoelastic models by incorporating
spatial interactions over finite distances. This
formulation has proven particularly effective in
modeling nanobeams, nanoplates, and other micro- and
nano-scale structures, where classical theories are unable
to predict experimentally observed size-dependent
responses. Consequently, nonlocal thermoelastic models
have become indispensable in the analysis and design of
MEMS and NEMS devices. Several investigators [9—12]
have examined the thermo-mechanical behavior of
thermoelastic media using different generalized theories
while accounting for various physical parameters and
loading conditions. Among advanced thermoelastic
frameworks, the Moore—Gibson—-Thompson (MGT)
theory represents a substantial advancement in the
modeling of heat conduction and thermoelastic wave
propagation. Unlike the classical Fourier law, which
implies an unphysical infinite speed of thermal signal
propagation, the MGT theory introduces a third-order
time derivative in the heat conduction equation, thereby
incorporating finite thermal wave speeds and intrinsic
memory effects. This formulation yields a hyperbolic
heat conduction model that ensures thermodynamic
consistency and provides a more realistic description of
wave attenuation and energy dissipation, particularly in
transient and high-frequency thermal processes. The
effectiveness of the MGT theory has been demonstrated
across a broad spectrum of applications, including laser—
material interactions, thermoacoustic devices, high-
intensity focused ultrasound, and thermal stress analysis
in micro- and nano-electromechanical systems.
Recentresearch has further extended the MGT
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framework to increasingly complex material models.
Gupta et al. [13] investigated memory-dependent
thermoelastic responses in a nonlocal micropolar
double-porous medium under the MGT theory, while
Awwad et al. [14] analyzed thermoelastic behavior in
media  with  temperature-dependent  properties.
Additional contributions by Gupta et al. [15] and Kumar
et al. [16] explored fractional-order and photo-
thermoelastic models within the MGT framework.
Moreover, Tiwari et al. [17] incorporated nonlocal
effects into a generalized thermoelastic medium with
memory, whereas Kumar and Vohra [18] studied pulsed
laser heating in a thermoelastic microbeam with double
porosity. Abouelregal et al. [19] applied the MGT model
to investigate laser-induced thermoelastic responses in a
microbeam resting on a viscoelastic foundation, and
Alhassan et al. [20] proposed a modified fractional MGT
formulation to capture anomalous thermal diffusion in
elastic media with cylindrical cavities. Similar analytical
and numerical techniques have been applied to
thermoelastic media with microstructural effects,
nonlocal interactions, and memory-dependent heat
conduction [21-23]. Moreover, advanced mathematical
approaches have been widely used to analyze coupled
thermal and mechanical transport phenomena in
complex continua, providing a broader methodological
background for the present work [24-29]. Recent studies
have examined the effects of nonlocality, rotation,
diffusion, and double porosity on thermoelastic media,
demonstrating their significant influence on wave
propagation and stress distribution [30, 31]. However,
the combined influence of nonlocality, micropolar
effects, double porosity, variable thermal conductivity,
rotation, and initial stress within the Moore—Gibson—
Thompson thermoelastic framework has not yet been
comprehensively addressed. Motivated by this gap, the
present study develops a unified theoretical model to
analyze the memory-dependent thermoelastic behavior
of a rotating nonlocal micropolar double-porous medium
under the MGT theory. The governing equations are
formulated within the context of generalized
thermoelasticity, and analytical solutions for
displacement, temperature, equilibrated stress, shear
stress, and normal stress are derived using Lame’s
potentials in conjunction with the normal mode method.
A detailed parametric investigation is carried out to
examine the effects of initial stress, rotation, time, and
nonlocal parameters, with numerical results presented
graphically to elucidate their significant influence on
thermoelastic wave propagation and stress distribution.

2. Formulation of the problem

The problem is formulated in the two-dimensional x — z
plane with the z-axis directed downward. A semi-
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infinite, homogeneous, isotropic, rotating nonlocal
micropolar double-porous thermoelastic medium with
variable thermal conductivity (MDPTMWYV) is
considered, governed by the memory-dependent Moore—
Gibson—-Thompson (MGT) theory. The medium is
subjected to uniform initial stress and initially
maintained at a reference temperature 8. Due to the two-
dimensional deformation, the displacement and
microrotation vectors are taken as U = (u,0,w), ¢ =
(0, 5, 0). Thermal conductivity and specific heat vary
linearly with temperature, introducing nonlinearity into
the MGT heat conduction equation, with k = k, (1 +
k,0), k* =k*, (1 + k, ), and thermal diffusivity (kq =
i) assumed constant. The governing equations arise

from the balance laws of linear and angular momentum
under rotation and initial stress, coupled with the MGT
heat conduction law, yielding a system of partial
differential equations for displacement, microrotation,
porosity, and temperature fields. The equations,
expressed in Cartesian coordinates, are presented below
[13]. The equations of motion are [13]

0%u ow
_ 292y __~ _ 2 R
p(1—Ly*V )atz pO*u+2p0—

(2+2u+5 +K)a +(2+ +B)62W
K ] ox? KT 3) xaz
p 0°u 09, (1)
H=5+K) 5K,
V155 k,

0q1 9qz
Bio+ B2

(1—L2V2)62 Q2w — 2002 =
p N 9c2 ZP P SE i
p d°w py 0°u
(/1+2u+§+1<)az +(A+u+ )Oxaz
2
p ’w 09,
+(,U——+K)62+KE

a 14+,/1+2k1 Ty 6q1 6q2
TNy, (—k ) + .31 + .32 >
1

The heat conduction for thermoelasticity with memory
dependent derivative is [13]

d 02T1+02T1 ko 62T1+62T1 B
ot|ox? ' 9z? k, |0x2 = 0z2|
3)

102T, 6, 92
Ky 922 +— k, 92 (v +v1q; +v2q2)),

(1+€D,) [

The nonlocal couple stress equation of motion is

0%,

at?

(1-Ly*V?)pw
“)
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The equilibrated stress equations of motions due to voids The local equilibrated body forces
and nonlocal are [13]

[1]

,(O0u ow . .
12_31(5"‘5)_5 191 —¢7,92

N w 62% 62q1
Fi(5+ ) +191<6x2 oz (16)
92q, 92%q, +v1( 1+/1+2k Ty 1+2k1T1)
(axz 9272 ) - g*lql - f*ZQZ
( 1+2k1T1> B, = —Bz( 62) $T 0t — €342
(17
22 92 q1 1+ 1+2k1T1
=10, (1 - Ly*V2) 52, +v, (FETEER)
2 2
—B; (6_u + 6_W) + 9, (M %) To felicitate numerical computations, the following
d . 0z f ox? = 0z? quantities are defined which are dimensionless,
0%q, , 0°q,
_* o o* C C
+193<6x2 T a8t s 62) =~ (x.z), @) =~ (ww),
©) kd kd
, ok
+v <-1+\/1+2k1T1) (qy CIZ) ,3 ka 2 (CI1,CI2) o' = ; = ﬁﬂ,
: kl 0"" = L O',’ = k_do'
U a+2p+p+k’ Tt g Y
8% 1
= Hz(l - LNZVZ) tqzls C2 1 ( 8)
) = = (6o (1) = 5-(Tu o),
0
The stress components are Dy = 0y, ng = Bclkd Wi
A+2u+K
=_p+(,1+2'u+1()_+,16 + Biqq (qul)— (chl) C1—T#
) Using (18) in (1)-(17) after removing the primes, we
_1 + 1 + 2k1T1 .
+B302— 71 : obiain
kyq
0%u ow
ou (1 —aOLNZVZ)F—QZu+ 205 =
_P+/16_+(/1+2.U+K) +,31Q1 92u 92w 9%u 90,
®) w2 anas a2 T o, (19)
. —1+,/1+2k, T
+ﬂ2q2 -7 <T11)’ —Ts aaTl +T6%+ 7aaq2,
— i ou _P)ow _ ou
=(ut3+K) S+ (1=2) 5 Ko O (1- aoLNZVZ)——QZ w20 =
The equilibrated stress corresponding to voids ’w Bzu %w 29,
T162+Tzaa +T362+T4a_ (20)
o, = 9,28 49, %% (10) ot . oar. . das ¥
T U1 oy 2 ax’ 155, tTe, T
0q1 alh
0 =0, T, (an 0 [T, 0T, [0°T 9°T] _
, , at|ax? " 922 | |ax2 T oz7 |
G = 0y S+ 9320, (12) a +a16D ) % (21)
%1y 0°q;
94, 94, [acz tr 9at2 (ax +5 )+ T10 Btz S+ 6t2]
Sz _1926_+193a (13)
The local couple stress (1 a, LNZVZ) 6t2 =
09, (22)
Moy =15 (14) Vi + (a_u_a_w)_
T12V"P2 T T3\5, T ax 71492,
09,
Uxy =71 W! (15)
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Figure 1. Problem Geometry
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3. Solution of the problem 0’0 9%
O,;, =S, + 71, 92 + 922
Using Helmholtz’s representation, the displacement (42)
components may be expressed Py
in terms of scalar and vector potential functions, +(1-r) Ixo7 5Ty +16q1 + 1492,
od o¥ D N v 349
=W = — _
a oz’ a a o*y o*w
x z z x —(7”114‘"2)aa +n zaz_nlﬁ_rﬁﬂza(“)

Using the representation (34) in (19)-(24), we obtain the

equations in decoupled form

9%
— 020 =

(1-aLy’V?) ==

Rl Rl

g1 9x2 + 726 922 15Ty + 16q1 + 177G,

2y
- =

(1—-aoLNZV2)at2

92y a2y
T35z T 127 52 T1ad2,

[62T1 62T1] ‘7 [azrl a2 T1] _
dx2 9z2 0x2 9z2

%o 9@
(1 +a,eD) [6!:2 R (0x2 + azz)

9%q; a2 qz
TroGe Tnge

(1—-aoLNZV2) atz =

%y 9%y
2
T12VeQ, — 13 (axz + azz) — 11492,

0?d  9%d d0%q, 0%q,
_<ax2 * 622>+T15<6x2 * 622)

0? 0%
N ( q: q:

(35

(36)

(37

(38)

sl T ﬁ) —T7G1 —T1gq2 + 1Ty (39)

=(1- aoLNZVZ) atZ’

0?d 9°0 0%q, 0%*q,
T2 (6x2 * 6zz> HE (6x2 * oz )
0%a; | 3%qy

+152 (axz + ﬁ) — T23q1 — 124Gz + 15Ty

2
= (1 - aoLNZVZ) aatqzla

0°d 020
Oxx = S, +W+Toﬁ

— 15Ty + 159, + 1545,

92y
+(ro - )6 P
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(40)

(41)

0q1 an
x =Mz -+t Nn,—>

0q1 9q;
2 =Nzt N7~

_ ., 9n 9q
Sx =My -+ N5~

_ 991 aq;

Sz =Ma%, TNs 5
_ . 992
Uzy = Ng 52’
_ . 992
Moy = Mg~

(44)

(45)

(46)

(47

(4%)

(49)

The decoupled equations obtained in the previous
section are solved by assuming the solution in the form

of modes:

(CD, ‘P, q1, 92, U, W, Tlt P2, O-ij' 0y, :uij' Ci)(x;Z; t) =
(@5, 9", q1" 2" u' w* o, @27, 037, 07, g™, 667 ) (%)

X e(wt+ibz)

(50)

This transformation expresses the field variables in
terms of separable harmonic modes, thereby simplifying
the system and facilitating a deeper understanding of the
dynamic response and wave characteristics of the
medium. In these expressions, @ represents the angular
frequency, i is the imaginary unit, and b denotes the

wave number in the z-direction. By substituting equation

(50), equations (35-49) transform as follows:

15Ty " + (18 — 136D?) " — 15q," — 17q," = 0, (51)

(r30 — 7”31D2)lp* — 10" =0,

(132 = 133D Ty + (134D% — 135) P + 136G,

+13,q," =0,
(113D? — 1) W* + (138 — 130D%) @, = 0,
Ty + (b2 - Dz)q)* + (r41D2 —T32)q1"

+(r6D? —143)q," = 0,

(52)

(33)

(54)

(35)
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15Ty " + (Tag — 120D*) D" + (121D% — 135)q,"

+(T46D2 —747)q2" =0,
Opy’ = 5,6~ @2 4 (D2 — 4 h2)p*
15Ty + 160, + 1707,

azz* — Soe—(wt+ibz) + (TODZ _ bZ)(D*

+ib(1 —1)DY* — 1Ty + 16" + 19957,

Ox," = ib(ny + n,)D®* + (n,D? + ny b2)¥*

—192",

oy =n3zDg," +nyDqy”,
0," = ibnyq,* + ibn,q,”,
¢ =naDqy" + 15Dy,
¢;" = ibnyq." + ibnsq,”,
Pzy" = ibngp,”,

Ly =neDgy".

where
p? =%

=6 =" +r3, 1, =1+ 13,

Tyg = 0)2 - Qz‘l'TZGbZ + aobzszNz,
— 2 2
T =T + aew”Ly”,

T390 = wz - QZ+T27b2 + aobzszNz,

3 + a,w?Ly?,

131

135 = wb?+15b% + (1 + a,eD,) w?,
— — 2 — 2 2
T33 = W +1g, 134 = WTy, T35 = W Tyb?,
— 2 — )2
T36 = W 10, 137 = W'T3,
T3 = (A)Z_rlzbz + aobzszNz + T4,

_ 27 2 _ 2
T30 = QoW°Ly" + T3, 149 = 113b%,

_ 27 2
T4 = AQow“Ly” + 145,
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(56)

(57)

(58)

(59)

(60)
(1)
(62)
(63)
(64)

(65)

_ 2 _ 2
Ty3 = T16b” + Tig, Tyy = Tpob",

_ 2 _ 27 2
Tys = 1% + 1y3, g = Qo Ly~ + 1y,
7'47 = (U2+r22b2 + aobzszNz + T'24.

Eliminating ®*(x), T;"(x), q;"(x), and ¢,*(x) from
equations (51), (53), (55), and (56) yields the following
eighth order.

[D® + A1, D% + Ay, D* + A33D? + Ay
(66)
x {®*(x),T,"(x), q."(x),q," (x)} = 0.

The characteristic equation corresponding to equation
(66) is:

/18 + A11/16 + A221‘4 + A33AZ + A4_4_ =0. (67)
Eliminating W*(x), and ¢, " (x) from equations (52), and
(54) yields the following fourth order.

[D* + B1;D? + B, ]{¥" ()., " (x)} = 0. (68)
The characteristic equation corresponding to equation
(68) is:

/14 + 311/12 + BZZ =0. (69)
The definitions for the coefficients A1, A5, A3z, Ass,
B;, and B,, involved are detailed in Appendix A.

The general solutions to equations (51)— (65), subject to
the condition as x—o0, are expressed as follows:

T,"(x) = Ti, Hie ™, (70)
®*(x) = ¥t Gy Hie ™, (71)
41" (%) = Xi, Gy Hie ™, (72)
4;"(x) = ¥, Gy Hie ™, (73)
W (x) = X2 Hyje %, (74)
@y (x) = X2y Gy jHy je %, (75)

The displacement components can be calculated as
follows using equations (34), (71) and (74):

u*(x) = Z?:l —liGliHie_’lix
(76)
+X5 /11],1.[1],3—/111'96,

w*(x) = X1, ibGy Hie ™M~
(77)
- Y7 /11jH1j€_A”'x,
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where A ;;-1.4 and A 4;, j = 1: 2 are the all roots for the
equation (67) and (69).

By using equations (57-65), and (34), the stress
components can be determined as follows:

* —(wt+ibz 4 —-Aix
Oxx = So€ ( ) — izlGSiHie ¢
(78)
2 —AqiX
_ijl G6]H1}€ 1 )
* —(wt+ibz 2 —-A1ix
O0zz = So€ ¢ ) — Zj:l G6jH1je Y
(79)

+ X1, GyHie™ M,

Oz = Xioq GgiHie ™% + Z§=1 G9J'H11'e_11jx’ (30)

0y = Yiog Gy Hie ™, (81)

0, = i1 GyyHie ™, (82)

S = Z?:l G12iHie_Aixa (83)

¢, = Z?:l G13iHie_Aix: (84)

Hzy" = D=1 ibngGy;Hyje™ 7%, (85)

Hay' = Nio1 —Nehy Gy Hyje "%, (86)
where,

51 = T5T37 + TyT33, Sy = 17133, S3 = Togl3y — 4135,
Sy = Ta9l37 — 177134, S5 = Tel37 — 177365 S6 = 157165
So = TyTyq — Telya, Sg = 19D — TIyaT,

7 = TyT1g — 15143, Sg = Ty 287435
Sg = T16T2g T T29T43 — 17, S10 = —T16729,
S11 = Vg3 — 17142, S12 = 17741 — TeT16,

513 = 51511 T S557, S14 = 51512 — $2511 + S5S6,
S15 = 52512, S16 = S3S11 T S5Sg,

S17 = S3512 — S4511 + S5S9, S1g = S5510 — SaS125

4 2
_ S1sdi — S14i” — S13

Gq:
1i 4 2 )
S1gdi” + S174;" + S16
2 2 4
G = —SeAi"—S7—(sg+s9A;"+5104i )G1i
2t s11+s1244° ’
2
_ 75+(r28=1204;%)G1i—T6Gai
G3i - ’

7
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2
r30—T3144;
Gy = ——
j e

Gsi =15 — (A" — 1,b%)Gy; — 166G — 1,6y,
lb/11] (To - 1)7

>

D
2
I

G.” = (ro/‘liz — bz)Gli — T3 + r6GZi + r7G3ia
Goi = —ibAy(ny + n)Gyy,

Gyoi = —NM3AiGy — Nydi Gy,

Gq1; = ibnyGy; + ibn, Gy,

Giai = —NyAiGy — nsAiGsy,

Gi3; = —ibnyA;Gy; — ibngA; Gy, i=1,2,3,4,j=1,2.

4. Boundary conditions

The unknown parameters H; and Hj; are evaluated by
imposing specific assumptions on the boundary
conditions at the free surface located at x = 0. These
assumptions are chosen to reflect the physical nature of
the problem, ensuring that the stress components vanish
or satisfy appropriate continuity requirements at the
boundary, which is characteristic of a traction-free
surface in elastic media.
%+ The thermal boundary condition is described as
follows

0 (0,z,1) = Ly, Ly =Lye@+?), (87)

where Ly represents the magnitude of thermal load.

¢ The boundary condition for normal stress is
given by:

O-xx(oa 2, t) == ;\/I’ L;\/I:LMe(wt-'—in)’ (88)

where L, represents the magnitude of normal
mechanical load.
7

¢ The boundary condition for tangential stress is
defined as follows:

0,,(0,2,£) = 0. (89)

RY

% The boundary condition for couple stress is
defined as follows:

1y (0,2, 1) = 0. (90)

KD

« The boundary conditions for equilibrated stresses
are defined as follows:

Gx(oaza t)= 0, gx(()azﬂ t)= 0 (91)

By combining equations (87-91), a system of six
equations is obtained for the constants H,, H,, H3, H,,
Hy; and Hy,.
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1 1 1 1 0 0
Gs1 Gsp Gs3 Gsa  Ggy Ge
Gg1 Ggy Ggz Gga  Goy Goy

G101 Gioz Gioz Gioa 0 0
0 0 0 0 A11Gu 112642/
G121 Gizz2 Gi2z Giga 0 0
92)
H, R,
H, Ry
Hs 0
X H4_ = 0
\Hn/ \ 0 /
Hy, 0
where,

—1+/1+2k1 Ty (x,2,0) (kqL7+1)%-1
Q(X,Z,t) = & >RT =
1

2kq >

Ry = Soe—(wt+ibz) + L.

To determine the constants H;, H,, H;, H,, H;; and H,,
Cramer's method is applied to Egs.,

_ A4AHy _ AHp _ A4H3 _ AH4
Hl_AaHZ_AaHS_AaHAI_Aa
93)
AHqq AHq,
H, =—— H;, = .
11 A0 12 A

The dimensionless expressions for the physical
quantities (Tla q1- 92, CI)’ l'pa P2, U, W, 0ij, Oj, Sis ”l]) can
be obtained from equations (50) through (70-86).

Ty(x,2,t) = (N Hie ¥ Je(@t+ibn), (94)
D(x,z,t) = {Xi, Gy Hie hi* e (@+ibo), 95)
W(x,z,t) = (N7, Hyje i e@t+ibs), (96)
92(x,2,t) = {35, G4 Hyje " 1* e @0 (97)
41(x,2,t) = {1, GyiHe Hi¥Ye(@ttibn), (98)
42(x,2,t) = {T1 Gy Hie Hixje(@t+ibn), (99)

u(x,z,t) = Z?:l _AiGuHie_Aix
(100)
+Z?=1 Alelje—lUX}e(thbz)’

w(x,z,t) = Ni, ibGyHie ™
(101)
— Z]Z'=1 /Ilj]-[lje—/th}e(thbz),

Oux (%, 2, 1) = {5,e7(©H+P7) — Y GsiHie ™

(102)
_ Z?=1 GﬁjHlje—ﬂ1jx}e(wt+ibz)’
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0.2(X,2,1) = {soe_(thbZ) - Z?=1 G6jH1}'e_/11jx
(103)
+ Z?=1 G7iHie_Aix}e(wt+in)’

0z (%, 2,t) ={¥ 1, GgiHie ™% + 35_, G9jH1je_/11jx}

(104)
X e(wt+ibz)’
ox(x,2,t) = {Z?=1 GloiHie_lix} e(@t+ibz), (105)
0,(6,2,) = (T, Gy Hie #¥)e @D (106)
Sx(x,2,t) = {Z?=1 G12iHie_Aix}e(wt+in)s (107)
6,(x,2,t) = {Xi; Gz Hie~Hi¥}e (D), (108)
Hzy(%,2,t) = {31 ibngGy Hyje "%}
(109)
X e(wt+ibz)
ny(xx z,t) = {Z?=1 _n611jG4jH1j€_Aljx}
(110)

X e((ut+ibz)

5. Numerical Results and Discussion

This section presents numerical simulations of wave
propagation in a thermoelastic medium, focusing on
temperature, displacement, thermal stress, and
equilibrated stresses. The effects of time, rotation, initial
stress, and nonlocal parameters are examined.
Simulations were carried out using a Mathematica
program, enabling accurate computations and high-
quality graphical visualization of spatial and temporal
distributions. Magnesium crystal material properties
were adopted from Gupta et al. [13] for numerical
evaluation.

Figure 2 shows the wvariation of temperature 6,
displacement u, normal stress oy, shear stress
Oxz-equilibrated stress oy, ¢y, [y, and microrotation
vector @, along the x —axis for different times (t=0.1,
0.3, 0.5 and 0.7). All physical quantities increase with
time, reflecting the progressive accumulation and
diffusion of thermal energy in the medium. The
temperature peaks at a specific location before decaying
toward zero, demonstrating the interplay of thermal
conduction and diffusion. Displacement grows over time
due to thermal expansion driven by these gradients.
Oscillatory stress patterns reveal the dynamic coupling
of thermal and mechanical fields, while equilibrated
stresses capture micropolar and nonlocal effects,
including rotational microstructural contributions. These
results highlight the time-dependent evolution of
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thermoelastic responses, emphasizing the need to
consider transient thermal-mechanical interactions for
accurate prediction of material behavior, structural
stability, and thermal reliability. Overall, the 6, u, o,
Oxz> Ox» Sx» Hxy and @, increase with time 7, indicating
and it converges to zero with axial x increases . The
values of ¢ primarily influence the 0, u, 0.y, Oy, Oy,
Cx> My and ¢,magnitude, with higher values of either
parameter leading to a 0, U, Oy, Oxz, Oy, Gx, Hyy and @,
followed by decay as distance increases. This result is in
a good agreement with the results obtained by
Abouelregal et al. [22].

Figure 3 reveals the variation of temperature 6,
displacement u, normal stress gy, shear stress o,,,
equilibrated stress oy, ¢y, Uy, and microrotation vector
@, with respect to x —axis for different values of
rotation (2 namely (0, 0.3, 0.6 and 0.9) with thermal
load. It is noticed that the magnitude of 0, u, 0., 0y,
and ¢, is increasing with increasing {2 in the interval 0 <
x < 10. In contrast, the equilibrated stresses (0, Uyy,
and @,) exhibit a decreasing trend as Q increases within
the same spatial domain. Across all rotation values, the
temperature profile rises to a peak and then gradually
declines, ultimately approaching zero as the distance
increases. This convergence of temperature trends at
larger x-values indicates diminishing thermal effects
with distance from the heat source. The results provide
deeper insight into the coupled thermo-mechanical
behavior of the material system, highlighting how
rotation significantly influences stress redistribution,
and deformation patterns. In particular, rotation
intensifies conventional stress and displacement
responses while attenuating the equilibrated stress
components. This interplay suggests that rotational
effects play a dual role: enhancing mechanical responses
while modulating nonlocal stress behaviors. Physically,
the enhancement of displacement and stress arises from

Coriolis and centrifugal forces, which amplify
deformation and redistribute stresses. The reduction in
equilibrated stresses reflects the modulation of
microstructural stress contributions due to rotation,
consistent with micropolar and nonlocal effects. These
results demonstrate the dual role of rotation: intensifying
classical thermoelastic responses while moderating
microstructural stresses. This highlights the importance
of accounting for rotational effects in predicting wave
propagation, stress distribution, and deformation in
rotating thermoelastic media. The 8, u, 0y, Oy, Oy, Gy,
Uyy and @, exhibit a characteristic rise and it converges
to zero with axial x increases. This result is in a good
agreement with the results obtained by Kumar and
Vohra [18].

Figure 4 shows the wvariation of temperature 6,
displacement u, normal stress o,,, shear stress oy,
equilibrated stress gy, ¢, iy, and microrotation vector
¢, along the x —axis for different values of the initial
stress p (p =0, 5x 101°,7 x 10%°, and 9 x 101°) under
thermal loading. Within the region 0 < x < 10, the
magnitudes of 8, u, and ¢, increase with increasing
initial stress, indicating that pre-stress enhances the
thermoelastic coupling and intensifies the thermal and
mechanical responses of the medium.

Physically, the presence of initial stress alters the
effective stiffness of the material and modifies the
stress—strain  relationship, leading to amplified
deformation and higher stress levels when the medium
is subjected to thermal excitation. The temperature
profiles exhibit a rise to a peak followed by a gradual
decay toward zero as the distance increases, reflecting
the finite-speed heat propagation and the attenuation of
thermal waves predicted by the
Thompson theory. In contrast, the quantities 0, Oy,

Moore-Gibson—

Oy, Hxy and @, decrease with increasing initial stress.

Tablel. Numerical values of the material constants

Unit Symbol Value Unit Symbol Value

N.m~2 p) 9.4 x 100 wom Lk k, 3860

N.m™2 U 4 x 10° J.m™2 p 101°

kg.m™3 p 1740 N n 0.779 x 107°
K 0, 293 N.m™2.s? I, 0.1456 x 10712
Sec(s) € 0.02 N.m2.s2 I, 0.1546 x 10712
N.m~2 K 1010 N 9, 1.3 x 1075
N.m™2 h 0.9 x 1010 N 9, 0.12 x 105
N.m-2 s 0.1 x 1010 N 95 1.1x 1075
N.m"2 o) 1.2 X 106 K a, 1.78 X 107
N.m2 &, 1.23 x 106 m?2 @ 0.2 x 1071
N.m™? &y 2.21 x 10 Sec(s) t 0.5

Nm2k1 v 0.16 X 10° m Ly 7% 1076
Nm 2kl v, 0.219 x 10° J.Kg"LK™' ¢, 383.1

d-} 10.57647/mathsci.2026.97471
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This behavior can be attributed to the redistribution of
internal forces caused by pre-stress, which suppresses
shear deformation and weakens the contribution of
nonlocal and microstructural stress interactions.
Moreover, the microrotation field ¢, is noticeably
affected by the initial stress, confirming the sensitivity
of micropolar effects to the pre-existing mechanical state
of the medium. Overall, the results demonstrate that
initial stress plays a dual role in the system response: it
amplifies the classical thermoelastic fields such as
temperature, displacement, and normal stress, while
simultaneously attenuating certain equilibrated and
microstructural stress components. This highlights the
complex interaction between initial stress, thermal
loading, rotation, and nonlocal micropolar effects in
governing wave propagation and stress redistribution in
normal stress, equilibrated stress components, and
microrotation decrease as the nonlocal effect becomes
stronger over the same spatial interval. This contrasting
behavior highlights the influence of nonlocal
interactions in enhancing global thermal and
deformation responses while simultaneously reducing
localized stress and microstructural effects. This
behavior reflects the stress-smoothing effect of nonlocal
elasticity, which reduces localized stress concentrations
and weakens microstructural and micro rotational
responses. Overall, the results demonstrate that
nonlocality amplifies global thermal and displacement
fields while attenuating localized stress and
microrotation effects in the thermoelastic medium. This
result is in a good agreement with the results obtained by
Gupta et al. [13].

6. Conclusion and Limitations

This study presented a comprehensive analytical model
for a two-dimensional rotating, nonlocal micropolar
double-porous thermoelastic medium under Moore—
Gibson—-Thompson (MGT) theory. Using normal mode
analysis, exact solutions were derived for displacement,
microrotation, temperature, and stress fields. Numerical
illustrations were performed to assess the effects of time,
rotation, initial stress, and nonlocal parameters. The key
findings are summarized as follows:

e All physical variables temperature, displacement,
and stresses grow over time, indicating
progressive thermal and mechanical responses
under applied loads.

e Rotation and initial stress significantly amplify the
magnitude of thermal and mechanical responses,
altering wave amplitudes and arrival times.

e Incorporating the nonlocal parameter enhances
size-dependent behavior, affecting stress and

d-} 10.57647/mathsci.2026.97471

double-porous thermoelastic media. The 8, u, 0y, Oy,
Oy Sx» Hxy and @, reveals how uncertainties in thermal
and mechanical excitation influence wave propagation,
which is particularly important in high-precision
applications. This result is in a good agreement with the
results obtained by Gupta et al. [15].

Figure 5 illustrates how temperature 6, displacement u,
normal stress o, shear stress g,,, equilibrated stress o,
Sx» Uxy and microrotation vector ¢, vary along the x-
direction for several values of the nonlocal parameter
(L, =0, 1x 107>, 1.3 x 107>, and 1.6 X 107°) under
thermal loading. Within the range0 < x <10, an
increase in L, leads to higher values of temperature,
displacement, shear stress, and ¢,.. On the other hand, the

displacement distributions, particularly near the
surface.

e Temperature exhibits combined wave-like and
diffusive behavior, while displacement fields
show elastic wave fronts modulated by thermal
effects.

e The distribution and magnitude of stresses and
displacements are strongly influenced by
boundary constraints and loading conditions,
confirming the model’s consistency.

e The presence of macro- and micro-pores affects
the amplitude and phase of thermal and elastic
waves, highlighting the role of microstructure.

e Results provide insights for applications in
geophysics, seismology, earthquake engineering,
and material design, particularly in systems
involving rotation, double porosity, and nonlocal
interactions.

o The results are directly applicable to rotating
porous microstructured materials in geothermal,
laser-heating, and microscale engineering
applications, where nonlocal and memory-
dependent thermoelastic effects cannot be
neglected.

The study demonstrates the importance of accounting for
rotation, initial stress, nonlocal effects, and double
porosity in predicting realistic thermoelastic responses,
providing a solid framework for future theoretical and
applied investigations.

The present analysis is developed within the framework
of linear generalized thermoelasticity, assuming
isotropic material behavior and small deformations.
These assumptions ensure mathematical tractability and
are appropriate for moderate thermal loads and elastic
responses; however, they may limit applicability under
large strains or strong nonlinear effects. The solution is
obtained using normal mode analysis, which is well
suited for studying wave propagation in semi-infinite
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media but restricts the investigation to harmonic
disturbances and idealized boundary conditions.
Consequently, complex transient or localized loading
scenarios are not fully captured. Furthermore, the model
is formulated in a one-dimensional setting. Extending
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the  present approach to  three-dimensional
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significant mathematical and computational challenges
and is left for future investigations.
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Figure 2. The influence of time on all physical quantities with distance x
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