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Abstract:
This study investigates the impact of rotation on wave propagation within a micro-elongated thermo-elastic
medium, employing the fractional conformable derivative under Lord-Shulman (L-S) theory, the Dual-Phase-
Lag (DPL) model, and the Refined Dual-Phase-Lag (RDPL) model. The governing equations for heat con-
duction, mechanical motion, and micro-elongation are formulated to account for finite thermal wave speeds
and microstructural effects.
By applying non-dimensionalization and normal mode analysis, the coupled system is transformed into ana-
lytically solvable form. Explicit solutions for displacement, temperature, stress, and micro-elongation fields
are obtained. Numerical results compare L-S, DPL, and RDPL models with and without rotation, and assess
the effect of fractional order.
The results show that rotation significantly influences wave propagation characteristics such as amplitude,
speed, and attenuation.
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List of Nomenclature
Quantity Definition
u Displacement vector,
𝛼𝑡1 , 𝛼𝑡2 Coefficient of linear thermal expansion,

where 𝛾0 = (3𝜆 + 3𝜇) 𝛼𝑡1 ,
𝛾1 = (3𝜆 + 3𝜇) 𝛼𝑡2 ,

Quantity Definition
𝜆 and 𝜇 Constants of Lame,
𝑗∗ Microinertia,
𝑇0 Reference temperature,
Ω Initial stress,
𝜆0, 𝜆1, 𝑎0 Constants of micro-elongational,
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Quantity Definition
𝜓 Micro-elongational scalar,
Θ Temperature,
𝑐𝑒 Specific heat,
𝜌 Density,
𝑡 Time,
𝑘 Thermal conductivity,
𝜏𝜃 Phase-lag of the temperature gradient,
𝜎𝑖 𝑗 Component of stress tensor,
𝜏𝑞 Phase-lag of the heat flux.

1. Introduction
Micro-elongated thermo-elastic materials are part of a
wider category of generalized continua that extend be-
yond the conventional deformation behavior of solids by
incorporating additional micro-elongation affects. Un-
like classical thermo-elastic theories, which describe
mechanical behavior solely through displacement fields
and thermal behavior via temperature variations, micro-
elongated theories introduce an extra kinematic vari-
able representing internal micro-level stretching. This
internal elongation can correspond to phenomena such
as fiber extension, molecular chain deformation, pore-
structure distortion, or reorientation of microstructural
elements within the material. By including this micro-
elongation field, the thermo-mechanical response of
complex materials such as composite media, biological
tissues, polymeric substances, porous solids, and engi-
neered microstructured materials can be described more
comprehensively, as internal components are allowed to
deform independently of the overall bulk motion. When
coupled with thermal affects, micro-elongation interacts
with the temperature field, generating additional stress
contributions and heat transfer mechanisms that are ab-
sent in classical thermo-elastic models. Consequently,
wave propagation, stress development, and temperature
evolution in micro-elongated media exhibit distinctive
features including attenuation, dispersion, and relax-
ation affects governed by the underlying microstructure
(see [1, 2, 3, 4, 5, 6, 7, 8]). This theoretical approach is
particularly valuable for analyzing dynamic phenomena,
thermo-elastic interactions, and materials subjected to
thermal loading, where delayed and spatially varying in-
ternal responses cannot be accurately captured by tradi-
tional thermo-elastic frameworks.

Fractional thermo-elasticity is an advanced general-
ization of classical thermo-elastic theories, incorporat-
ing fractional-order derivatives into the equation of en-
ergy. Within this framework, heat conduction is ex-
tended using fractional derivatives, allowing the model
to capture non-Fourier heat transfer phenomena, such as
finite-speed thermal wave propagation and dispersive af-
fects. The inclusion of fractional parameters enhances
the model’s flexibility, improving the description of
thermal lag, damping, wave attenuation, and dynamic
stability in complex materials. As a result, fractional
thermo-elasticity provides a more accurate and adapt-
able approach for analyzing modern engineering sys-
tems and advanced material structures, effectively rep-

resenting behaviors that classical theories cannot fully
capture. For further foundational studies on this subject,
readers are referred to [9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20].

The RDPL model introduces a sophisticated exten-
sion of heat conduction theories and serves as an im-
proved version of the original DPL model. While
the DPL model accounts for two distinct phase lags
one associated with the temperature gradient and the
other with the heat flux, it often falls short in cap-
turing the complex thermal delay mechanisms that oc-
cur in real materials, particularly when they are sub-
jected to rapid or high-intensity thermal excitations.
These shortcomings become especially pronounced in
scenarios involving ultrafast thermal processes, such as
laser-induced heating, advanced micro-electronic cool-
ing technologies, and the propagation of thermo-elastic
waves, where heat transfer deviates significantly from
the classical diffusive behavior. To overcome these lim-
itations, the RDPL model represents more advanced
features, including higher-order terms and carefully ad-
justed phase-lag parameters, which together provide a
more refined representation of the thermal response.
This enhanced structure allows the model to more ac-
curately reflect the finite speed at which thermal dis-
turbances propagate and to better represent the intrin-
sic properties of materials. Consequently, the RDPL
model effectively describes thermal transport in regimes
where heat does not spread instantaneously, but travels
with a measurable delay, exhibiting characteristics simi-
lar to those of thermal waves. In addition to its improved
physical accuracy, Comprehensive explanations, deriva-
tions, and theoretical insights into the RDPL model are
available in references [21, 22, 23, 24, 25, 26, 27, 28,
29]. Because of its increased precision and stability, the
RDPL model has become an important tool for analyz-
ing thermo-elastic behavior in applications.

The influence of rotation on thermo-elasticity plays
a crucial role in accurately describing the mechanical
and thermal responses of solids subjected to high-speed
or angular motion. When a thermo-elastic medium un-
dergoes rotation, additional inertial forces, namely the
Coriolis force, centrifugal force, and Euler accelera-
tion become significant and modify the governing field
equations. These rotational affects introduce coupling
among the elastic and thermal fields and lead to substan-
tial changes in wave propagation characteristics, stress
and temperature. In rotating systems, the centrifugal
force tends to stretch or compress the material depend-
ing on the angular velocity and radial position, resulting
in modified equilibrium states and altered deformation
patterns. Meanwhile, the Coriolis force influences the
propagation of thermo-elastic waves, producing direc-
tional asymmetry and frequency shifts that are absent
in non-rotating media. Furthermore, rotation can en-
hance or suppress thermal diffusion depending on the
material constants and rotational speed, leading to non-
uniform temperature fields and dynamic instabilities un-
der certain conditions for more details, see [30, 31, 32,
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33, 34, 35, 36, 37, 38]. Such affects become especially
important in advanced engineering applications, includ-
ing rotating machinery, spacecraft structures, turbine
blades, micro-electromechanical devices, and geophysi-
cal models of the Earth’s interior, where both rapid rota-
tion and thermal loading coexist. Incorporating rotation
into thermo-elastic theories allows for more realistic pre-
dictions of thermal stresses, wave speeds, damping be-
havior, and energy transport, ensuring the reliability and
safety of structures operating in rotating environments.

Although thermo-elasticity has been widely studied
using phase-lag models and fractional derivatives, and
the mechanical behavior of micro-elongated materials
has been investigated separately, a significant gap re-
mains in the literature regarding their combined inter-
action within the fractional-order RDPL model. Most
existing studies treat these affects independently, focus-
ing either on fractional-order deformation or on non-
Fourier heat conduction, while neglecting the simulta-
neous influence of micro-elongation and rotation. To
date, no reported work has unified micro-elongated be-
havior, rotational affects, fractional derivatives, and the
RDPL model within a single thermo-elastic formulation.
Therefore, a primary objective of the present study is to
fill this gap by developing a comprehensive model that
captures the coupled thermo-mechanical and fractional-
order responses of rotating micro-elongated materials
under the RDPL model.

This paper investigates how rotation and fractional
conformable derivatives affect the thermo-elastic behav-
ior of a micro-elongated half-space within L-S theory,
DPL model, and RDPL model. The governing equa-
tions for motion, heat conduction, and micro-elongation
are first established and then rewritten in dimensionless
form. Using Normal Mode Analysis, the system of par-
tial differential equations is reduced to ordinary differen-
tial equations, and the boundary conditions at 𝑧 = 0 are
applied to determine the necessary solution constants.
After obtaining the analytical solutions, numerical and
graphical analyses are performed to study the affects
of rotation and fractional parameters on displacement,
stress fields, and micro-elongation. The results clearly
show that both rotation and fractional-order affects sig-
nificantly modify the thermo-micro-elongated response
of the medium under the three considered models.

2. Governing equations

This section presents the principal governing equations
that characterize the 2−dimensional micro-elongated
thermo-elastic response as formulated within the frame-
works of the L-S theory, the DPL model, and the RDPL
model. Particular emphasis is placed on examining
how rotational affects the behavior of the system. For
the sake of mathematical convenience and to enable
more effective analytical treatment, the governing re-
lations are subsequently transformed into a nondimen-
sional form.

The equation of motion can be expressed in the fol-

lowing form [39, 40]

𝜎𝑖 𝑗 , 𝑗 = 𝜌
[
𝑢𝑖,𝑡𝑡 + {𝛀∧ (𝛀 ∧ u)}𝑖 +

(
2𝛀 ∧ u,𝑡

)
𝑖

]
, (1)

where

𝜎𝑖 𝑗 = 2𝜇𝜀𝑖 𝑗 + (𝜆𝑒 − 𝛾0Θ + 𝜆0𝜓) 𝛿𝑖 𝑗 . (2)

The equation of micro-elongation can be displayed in
the following form [41]

𝑎0𝜓,𝑖𝑖 + 𝛾1Θ − 𝜆1𝜓 − 𝜆0𝑢 𝑗 , 𝑗 =
𝜌 𝑗∗𝜓,𝑡𝑡

2
. (3)

The equation of energy can be written in the following
form [23, 42]:

0 = 𝑘

(
1 + Σ𝑁

𝑛=1
𝜏𝑛−1+𝛼
𝜃

Γ (𝑛 + 𝛼)
𝜕𝛼

𝜕𝑡𝛼
𝜕𝑛−1

𝜕𝑡𝑛−1

)
Θ,𝑖𝑖 (4)

−𝛾1𝑇0𝜓,𝑡 −
(
1 + Σ𝑁

𝑛=1
𝜏𝑛−1+𝛼
𝑞

Γ (𝑛 + 𝛼)
𝜕𝛼

𝜕𝑡𝛼
𝜕𝑛−1

𝜕𝑡𝑛−1

)
×

[
𝛾0𝑇0

(
𝑢,𝑥𝑡 + 𝑤,𝑧𝑡

)
+ 𝜌𝑐𝑒Θ,𝑡

]
,

where, 𝜕𝛼

𝜕𝑡𝛼 is the conformable fractional derivative of
order 0 < 𝛼 ≤ 1 [43].

When
1- 𝑁 = 3 and (𝜏𝜃 < 𝜏𝑞 ≠ 0, 𝑘 ≠ 0) is RDPL model,
2- 𝑁 = 1 and (𝜏𝜃 < 𝜏𝑞 ≠ 0, 𝑘 ≠ 0) is DPL model,
3- 𝑁 = 1 and (𝜏𝜃 = 0, 𝜏𝑞 ≠ 0, 𝑘 ≠ 0) is L-S theory.

Definition [44, 45]. Let 𝑓 be a function such that
𝑓 : [𝑎,∞) → R. Then, the conformable derivative of a
function 𝑓 is defined as

𝐷𝛼
𝑡 𝑓 (𝑡) = lim

𝜖→0

𝑓
(
𝑡 + 𝜖𝑡1−𝛼

)
− 𝑓 (𝑡)

𝜖
,

for all 𝑡 ≥ 𝑎, 𝛼 ∈ (0, 1].

In the RDPL model formulation, setting N=3 intro-
duces higher-order phase-lag terms that extend the clas-
sical DPL model and allow a more accurate descrip-
tion of heat conduction in microstructured materials. In
Equation (4), the coupling term (−𝛾1𝑇0𝜓,𝑡 ) represents
the direct interaction between the thermal field and the
micro-elongation variable (𝜓), indicating that the rate of
micro-elongation contributes to the temperature evolu-
tion. The inclusion of higher-order terms enhances the
model’s capability to capture thermo–microstructural
interactions and finite thermal wave propagation.

From Eq. (2) in Eq. (1) with the aid of the displace-
ment vector u (𝑥, 𝑧, 𝑡) = 𝑢 (𝑢, 0, 𝑤) and rotation Ω, we
see

𝜇∇2𝑢 + (𝜆 + 𝜇) 𝑒,𝑥 − 𝛾0Θ,𝑥 + 𝜆0𝜓,𝑥 (5)
= 𝜌

[
𝑢,𝑡𝑡 −Ω2𝑢 + 2Ω𝑤,𝑡

]
,

𝜇∇2𝑤 + (𝜆 + 𝜇) 𝑒,𝑧 − 𝛾0Θ,𝑧 + 𝜆0𝜓,𝑧 (6)
= 𝜌

[
𝑤,𝑡𝑡 −Ω2𝑤 − 2Ω𝑢,𝑡

]
.
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Employing the displacement vector u (𝑥, 𝑧, 𝑡) =
𝑢 (𝑢, 0, 𝑤) in Eq. (3), we infer

𝑎0𝜓,𝑖𝑖 + 𝛾1Θ − 𝜆1𝜓 − 𝜆0
(
𝑢,𝑥 + 𝑤,𝑧

)
=

𝜌 𝑗∗𝜓,𝑡𝑡

2
. (7)

By applying the properties of the conformable deriva-
tive as outlined in [46] to Eq. (4), the equation takes the
following form:

0 = 𝑘

(
1 + Σ𝑁

𝑛=1
𝜏𝑛−1+𝛼
𝜃

Γ (𝑛 + 𝛼)
(
𝑡1−𝛼

) 𝜕𝑛

𝜕𝑡𝑛

)
Θ,𝑖𝑖 (8)

−𝛾1𝑇0𝜓,𝑡 −
(
1 + Σ𝑁

𝑛=1
𝜏𝑛−1+𝛼
𝑞

Γ (𝑛 + 𝛼)
(
𝑡1−𝛼

) 𝜕𝑛

𝜕𝑡𝑛

)
×[𝜌𝑐𝑒Θ,𝑡 + 𝛾0𝑇0 (𝑢,𝑥𝑡 + 𝑤,𝑧𝑡 )] .

In this analysis, we employ the following nondimen-
sional variables to streamline the governing equations

(𝑥, 𝑧) = 𝑐1

𝜔∗ (𝑥, 𝑧) , (9)

(𝑢, 𝑣) = 𝑇0𝛾0

𝜌𝑐1𝜔∗ (𝑢̄, 𝑣̄) ,(
𝑡, 𝜏𝜃 , 𝜏𝑞

)
=

(
𝑡, 𝜏𝜃 , 𝜏𝑞

)
𝜔∗ ,

Θ = 𝑇0Θ̄, 𝜎𝑖 𝑗 = 𝛾1𝑇0𝜎̄𝑖 𝑗 ,

𝜓 =
𝛾0𝑇0

𝜆0
𝜓̄, Ω = 𝜔∗Ω̄,

𝑘𝜔∗ = 𝜌𝑐2
1𝑐𝑒, 𝜌𝑐2

1 = 𝜆 + 𝜇.

Utilizing Eq. (9) in Eqs. (5), (6), (7), and (8), one
uncovers(
𝑎1∇2 − 𝜕2

𝜕𝑡2
+ 𝑎2

𝜕2

𝜕𝑥2 +Ω2
)
𝑢 +

(
𝑎2

𝜕2

𝜕𝑥𝜕𝑧
− 2Ω

𝜕

𝜕𝑡

)
𝑤

−𝜕Θ
𝜕𝑥

+ 𝜕𝜓

𝜕𝑥
= 0, (10)

(
𝑎2

𝜕2

𝜕𝑥𝜕𝑧
+ 2Ω

𝜕

𝜕𝑡

)
𝑢 +

(
𝑎1∇2 − 𝜕2

𝜕𝑡2
+ 𝑎2

𝜕2

𝜕𝑧2 +Ω2
)
𝑤

−𝜕Θ
𝜕𝑧

+ 𝜕𝜓

𝜕𝑧
= 0, (11)

𝑎5
𝜕𝑢

𝜕𝑥
+ 𝑎5

𝜕𝑤

𝜕𝑧
− 𝑎3Θ −

(
∇2 − 𝑎4 − 𝑎6

𝜕2

𝜕𝑡2

)
𝜓 = 0, (12)

𝑎8 (1 + 𝜏2)
𝜕2𝑢

𝜕𝑥𝜕𝑡
+ 𝑎8 (1 + 𝜏2)

𝜕2𝑤

𝜕𝑧𝜕𝑡

−
(
∇2 + 𝜏1∇2 − 𝑎7

𝜕

𝜕𝑡
− 𝜏2𝑎7

𝜕

𝜕𝑡

)
Θ+𝑎9

𝜕𝜓

𝜕𝑡
=0, (13)

where, 𝑎1 = 𝜇

𝑐2
1𝜌
, 𝑎2 = 𝜇+𝜆

𝑐2
1𝜌

, 𝑎3 =
𝜆0𝛾1𝑐

2
1

𝛾0𝑎0𝜔∗2 , 𝑎4 =

𝑐2
1𝜆1

𝑎0𝜔∗2 , 𝑎5 =
𝜆2

0
𝑎0𝜌𝜔∗2 , 𝑎6 =

𝜌 𝑗∗𝑐2
1

2𝑎0
, 𝑎7 =

𝜌𝑐𝑒𝑐
2
1

𝑘𝜔∗ , 𝑎8 =
𝛾2

0𝑇0
𝑘𝜔∗𝜌 , 𝑎9 =

𝛾0𝛾1𝑇0𝑐
2
1

𝑘𝜔∗𝜆0
, 𝜏1 = Σ𝑁

𝑛=1
𝑖𝜔𝜏𝑛−1+𝛼

𝜃

Γ (𝑛+𝛼)
(
𝑡1−𝛼

)
𝜕𝑛

𝜕𝑡𝑛 ,

and 𝜏2 =
∑𝑁

𝑛=1
𝑖𝜔𝜏𝑛−1+𝛼

𝑞

Γ (𝑛+𝛼)
(
𝑡1−𝛼

)
𝜕𝑛

𝜕𝑡𝑛 .

Employing Eq. (9) in Eq. (2), we obtain

𝜎𝑥𝑥 =
𝜕𝑢

𝜕𝑥
+ 𝑎10

𝜕𝑤

𝜕𝑧
− Θ + 𝜓, (14)

𝜎𝑧𝑧 = 𝑎10
𝜕𝑢

𝜕𝑥
+ 𝜕𝑤

𝜕𝑧
− Θ + 𝜓, (15)

𝜎𝑧𝑥 = 𝜎𝑥𝑧 = 𝑎1
𝜕𝑢

𝜕𝑧
+ 𝑎1

𝜕𝑤

𝜕𝑥
. (16)

where, 𝑎10 =
𝜆2

0
𝑎0𝜌𝜔∗2 .

The displacement potentials 𝜂 (𝑥, 𝑧, 𝑡) and 𝜉 (𝑥, 𝑧, 𝑡)
which relate to displacement components have been in-
troduced,we realize

𝑢 = 𝜂,𝑥 + 𝜉,𝑧 , 𝑤 = 𝜂,𝑧 − 𝜉,𝑥 . (17)

Using Eq. (17) in Eqs. (10), (11), (12), and (13), one
obtains[

(𝑎1 + 𝑎2) ∇2 +Ω2 − 𝜕2

𝜕𝑡2

]
𝜂+2Ω𝜉,𝑡−Θ+𝜓 = 0, (18)

2Ω𝜂,𝑡 −
[
𝑎1∇2 +Ω2 − 𝜕2

𝜕𝑡2

]
𝜉 = 0, (19)

𝑎5∇2𝜂 − 𝑎3Θ −
(
∇2 − 𝑎4 − 𝑎6

𝜕2

𝜕𝑡2

)
𝜓 = 0, (20)

𝑎8 (1 + 𝜏2) ∇2
(
𝜕𝜂

𝜕𝑡

)
(21)

−
(
∇2 + 𝜏1∇2 − 𝑎7

𝜕

𝜕𝑡
− 𝜏2𝑎7

𝜕

𝜕𝑡

)
Θ + 𝑎9

𝜕𝜓

𝜕𝑡
= 0.

3. Solution
The solution of the physical field variables can be rep-
resented and examined using normal mode analysis as
follows: [

𝑢, 𝑤,Θ, 𝜓, 𝜂, 𝜉, 𝜎𝑖 𝑗

]
(𝑥, 𝑧, 𝑡) (22)

=
[
𝑢̃, 𝑤̃, Θ̃, 𝜓̃, 𝜂, 𝜉, 𝜎̃𝑖 𝑗

]
(𝑧) 𝑒𝑖

(
−𝑏𝑥+ 𝜔𝑡𝛼

𝛼

)
.

where, 𝜔 is the wave number and 𝑏 is the frequency
Inserting Eq. (22) into Eqs. (10), (11), (12), and (13),

we realize (
𝜍1𝐷

2 + 𝜍2

)
𝜂 + 𝜍3𝜉 − Θ̃ + 𝜓̃ = 0, (23)

𝜍3𝜂 −
[
𝑎1𝐷

2 + 𝜍4
]
𝜉 = 0, (24)[

𝑎5𝐷
2 − 𝜍5

]
𝜂 − 𝑎3Θ̃ −

(
𝐷2 + 𝜍6

)
𝜓̃ = 0, (25)[

𝜍7𝐷
2 − 𝜍8

]
𝜂 −

(
𝜍9𝐷

2 − 𝜍10

)
Θ̃ + 𝜍11𝜓̃ = 0, (26)

where, 𝜍1 = 𝑎1 + 𝑎2, 𝜍2 = 𝜔2𝑡2𝛼−2 − 𝑖 (𝛼 − 1) 𝜔𝑡𝛼−2 +
Ω2 − 𝑏2𝜍1, 𝜍3 = 2𝑖Ω𝜔𝑡𝛼−1, 𝜍4 = 𝜔2𝑡2𝛼−2 −
𝑖 (𝛼 − 1) 𝜔𝑡𝛼−2 + Ω2 − 𝑎1𝑏

2, 𝜍5 = 𝑏2𝑎5, 𝜍6 =
𝑎6

[
𝜔2𝑡2𝛼−2 − 𝑖 (𝛼 − 1) 𝜔𝑡𝛼−2] − 𝑎4 − 𝑏2, 𝜍7 =

𝑖𝑎8 (1 + 𝜏2) 𝜔𝑡𝛼−1, 𝜍8 = 𝜍7𝑏
2, 𝜍9 = (1 + 𝜏1), 𝜍10 =

𝜍9𝑏
2 + 𝑖 (1 + 𝜏2) 𝑎7𝜔𝑡

𝛼−1, 𝜍11 = 𝑖𝑎9𝜔𝑡
𝛼−1.

It is observed that the cases
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1. 𝜏1 =
𝑖𝜔𝜏𝛼

𝜃

Γ (1+𝛼) + 𝜔𝜏1+𝛼
𝜃

Γ (2+𝛼)
[
𝑖𝑡−1 − 𝜔𝑡𝛼−1] +

𝜔𝜏2+𝛼
𝜃

Γ (3+𝛼) [𝑖 (𝛼 − 1) (𝛼 − 2) 𝑡−2 − 3𝜔 (𝛼 − 1) 𝑡𝛼−2

−𝑖𝜔2𝑡2𝛼−2] and

𝜏2 =
𝑖𝜔𝜏𝛼

𝑞

Γ (1+𝛼) + 𝜔𝜏1+𝛼
𝑞

Γ (2+𝛼)
[
𝑖𝑡−1 − 𝜔𝑡𝛼−1] +

𝜔𝜏2+𝛼
𝑞

Γ (3+𝛼) [𝑖 (𝛼 − 1) (𝛼 − 2) 𝑡−2 − 3𝜔 (𝛼 − 1) 𝑡𝛼−2

−𝑖𝜔2𝑡2𝛼−2] correspond to the RDPL model

2. 𝜏1 =
𝑖𝜔𝜏𝛼

𝜃

Γ (𝛼+1) and 𝜏2 =
𝑖𝜔𝜏𝛼

𝑞

Γ (𝛼+1) correspond to the
DPL model

3. 𝜏1 = 0 and 𝜏2 =
𝑖𝜔𝜏𝛼

𝑞

Γ (𝛼+1) correspond to the L-S
theory

Equations (23), (25), and (26) yield a nontrivial solu-
tion when the determinant of the coefficient matrix as-
sociated with the physical quantities equals zero. Using
the MATLAB program, one acquires(

𝐷8 − 𝐴1𝐷
6 + 𝐴2𝐷

4 − 𝐴3𝐷
2 + 𝐴4

)
{𝜂 (𝑧) , 𝜉 (𝑧) ,

Θ̃ (𝑧) , 𝜓̃ (𝑧)} = 0, (27)

where, 𝐴1 = −1
𝜍1 𝜍9𝑎1

{−𝜍7𝑎1 + 𝜍9𝑎1𝑎5 + 𝜍1𝜍4𝜍9 −
𝜍1𝜍10𝑎1 + 𝜍2𝜍9𝑎1 + 𝜍1𝜍6𝜍9𝑎1},

𝐴2 = 1
𝜍1 𝜍9𝑎1

{𝜍4𝜍7 + 𝜍2
3𝜍9 − 𝜍7𝑎1𝑎3 − 𝜍10𝑎1𝑎5 −

𝜍11𝑎1𝑎5 − 𝜍1𝜍4𝜍10 + 𝜍2𝜍4𝜍9 − 𝜍2𝜍10𝑎1 − 𝜍6𝜍7𝑎1
−𝜍5𝜍9𝑎1 + 𝜍4𝜍9𝑎5 + 𝜍1𝜍4𝜍6𝜍9 − 𝜍1𝜍6𝜍10𝑎1 +

𝜍2𝜍6𝜍9𝑎1 + 𝜍1𝜍11𝑎1𝑎3 + 𝜍8𝑎1},
𝐴3 = −1

𝜍1 𝜍9𝑎1
{𝜍4𝜍8 + 𝜍2

3𝜍6𝜍9 − 𝜍2𝜍4𝜍10 − 𝜍4𝜍6𝜍7 −
𝜍4𝜍5𝜍9 − 𝜍4𝜍7𝑎3 + 𝜍6𝜍8𝑎1 + 𝜍5𝜍10𝑎1 + 𝜍5𝜍11𝑎1
−𝜍4𝜍10𝑎5 − 𝜍4𝜍11𝑎5 − 𝜍1𝜍4𝜍6𝜍10 + 𝜍2𝜍4𝜍6𝜍9 +

𝜍1𝜍4𝜍11𝑎3− 𝜍2𝜍6𝜍10𝑎1+ 𝜍2𝜍11𝑎1𝑎3− 𝜍2
3𝜍10+ 𝜍8𝑎1𝑎3},

𝐴4 = 1
𝜍1 𝜍9𝑎1

{𝜍4𝜍6𝜍8 + 𝜍4𝜍5𝜍10 + 𝜍4𝜍5𝜍11 + 𝜍4𝜍8𝑎3 −
𝜍2

3𝜍6𝜍10+𝜍2
3𝜍11𝑎3−𝜍2𝜍4𝜍6𝜍10+𝜍2𝜍4𝜍11𝑎3}. This equa-

tion can be expressed as(
𝐷2 − 𝑟1

) (
𝐷2 − 𝑟2

) (
𝐷2 − 𝑟3

) (
𝐷2 − 𝑟4

)
{𝜂 (𝑧) , 𝜉 (𝑧) , Θ̃ (𝑧) , 𝜓̃ (𝑧)} = 0, (28)

where, 𝑟1, 𝑟2, 𝑟3 and 𝑟4 are roots
The general solution of Eq. (28) bound as 𝑧 → ∞ can

be written as

𝜂 (𝑧) = Σ4
𝑚=1𝐺𝑚𝑒

−𝑟𝑚𝑧 , (29)
𝜉 (𝑧) = Σ4

𝑚=1𝜗1𝑚𝐺𝑚𝑒
−𝑟𝑚𝑧 (30)

Θ̃ (𝑧) = Σ4
𝑚=1𝜗2𝑚𝐺𝑚𝑒

−𝑟𝑚𝑧 , (31)
𝜓̃ (𝑧) = Σ4

𝑚=1𝜗3𝑚𝐺𝑚𝑒
−𝑟𝑚𝑧 . (32)

where, 𝜗1𝑚= 𝜍3
𝑎1𝑟

2
𝑚+𝜍4

, 𝜗2𝑚= 𝜍7𝑟
4
𝑚+(𝜍6 𝜍7−𝜍8 )𝑟2

𝑚−𝜍5 𝜍11−𝜍6 𝜍8
𝜍9𝑟

4
𝑚+(𝜍6 𝜍9−𝜍10 )𝑟2

𝑚−𝜍6 𝜍10−𝑎3 𝜍11
,

and 𝜗3𝑚 = −
(
𝜍1𝑟

2
𝑚 + 𝜍2

)
− 𝜍3 𝜗1𝑚+ 𝜗2𝑚.

Using Eq. (22) in Eq. (17), then employing Eqs. (29)
and (30), one sees

𝑢̃ = −Σ4
𝑚=1 (𝑟𝑚𝜗1𝑚 + 𝑖𝑏)𝐺𝑚𝑒

−𝑟𝑚𝑧 , (33)
𝑤̃ = Σ4

𝑚=1 (𝑖𝑏𝜗1𝑚 − 𝑟𝑚)𝐺𝑚𝑒
−𝑟𝑚𝑧 . (34)

Utilizing Eq. (22) into Eqs. (14), (15), and (14), then
using Eqs. (31), (32), (33) and (34), we infer

𝜎̃𝑥𝑥 = Σ4
𝑚=1𝜗4𝑚𝐺𝑚𝑒

−𝑟𝑚𝑧 , (35)
𝜎̃𝑧𝑧 = Σ4

𝑚=1𝜗5𝑚𝐺𝑚𝑒
−𝑟𝑚𝑧 , (36)

𝜎̃𝑥𝑧 = 𝜎̃𝑧𝑥 = Σ4
𝑚=1𝜗6𝑚𝐺𝑚𝑒

−𝑟𝑚𝑧 , (37)

where, 𝜗4𝑚 = 𝑖𝑏 (1 − 𝑎10) 𝑟𝑚𝜗1𝑚 + 𝑎10𝑟
2
𝑚 − 𝑏2 − 𝜗2𝑚 +

𝜗3𝑚, 𝜗5𝑚 = 𝑖𝑏 (𝑎10 − 1) 𝑟𝑚𝜗1𝑚+𝑟2
𝑚−𝑎10𝑏

2−𝜗2𝑚+𝜗3𝑚,
𝜗6𝑚 = 𝑎1

(
𝑟2
𝑚 + 𝑏2) 𝜗1𝑚 + 2𝑖𝑏𝑎1𝑟𝑚.

4. Boundary condition
To find the constants (𝐺1, 𝐺2, 𝐺3, and 𝐺4), we have
applied the boundary conditions for the problem at 𝑧 = 0
as follows:

𝜎𝑧𝑧 = 𝑓1𝑒
𝑖
(
−𝑏𝑥+ 𝜔𝑡𝛼

𝛼

)
, (38)

𝜎𝑥𝑧 =0, Θ= 𝑓2𝑒
𝑖
(
−𝑏𝑥+ 𝜔𝑡𝛼

𝛼

)
,

𝜕𝜓

𝜕𝑧
= 0,

where 𝑓1 and 𝑓2 are constants.
Mechanical boundary condition: When a mechanical
force acts on the surface of the half-space, the boundary

condition 𝜎𝑧𝑧 = 𝑓1𝑒
𝑖
(
−𝑏𝑥+ 𝜔𝑡𝛼

𝛼

)
is applied. When the

surface of the half-space is free of traction, the bound-

ary condition 𝜎𝑥𝑧 = 0 is used. Θ = 𝑓2𝑒
𝑖
(
−𝑏𝑥+ 𝜔𝑡𝛼

𝛼

)
in-

dicates that The temperature at the boundary is harmon-
ically varying in space and time, with amplitude And
the fourth boundary condition, 𝜕𝜓

𝜕𝑧 = 0, is a constraint
on the rate of change of microelongation normal to the
surface.

Substituting the assumed functional forms of the vari-
ables into the boundary conditions given in (38), yields
a set of relations that the system parameters must satisfy.
This procedure leads to a system of four linear equations.
To evaluate the unknown constants (𝐺1, 𝐺2, 𝐺3, 𝐺4)
the system is solved using the inverse matrix technique
as shown below:

𝐺1
𝐺2
𝐺3
𝐺4

 =


𝜗51 𝜗52 𝜗53 𝜗54
𝜗61 𝜗62 𝜗63 𝜗64
𝜗21 𝜗22 𝜗23 𝜗24

−𝑟1𝜗31 −𝑟2𝜗32 −𝑟3𝜗33 −𝑟4𝜗34


−1

𝑓1
0
𝑓2
0


(39)

5. Numerical discussions and results
This section provides a set of graphical plots that illus-
trate the solutions in two-dimensional form. These vi-
sual results are essential for demonstrating the evolu-
tion of the various field variables, thereby deepening the
understanding of their physical behavior and the quali-
tative trends inherent in the solutions. For numerical
evaluation, aluminum–epoxy is chosen as the thermo-
elastic material due to its well-documented thermal and
mechanical properties, which make it a suitable and
reliable choice for investigating thermo-elastic interac-
tions. The material constants required for the analysis
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are taken from reputable references, and the numerical
values used in the computations are summarized in the
following [47]

𝑗∗ = 0.196 × 10−4 m2, 𝜆 = 7.59 × 1010 N
m2 ,

𝜌 = 2190
kg
m3 , 𝜇 = 1.89 × 1010 N

m2 ,

𝛾0 = 0.50 × 105 N
m2.K

, 𝜆0 = 0.37 × 1010 N
m2 ,

𝛾1 = 0.50 × 105 N
m2.K

, 𝑐𝑒 = 966
J

kg.K
,

𝑘 = 252
J

m.s.K
, 𝑇0 = 293◦ K,

𝜆1 = 0.37 × 1010 N
m2 , 𝑎0 = 0.61 × 10−10 N

m2 ,

𝜏𝜃 = 0.6 s, 𝜏𝑞 = 0.9 s, 𝑓1 = 15, 𝑓2 = 10.

In this paper, the numerical evaluations of all physi-
cal quantities are performed at the nondimensional time
𝑡 = 0.2 across the spatial domain 0 ≤ 𝑧 ≤ 2 and
along the surface 𝑥 = 1.5. The numerical technique
employed in this work is used to examine and describe
the behavior and variations of the physical quantities 𝑢,
𝑤, 𝜓, 𝜎𝑧𝑧 , and 𝜎𝑥𝑧 . The graphical representations il-
lustrate the theoretical predictions based on the L-S the-
ory, DPL model, and RDPL model providing a compar-
ative understanding of their respective behaviors. Fig-
ure 1, Figure 2, Figure 3, Figure 4 and Figure 5 present
a detailed comparative analysis of the L-S theory, DPL
model, and RDPL model, highlighting the effect of rota-
tion for a fractional-order parameter of 𝛼 = 0.5.Figure 1
illustrates the influence of rotation on the horizontal dis-
placement component 𝑢 for the L-S theory, DPL model,
and RDPL model. The results reveal that rotational mo-
tion induces noticeable modifications in the displace-
ment amplitude due to the combined action of centrifu-
gal and Coriolis forces. A reduction in the magnitude
of 𝑢 is observed as rotation increases, with the RDPL
model exhibiting the strongest damping behavior owing
to its enhanced phase-lag structure. Figure 2 presents
the impact of rotation on the vertical displacement com-
ponent 𝑤. The results indicate that rotation alters the
vertical wave profile by introducing additional inertial
coupling. The displacement amplitude decreases with
increasing rotation, highlighting the stabilizing effect of
rotational forces. Among the models, the RDPL model
produces the most attenuated response, whereas the L-
S theory yields a comparatively higher amplitude. Fig-
ure 3 depicts the distribution of the micro-elongation
field 𝜓 under different rotational conditions. The fig-
ure illustrates that rotation significantly microstructural
deformation within the material. The reduction in 𝜓 am-
plitude clarifies that the effect of rotational inertia on
internal micro-elongated phenomena, with the RDPL
model capturing this behavior most effectively. Fig-
ure 4 clarifies the impact of rotation on the normal stress
component 𝜎𝑧𝑧 . It is noted that rotational motion al-
ters the stress distribution significantly, increasing com-
pressive and tensile variations. RDPL model predicts

lower stress amplitudes, showing better damping, while
L-S theory produces the highest wave amplitude due
to weaker relaxation effects. Figure 5 shows the influ-
ence of rotation on tangential stress 𝜎𝑥𝑧 . The tangential
stress becomes more oscillatory and shifts in amplitude
depending on the thermo-elastic model. RDPL model
again displays the strongest attenuation, confirming its
suitability for rotating systems. Figure 1 shows the
variation of the field quantity under consideration with
respect to the spatial coordinate, illustrating the influ-
ence of rotation and the fractional conformable deriva-
tive within the RDPL thermoelastic framework. The re-
sults demonstrate that rotation significantly modifies the
wave amplitude and attenuation, while the fractional pa-
rameter controls the memory-dependent behavior of the
micro-elongated thermoelastic response. The obtained
results are compared with previously published studies.
It is observed that the numerical trends illustrated in Fig-
ure 1, Figure 2, Figure 3, Figure 4, Figure 5 and Figure 6
are in close qualitative agreement with those reported
in [41, 48] when the current model is reduced to their
special cases by neglecting RDPL model and fractional-
order effects. The remaining differences are attributed
to the combined influence of rotation, micro-elongated
behavior, and the fractional conformable RDPL model,
demonstrating the extended capability and novelty of
the present analysis.Figure 7, Figure 8, Figure 9, Fig-
ure 10, Figure 11 and Figure 12 are introduced to clarify
and interpret the variation of the previously discussed
physical quantities considering the effect of rotation
(Ω = 2) within the RDPL model. These graphical re-
sults present an in-depth depiction of how the quanti-
ties respond for three different values of the fractional
order parameter, denoted by 𝛼. Figure 7 shows the ef-
fect of different fractional orders 𝛼 on the horizontal dis-
placement 𝑢. Increasing the fractional order enhances
effects in heat conduction, which slows thermal diffu-
sion and modifies the displacement amplitude. Lower 𝛼
produces higher oscillations, indicating stronger relax-
ation effects. Figure 8 displays the influence of vary-
ing the fractional order 𝛼 on the vertical displacement
𝑤. The results show that lower fractional orders inten-
sify heat conduction, generating sharper gradients and
larger oscillations in the displacement field. Conversely,
higher 𝛼 values lead to a more diffusive thermal re-
sponse and reduced mechanical disturbance. Figure 9
depicts the effect of different fractional orders 𝛼 on the
micro-elongation field 𝜓. A clear increase in micro-
elongation amplitude is observed for smaller 𝛼, indi-
cating that fractional thermal behavior enhances inter-
nal micro-elongation effects. Higher fractional orders
yield smoother and more attenuated, reflecting faster
thermal relaxation. Figure 10 demonstrates the distri-
bution of the normal stress 𝜎𝑧𝑧 for several fractional or-
ders 𝛼. The results show that decreasing 𝛼 produces
stronger stress concentrations and sharper oscillations
due to intensified thermal lag. In contrast, higher frac-
tional orders lead to more uniform stress distributions
with reduced peak values. Figure 11 presents the ef-
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fect of the fractional-order parameter 𝛼 on the tangen-
tial stress 𝜎𝑥𝑧 . Lower values of 𝛼 amplify the tangential
response and increase oscillatory behavior, highlight-
ing the thermal-mechanical coupling. As 𝛼 increases,
the tangential stresses become smoother and exhibit re-
duced amplitude. Figure 12 shows the effect of varying
the fractional order 𝛼 on the temperature Θ. The results
show that lower fractional orders intensify heat conduc-
tion, generating sharper gradients and larger oscillations
in the temperature. Conversely, higher 𝛼 values lead to
a more diffusive thermal response.

Figure 1. Impact of rotation on 𝑢.

Figure 2. Impact of rotation on 𝑤.

Figure 3. Impact of rotation on 𝜓.

Figure 4. Impact of rotation on 𝜎𝑧𝑧 .

Figure 5. Impact of rotation on 𝜎𝑥𝑧 .

Figure 6. Impact of rotation on Θ.

Figure 7. Effect of different fractional order (𝛼) on 𝑢.
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Figure 8. Effect of different fractional order (𝛼) on 𝑤.

Figure 9. Effect of different fractional order (𝛼) on 𝜓.

Figure 10. Effect of different fractional order (𝛼) on 𝜎𝑧𝑧 .

Figure 11. Effect of different fractional order (𝛼) on 𝜎𝑥𝑧 .

Figure 12. Effect of different fractional order (𝛼) on Θ.

6. Conclusion
In this paper, the thermo-elastic response of a rotat-
ing micro-elongated half-space has been thoroughly in-
vestigated within the frameworks of the L-S theory,
the DPL model, and the RDPL model, incorporating
the effect of fractional conformable derivatives. The
governing equations describing displacement, micro-
elongation, and thermal fields were formulated, non-
dimensionalized, and solved analytically using a normal
mode approach. This allowed explicit solutions for all
primary field variables to be obtained, facilitating a com-
prehensive investigation of wave propagation under rota-
tion. The present results provide important insights into
the behavior of rotating microstructured materials sub-
jected to thermal loading. Such materials are commonly
encountered in advanced composite components used
in turbines, rotating machinery, and aerospace struc-
tures, where rotation-induced effects significantly influ-
ence thermo-elastic wave propagation and heat trans-
fer characteristics. Rotation introduces additional iner-
tial effects primarily the Coriolis and centrifugal forces
which alter wave amplitude, propagation speed, and
attenuation characteristics. These effects are particu-
larly evident in the displacement fields, where both hor-
izontal and vertical components experience noticeable
modulation in response to increasing rotational speed.
The micro-elongation field 𝜓 is likewise strongly influ-
enced by rotation, with its amplitude decreasing as ro-
tational effects intensify, reflecting the inhibitory action
of inertial forces on microstructural deformation. The
stress components 𝜎𝑧𝑧 and 𝜎𝑥𝑧 exhibit distinct changes
in magnitude and spatial distribution, illustrating how
rotation enhances tangential stress interaction and al-
ters normal stress oscillations within the medium. A
comparative assessment among L-S theory, DPL model,
and RDPL model reveals that the RDPL model consis-
tently provides a more attenuated and physically real-
istic response due to its refined phase-lag formulation.
This model proves especially effective in capturing the
combined effects of fractional heat conduction, micro-
elongation, and rotation.

The present analysis can be extended in several im-
portant directions. Future studies may consider two- and
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three-dimensional configurations and more realistic ge-
ometries to better represent practical engineering struc-
tures. The influence of variable rotational speed, initial
stress, magnetic fields, or poroplastic effects may also
be incorporated to further enrich the physical model. In
addition, comparing the fractional conformable deriva-
tive with other fractional operators could provide deeper
insight into thermo-elastic behavior.
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