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Abstract:

This study presents a theoretical investigation of generalized thermoelastic wave
propagation in a rotating isotropic half-space subjected to ultra-short laser pulse heating,
considering temperature-dependent material properties. The mathematical model is
formulated within the framework of the Green—Naghdi (GN) theories of Type Il and Type
I11. The governing equations are solved analytically using the normal mode method to
obtain closed-form solutions for the temperature distribution, displacement components,
and stress fields. Numerical simulations are performed, and the resulting thermoelastic
fields are illustrated graphically to evaluate the influences of rotation, temperature-
dependent properties, and laser pulse characteristics. A comparative analysis between the
GN-II and GN-IIl models is carried out to highlight the differences between non-
dissipative thermal wave propagation and thermally dissipative behavior. Furthermore,
the thermoelastic response is examined at two different time instants to demonstrate the
combined effects of laser pulse heating, rotational motion, and variable material
properties on wave propagation and stress distribution. The results provide valuable
insights into the thermoelastic behavior of rotating media exposed to laser irradiation and
contribute to the understanding of heat-induced mechanical responses in advanced
engineering materials.

Keywords: Generalized thermoelasticity, Green-Naghdi theory, Rotation, Laser pulse,
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1. Introduction

The primary objective of this study is to investigate the generalized thermoelastic
response of a rotating homogeneous isotropic half-space subjected to ultra-short pulsed
laser heating while accounting for temperature-dependent material properties. The
analysis is carried out within the framework of the Green—Naghdi Type Il (GN-II) and
Type Il (GN-I11) thermoelastic theories.Othman et al. [1] studied the effect of initial
stress on generalized thermoelastic medium with three-phase-lag model under
temperature-dependent properties.

Ultra-short pulsed lasers, with pulse durations ranging from nanoseconds to femto-

seconds, generate extremely high heating rates and induce rapid transient thermo-elastic
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waves. Under such conditions, the classical coupled thermoelasticity theory becomes
inadequate because it predicts an infinite speed of heat propagation, which is physically
unrealistic. This limitation has motivated the development of generalized thermoelastic
theories incorporating finite thermal wave speeds, as discussed by Hetnarski and Eslami
[2]. The present work employs the Green—Naghdi formulations to provide a more realistic
description of thermoelastic wave propagation in rotating media subjected to laser pulse
heating.Othman and Said [3] investigated the effect of rotation on two-dimensional
problem of a fiber-reinforced thermoelastic with one relaxation time.Othman et al. [4]
applied an eigenvalue-based method to evaluate the combined effects of fiber
reinforcement, viscoelasticity, rotation, and initial stress in magneto-thermoelastic media.
To overcome the shortcomings of the classical thermoelasticity theory, several
generalized thermoelastic models have been developed to account for finite thermal wave
propagation. Among these, the Green—Naghdi (GN) theories have received considerable
attention due to their sound thermodynamic foundation and broad applicability. Green
and Naghdi first introduced the GN formulations in their seminal paper A Re-
Examination of the Basic Postulates of Thermomechanics, in which the Type 11 (GN-I11)
and Type I (GN-I11) theories were established. They subsequently presented the GN-1I
model in thermoelasticity without energy dissipation, which describes thermal wave
propagation in the absence of energy dissipation, whereas the GN-I11 model incorporates
thermal damping effects [5, 6].

Since then, numerous researchers have extended the Green—Naghdi theories to investigate
various thermoelastic problems. Abbas investigated generalized thermo-elastic wave
propagation in an infinite medium using the GN theory. Hobiny and Abbas [7,8] analyzed
the GN-11 and GN-I11 models for porous media subjected to thermal shock loading. Singh
and Kaur [9] examined the influence of rotation on generalized thermoelastic responses,
while Abo-Dahab [10] studied the combined effects of rotation and initial stress within
the Green—Naghdi framework. Lotfy and EI-Bary [11] investigated generalized
thermoelastic media with rotation and temperature-dependent material properties.
Zenkour [12] analyzed thermoelastic interactions in rotating media with temperature-
dependent properties based on the GN theory. Sherief and EI-Sayed [13] developed a two-
temperature Green—Naghdi model for thermoelastic analysis, and Lata and Kaur [14]
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examined the combined effects of magnetic fields and rotation on generalized
thermoelastic solids.

These studies demonstrate the versatility of the Green—Naghdi formulations in modeling
thermoelastic wave propagation under various physical conditions. However, the
combined effects of ultra-short laser pulse heating, rotation, and temperature-dependent
material properties within the GN-11 and GN-I11 frameworks have received comparatively
limited attention, providing the motivation for the present investigation.

Several researchers have also investigated thermoelastic problems involving laser-
induced thermal loading. Youssef and Al-Lehaibi[15] studied the generalized
thermoelastic response of a solid sphere subjected to laser pulse heating. Mondol and
Mukhopadhyay[16] analyzed the thermoelastic behavior of a rotating elastic medium
under laser pulse excitation. Sharma and Grover [17] presented a thermoelastic analysis
of rotating disks exposed to laser heating, while Kumar and Devi [18] examined the
effects of laser pulse loading on generalized thermoelastic media within the framework
of the Green—Naghdi Type 111 theory. Othman and Kumar [19] investigated the response
of thermoelastic solids subjected to laser-induced thermal loading using the GN-III
model. In a related study, Ezzat[20] analyzed magneto-thermoelastic problems involving
thermoelectric effects and memory-dependent derivatives.

The above review demonstrates that significant progress has been made in the analysis of
generalized thermoelasticity under the influences of rotation, laser pulse heating, and
temperature-dependent material properties. However, the combined effects of these
factors within the frameworks of the Green—Naghdi Type 11 (GN-I1) and Type 11l (GN-
I11) theories have not been comprehensively investigated. Therefore, the present study
aims to analyze generalized thermoelastic wave propagation in a rotating isotropic half-
space with temperature-dependent material properties subjected to ultra-short laser pulse
heating. A comparative investigation between the GN-II and GN-I11 models is carried out
to evaluate the influences of thermal dissipation, rotational motion, and variable material
properties on the thermo- elastic response.

The novelty of the present study lies in the comprehensive investigation of generalized
thermoelastic wave propagation in a rotating isotropic half-space subjected to ultra-short

laser pulse heating while simultaneously accounting for temperature-dependent material
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properties within the frameworks of the Green—Naghdi Type 11 (GN-I1) and Type 111 (GN-
I11) thermoelastic theories. Although these aspects have been studied individually in
previous investigations, their combined effects have received limited attention.

2. Formulation of the problem and governing equations

The present study deals with a homogeneous and isotropic half-space, where (z >0),
characterized by material properties that depend on temperature. The bounding plane at
z =0 is exposed to a thermal load induced by a laser pulse.

The problem is analyzed under the condition of plane strain in the xz-plane. The
displacement vector is represented as u, = (u,,0,u,), where i =13.

It is assumed that the entire medium rotates with a constant angular velocity £ =.2n,
where n denotes the unit vector along the axis of rotation. In a rotating frame of reference,
the equation of motion includes two extra inertial terms as discussed by Schoenberg and
Censor[21]: the centripetal acceleration term 2x (£2xu) and the Coriolis acceleration
term 2.0Q2xu.

Building on the equation of motion derived previously, the field equations for a
thermoplastic solid in a rotating frame can be expressed in terms of displacement and
temperature. Under the plane strain assumption in the xz-plane, and considering
temperature-dependent material constants, the coupled equations of motion in the x and
z directions take the following form(Othman and Abd-Elaziz [22]):

oe oT .. .

u V2u1+(/1+ﬂ)a—x—ﬂva—x=p[ul—.02ul—2!2u3], )
oe oT .. .

M V2u3+(/1+,u)§—ﬂva—zzp[u3—-(22u3+2-0u1], ©)

For the thermal field, the heat conduction equation is formulated based on Green-Naghdi

theories. The general expression accounting for thermal conductivity and energy

dissipation is given by(Othman and Atwa [23]):

ot aQ
e2 ¥

« 50T o
KVT +k VP _—pCc. Z—+pT, %5 _p2x, 4
5 Pl ﬂoa p (4)

The components of stress tensor are
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ou, ou ou
=A==+ =)+ u—L-pr, 5
O (ax az)”ax pr (5)
ou, ou ou
= /1 1 + 3 + 1 — T, 6
o (ax . )+ u e B (6)
ou, ou
Oy, :/1(8_21-'_53) (7)

In the above relation, the following symbols are used o and €ij denote the components
of stress and strain tensors, respectively. The tensor w; represents rotation, while e =e,,

stands for the volumetric expansion.d; is Kronecker's delta,u; represents the

displacement vector. The material constant A, zzare lame's elastic parameters., T is the

absolute temperature,T ;is the reference temperature in the unreformed state with the
assumption that |(T —T,)/T,|<1. The symbols &, u, refer to the permittivity and
permeability of free space, respectively. The thermo-elastic coupling parameter is given
by f=(BA+2u)e;, where ¢ is the coefficient of linear thermal expansion. p denotes
the mass density. K and k~ represent the thermal conductivity coefficients associated
with GN-II and GN-III models, respectively. C denotes the specific heat at constant
strain Q is the heat source due to laser pulse.

The Laplacian operator V2is defend as:

2 2 2
V2:62+82+82. (8)
ox° oy“ oz
It is importation to note that when k * — 0, then Eq. (4) reduces to the heat conduction
2 2
equation of the GN-II model, V :ii +ik, and V? =a—2+a—2.
OX 0z OX 0z

The surface of the plate is subjected to thermal loading due to laser beam.

The volumetric heat generation Q is modeled as a separable function of time , spas, and
depth(Sarkar et al. [24], Othman and Eldeeb [25]):

Q=1,f ®)g(x)h(z). (9)

Here, denotes the maximum intensity of the incident laser beam.
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The time-dependent part f (t) is chosen to model a short laser pulse with a finite rise time.

It is taken in the form:

(1) =S exp(—) (10)
t0 tO

where t, represents the characteristic pulse rise time.

For the spatial distribution along the x-axis, a Gaussian profile is adopted. This gives:

1 —x 2
g(X)=27z'rzexp( r2 ) (11)

In this expression, r is the laser beam radius that controls the width of the heated region.

The function h(z) describes the absorption of laser energy within the material and is
often taken as an exponential decay. For surface heating, it can be approximated as
h@z)=re " (12)
where y is the absorption coefficient of the medium.
Substituting Egs. (10)-(12) into Eq. (9) we get

Q= o7 texp(iz—t—)exp(—ﬂ) (13)
27r g re ot '

In this analysis, the effect of temperature variation on the elastic modulus is considered
while other thermo-physical properties are assumed constant. To incorporate this, the
material constants are taken as functions of temperature through a non-dimensional
function f (t) as follows(Othman and Eldeeb [26]):

A=At (T), u=pof (), B=5f (1), a=af (T), ¢=&f (T),

k=kof (T),  ap=af (). (14)
Where Ay, 14, By, 0, & 19, K, are constants evaluated at the reference temperature T,

. For the special case of temperature-independent properties, we setf (T ) =1. A common

linear approximation for f (T )isgivenby f (T ) = (1—a'T,), where o is the temperature

coefficient.
To simplify the governing equations, a set of dimensionless variables is introduced. These

are defined using characteristic quantities of the problem as:
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L o, L, w" o R
(X,Z):C—l(X,Z), (Ul,Us):C—l(ul,Us),a :—0 T _T_' t _a)lt’

0 1 Ho 0
2
_Q':“({, Cf:lo+—2,uo’ a)l*:@, p':R, Q'= ’TQ . (15)
@, P k H oTCe

From Eq. (15) in to Egs. (2)-(4) we get

de or __ o au
1 +Ej—-E > — QU 20— 16
L ox 2ox [ ot (16)
e or _ 62u3 au
Viug +E, —-E us +202—1], 17
Yoo 2o [ Us at ] (17)
0 *T . % e
€3V2T +82 EVZT :¥+€1at—2—E4EQ. (18)
Also, the constitutive relations (5)-(7) reduces to
=g May 2 0N g (19)
OX oz A~ OX
ou; ou 2 du
, S Es (R + )+ 2 - BT, 20
> 6x ) A" oz ° (20)
1 ou; Oug
Oy =—(—+—2). 21
w = (o 1)
* 2 K *
WhereE M Ez—'BOTO E3 Apcl ,E4=%1 E5=*i,
Ho Ho Ho A pcice A 1y
K* * K .

* 1 * * - * ’A - - .
A’ ' ATpee o ATpcke’ 0 A'cipee FT) 1-aT,
Alsoeg,,¢,and ¢, are the coupling constants. Using the expression relating displacement
components u, (X, z,t) andu,(x, z,t) to the scalar potential functions v, (X,z,t)

and v, (X, z,t) indimensionless form

) — al//l +6W2 ’ and U3 — al/ll _al//2 , (22)
OX 0z 0z OX
ou ou
e =V%,, and e S 1 QIR v 223V 23
v, (52 ox ) v, ( )

By substituting from Eq. (22) in Egs. (16)-(18), this yields
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52
[@A+E,)V? —|53(—atz — Q) ]y, —2E,Qw, —E,T =0, (24)
oy, 2 0° 2 _
o o°T o? 0
53V2T +82 §V2T :¥+€1¥W1—E4EQ. (26)

3 Normal mode analysis
To solve the system of governing equations, the filed variables expressed using the
normal mode technique. Each variable is assumed to have the from(Othman [27]):

U, us, T w1, w,,,05 1(x,2,1) =[u, ug T *1‘//1*:‘//2*’55 (z)exp[i (et +ax)],  (27)

Where [ul*,u; T *,l//l*, l//z*,a;; 1(z) are the amplitudes of the function, @ is the complex

time constant, | = \/—_1 and a is the wave number along thex-axis..
By substituting Eq. (27) into Egs. (24)-(26), then we have,
(D? —F)y, —Fy, —F,T 7 =0, (28)
Ry +(D*—F) y, =0, (29)
Fo (D? —a®)y, +(D? - Fio)T™ = -Qof(x,t)e 77, (30)
Where
2 2, 2 :
F =1+E, F2=Fla Sl to )’ Fszm.H:E, Fs =21 0E 342,
F F F
F 2 EQ

Eliminating 1//2* and T between Egs. (28)-(30), we get the following eighth ordinary

differential equation satisfied with 1//1*

[D® —b,D* +b,D? —b, IRy, (2) = - J; Q, f (x,t)e ™77, (31)
[D° —b,D* +b,D* —bsly, (2) =3, Qy f (x,t)e ™%, (32)
[D° —b,D* +0,D% —b,TT " (2) = —J5Q, f (x,t)e ™77, (33)
Where

b, =Fy+F +F, -F,F,

b, = FsFyo + F,Fy + FyFg + F3Fs — F,FFy — F,Fea?,

by = FyFsFyy + F3FsFyg — FyFgFoa?.

Equation (31) can be factored as

(D? —k)(D? ~k3)(D? —kFyy =-33 Qo f (x t)e*, (34)
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Where, k *(n =1,2,3) are the roots of the Eq. (31).
The solution of Eq. (31) which is bounded as z — oo, Is given by:

3 1 H 1l
— ZGn e(—knz+|wt+lax) _JlngO fl(X ,t)e_ﬂ ’ (35)
n=1
3 1 H '
Wy = D Ly Gy e AT 1 g,9.Qfy (x t)e 77, (36)
n=1
3 (K 2 +i ot +iax ) :
T=>L,,Gpe " +J30,Q,f1(x,t)e ™. (37)

Where, G, (n=1,2,3)are some constants.
To obtain the components of the displacement vector, from (35) and (36) in (21)

u _2432 G e(—an+ia)t+iaX)_[ J +ﬂ] Qf (X t)e*]/Z (38)
1_n=11nn Vo rz g101’ !

4 i i '
U3 — _Zzzn Gn e(—an+| a)t+IaX) T 2X‘2JZ 1]ngof1(X ’t)e—]/Z , (39)
n=1

From Egs. (38),(39) in (19)-(21) to obtain the components of the stresses
3 . .
(—kn z +i ot +iax) . _ - _
Oxx = ZL3n Ghe " +glngofl(X t)e & _glngofz(x t)e ”, (40)
n=1

3 —k i ot +i ' _ ' _
:ZL4nGn e( nHerRo +0,9,Q,f1(x t)e 7t -0,94Q,f,(x t)e 7, (41)
n=1

4 - -
Oy; = _ZlLSn Gn e(—an+|a)t+|aX) + 9195 Qof]_(x ’t)e—yz ) (42)
n=
Where,
Zin =1a-KkpLy,, Zy, =ky +ialy,, J; = F4(7/2 -F), J, =-F,F,
—F (k2_a2)_F L
Jy=p' —(F+F)y? +FpFs +FFs, Ly =———, Ly =" sban
kn _F6 I:4

. Z
Ls, = E4(iaZy, +k Zzn)'FZIZZ1n —Eslan, L =Eq(iaZy, +kZy)+ ;‘*zn —Eslo,

n = (KnZy, +iaZ ), Qp =Q,f (x,t), Qo—ﬁ’ Dzd_z’
t +t .. X -1
f(x,t)=0-—)exp(—-iat —iax ——), ¢, = ,
(xt)=( tO) |0(t0 Irz) 9 by 10,77 b,
-2J 2xJ 2xJ, 4] 4xJ
92:E4[r_—21 (—+ r2 2)( 2 ) 7/( _7‘J1)]_ - —(— r +2 ‘]2)( 2 )

ZXJ

2)( 2) y(ZxJ 2xJ

Js =E2J3’

2

) ,Lz_i)
2y 0,)- y(z“ 0 ) =f @ 0e@ 0 fan-a-be e

r2 r2 t

95:7(
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4. Boundary conditions
At the free surface z =0of the half-space, the following conditions are imposed to

evaluate the constants G, for n=1,2,3.

Mechanical conditions:

The surface of the half-space is assumed to be subjected to a normal mechanical load and
Is traction-free in shear:

o, (x,0,t) =—Pe' (3 (43)

oy, (x,0,1) =0, (44)
Thermal condition

The surface is also subjected to a prescribed temperature distribution:

T (x,0,t) = Pe! (@ +ax), (45)
Here P, denotes the amplitude of the applied normal force, and P, denotes the amplitude

of the applied temperature at the boundary.
Using the expressions of the variables into the above boundary conditions (43) - (45) we
obtain

3
ZL4nGn == Pli (46)
n=1
3

-3 LG, =0, (47)

n=1

3
ZLZnGn = Pz- (48)
n=1

Solving Egs. (46)-(48) for G, (n :1,2,3) by using the inverse of matrix method as

follows
-1

Gy Lag L4o Laz | " (P
Gy |=|-Lsg  -Ls —Ls3 0 | (49)
G3 Log H2o Hos P,

5. Numerical results
To investigate the behavior of the thermoelastic fields and assess the influence of the

governing physical parameters, numerical simulations were performed for a
representative material model. The analytical solutions obtained in the previous section
were evaluated using the material properties of a magnesium-like isotropic half-space.
The physical constants adopted in the numerical computations are listed below(Othman
and Edeeb [28]).
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A=217x10" N /m?, £ =3.278x10" N /m? K =1.7x10°W /m deg,
a, =1.78x10°N /m?, p=1.74x10° kg /m*®,C_. =1.04x10° J /kg deg,
T,=298K, B=2.68x10°N /m?deg, o =3.58x10"/s.

The laser pulse parameters are

l, =10°, r=1x10% um, y=1x10°m~!, t, =8nan.sec.

The comparisons were carried out for

X =05t=07, @=C,+i¢, £, =-05,& =01, p, =—0.1,p, =02, a=0502=1

o =0.00081, K" =85W /mK ,0<z < 25.

To investigate the effects of time, temperature-dependent material properties, and
rotation on the thermoelastic response, three sets of numerical simulations were carried out:
(i) Effect of time: The thermoelastic fields were evaluated at two different time instants
(r =0.1x107",0.7). The corresponding results are presented in Figs. 1-6, illustrating
the temporal evolution of the temperature, displacement, and stress distributions.

(if) Effect of temperature-dependent material properties: A comparative study was
performed for cases with and without temperature-dependent material properties using
two different values of the parameter (o = 0.00081, 0), while keeping the remaining

parameters fixed. The numerical results are displayed in Figs. 7-12.

(iii) Effect of rotation: The influence of rotation was examined by comparing the
thermoelastic response in the presence and absence of rotation for two different values of the
angular velocity (£2=0.1, 0). The corresponding distributions are illustrated in Figs. 13-15.
The material properties presented above were employed to compute the spatial
distributions of the thermoelastic fields for the proposed model. The displacement

components u, and u,, the temperature distribution T, and the stress components o, ,
o,, and o,, were evaluated numerically.

The real parts of these physical quantities are presented graphically in Figs. 1-15. The
figures provide a comparison between the predictions of the two generalized
thermoelastic models considered in this study. In all plots, the solid and dashed curves
correspond to the Green—Naghdi Type Il (GN-II) model, whereas the dotted curves
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represent the results obtained using the Green—Naghdi Type 11 (GN-I11) model, thereby
illustrating the influence of thermal dissipation on the thermoelastic response.

Figs. 1 and 2 illustrate the spatial distributions of the displacement components u, and
u, predicted by the Green—Naghdi Type 11 (GN-I1) and Type Il (GN-III) thermoelastic

models for two different laser pulse heating times, 7 =0./x707"”, and 7=0.7. It is
observed that both displacement components initially attain negative values and their
amplitudes decrease as the laser pulse heating time increases. Furthermore, noticeable
differences are observed between the GN-II and GN-III predictions, reflecting the

influence of thermal dissipation on the displacement response.

—0.1 |- 2 G-N I, t=0.1*10¢13);
G-N 1lI, t=0.1*10¢13);
— G-N I, t=0.7;
L . - - G-N 111, t=0.7; L
o s 10 1is =20 25
=

Fig. 1Distribution of the displacement component u, with two values of time.

o.1

0.05

G-N I, t=0.1*10(-13);
G-N 1II, t=0.1*10¢-13);
— G-N I, t=0.7;
. ; - G-N 1I1,t=0.7;
o s 10 15 20 25
z

Fig. 2 Distribution of the displacement component u, with two values of tim
Fig. 3 presents the spatial distribution of the temperature field T predicted by the Green—

Naghdi Type Il (GN-11) and Type Il (GN-I1II) thermoelastic models for two different
laser pulse heating times, 7 =0./x10"" and 7 =0.7. The temperature attains its
maximum value at the heated surface z =0 and decreases monotonically with increasing
depth z , eventually approaching zero. It is also observed that the temperature reaches a

higher peak at the earlier time instant, while its amplitude decreases as the laser pulse

Copyright for the journal © 13 Aaall 43 ghaa aal) 3 gia
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heating time increases due to the propagation and diffusion of the thermal wave.
Moreover, the GN-11 model predicts slightly higher temperature values than the GN-III
model, reflecting the effect of thermal dissipation incorporated in the GN-I1I theory.

G-N I11,t=0.1*10%-13);
- G-N I, t=0.1*10¢13);
"""""" G-N I, t=0.7;
- G-N 1IL,t=0.7;

I3 I3 I3 I3
o 5 10 is 20 25
z

Fig. 3 Temperature distribution T with two values of time.
Fig. 4 illustrates the spatial distribution of the normal stress component o, predicted by

the Green—Naghdi Type Il (GN-11) and Type 1l (GN-I1I) thermoelastic models for two
different laser pulse heating times, 7 =0./x/07"” and 7 =0.7. The stress component

initially assumes negative values, then increases to a positive peak before exhibiting an
oscillatory behavior with progressively decreasing amplitude as the distance increases,
eventually approaching zero. It is also observed that the magnitude of o,, decreases with
increasing laser pulse heating time. Furthermore, the GN-III model exhibits a faster

attenuation of the stress wave than the GN-II model, owing to the thermal dissipation
incorporated in the GN-I1I theory.

G-N 1L t=0.1*10%13);
— G-N I, t=0.1*10%13);
,,,,,,,,,,,,,, S-N I, t=0.7;
- SG-N 1L t=0.7;

o s 10 is p=1e} 25
=

Fig. 4 Distribution of the stress component o,, with two values of time.

Fig. 5 illustrates the spatial distribution of the stress component o,, predicted by the
Green—Naghdi Type Il (GN-I11) and Type Il (GN-I1I) thermoelastic models at the
specified laser pulse heating time 7 =0./x/0"" and 7 =0.7. The stress component

initially assumes positive values, then decreases to a negative peak before exhibiting an
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oscillatory behavior with diminishing amplitude as the distance increases, eventually
approaching zero. It is further observed that the magnitude of o,, predicted by the GN-
Il model is greater than that obtained from the GN-II1 model throughout most of the
propagation region. This difference is attributed to the thermal dissipation incorporated
in the GN-I11 theory, which leads to a more pronounced attenuation of the stress waves.

o.12

G-N IL,t=0.1*10¢13);

O.1 [~ G-N Ill, t=0.1*10%-13);

—— G-N Il, t=0.7;
- G-N 11,t=0.7;

o.o8

0.06 >
o0.o04a
Tzz5. 02
o

-0.02

-0.04

-0.06

-0.08
o

Fig. 5 Distribution of the stress component o,, with two values of time.
Fig. 6 presents the distribution of the shear stress component o,, obtained from the
Green—Naghdi Type Il (GN-II) and Type 11 (GN-II1) thermoelastic models for two
different laser pulse heating times, z =0./x/0™" and 7=0.7. It is observed that the

shear stress initially starts from zero, decreases to a negative minimum value, and then
exhibits an oscillatory behavior with gradually decreasing amplitude until it approaches
zero. The magnitude of the shear stress decreases as the laser heating time increases.

Moreover, the GN-11 model predicts higher values of o,, compared with the GN-III
model, indicating that the thermal dissipation effect included in the GN-111 theory results

in stronger attenuation of the shear stress waves.

G-N 11,Lt=0.1*10¢13);
G-N 1II, t=0.1*10%13);

~— G-N II, t=0.7;

L ; ; - G-N 1I,t=0.7; L

o s 10 1s 20 25
z

Fig. 6 Distribution of the stress component o, with two values of time.
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Figs. 7 and 8 illustrate the distributions of the displacement components u,and u,
predicted by the Green—Naghdi Type Il (GN-II) and Type I11 (GN-111) models for two
different values of the temperature-dependent parameter " =0.00081 and & =0. It is
observed that both displacement components exhibit oscillatory behavior with gradually
decreasing amplitudes as the distance z increases. Furthermore, the magnitudes of u,
and u, decrease with increasing values of o for z >0, indicating the significant

influence of temperature-dependent material properties on the displacement fields.

0.06 ¢
0.04
0.02 —~/
ol

5}
-0.02¢
-0.04
-0.06

-0.08

-0.1 — G-N I, aastar=0.00081;
"""""" G-N IllIl, aastar=0.00081;
-0.12 1~ T G-N I, astar=0;
- G-N I, aostar=0;
-0.14 © - >
(o] 5 10 i5 20 25

z

Fig. 7 Distribution of the displacement component u, with two values of time

0o.1

o
G-N Il, aastar=0.00081;
0.08 - G-N Ill, aastar=0.00081; [
/ {3 N G-N Il, aastar=0;
0.06 J G-N Illl, aestar=0; [

0.04

0.02

-0.02

-0.04

-0.06

-0.08

z

Fig. 8 Distribution of the displacement component u, with two values of time.
Fig. 9 depicts the distribution of the thermodynamic temperature 7 for different values

of the temperature-dependent parameter o =0.00081 and «” =0. It is observed that the

temperature field begins with positive values and satisfies the prescribed boundary

conditions at the surface z =0. Furthermore, for a =0.00081 and « =0 the
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temperature distribution increases as the temperature-dependent parameter is varied,
demonstrating the significant effect of temperature-dependent material properties on the

thermal response of the medium.

G-N I, aastar=0.00081;
— G-N Ill, aastar=0.00081;
"""""" G-N II, aastar=0;
- G-N 1ll, aastar=0;

0.05

-0.05°" = = = =
o s 10 15 20 25
z

Fig.9 Temperature distribution T with two values of time.
Fig. 10 presents the distribution of the stress component o, obtained using the Green—

Naghdi Type Il (GN-II) and Type Il (GN-I1I) models for two different values of the
temperature-dependent parameter, o = 0.00081 and & =0. It is observed that the stress
component o,, initially increases, reaches a maximum peak value, and then gradually
decreases with increasing distance z . Furthermore, the magnitude of o, increases as the

parameter ¢ increases forz >0, indicating the significant influence of temperature-

dependent material properties on the stress distribution.

G-N I, aastar=0.00081;

-0.15 — G-N 1ll, aastar=0.00081;
- T G-N Il, aastar=0;
- G-N I, aastar=0;
0.2 T >
o 5 10 15 20 25

z

Fig. 10 Distribution of the stress component o, with two values of time.

Fig. 11 illustrates the distribution of the stress component o,, predicted by the Green—

Naghdi Type Il (GN-II) and Type Il (GN-11l) models for two different values of the
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temperature-dependent parameter, ¢ =0.00081 and «" =0. It is observed that the
stress component o,, initially starts from a positive value and satisfies the prescribed

boundary conditions. Furthermore, the magnitude of o,, decreases and then increases as

the value of " is varied, demonstrating the significant effect of temperature-dependent

material properties on the stress response.

0.1

G-N II, astar=0.00081;

0.08 & T G-N lll, acstar=0.00081; []
””””” G-N Il, aastar=0;
G-N Ill, aastar=0;

0.06 [\ -

0.04 —
0.02 —
D: fo )™
-0.02 [~
-0.04 —

-0.06 —

-0.08 [~

_o0.1 ¢t r I3 I3 r 3
o 5 10 15 20 25
z

Fig. 11 Distribution of the stress component o,, with two values of time.

Fig. 12 presents the distribution of the shear stress component o,, obtained from the
Green—Naghdi Type Il (GN-II) and Type 11 (GN-111) models for two different values of
the temperature-dependent parameter, ¢ =0.00081and " =0. It is observed that the

shear stress exhibits an oscillatory behavior with gradually decreasing amplitude as the

distance z increases, eventually approaching zero. Moreover, the magnitude of o,

increases with increasing values of the parameter o for z, indicating the significant

influence of temperature-dependent material properties on the shear stress distribution.

G-N Il, aastar=0.00081;
— G-N Ill, aastar=0.00081;
0.08 — m
— G-N I, aastar=0;
- G-N I, astar=0;
-0.1 c 5 <
(o] 5 10 is 20 25

Fig. 12 Distribution of the stress component o, with two values of time.
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Figs.13 and 14 illustrate the distributions of the displacement components u, and u,
predicted by the Green—Naghdi Type Il (GN-II) and Type I11 (GN-111) models for two
different rotation parameters, £2=0.1, and 2 =0. It is observed that both displacement
components exhibit oscillatory behavior with gradually decreasing amplitudes as the
distance z increases.For the displacement component u,, the curves corresponding to
both rotational cases begin with positive values at z =0 and its magnitude decreases as
the rotation parameter increases, indicating the significant influence of rotational effects
on the displacement field.Similarly, the displacement component u, shows a decaying
oscillatory pattern with increasingz . For the non-rotating case (2 =0, the curves start
from zero and satisfy the prescribed boundary conditions, whereas for the rotating case
2 =0.1, the curves begin with positive values. The amplitude of u, decreases with

increasing rotation, demonstrating the suppressing effect of rotational motion on the

displacement response.

5
G-N I, ©2=0.1
G-N I, ©2=0.1 ||

r I3 r r
o 5 10 15 20 25
z

Fig. 13Horizontal displacement distribution u, in the absence and presence of rotation

¢
P G-N I, 2=0.1
S . ~ G-N I, ©2=0.1
G-N I, ©2=0

- G-N I, =0

-0.05

£ r r I3 r
(] 5 10 i5 20 25
z

Fig.14 Vertical displacement distribution u,in the absence and presence of rotation
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Fig. 15 illustrates the distribution of the shear stress component o,, predicted by the
Green—Naghdi Type Il (GN-11) and Type 111 (GN-I11) models for two different rotation

parameters, £2=0.1, and ©2=0. It is observed that the shear stress component o,

starts from zero at z =0, satisfying the prescribed boundary conditions for all cases. As
the distance z increases, o,, exhibits an oscillatory behavior with gradually decreasing
amplitude. Furthermore, the magnitude of o, decreases with increasing rotation

parameter (2 . The results also indicate that the values predicted by the GN-11 model are
slightly higher than those obtained from the GN-I1I1 model for the non-rotating case

£2 =0, due to the absence of thermal dissipation effects in the GN-II formulation.

0.06

0.04

T
G-N II, €2=0.1
G-N I, €©2=0.1

T G-N I, £2=0

0.02 .

- G-N 1ll, €2=0

r r I3 r
o 5 aio is 20 25
z

Fig. 15 Distribution of stress component o, in the absence and presence of rotation.
The three-dimensional distributions shown in Figs. 16-21 represent the complete

dependence of the thermoelastic fields on both spatial coordinates x and z. These results

are obtained for the Green—Naghdi Type Il (GN-111) model in the presence of rotation

0=0.1, temperature-dependent properties & =0.00081 and laser pulse thermal
loading with intensity 1, = 10° at time t =0.08. These figures provide a comprehensive

illustration of the variation of the physical quantities throughout the medium and
demonstrate their dependence on the vertical distance from the origin. It is observed that
all field quantities propagate as thermoelastic waves with amplitudes gradually
decreasing as the distance z increases. Moreover, the magnitude of the physical fields is
reduced with increasing rotation parameter (2., indicating the significant influence of

rotational effects on the wave propagation behavior.
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6. Conclusions

Based on the theoretical analysis and numerical results presented in this study, the
following conclusions can be drawn:

* The Green—Naghdi Type Il (GN-111) model produces thermoelastic responses that
differ significantly from those predicted by the Green—Naghdi Type Il (GN-11) model
under identical loading and material conditions, highlighting the influence of thermal
dissipation on wave propagation.

* All physical quantities, including temperature, displacement, and stress components,
decrease gradually with increasing depth in the half-space and eventually approach zero,
satisfying the physical boundary conditions and demonstrating the continuity of the
obtained solutions.

* The rotational parameter has a pronounced influence on the thermoelastic fields.
Increasing the rotation rate reduces the amplitudes of the temperature, displacement, and
stress distributions, indicating that rotation significantly alters wave propagation
characteristics.

* Temperature-dependent material properties have a substantial effect on the thermo-
elastic response. Variations in these properties modify the magnitudes and distributions
of the displacement, temperature, and stress fields, emphasizing the importance of
accounting for material nonlinearity in thermoelastic analyses.

* The ultra-short laser pulse generates transient thermoelastic waves whose amplitudes
decay as the propagation distance increases. The laser-induced thermal loading strongly
affects the evolution of the temperature and stress fields, particularly during the early
stages of wave propagation.

* The overall thermoelastic behavior of the rotating half-space is governed by the
combined effects of laser pulse heating, rotational motion, temperature-dependent
material properties, and the selected Green—Naghdi thermoelastic model.

* The analytical approach based on the normal mode method provides an efficient and
accurate framework for solving generalized thermoelastic problems involving rotation,
laser pulse heating, and variable material properties. The present formulation can be
extended to investigate more complex thermoelastic models and engineering applications

involving advanced functional materials and laser—matter interactions.
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