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1 INTRODUCTION

n non-local elasticity, stress at a point is affected by both

the local strain and the strain distributed in the body.
Non-local and lagging responses are related ideas. Non-
local responses are about effects in space, and lagging
responses are about delays in time. Tzou and Gao [1]
built on this idea by adding nonlocal elasticity to the
dual-phase-lag model first proposed by Tzou [2,3]. This
created a single framework that included both effects. At
the same time, Sherief et al. [4] created a thermoelastic
diffusion theory with a single relaxation time, and Sherief
and Saleh [5] looked at the half-space problem in this
context.

Later additions to these theories made them more
general. In his work [6,7], Sharma investigated boundary-
value problems in generalized thermodiffusive elastic

media and wave reflection in thermodiffusive elastic half-
spaces with holes. Sharma et al. [8] looked at how
viscosity affects wave propagation in Green—Naghdi type-
IT and type-III thermoelastic solids that are not all the
same. Sharma and Marin [9] studied the reflection and
transmission of plane waves at an imperfect boundary
between two heat-conducting micropolar thermoelastic
solids.

Sharma and Sharma [10] examined how heat sources
and relaxation times affect the distribution of temper-
atures in living things. Marin et al. [11] looked at
the Saint-Venant principle in micropolar thermoelastic
diffusion when it is relaxed. Yu et al. [12] suggested a
size-dependent thermoelastic model for more complex
materials. This model takes into account size effects
in both heat conduction and elasticity. It does this by
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using generalized free energy and extended irreversible
thermodynamics.

Kumar et al. [13], who looked into how deformation
happens in a modified couple stress thermoelastic rotating
medium when Hall current and magnetic field influences
happen, using the Lord-Shulman and Green-Lindsay
theories with a ramp-type thermal source. A study by
Kumar et al. [14] examined a nonlocal microstretch
thermoelastic thick circular plate subject to phase lags.

Sharma and Kumar [15] developed a mathematical
model in photo-thermoelasticity with dual-phase lags
to study deformation under concentrated inclined loads.
Sharma and Khator [16, 17] addressed the challenges of
renewable power generation and analyzed the planning of
micro-grids for prosumers in renewable energy markets.
Kumar et al. [18] looked at how non-locality and phase
lags affect an MCT with mass diffusion when it was
loaded in a ramp-type way.

Lotfy et al. [19] studied what happens when Hall
currents and acoustic pressure are combined on nanos-
tructured thermoelastic plates in a two-temperature, dual-
phase-lag framework that is heated in a ramp-type way.

In their study, Sharma et al. [20] examined elastody-
namic interactions in thermoelastic diffusion with nonlo-
cal and phase-lag effects. Meanwhile, Marin et al. [21]
used the Moore-Gibson-Thompson (MGT) heat equation
to come up with a basic solution and Green’s function for
a semi-infinite orthotropic photo-thermoelastic medium
whose properties change with temperature. They used
the operator theory and the superposition principle to
come up with a general solution using harmonic functions.
This solution was then used to find specific solutions for
steady-point heat sources at the medium’s surface and
within the medium.

Newer research by Alrubea and Abouelregal [22],
who used the dual-phase-lag thermoelasticity model to
study how nanoscale beams move when loaded by moving
objects in a thermal field that decreases exponentially.
Sharma et al. [23] looked into how the Moore-Gibson-
Thompson equation controls thermomechanical defor-
mation in a micropolar thermoviscoelastic solid. They
found that the two-temperature effects were nonlocal
and hyperbolic. In their study [24], Abouelregal et
al. created a thermoviscoelastic model by combining
non-local elasticity with the Kelvin-Voigt viscoelastic
framework and a Klein—Gordon-type non-local elasticity
formulation. They then looked at a one-dimensional
half-space problem affected by an instantaneous inline
heat source.

© 2026 The Author(s).

323

We examine how non-locality and phase lags affect
thermoelastic diffusion in this study, assuming sources
are distributed in a time-harmonic manner. The integral
transform method is used to formulate the problem,
accounting for different types of excitations, such as
normal loads, thermal sources, and chemical potential
sources. This formula can show how changes in size
affect elastic deformation and lagging heat conduction.
This makes it perfect for modeling nanoscale structures
in nanotechnology applications.

2 BASIC EQUATIONS

Based on the work by Tzou & Gao [1], Sherief et
al. [4], and Yu et al. [12], the equations that describe
thermoelastic diffusion with dual-phase-lag and non-local
effects are:

(i) Constitutive Relations

tij =2ue;j + 6ij [doerxk —y1 T—y2P] (1)
(i) Equation of motion
Ao+ ) V(Vaa) + uAu—y VT =y, VP =
9u (2)
1 - ZA) gu
P ( &A) o2
(iii) Equation of heat conduction
a 1 ,9%
2 2
(1 —{ A+ Tqa + Equ)
(')/ITz)é + llToT + TOP d) (3)

0
=K|(1+7—|AT

(iv) Equation of mass diffusion

, 9
JR— + —_ —_—
ar 2o

=D(1+Tp%)AP

1—{2A+Tua 0 )(y2é+dT+nP)

€]
where
a
do=A=B3/b, yi=p1+ Zﬁz,

Y2 = ’%, Iy = pCe/To +2%/b,  (5)
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d = — = —
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Here, u is the displacement vector, T is the temperature,
P is the chemical potential, e;; is the strain tensor, t;; is
the stress tensor, u, g, ¥1,v2, 11, d,n, K, D are material
parameters and 7y, Ty, Ty, Tp, &, {, ¢ model parameters
are defined as per the cited references.

¢, ¢, ¢ are non-local parameters in equations (1)-(4).
74 & 1, are the thermal relaxation times with 7,, 7, >
0 and 7,&T, are the diffusion relaxation times with
T, Tp 2 0.61 = 34+ 2uw)a;, B = (34 + 2u)a.. In
this case, a;, @, are the coeflicients of linear thermal
expansion and diffusion expansion, respectively. A is the
Laplacian operator, V is nabla(gradient) operator. Other
signs mean what they normally do.

3 PROBLEM DESCRIPTION

We consider a half-space that is uniform, isotropic,
nonlocal, thermoelastic, and diffusive. This halfspace

has dual-phase-lag effects and is in the region x3 > 0.

A rectangular set of Cartesian coordinates is chosen,
taking (xp, xp,x3) as its points of reference. The origin
is placed on the boundary plane with x3 = 0 . The study
only looks at deformations in a plane, and all the field
variables are functions of (xy, x3,¢). The half-space is
loaded mechanically with a normal force, heated up, and
given a chemical potential source at the boundary plane
x3 = 0. We assume that the variations are limited to the
x1—x3 plane for two-dimensional modeling. u; (x, x3,1)
and u3 (x1,x3,) can be written in terms of ¢ (x1, x3, )
and ¢ (x1,x3,7) in a form that doesn’t depend on the
dimensions.
For two-dimensional problems, we take:

u = (ug (x1,x3,1),0,u3 (x1,x3,1)),

6
T (x1,x3,1) , P (x1,x3,1) ©

The following equations are recovered by using (6) in

(2)-(4)

a1,
1A +1,— 2
( A Tag + 5T qaﬂ)

)
(viT,é + LWT,T +T,Pd) =K (1+T,§)AT
2
1—g2A+Tua 120
o1 T2 “or?
(10)

(yzé +dT+nP) =D (1 +TPE) AP

The following dimensionless quantities are introduced
for normalization:

’r _ w" r ’ w
'f - _fa é’ { ¢ =—6 xi = —X
C1 c C1
w*
u, = i, ' =w't, 1=, T‘; =w'ty,
=W, T,=0T, I L tij
- u»s - P [ 7 L]
b YooyiTy
- Lw_*m Y Lp
15 2 - 9 -
YoyToer Y pc? by»
(11)
where:
. pCecy 5 Ao +2u
w , )=
K P

Here w* denotes the characteristic frequency and ¢ is
the longitudinal wave velocity in the medium.

Using equations (7)-(10) along with (11), and sup-
pressing the primes, the system reduces to the following
dimensionless form

uo+mﬁ+ A gy, o 9T _bvioR
T e L . per nper dnpei gy
ox1 dxy 0x1 7 0%u,
2 32141 ( ) - (1 _ng) (9[2 s
=p(1 —& A) PR
OT OP (Ao +p) e ﬂAu _(9_T_b_7§5_P
(Ao + ,u) — + uAuz — yla— e s pc% 0x3 pc% 0x3 pc% 0x3 (13)
9us 3) EN 0%u;
—P(l—fA)az, _(_5 )atz’
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2 2
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N rer e 2 b (14)
Kpw* Kw* Kpw*
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=[1+71—|AT,
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Where:

92 02 ouy Ouy
- e e= — 4+ —
(9X12 6X32 6)61

4 SOLUTION PROCEDURE

The displacement components u; (x1,x3,¢) and
us (x1,x3,¢) can be expressed in terms of the scalar

potentials ¢ (x1, x3,t) and ¢ (x1,x3, ) in dimensionless
form as:

0x3

Where:
Ao + by;
191:#, bz:LZ b3:2,
pcy Py Py
y? lic?
b4=Ka)* o bs:Ka)*O
bp ) (1)
Y2Y1 1
b = T, ) b = s
6 Kpw* "~ Db
_ c‘l‘dp _ ncf
8~ Dbwyiyy’ Dw*
We assume
(‘py lﬁ’ T, p) = (907 l//a T9 P)eiwt (22)

We define the Fourier transform as:
f(&1,x3,w) =/ f(xi,x3,0) e dx; (23)

By substituting equations (22) and (23) into (17)-(20)
and simplifying, the system reduces to

—~

(KlD? + KaDY + K3D? + K4) @.T.P) =0 (24)

(D3 -m2)d =0 (25)
dp Oy de Oy
=— -7, = —+ — 16) Where:
“ ox1 Ox3 0x3  Oxi (16) ere
Substituting (16) in equations (12)-(15), the governing K = K1 Ki3K5 - K33K35§2g2K11
system leads to the following set of coupled equations: + K31¢ ’K 15 — K33K34¢ 2§2
ik _ 2 2 2
(b1 +b2) Ap —T — b3P — (1 - sz) a—tf =0 (17) K31K35{°6"bs + K34b4K 136
K> = Ko - 3¢1K
9 K3 = 3&4K| - 2682Ko1 + K,
bzAw—(l—ng)—f:O (18) 3 & 41 51 01"‘2 02
ot K4 = Koi1&) — &K1 — §7Ko2 — Koz
2
d
d 1,8 2_p2 Y 54
1- A+ 71—+ =12— my =& by — E202 ST
or 2 9012
(19)
(b4At,b + bjT + b6p) = (1 + Tta) AT,
1 ,06°
(1 - ¢IA+ r + ZTZE@)
P (20)
(b7A¢ + bsT + boP) = (1 + T,,E) AP
©2026 The Author(s). 325

CCBY 4.0


https://creativecommons.org/licenses/by/4.0/

Journal of University of Anbar for Pure Science Vol. 20, No. 1 (2026)

and Kis = 1 +iwt, +iw?by, Ko = K31K 12,
K2 = K3 K12, K23 = K33K12,

K>y = K34K14, K25 = K35K 14, K26 = K36K14,
K31£%Ka6 — K21K15 + K330 Ko + K346°Ko3 K4 = briw, K35 = bgiw, K3g = boiw

+ K31{*K24b3 + K356° K1 b3 — K13Kpsb3—

Koi = —K11K2Kis — Ki1K13K26 + K13K 1507
+ K33K1102Kas + Kass? K3 K1 — K33K3sd 267w~

To solve equations (24) and (25) with @, 12;, Tand P

2 . o .

b3K34{ K2, disappear as x3 approaches infinity, we write:

K> = K11KnKag — Ki3Kaew® — KnKjsw?-

K11K23Kos + K33 Kasw® + Kass?Kozw® + Ko Koe— o 3 _

K»3Koq — b3K1 Kos + b3 Ky Koy (¢, T,P) (x3,€1,58) = Z (1, R, Si) Aje”"™B(26)

i=1
Koz = w*Ka6K2y — 0 K23Kos
Ky = by + by - £207, U (x3,€1,5) = Age™ 4% Q27)
2

Kip=1+iwt, - w_qu’ The roots of the charact'eristic equations (24)-(25) are

2 m;(i =1,2,3,4)and A;(i = 1,2, 3, 4) are the correspond-
2, ing amplitude coefficients determined from boundary

u’

w
K :biw2+l+in,K =1+iwt, - —T ..
13 siwé 1214 ) conditions.

3 2
(ml2 - 612) (K33K34§2g‘2 - K31§2K15) + (ml2 - f%) (K31§2K26 + K21K5

. ~K33¢*Kag — K35§2K21) + (m,2 - 512) (K21 K26 — K23K24)
-

2 2\ 22 ) 2
(mi —51) (K13K15 — K33K35{°¢ ) + (m,- —51) (—KzzKls — K13K26 + K33¢"K>5

+K35§2K23) + (K22K26 — K23K>5)

; 2
(m,2 - f%) (1(311(35§2§2 - K34K13§2) + (m,2 - f%) (K13K24 + K346° K2 — K31°Kos

—K35§2K21) + (mlz - -ff) (K21K25 — K22 K>4)

St =

1

2
(m,.2 - gf) (K13K15 - K33K35§2g2) + (ml-2 - §f) (—KZZKIS ~ K13Ka6 + K33 Kos

+K35§2K23) + (KnKz6 — K23K>s5)

i=1,2,3
S MECHANICAL, THERMAL AND CHEMI- potential source. So, the boundary conditions at
CAL POTENTIAL CONDITIONS x3 = 0 are set up to show these three types of applied
fields.

At the point where x3 = 0, on the plane boundary,
the half-space is excited from the outside by a normal
mechanical load, a thermal input, and a chemical
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133 = —Fy (x1) ",
131 =0,T = F5 (x1) e,
P =F3(x)) e

(28)

The non-dimensional stress components are ex-
pressed by

2/1 (8u3) /l() (6u1 (9Lt3)
133 = + +
‘leo 8)(3 ’le() (9)63 8x1
o2 2 (29)
_lr_2"p
yilo  viTo
u (Ouy  Ous
t3] = + 30
3 y1To (axl 5)63) 0
Applying Fourier transform, we get
f13 = —F el fa =0,
33 1 (&) 31 31

T=FE (&), P=F&)e

Displacement, stress, temperature variation, and
chemical potential are determined by applying equa-
tions (26) and (27) to the boundary conditions (31),
taking into account equations (16), (23), (29), and
(30), as follows:

. 3 _
. & - Agme™"™Y3
i = —% ._El Aje ™5+ tT (32)
3 . _
1 . l§1A4€ m4x3
Jr — — A mixy _ "2~ —*"
i3 = A él miAje A (33)
3 _
N 1 o Agbige™M4%3
f3= % E_ biifie™™ " + ———— (34

i=1

3
L1 B
P=— ; StAje (37)

Here
A = (S3R] = STR;) m1 + (STR; — S3R}) ma
+ (S3R; — S3R3) n3
n1 = b13bys — b1abos
ny = b12bos — b14ba

n3 = bi1bys — b14boy
and
bli = (2}”1 + 1”2) I’}’ll2 - .f]zrz - I’3R;~k - 7‘45?,
b1y = 2ié1rimy,
bai = 2i&yrymi, by = —ry (mi + 512)
[ Ao pc? Y7b
ry = = ,r3 = g = ——,
Y1710 Y1710 Y1710 Y1710
i=1,2,3

Ai(=1,2,3,4) are determined by changing the
first, second, third, and fourth columns of A to

[F1 (1) €, 0, B (1) €, F3 (61) ]

6 APPLICATIONS

6.1 Uniformly distributed source

The source is defined as:

1 if |x] <ao
0 if |xi| > ao

[F1 (x1), F2 (x1), F3 (x1)] = {

Now applying Fourier transforms to this source
yields:

3 —14x ~ ~ ~ 2 Sin (flao)
R 1 , A4b 413 _
Py = — Z byAje % 4 24224¢ 7 35 [F1(&1), Fa (&), F5(6)] = P & #0
A 4 A
i=1 (38)
3 Substituting these expressions into equations (32)-
T = l Z RIAje™™i (36) (37) proyides the corresponding solutions for the
A& field variables.
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6.2 Linearly distributed source

The linearly varying source is defined as:

_ bl

[F1 (x1), F2 (x1), F3 (x1)] = { ao

0 if |X1| > a

Applying the Fourier transform at the plane boundary
x3 = 0in dimensionless form gives

— cos (&1a0)]

&tag

[F1 (£, F2 (&1), F3 (6)] = at

(39)
Here, ag represents the dimensionless width of
the source strip. Substituting these expressions
into equations (32)-(37) yields the corresponding
solutions for the field variables.

7 VALIDATION

Case (I) Setting > = F3 = 0 in equations (32)-(37)
yields the field quantities corresponding to a normal
force.

Case (II) Setting F; = F3 = 0 in equations (32)-(37)
provides the corresponding quantities for a thermal
source.

Case (IIT) Setting F| = F> = Oinequations (32)-(37)
gives the field quantities associated with a chemical
potential source.
Subcases:

(i) Substituting F (&1), B (&1), Fs (&1) from equa-
tions (38) and (39) into equations (32)-(37) and in-
corporating case (I), produces the results for normal
force (uniformly and linearly distributed).

(ii) Using the same Fourier-transformed values in
equations (32)-(37) and taking case (II), provides the
corresponding solutions for uniformly and linearly
distributed thermal sources.

(iii) The expressions for uniformly and linearly
distributed chemical potential sources are obtained
by substituting the Fourier-transformed values from
equations (38) and (39) into equations (32)-(37) and
incorporating case (III).

Special Cases

© 2026 The Author(s).
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* Setting ¢ = { = ¢ = 0 in equations (32)-
(37), invoke the case of thermoelastic diffusion
described by the dual-phase-lag model.

e Setting 7; = 7, = 7, = 7, = 0 in equations
(32)-(37) invokes the case of non-local ther-
moelastic diffusion.

8 INVERSION OF THE TRANSFORM

The transforms in equations (32)-(37) are inverted
following the procedure outlined in [13].

9 NUMERICAL IMPLEMENTATION AND
EXPLANATION

In the numerical analysis, copper is employed as
the representative thermoelastic diffusion material,
in line with the procedure outlined in [5].

A=7.76x10""Kgm™! s72,

u=23.86x10""Kgm™" s, Ty = 0.293 x 10° K,

C, =0.3891 x 103 JKg K~ ' K™}, 0, =1.78 x 1075 K,
. =1.98x 107" m*Kg™',a = 1.02 x 10* m? s 2 K™/,
h=9x10°Kg™ ' m®>s™2, D =0.85x 10 °Kgsm™>,

p =8.954 x 10°Kgm™, K = 0.386 x 10°Wm™! K7!,
t=001s,170=02s,7=0.6s,7,=0.7s,
7,=0.85,7,=0.95¢=0395x 10" m,
(=02%x10"m,¢=0.15%x10"m

MATLAB (R2016a) was used to carry out numerical
simulations that evaluate normal stress, tangential
stress, tangential couple stress, temperature changes,

and chemical potential under the following condi-
tions:

1. Thermoelastic diffusion incorporating both
non-local effects and dual-phase-lag.

2. Dual-phase-lag thermoelastic diffusion with-
out non-local effects.

3. Non-local thermoelastic diffusion without dif-
fusion phase-lags.

CCBY 4.0
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4. Non-local thermoelastic diffusion without ther-
mal phase-lags.

5. Non-local thermoelastic diffusion with no
phase-lags.

Figures 1-9 correspond to uniformly distributed
normal forces, while Figures 10-18 represent linearly
distributed forces.

* Figures 1-3 and 10 -12 present the influence
of normal loading for all cases, considering
both uniformly and linearly distributed forces.

* Figures 4-6 and 13-15 show the impact of
thermal sources for all cases, again under
uniformly and linearly distributed forces.

* Figures 7-9 and 16-18 show the influence
of chemical potential sources for all cases
under uniformly and linearly distributed forces,
respectively.

In all figures:

* Solid line (___) represents thermoelastic diffu-
sion with non-local effects and dual-phase-lag
(TNP).

e Small dashed line (- - -) denotes thermoelastic
diffusion with dual-phase-lag but without non-
local effects (WNTP).

 Large dashed line (__ __) corresponds to non-
local thermoelastic diffusion without diffusion
phase-lag (TNWDP).

¢ Solid line with central marker (-*-) indicates
non-local thermoelastic diffusion without ther-
mal phase-lag (TNWTP).

* Large dashed line with central marker (-o-)

represents non-local thermoelastic diffusion
without any phase-lags (TN).

© 2026 The Author(s).
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9.1 Normal load (uniformly distributed sources)

Figure 1 illustrates the distribution of 733 vs x.
The magnitude of 733 decreases monotonically within
the bounded region near the load application, which
reflects the expected relaxation of normal stress
due to the direct action of the applied normal load.
Beyond this bounded zone, however, #33 shows a
reversal trend and increases gradually as x; grows.
Such a trend is characteristic of the model where
stress effects are not confined locally but spread
spatially due to size-dependent interactions.

Figure 2 depicts the thermal response T across
the coordinate x;. For all considered cases, the
temperature magnitude decreases consistently as x
increases. This uniform reduction highlights the
dissipative nature of heat transfer in the medium un-
der the DPL framework. A noteworthy observation
is that the decay profile of T is nearly identical in
the WNTP (Without Non-thermal Potential) and TN
(Thermal Nonlocality) cases.

The variation of the chemical potential P is
presented in Figure 3. For all scenarios, P decreases
steadily with increasing x;. This trend signifies a
gradual diffusion of chemical potential away from the
loaded boundary. Moreover, the decrement pattern
of P is nearly uniform across all cases under normal
loading.

14

12

1B

Neormal strass (tnj

04 -

02 -

o . L L L . . . )\
L] 02 04 6 L% 1 12 14 16 18 2

Distance (x,)

Fig. 1 Evolution of 733 profile vs x|
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Fig. 3 Evolution of P profile vs x;

9.2 Thermal load (uniformly distributed sources)

Figure 4 shows the distribution of #33 along the
horizontal axis x; . Initially, 733 decreases sharply
near the source, indicating rapid relaxation of stress
generated by thermal expansion in the immediate
vicinity of the heating zone. Beyond this region,
stress does not simply decay but exhibits oscillatory
behavior for all cases. The delayed heat conduction
(due to phase lags) introduces a wave-like effect into
the stress distribution, while non-locality ensures that
stress influence extends beyond the direct loading
zone, producing the observed oscillations.

Figure 5 presents the thermal field T along the
x1-axis under thermal loading. Across all cases,

as x; increases, showing a consistent thermal dif-
fusion profile. The decrement is gradual rather
than abrupt, which reflects the joint influence of
non-local heat conduction and the DPL model. Non-
locality ensures that the temperature field T extends
beyond the immediate heated boundary, while phase
lags introduce a delayed heat-transfer mechanism,
resulting in smoother attenuation rather than steep
gradients.

Figure 6 depicts the variant of P along the xi-
axis. A striking difference is observed among
the cases: for TNWDP, P increases monotonical-
ly with distance. Conversely, for all other cases
(TNP, WNTP, TNWTP, and TN), the magnitude
of P decreases monotonically, consistent with the
expected diffusion-driven relaxation pattern in which
the chemical potential P gradually dissipates away
from the source.
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Fig. 4 Distance-dependent profile of normal stress
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the temperature field T decreases monotonically Fig. 5 Distance-dependent profile of temperature.
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Fig. 6 Distance-dependent profile of chemical potential

9.3 Chemical
sources)

potential (uniformly distributed

Figure 7 presents the variant of 733 vs x;. Close
to the source, 33 decreases rapidly, indicating stress
relaxation in the immediate vicinity of the applied
excitation. Beyond this region, however, the stress
exhibits oscillatory behavior for all the considered
cases. The oscillations reflect the effects (non-local
and phase-lag), which allow the stress to propagate
in a wave-like manner rather than decaying monoton-
ically. Among all cases, the oscillatory amplitude
for WNTP is notably larger.

\
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Fig. 7 Distribution of #33 vs x|

Figure 8 illustrates the thermal field T as a func-
tion of x;. For all cases, the temperature diminishes
monotonically with increasing x;from the boundary.
The decrement is smooth and nearly identical across
the different cases, which shows that the thermal

© 2026 The Author(s).
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response under chemical excitation is weakly af-
fected by variations in the non-local and phase-lag
parameters. This uniform attenuation suggests that,
unlike mechanical stresses, the thermal field remains
relatively insensitive to the precise formulation of the
lagging and non-locality assumptions when driven
by chemical potential sources.

The variant of P is displayed in Figure 9. For
all models considered, P decreases steadily with
increasing x;. The decline is gradual rather than
abrupt, reflecting the diffusive transport of chemical
potential away from the source. The similarity of
this trend across all cases indicates that, unlike shear
and normal stresses, chemical potential diffusion is
robust and affected by changes in non-local elasticity
or phase-lag formulations

Tarmparatura (T)

L] 0.2 04 (1 [IX:} 1 12 14 16 18 2
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Fig. 8 Distribution of T vs x;
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Fig. 9 Distribution of P vs x;
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9.4 Normal load (linearly distributed sources)

Figure 10 displays the distribution of 733 when
the boundary is subjected to a normal load. Near the
loading zone, 33 decreases in magnitude, reflecting
stress release in the immediate vicinity of the ap-
plied force. Beyond this region, the stress response
becomes oscillatory for all the cases considered.
Interestingly, the oscillation patterns are nearly iden-
tical in amplitude and frequency across all cases.
This indicates a strong dominance of the applied
mechanical source over model-specific parameters.
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Fig. 10 Distance-dependent normal stress distribution

Figure 11 describes T with xy. In all cases, the
temperature decreases monotonically with distance
from the boundary, indicating a consistent thermal
diffusion process. The rate of decrease is almost
identical across all models, suggesting that under
normal loading, the thermal response is influenced
by the presence or absence of non-local or phase-lag
effects.

© 2026 The Author(s).
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The chemical potential P, shown in Figure 12,
also decreases steadily with increasing x; for all
cases. The trend is smooth and nearly identical
across cases, reflecting uniform diffusion of chemical
potential away from the loaded boundary. The fact
that the decrement is the same across all models
indicates that, similar to the thermal field, chemical
potential diffusion under normal loading is affected
by variations in non-local elasticity and phase-lag
formulations.
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Fig. 12 Distance-dependent chemical potential distribution

9.5 Thermal source (linearly distributed sources)

Figure 13 presents the revamping of 733 along the
x1-axis under thermal loading. Close to the source,
t33 decreases sharply, showing the immediate stress
relaxation due to localized thermal expansion. Inside
the bounded region, however, #33 increases, which
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indicates stress redistribution caused by the delayed
thermal response under the DPL framework. Beyond
this zone, ¢33 again decreases for all considered cases,
confirming that the stress eventually dissipates away
from the source application

14

=
X}

Normal strass (tn)

04

02

Fig. 13 Distance-dependent profile of normal stress

Figure 14 illustrates the thermal field T along the
x1-axis. For all cases, T decreases gradually as x;
increases. The decay is smooth and nearly identi-
cal across models, which indicates that the overall
temperature attenuation under thermal excitation is
stable and consistent.
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Fig. 14 Distance-dependent profile of temperature change
Figure 15 displays the distribution of chemical
potential P. The response varies distinctly between

the cases: for TNWDP, P increases with distance,
indicating a buildup of chemical potential caused

© 2026 The Author(s).
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by the dual-phase-lag effect delaying diffusion. For
TNP, P decreases initially within the bounded region
but then increases again, reflecting a non-monotonic
redistribution of chemical potential. In contrast, for
WNTP, TNWTP, and TN, P decreases gradually for
all values of x;.
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Fig. 15 Distance-dependent profile of chemical potential

9.6 Chemical potential source (linearly distributed
sources)

Figure 16 illustrates the response of the normal
stress #33 when the boundary is excited by a chemical
potential source. Close to the application point,
133 decreases, indicating stress relaxation near the
boundary. Within the bounded region, the stress
shows a reversal and increases before gradually
decreasing again at larger distances. This non-
monotonic pattern demonstrates the redistribution
of stresses due to the coupling between chemical
diffusion and mechanical deformation, with the
dual-phase-lag effect contributing to delayed stress
responses beyond the loading zone.

Figure 17 presents the temperature distribution 7
along the horizontal axis. For all cases, T decreases
monotonically as distance increases, reflecting the
expected thermal relaxation behavior. The trends are
nearly identical across all cases, showing that thermal
response under chemical excitation is significantly
influenced by variations in the non-local or phase-lag
formulations

The variation of chemical potential P is shown in
Figure 18. Across all cases, P decreases gradually

CCBY 4.0


https://creativecommons.org/licenses/by/4.0/

Journal of University of Anbar for Pure Science

Vol. 20, No. 1 (2026)

with increasing x1, showing a smooth and monotonic
decline. This indicates that chemical diffusion
remains the dominant mechanism, leading to steady
dissipation of concentration gradients away from
the boundary. The similarity in trends across all
cases indicates that, under chemical excitation, the
chemical potential field is robust and depends on
non-local and phase-lag variations.
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Fig. 16 Evolution of normal stress profile with distance
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Fig. 17 Evolution of temperature change profile with distance
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10 CONCLUSION

This study investigates the combined effects of
non-locality and phase-lag phenomena in a modified
couple stress thermoelastic half-space exposed to
thermomechanical loading. The mathematical mod-
el was developed and solved using integral transform
methods. Two categories of external excitations
were examined: uniformly distributed sources and
linearly varying sources.

For a uniformly distributed mechanical load,
the normal stress component displayed oscillatory
characteristics, while both temperature and chemical
potential diminished progressively with distance
from the source. In the case of a uniformly distribut-
ed thermal load, oscillations appeared in the stress
component, whereas the temperature and chemical
potential fields consistently decreased in magnitude.
Likewise, when a uniformly distributed chemical
potential source was applied, the stress component
revealed distinct oscillations, but the associated
temperature and chemical potential distributions
decayed smoothly with distance.

For linearly distributed normal loading, normal
stress and chemical potential decreased in magnitude,
while the temperature field displayed oscillatory
fluctuations. Linearly distributed thermal loading
produced inconsistent and non-uniform patterns
in the resulting fields, while linearly distributed
chemical potential loading led to oscillatory trends
at larger distances from the source.
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The problem finds applications in semiconductor
technologies, thermal barrier coatings, and compos-
ite materials due to coupled thermo-diffusive loading.
Furthermore, the results are useful in biomechanics
and nanotechnology.
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