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Abstract. This study investigates the dynamic response of a nonlocal thermoelastic solid with diffusion subjected to
an inclined load in the frequency domain. The work aims to analyze the combined influence of nonlocal effects and
excitation frequency on the coupled thermoelastic diffusive behavior of the medium, which is important for the
accurate modeling of micro- and nano-scale structures. The originality of the study lies in incorporating both nonlocal
elasticity and mass diffusion effects under an inclined loading condition within a frequency domain framework. The
governing equations are transformed using the time-harmonic approach and Fourier transform technique, leading to
analytical expressions for displacement, stress, temperature change, and mass concentration in the transformed
domain. Numerical inversion is subsequently employed to obtain the physical-domain solutions. The results reveal
that both the nonlocal parameter and angular frequency significantly influence the distributions of mechanical,
thermal, and diffusive fields. The presented model provides a useful theoretical framework for understanding coupled
thermoelastic diffusive processes in advanced materials and nano-engineered structures.
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1. Introduction

In nonlocal elasticity theory, the nonlocal parameter characterizes the influence of long-range
interatomic interactions and small-scale effects that are not captured by the classical local
continuum theory. Physically, it represents the degree to which the stress at a material point
depends not only on the strain at that point but also on the strain field in its surrounding
neighborhood. As the nonlocal parameter increases, the small-scale effects become more
pronounced, leading to a reduction in stiffness and a noticeable modification of the thermoelastic-
diffusive response.

[1] established the theory of nonlocal elasticity by introducing constitutive relations in which
the stress at a point depends not only on the strain at that point but also on the strains of
surrounding particles. This work provided a theoretical framework for modeling size-dependent
effects and wave dispersion in materials with microstructural interactions. The theory has since
become a fundamental tool in nanomechanics and nonlocal continuum mechanics. [2] further
extended nonlocal concepts to thermoelastic materials through the formulation of nonlocal
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thermoelasticity. The proposed theory accounted for long-range interactions in thermoelastic
media and provided a framework for studying thermal and mechanical responses in
microstructured solids.

[3] developed the linear theory of micropolar elasticity, extending classical elasticity by
incorporating rotational degrees of freedom and couple stresses. The theory enabled the analysis of
materials with internal microstructures and provided a more realistic description of mechanical
behavior at small scales. [4] investigated generalized thermoelastic diffusion interactions under
time-harmonic thermal sources. Their study incorporated diffusion effects into thermoelasticity
and demonstrated the coupled behavior of thermal, elastic, and mass diffusion fields. [5] studied
the disturbance produced by an inclined load in a transversely isotropic thermoelastic medium
with two temperatures and without energy dissipation. The investigation emphasized the role of
anisotropy and two-temperature effects on the mechanical response of thermoelastic materials.

[6] presented a comprehensive review of continuum theories involving nonlocal elastic
responses. They established a general framework for conservative and dissipative systems and
discussed various formulations of nonlocal elasticity. [7] investigated thermoelastic diffusion in a
thick circular plate within the modified couple stress theory. The study incorporated size-
dependent effects and examined the coupled influence of thermal and diffusive fields. [8]
considered a thermoelastic diffusion problem in a half-space using a refined dual-phase-lag Green-
Naghdi model. The formulation incorporated finite thermal wave speed and diffusion effects,
enabling a more realistic representation of thermoelastic processes. [9] investigated the combined
effects of nonlocality and two-temperature theory in a nonlocal thermoelastic solid exposed to a
ramp-type heat source. The study demonstrated the importance of scale-dependent effects in
thermoelastic interactions. [10] studied hyperbolic two-temperature photo-thermal interactions in a
semiconductor medium containing a cylindrical cavity. The model incorporated carrier density
effects and finite thermal wave propagation, allowing a realistic description of photothermal
processes in semiconductors. Their investigation contributed to the growing field of semiconductor
thermoelasticity.

[11] employed finite element methods to analyze a nonlinear bioheat model in skin tissue
subjected to external thermal sources. The study focused on heat transfer mechanisms in biological
tissues and provided numerical predictions of temperature distributions. [12] investigated
generalized thermoelastic interactions in a half-space within a nonlocal thermoelastic framework.
The study incorporated scale-dependent effects and examined their influence on thermoelastic
wave propagation. [13] analyzed axisymmetric deformations in a nonlocal isotropic thermoelastic
solid within the framework of two-temperature theory. The work emphasized the combined
influence of nonlocality and thermal interactions on stress and displacement fields. Their study
contributed to the development of nonlocal thermoelastic plate models.

[14] studied generalized magneto-thermoelastic behavior of layered media within the Lord-
Shulman and Green-Lindsay theories. Their work compared different generalized thermoelastic
formulations and highlighted the influence of thermal relaxation times. [15] performed finite
element analyses of nonlinear dual-phase-lag bioheat models in spherical tissues. Experimental
data were incorporated to validate the computational model. The investigation demonstrated the
applicability of advanced bioheat theories in biomedical engineering. [16] examined the reflection
and transmission of plane waves in nonlocal generalized thermoelastic solids with diffusion. The
study explored the interaction between nonlocality, thermoelasticity, and diffusion processes
during wave propagation. Their work provided valuable insights into dynamic thermoelastic
phenomena. [17] investigated the combined effects of nonlocality and two-temperature theory in



Effect of frequency and nonlocal parameter in nonlocal isotropic thermoelastic diffusive solid... 245

an isotropic thermoelastic thick circular plate without energy dissipation. The analysis focused on
thermoelastic interactions under generalized heat conduction assumptions. Their study extended
the application of nonlocal thermoelasticity to plate structures.

[18] studied the influence of thermal relaxation times in living tissues using the three-phase-lag
bioheat model. The work incorporated experimental considerations and examined thermal
responses under biological conditions. [19] analyzed the influence of magnetic fields and inclined
loading on a two-dimensional thermoelastic medium under gravity. The study incorporated
multiple coupled physical effects within a generalized thermoelastic framework. Their work
expanded the applications of magneto-thermoelasticity. [20] investigated thermodiffusion
interactions in a homogeneous spherical shell using a modified Moore-Gibson-Thompson model
with two time delays. The study combined thermoelastic diffusion theory with advanced heat
conduction models. Their formulation provided improved descriptions of thermal wave
propagation. [21] examined the structural stability of porous Cosserat media within a generalized
continuum framework. The study incorporated porosity and microstructural effects into the
stability analysis. [22] developed a fractional Moore-Gibson-Thompson photothermal model for
rotating semiconductors. The formulation incorporated fractional derivatives to describe
anomalous diffusion and thermal wave propagation. [23] investigated non-simple thermoelastic
diffusion interactions in a half-space incorporating both nonlocality and memory effects. The
study combined advanced constitutive relations with generalized heat conduction theories. Their
work highlighted the importance of hereditary effects in thermoelastic diffusion. [24] examined
frequency-domain responses of transversely isotropic thermoelastic diffusive solids with two-
temperature effects. The study investigated coupled thermoelastic and diffusion phenomena in
anisotropic media. Their work provided useful insights into dynamic thermoelastic diffusion
interactions. Several studies have been conducted in this direction recently as [25, 26, 27, 28] and
[29].

The effect of nonlocal parameters and the angular frequency are studied by many scholars as
we have cited above. More of them worked on area of nonlocal with diffusion of thermoelasticity
under a thermal source, heat transfer and mass transport with focus on transient or time-domain
analysis. This study focuses on how nonlocal effects and angular frequency influence the stress,
temperature change and mass concentration of copper material under inclined mechanical load.
There is a critical need for advanced mathematical modeling and analytical techniques to
accurately capture these interactions. So we will fill this gap by formulating model, analyze it by
using Fourier transformation and MATLAB software and it will ultimately improving their
practical applications.

2. Basic equations
Following [30] the stress tensor at arbitrary point x of a nano material body not only depends

up on the stress tensor at x, but also depend on all points of the body. The nonlocal stress tensor cij
for a homogeneous isotropic elastic material can be expressed as

0y (x) = fv alx — x'1,8) ty V(X (1)

By employing Eringen's nonlocal formulation, the nonlocal stress tensor oij(x) can be
expressed as
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(1 = &2V3o;(x) = t;;(x), ()

The constitutive equation for coupled thermoelastic diffusion medium while neglecting the
body forces can be expressed as

(1 = &V¥)0y;(x) = 2pe;;(x) + 8;j(Aee — v1T — v20),
P=—y, e — aT + bC.

Following [2, 16, 31] the basic equations in isotropic nonlocal thermoelastic media with
diffusion can be given by

)

A+ wWV-Vu + uV?u — VT — y,VC + p(1 — E2V3)F = p(1 — &7, 4)
(K o+t K YWAT = p(1 — {‘2\72) Py (pC T + yiTou;,; + aTo0), (3)
(1 — &2v?)C =dV?(bC — y,ew — aT). (6)

where
1= B4+ 2Wa, v, = (31 + 2pWa.. (7)

T =temperature change, p =density, a; =coefficient of thermal expansion,

a. =coefficient of diffusion, K =coefficient of thermal conductivity,

K* =materialistic constant, a =coefficient of thermoelastic diffusive effects,

b =coefficient of diffusive effects, g;; =components of the stress tensor,

C =mass concentration, ui=displacement vector, A and y =Lamé's constants,

C. =specific heat at constant strain, Ty =temperature of the medium in its natural state,
d=diffusion constant, E&=nonlocal parameter, e;; = Y2(uy; + w;,i1), 1,j=1,2,3,
V=gradient operator, V> =Laplacian operator.

3. Formulation and solution of the problem

Considering a two dimensional homogeneous nonlocal isotropic thermoelastic body initialy at
undeformed state at initial temperature To. We take a rectangular coordinate system (x,y,z) having
origin on the surface z=0 with z-axis pointing vertically downward into the medium is introduced.
The analysis will be carried in frequency domain. The surface of half space is subjected to inclined
load. Inclined load is a linear combination of tangential load and normal load. For two dimensional
problem in xz plane we take

u=(u0,w),u=ulxzt), w=w(xzt), T=T(xzt)and C = C(x,zt). (8)
Using (8) in Egs. (4)-(6) the corresponding formulation in xz-plane reduces to

@+ u) - +uru— V1——V2 +p(1 §PV2)F1=p(1 - &2V, )

(A + W2+ 07w =y = =y, 5+ p(1 = £2VAF; = p(1 - §272)W, (10)

(K = K )VZT p(1— €2V2)6t2 (pCs T +y'TC + aT®0), (11)
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_ ey 96 _ 2%C 2%\ (0% L @%\(ou  ow)_ (o  o°r
(1=8V)o =d (b(axz + 622) V2 (6x2 + 622)(ax + az) a(axz + 622)) (12)
The initial and regularity conditions of the above problems are given by
u(x,z,0) =0=1(xz0)
w(x,z,0) = 0=w(x,z0)
T(x,20) =0="T(x,z0) (13)
C(x,2,0)=0=C(x,20),forz = 0,—0 < x <
u(x, z,t) =w(x,zt) =T(x,z,t) =C(x,z,t) =0,fort > 0O,whenz — o
We use dimensionless quantities to simplify the solution as

w 13 w w
X'==x, zZ/="2z t =0t U ="2u d=->aq
C1 C1 Cy C1
r_ w1 1 _ ¥2C 1 _ YT r_ Fi1
w==w, (=2, T =2, F,/= (14)
c, pCy pcy Y1To
F3 A+2 Crcy®
3r _ —, €’=€,C12=( 1Y) w;=PE1
yT p K

For the decoupling of equations, express u(x,z,t) and w(x,z,t) by dimensionless potential
functions ¥, and ¥, as follows

We consider the time harmonic behavior given by
(u,w, T,0)(x,21t) = (u,w,T,C)(x,z)e®t, (16)
The Fourier transformation is given as follow
Gz =[" f(xz1t)edx (17)

By using dimensionless quantities defined by (14) in Egs. (9)-(12) and suppressing the primes
from them, then substitute Eq. (15) in them and applying Egs. (16)-(17) on resulting equations,
yields

(A(D? = P+ 0?(1 = Ay (D2 — )) P, - T - C=0, (18)

(A2(D* = ¢+ (1 = 41 (D* = {M))w?)P, =0, (19)

Ax(1 = Au(D? = (D)0 = (P + (A4(1 - Au(D? = ) = 4502 = )T+
As(1 — A (D* = )L =0,

Ao(D? = §2)2Py + Ayo(D* — {OT + [4,(1 — A (D = {P) - 21
As(D* = ¢H]C=0.

where:

_A+2u _u
Al_ Z_PC12

= 2 — _i..3 piciPw*
X , Az=p — wnl, As=—-iw (y—l)CE‘
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As = (%) (Koq*iw + K*), Ag = —w? (ﬂ) Toa', A;= (P“’l_clz) iw,

w1y

Y2
* *2 *2 2
_ pPwWq _ 2 ([ w _ pw1 _ w%E _
Ag = db( - ), As= dy* (), A= ad( ” ) Au = = A =nT,
_pwicy _ _pwiicy _Aqp _ Aqy
Az = , A= 11T, Ags = y Arg =75 Ay =— .
Y1 V2 A1z Ag3

The Eqgs. (18)-(21) possess a nontrivial solution if determinant of their coefficients vanishes,
which yields

(D°Ry + D*R, + D?R; + R)(¥P,,T,C) =0. (22)
(D?+ rN¥P,=0, r = i—z (23)

where:

My = —A,A,w* My = A1A4A; + AlAsw® — AsA,w? — AgAiow? + AsA,,
M; = —A1A4Ag + AsAgw?, My = A1454; + A1AcAro + AsAg + AoAg + AzA1o — A4,
Ms = A14sAg — AsAs, Mg = M2A11* — A11°M; + M4A:1 + Ms,
M, :A112M1 — 2M3A11 — M3Ay1 — My, Mg=M,; + M3 — 3411M1, Mg = M,
Ri= Mg, R, =-3Mc(* + M;, R3=3Mg* — 2M,{* + Mg,
Ry=M;{* + Mg — Me(® — Mgl?, Rs=A4; — Apw?,
Re¢ = —A11{Pw? — A% — 1.
When we solve Eq. (22) we get their roots +r;, (i=1, 2, 3) and roots are +r, of the equation
(23). Also the solution vanishes as z—o, therefore general solution is given in the following form.

Y, = B,e ™% + B,e 2% 4 Bje T3 (24)

T = d,Bie ™% + d,B,e ™% + d3Bze 37 (25)
C = 11Bie ™% + [,B,e 2% + [3Bse ™37, (26)
P, = Be "7, 27)

where d; and |; are given by

d. = (ri®Myz + 1*My4 + 1°Mys + My6)
i =

i=(123

(Ti4M1o + rilel + M12) ! ( " )

I = (ri®Ma17 + 1i* Mg + 1*M19 + M3o) i = (1 2 3)
! (Ti4M10 + rilel + M1z) e

where:

N,=A;, — (UZA11, Ny =(4; — 0021411)(2 + ? Nz = —A3A1;, Ny=A3 + 2A3A11(2,
Ns = —A3A11(* + A3{?, Ne¢=—Ashd11 — As, Ny = Ay + A4A117° + As{?, Ng = AeA1,
N9:A6A11€2 + As, Nio= Ao, N11=2A9(2, N12=A964. N3 = A1, N14:A1052,
Nis=—A7A11 — Ag, Nig= (47411 + Ag)(® + A7, Ni;=A4; + w411, Nig= (42 —
w?A11){®> + w?, Mio=NgNis + NgNi3, M1 =NegNig + N;N1s — NoN13 — NgNyg,
My, = N7Nig + NoNis, My3= —N3Ni5 — NgNyo, M1s=NoNyig — N3Ng — NuNys +
NoNig + NgNi;, My5=N4Nig — NsNis — NgNig — NgNiz My = NsNig + NoNyy,
My7; = —N3Ni3 — NgNig, M1g=NegNyy — N7Nig + NuNiz — N3Nyy Mi9=N;Niy —
NegNiz — NsNiz — NyNiy, Mz = NsNis — N7Nyo.
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4. Boundary conditions

On the half-space z = 0 mechanical forces are applied. We consider the appropriate boundary
condition as

(1 - 52 VZ)GZZ = _Fl(pl(x)eiwtv (28)
(1 — &2V, = —F,@,(x)e'®t, (29)
=0 (30)
—"’C(gft) = 0. (31)

where: F4, F, are mechanical force applied and ¢, (x) and ¢, (x) specify the horizontal and vertical
load distribution functions, o is angular frequency.

By applying Fourier transformation given by Eq. (17) on the equations Eqgs. (28)-(31) after
simplification we get

My1By + Mp2B; + Ma3Bs + MyuB, = —Fip1({)e', (32)
M5By + MyB, + My;B3 + MagBy = —F,(5({)e™, (33)
M39By + M3oB, + M31B3 = 0, (34)
M3,B, + M33B, + M3,B; = 0. (35)

where:
Myy = A A(ri? — 03) — A %(rt — 20°1m% + (Y — 2ury + 2uAqiir® — 2uAq10%ry
— Asdy — ApAzdiri® + A11A3(2d1— Asly — AnAslir® + A11A35211,
My, = A A(r2? — (%) — A2t — 20°12 + 0% — 2ury + 2uAq1ar® — 2uA14(%r;
— Asdy — A11Asdary® + A1iAslPdy — Asly — AniAslara? + ApAslPl,
Mys = Apd(rs® — (%) — 2A11°(rs* — 20%rs® + (%) — 2urs + 2pAnrs® — 2uAnQPrs
— Asds — A11Asdsrs® + ApAs(Pds — Asls — AuAslsrs® + ApAslPls,
M3y =i — 14111'(7”42 + A11i{3, Mys = p[-r1 + A11(7"13 - (27"1)].
Mae = pu[~12 + A1 (r2® — {Pr2)], Moy = p[—r3 + Auu(rs® — Pr3)],
Mg = pu[i{ — A11(i{rs® — i(®)], Mz = —1r1ds, Mso = —T2ds, M3y = —T3ds,
M3z, =11ls, M3z =12l Mz =13l
when we solve the system of Egs. (32)-(35), we get the nontrivial values of B;,i =1, 2,3,4 given
by

B1 — — Fl"jz(() Al + FZ(/ZZ(() AZ, (36)
F1p FR9,2(0)
BZ — 1‘22(() A3 _ Z(ZZ ¢ A4, (37)

F,® F,®
By = — 1‘215(() AS + 2‘225(() A61 (38)
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B, = F1</I;1S(O A, — FZ‘ZZS(O Asg. (39)

where:
A = M24M27M30M32 - M23M28M30M32 - M24M26M31M32 + M22M28M31M32 -
M24M27M29M33 + M23M28M29M33+M24M25M31M33 - M21M28M31M33 +
M24M26M29M34_ M22M28M29M34 - M24M25M30M34 + M21M28M30M34—r

Ay = Mag(M3oM3y — M31M33), A = M24(M30M34 — M3;1M33),

Az = Mag(M2oM3zs — M31M33), Ay = Mz4(M2oMsy — M31Msy),

As = Mzg(M29M3zz — M3oM3z), A = M24(M29M3z3 — M3oMs2),
A7 = Mz5(M3oM3zs — M31M33) — Mze(M2oMsy — M31M32)+My7(M2oMsz — M3oMsz),
Ag = Mz (M3oM3zs — M31M33) — Myp(M29Mszy — M31Msz)+ Ma3(MagMsz — M3oMss).

By applying Fourier transform on Eq. (15), substitute from Eq. (24)-(27), using Egs. (36)-(39)
we get expressions for components of displacement, stress, temperature change and mass
concentration as given by

W= (@AB - @AM) elvt (41)
C = (—@A]] + @Am) et (43)
Gre = (B8N, + 22O, ) elor (44)

Gr = (028N, — 2O p, ) elor (45)

Where

Ay = i{Ae™™ — i{Aze™ + i{Ase 3% + TiAse™ Ay, = i{AeTT — i{ALeTTHE +
i(Aee™™ + 14lge™™*, Mgz = AT — AgraeT + Asrze™™ — i{Ase A1, =
Az'rle_rlz - A4r2€_rzz + A6r3€_r3z - i(Age_r‘l-Z, A15 = Aldle_rlz - A3d2€_r22 +
A5d3e_r32A16 = Azdle_rlz - A4d2€_rzz + A6d3e_r32, A17 = Allle_rlz - A3lze_rzz +
Aslge_rnglg = Azlle_rlz - A4lze_rzz + Aelge_rgz, A19 = GlAle_rlz + GzA3e_r2Z -

G3A5€_rsz + G4A7€_r4z, Azo = Glﬂze_rlz - GzA4e_rZZ + G3A6€_r3Z - G4Age_r4zA21 =

HlAle_rlz + H2A3e_rzz + H3A5€_r3z + (7'4.2 - (2)A7e_r4z,
Azz = HlAze_rlz - H2A4€_rzz + H3A6e_r3Z - (r42 - ZZ)Age_r4Z ,Gi = (A + Zﬂ)riz +
pciidi

2]
A2 BB LA = —oridu,

5. Specific loads
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5.1 Concentrated force

The disturbance on half space due to concentrated normal force is solved by setting the
following relation

P1(x) = @2(x) = (%) , (46)
Where 6 () is Dirac delta function and after applying Fourier transformation on it we get
?1(9) = 92(9) = 1. (47)

5.2 Uniformly distributed force

In this case we consider

ey = [y E S

When we apply the Fourier transformation on Eg. (48) we get the following for the case of
uniformly strip load of non-dimensional width 2 m applied at origin.

@), 23 = 2752, ¢ %0 (49)

(48)

5.3 Linearly distributed force

The solution due to linearly applied force applied on half space is obtained by setting

[x] .
—_ <
1 Jif x| < m

(50)
0, if |x| >m

{p1(0), p2(x)} = {
By using the Fourier transformation on Eq. (50), that linearly distributed on 2 m width of the
strip load, we get

2(1 —cos({m))
m{2 !

{0100, 2} =

Using Eqgs. (47), (49), and (51) in Egs. (40)-(45), we obtain components of displacements,
temperature change and mass concentration and stresses due to concentrated load, uniformly
distributed load and linearly distributed load respectively.

{(#0 (51)

6. Applications

Suppose an inclined load, per unit length F, is acting on the y-axis and its inclination with z-
axis is 0.
From the above graph the horizontal component F. and vertical component F. of forces are
given as
F1 = F cos(0),F, = F sin(0) (52)

Using Eq. (52) in Egs. (40)-(45) we obtain the mathematical expressions of the displacement,
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Y

Z
Figure 1. Inclined force applied at the origin of nonlocal isotropic thermoelastic solid

temperature change and mass concentration of nonlocal thermoelastic solid under inclined load
based on different angles of inclination.

7. Inversion of Fourier transformations

In order to get the solution of given problem in the physical domain, the inverse of Fourier
transform has been employed as suggested by [24].

feoz,w) = - [7 e 4 f (G, 2,w)d(Q) = = [} Icos(Gx)fi — sin({x)ful d (8)
Where f; and f;; are respectively the odd and even parts of the function £({, z, w).

8. Particular cases

1. When we use b = 0in Egs. (9)-(12), we get from Eqs. (44)-(49) results for displacement
components, temperature change, mass concentration and stress components without
diffusion in nonlocal isotropic thermoelastic media.

2. Ifwe take & = 0, we derive from Eqgs. (44)-(49) the displacement components, temperature
change, mass concentration and stress components of isotropic thermoelastic solid.

9. Numerical results and discussion

We consider the copper material. As mentioned in the studies of [16], the material constants of
copper metal are given by the following table.

In the Figs. 2-6 below

I. Red dashed line is correspondsto w = 1and § = 0,12

I1. Blue line with star is correspondsto w = 0.5 and ¢ = 0.

I11. Purple line is correspondsto w = 1 and ¢ = 0.02.

IV. Black line with triangle marker (>) correspondsto w = 0.5and ¢ = 0.02.
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Table 1. Copper material constants

Quantity Value Unit
A 7.76x10 Nm™
u 3.86x10" Nm™
Ol 1.78x107° K™
p 8954 kgm™
Y1 0.02 S
V2 0.2 S
K 386 Wm K™
A 1.2x10* m’K™'s?
B 9x10° kgms™
To 293 K
C. 383.1 Jkg'K™
D 8.5x107 M
K* 1.2 WmK™!
2.5
=w=0.5, &0 P
g 2 —w=1,£0 - - S
g > 0.5, 6002 Pie ~~__ _--
315 —w=1, £&0.02 L7 -
% | , 4 /
E PERBREEPEEERRRERDEDEE SRS EIDD] »»»»»»b>»»»»»»»»b»»»»»»»»»”»»»»»»»
= \ ""‘-t-h.___“\
2 05 \ 4
5 "] . ’
Z 0 -
-0.5 ;
0 0.5 1 L5 2 25
Distance

Figure 2. Variation in vertical displacement with distance x due to concentrated force

The values of the nonlocal parameter employed in the numerical analysis are selected from the
range commonly adopted in the literature on nonlocal thermoelasticity and nanostructures. These
values satisfy the requirement that the nonlocal effects remain significant while preserving the
physical stability of the model. Furthermore, the chosen range enables a clear comparison between
the local case (nonlocal parameter approaching zero) and the nonlocal case, thereby illustrating the
sensitivity of displacement, stress, temperature, and concentration fields to small-scale effects.

The Figs. 2-6 represent the graphs of vertical displacement, temperature change, mass
concentration, normal stress, and shear stress under an applied inclined load at different angular
frequencies and nonlocal parameters.

Fig. 2 shows that the vertical displacement varies along the distance in an oscillatory manner
due to the action of the inclined force. It is observed that a higher frequency (w = 1) produces
larger displacement amplitudes compared to the lower frequency (w = 0.5). The inclusion of the
nonlocal parameter (§ = 0.02) reduces and smoothens the displacement response, indicating that
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Figure 4. Variation in mass concentration with distance x due to concentrated force

nonlocal effects weaken the mechanical deformation and make the response more stable.

Fig. 3 indicates that the temperature change decreases initially with distance, reaches a
minimum, and then increases, exhibiting wave-like thermal behavior. Higher frequency results in
more pronounced temperature variations, whereas the presence of nonlocal effects (§ = 0.02)
significantly suppresses these fluctuations. This demonstrates that nonlocality stabilizes the
thermal field and reduces the intensity of temperature change compared to the local case.

From Fig. 4, mass concentration exhibits a smooth spatial variation along the distance under the
action of the inclined force. An increase in frequency (w = 1) leads to larger fluctuations
compared to the lower frequency case (w = 0.5). The inclusion of nonlocal effects (§ = 0.02)
reduces the amplitude of concentration variation and smoothens the profile, indicating a stabilizing
influence on mass diffusion.

Fig. 5 shows that the normal stress response varies significantly with distance and exhibits
oscillatory behavior due to the inclined force. Higher frequency results in larger stress magnitudes,
while the nonlocal parameter (§ = 0.02) lowers the peak values and smoothens the stress curves.
This demonstrates that nonlocality mitigates stress concentration and leads to a more uniform
stress distribution within the medium.

From Fig. 6, the shear stress varies nonlinearly along the distance and exhibits a clear
oscillatory pattern due to the inclined force. Higher frequency (w = 1) produces significantly
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Figure 6. Variation in shear stress with distance x due to concentrated force

larger shear stress amplitudes compared to the lower frequency case (©=0.5). The presence of
nonlocal effects (§ = 0.02) reduces the peak shear stress and smoothens the response, indicating a
mitigating effect on stress concentration.

The Figs. 7-11 represent the variations of field variables under a uniformly distributed load in a
nonlocal solid with distance x, where:

I. Red dashed line corresponds to w = 1 and & = 0.

I1. Blue line with star marker corresponds to w = 0.5 and £ = 0.

I11. Green line correspondsto w = 1 and & = 0.02.

IV. Black line with triangle marker (>) corresponds to ©=0.5 and § = 0.02.

Fig. 7 shows that the vertical displacement exhibits a wave-like variation along the distance due
to the inclined force. Higher frequency (w = 1) results in larger displacement amplitudes, while
the lower frequency case (w = 0.5) exhibits comparatively smaller variations. The inclusion of
nonlocal effects (§ = 0.02) significantly reduces the magnitude and smoothens the displacement
response.

Fig. 8 shows that the temperature change initially decreases with distance, reaches a minimum
around the mid-region, and then increases, indicating thermal wave behavior. Higher frequency
produces relatively stronger temperature variations compared to lower frequency. Nonlocal effects
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(§ = 0.02) suppress temperature fluctuations and lead to a more uniform and stable thermal

distribution.

Fig. 9 shows that the mass concentration decreases gradually with distance, reaches a minimum
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in the mid-region, and then increases due to the influence of the inclined force. Higher
frequency (w = 1) yields comparatively larger concentration levels than the lower frequency case
(w = 0.5). The presence of nonlocal effects (§ = 0.02) smoothens the concentration profile and
reduces the overall variation, indicating stabilized mass diffusion.

Fig. 10 shows that the normal stress varies oscillatory along the distance under the effect of the
inclined force. Higher frequency (w = 1) produces larger stress amplitudes, while the lower
frequency case shows comparatively smoother variations. The inclusion of nonlocal effects (§ =
0.02) reduces the peak normal stress and smoothens the stress distribution.

Fig. 11 shows that the shear stress exhibits a wave-like variation with distance due to the
inclined force. Increasing the frequency enhances the magnitude of shear stress, whereas nonlocal
effects significantly suppress the peak values. This indicates that nonlocality plays an important
role in reducing shear stress concentration and stabilizing the mechanical response.

The Figs. 12-16 represent variations in W, T, C, g,,, and g, with distance x due to a linearly
distributed load, where:

I. Red dashed line correspondsto w = 1and & = 0.

I1. Blue line with star marker corresponds to w = 0.5 and § = 0.

I11. Green line corresponds to w = 1 and § = 0.02.

IV. Black line with triangle marker (>) correspondsto w = 0.5and &= 0.02.
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Figure 13. Variation in temperature change with distance x due to linearly distributed load
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An applied linearly distributed inclined load on a nonlocal thermoelastic medium produces
different response characteristics, as shown in Figs. 12-16.

Fig. 12 shows that the vertical displacement varies nonlinearly with distance and exhibits
oscillatory behavior for different angular frequencies (w) and nonlocal parameters (). Higher
angular frequency (w = 1) results in larger displacement amplitudes compared to the lower
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Figure 16. Variation in shear stress with distance x due to linearly distributed load

frequency (w = 0.5). The presence of nonlocal effects (§ = 0.02) smoothens the displacement
profile and slightly reduces peak values compared to the local case (§ = 0).

Fig. 13 shows that the temperature change initially decreases with distance, reaches a
minimum, and then increases, indicating wave-like thermal behavior. Higher angular frequency
produces more pronounced variations in temperature compared to lower frequency. Nonlocal
effects (§ = 0.02) reduce thermal gradients and lead to smoother temperature distributions than
the classical local model.

Fig. 14 illustrates the variation of mass concentration with distance under an inclined force with
a linearly distributed load. The mass concentration initially decreases, attains a minimum near the
mid-region, and then increases, indicating non-uniform diffusion behavior. An increase in angular
frequency (w) amplifies the variation, while the nonlocal parameter (§) smoothens the response
and reduces extreme values compared to the local case (§ = 0).

Fig. 15 depicts the variation of normal stress with distance under an inclined force. The normal
stress exhibits oscillatory behavior along the distance, with higher angular frequency (w)
producing larger stress amplitudes. The inclusion of the nonlocal parameter (§) smoothens the
stress distribution and reduces peak magnitudes compared to the local case (§ = 0). Fig. 16
illustrates the variation of shear stress with distance due to an inclined force. The shear stress
shows pronounced fluctuations, and increasing angular frequency (w) significantly enhances the
stress response. Nonlocal effects (€ = 0.02) lead to a smoother shear stress profile and attenuate
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extreme values relative to the classical local model.

10. Conclusions

This study investigated the dynamic response of a nonlocal thermoelastic diffusive solid
subjected to an inclined load in the frequency domain. The primary objective was to examine the
combined influence of nonlocal effects and excitation frequency on the coupled mechanical,
thermal, and diffusive fields. The novelty of the work lies in the simultaneous incorporation of
nonlocal elasticity and mass diffusion under inclined loading conditions within a frequency-
domain framework, providing a more realistic description of size-dependent phenomena than
classical local theories. The numerical results reveal that the inclined force generates oscillatory
variations in displacement, temperature, mass concentration, and stress distributions throughout
the medium. It is observed that increasing the excitation frequency amplifies the mechanical and
thermal responses, resulting in higher stress levels and deformation amplitudes. In contrast, the
nonlocal parameter exerts a significant stabilizing influence by reducing peak values and
smoothing the spatial distributions of all field variables. Physically, the nonlocal parameter
accounts for long-range interatomic interactions and introduces a characteristic internal length
scale, thereby capturing size-dependent effects that become important in micro- and nano-scale
structures.The results demonstrate that the combined effects of frequency and nonlocality play a
crucial role in controlling wave propagation, thermal behavior, diffusion characteristics, and stress
distribution within the medium. Therefore, neglecting nonlocal effects may lead to inaccurate
predictions of the thermoelastic diffusive response in small-scale structures.

The proposed model contributes to the theoretical understanding of coupled thermoelastic
diffusion phenomena and may be useful in the design and analysis of advanced composite
materials, MEMS/NEMS devices, nano-engineered structures, functionally graded materials,
semiconductor components, and aerospace systems. Future studies may extend the present
formulation to anisotropic materials, fractional thermoelastic models, rotating media, magneto-
thermoelastic interactions, and transient loading conditions.
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