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Abstract

This manuscript delves into the study of plane wave behavior in a half-space denoted as
M,, representing a double porous nonlocal thermoelastic solid. This solid encompasses dual-
phase-lag (DPL) effects with memory, interacting with an inviscid fluid half-space referred to
as M,. The model is solved using the eigenmode method after converting the dimensionless
governing equations into a two-dimensional format. Through this investigation, it has been
discerned that the medium M, exhibits five distinct types of waves: four longitudinal waves,
one transverse wave, and one mechanical wave in M,. By imposing boundary conditions at
the interface, the corresponding secular equations are derived. The components of various
physical fields are then obtained in closed form. Numerical simulations are employed to
visualize the impact of nonlocal, memory, and stiffness on the fundamental properties of
waves. Graphical representations effectively convey the outcomes of these simulations,
providing insights into how these parameters influence wave characteristics.

Subject Classification: 74H45, 74J05, 74F05, 76505.
Keywords: Non-local, Phase lags, Memory dependent derivatives, Double porosity, Stiffness.

1. Introduction

The classical thermoelasticity theory does not explain the process
driving thermal signal velocity. In classical thermoelasticity theory,
thermal disturbances are expected to spread infinitely, which is unrealistic.
Paradigm of nonlocal thermoelasticity, initially introduced by Edelen and
Laws [1] and further refined by Eringen and Edelen [2], emerged as a
groundbreaking departure from conventional thermoelastic approaches.
In this theoretical framework, the constitutive variables’ values are
intricately linked to the overall system’s characteristics, accounting for
diverse physical parameters and specific site conditions such as mass,
entropy, body force, and internal energy. Expanding upon this concept,
Polizzotto [3] and Chakraborty [4] extended nonlocality to elasticity and
various domains beyond. Exploring the ramifications of size-dependent
thermal features in nano-scale heat transport, Kumar et al. [5] pioneered a
nonlocal DPL model.

The word “memory-dependent derivative (MDD)”, coined by Wang
and Li [6], involves transforming the Caputo-type [7] derivative into an
integral representation. The first order (o =1) for time delay 7>0 of
function f can be defined in an interval [(t —7), t], with kernel K(t-{):

D) =] KG-OF )t (1)



IMPERFECT FLUID-DOUBLE POROUS NON-LOCAL THERMOELASTIC SOLID INTERFACE 1481

Depending on the inherent characteristics of the given circumstance,
the kernel function may be

R 1 if n=m=0
K(t-0)=1-2(-0)+ " t=0P =11-(t-0)fr  ifn=1/2,m=0 (12)
4 A-(t-0)/oF ifn=m=1

Investigating the waves in thermoelastic double-porous materials
carries significant significance across diverse domains, such as
geomechanics, hydrogeology, and petroleum engineering. This
significance arises from the fact that the majority of Earth’s materials
exhibit a combination of porosity and elasticity. Nunziato and Cowin [8]
altered the conventional elasticity theory by specifically concentrating on
integrating voids within elastic materials. Iesan [9] proposed a theoretical
framework for thermoelastic solids containing voids and presented several
theorems pertaining to the uniqueness of the solution. Iesan and
Quintanilla [10] give the theoretical framework for thermoelastic materials
with double porous architectures, incorporating nonlinearity. Barak, along
with a dedicated team of researchers [11]-[18], delves into an extensive
inquiry, meticulously investigating the profound implications of
nonlocality and memory effects on the intricate phenomena of wave
propagation across diverse media.

This study systematically explores the repercussions of MMD,
stiffness, and nonlocal effects on wave propagation within an isotropic
nonlocal homogeneous thermoelastic dual-phase lag half-space, denoted
as M,, juxtaposed with an inviscid fluid half-space M,. Employing the
eigenmode analysis, the study methodically formulates expressions for
the pertinent variables, subsequently deriving a compact form of the
secular equation by integrating thermal and mechanical boundary
conditions. The investigation culminates in a detailed graphical
representation of computer-simulated outcomes, exemplified through a
material reminiscent of magnesium crystals. This meticulous examination
advances our comprehension of wave dynamics within the specified
thermomechanical context, contributing valuable insights into the intricate
interplay of memory-dependent derivatives, stiffness, and nonlocality on
the fundamental characteristics of wave propagation.
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2. Field equations

After Eringen’s work [19], the studies by lesan and Quintanilla [10]
and Ezzat et al. [20] guide us to the constitutive relation of a dual type of
voids in the nonlocal thermoelastic medium that is isotropic and
homogeneous. This material incorporates dual-phase-lag with MDD,
considering the absence of external body force.

(1-&V*)o, =0} =A8,¢,, +2ue, +b5,y — BT (2.1)
(1-&V*o, =(0))" =ag, +by, (2.2)
(1-&V*)o; =(0]) =b¢, +1v, (2.3)
(1-&V*)8 =) =~be, ~a,¢p-ay+y,T (2.4)
1-8V)E, =) =—de, ~a,p—ay +y,T (2.5)

The equations of motion:
ol =p(1-EVA)ii, (2.6)
(@) ) +(§) =2,(1-8V)¢ (2.7)
(07 ) +(5,)" = x,(1-&V*)y (2.8)

The heat equation:

2

T . .
KQ+7,D )T, ,=|1-&V*+D, +a, ?qu (BT, +7v,T,0+7,Tyr+pCT)
T q a

(2.9)

where, 0'} and Gf are the equilibrated stress tensor, A,u indicate the
Lame’s constants, #, denotes the component of displacement, the intrinsic
equilibrated body forces is denoted by ¢ and {,,b and d are voids
parameters, ¢ and y are the volume fraction field of dual voids, p is the
density, V is the nabla operator, B=(34 + 2u)a, is temperature
coefficient, corresponding to thermal properties y, and y, are the
constitutive coefficients, ¢, is linear thermal expansion, 4, a,, a,, a,, b,,
y represents the material constants, for type-I, Il voids, y, and y, are the
inertia coefficients, £ isnonlocal parameter, T is the change in temperature,
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C, is the specific heat, K is the thermal conductivity, T, denotes the
ambient temperature, 7, & 7, are the phase lags. Subscript L stands for
local effect.

3. Problem formulation

We examine a semi-infinite nonlocal thermoelastic solid medium
(M,) containing dual types of voids, positioned beneath a semi-infinite
inviscid fluid medium (M,). The disturbance is confined to the
neighborhood of z=0. The state variable is dependent on time f and x, z
coordinates. The medium’s displacement is denoted as u, =u(x,zt), u,
=w(x,z,t).

mgz

e

liquid medium (M)

—mz

Double porous nonlocal

Thermoelastic medium (M) e s

Figure 1

Schematic diagram of the problem

The equation of motions and equation of energy has been obtained by
using the governing equations (2.1)-(2.9) in two-dimensional form as
follows

A+2m)u,  +u(u,  +w, )+ Aw, _+dy, +bp, —BT, =p(1-EV?)ii  (3.1)

A+wu, +uw, +A+2u)w, _+dy, +bp, —BT, =p(1-E*V?)w (3.2)

/xz /xx

_b(urx +w,, ) - a1¢ + b1 (l//rxx v, ) + a(¢rn +¢rzz ) —ay+ le =X (1 - gzvz)é
(3.3)
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_d(u/x +w,z )_ a3¢ + Y(W/xx 'H///ZZ )+ b1 ((P’xx +¢’zz )_
6121// + sz = Xz (1 - éZVZ)V[ (34)

2

T
K(1+7,D, (T, +T,.)=|1- EVi+ 7D, +a, ?quq BT, (i1, +w, )+

7 xx

(7, T, +7,T,y +pC,T) (3.5)

Dimensionless formulas:

[ w] r_ 1
(X /Z ):C_(xrz),}?f =

o’y 1
p /(¢VIW'):#(¢/W)I (M',ZU’)Z—(M ;W )r
: ﬂTo f C12 frf ¢ frrf

’ 2 1 (] ' ' ' ,C
(Gzz’o-zx)zﬁ_T(o-zz’sz)’ (t IT T’T q)zwl(tlTT’Tq)’ (Ll ,w )=%(H,w>,
0 0
T [0) [0}
T'=—,&=—2E ¢ =—L¢ (3.6)
L7 e g

Equation (3.6) has been inserted into equations (3.1)-(3.5); the

governing equations in their dimensionless form are presented as follows.

u, +6u,_+(1-6%)w,_+f,y, +£9, -T, =1-EV?)ii (3.7)

(1-6%)u, +6w, +w,_+f0, +f,¥,. T, =(1-E V)i (3.8)

_f4(u’x +w’z )_f5¢+¢’xx +¢’zz +f3(lll’xx +ll/’zz )_fél//+f7T =6_12(1_§2V2)(ﬁ

(3.9)

_f9(u’x +w’z )+¢’xx +¢’zz _f10¢+f8(ll/’xx +ll/’zz )_fllll/ + leT = 5_12(1_52VZ)W
(3.10)

2

T
(A+7,D, )T, +T,.)=|1- EVi+ 7D, +a, Tquz (e, +w,_ )+

/xx

fiu0+ f,u+T) (3.11)

where,
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f = bc? f = dc? f _b fo BT, x,b f - ac: f =a3c12
1 wlzllﬁTol 2 wlzllﬂT 7 J3 a’ 4 pcfa 7 J5 a 121 6 aa)lzl
rTx ﬁTx V. Tox
f=" = f9 =, fio = = ’f12= S

a ;b b, b,

4 27 C oc?
fis= J/lil o fu= }/231 1 €= b, ,Cf:/1+2u,a)1: epC1/
Kw; x, Ko, %, pCe(A+2u) p K
2o 2 K szi 52:£ 52 = 3 52 = _Z
B A A

Here, € denotes the constant for thermomechanical coupling, w
denotes the characteristics frequency, c,;i=1,2,3,4 are the velocities due
to longitudinal wave, transverse wave, and volume fraction fields of dual
voids, respectively.

Now, using the Helmholtz theorem, we have
w=G, -H, ,u=G, +H,, (3.12)
here, G and H represent the scalar and vector velocity potential functions.

Equations (3.7)—(3.11), combined with equation (3.12), yield the following
results.

G 4G, + 10+ Ly -T=(1-§V*)G (3.13)

8°(H, +H,_ )=(1-&V*)H (3.14)

/xx

_f4(G/xx +Grzz )+ f3('//rxx 'HVIZZ )_ fs(]) + ¢/xx +¢/zz _f5l// + f7T = 5_12(1 - gzvz)(b’

(3.15)

G, G, )+ (W, 4V, ) f,,0+0, +0,_ —
1 2072y 5
f11‘/’+fuT=§(1—§ V) (3.16)

2

2

T .
(1+7,D, (T, +T,.)=| 1-&V*+ D, +a, ?”qu (&G, +G, )+

7 xx

fu0+ fL ¥ +T) (3.17)
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Following Achenbach [21], for the inviscid fluid half-space, the
governing equations are

pf = _pfq')f (318)

2 1 0y _
[v 2 aﬂ]‘pf 0 (3.19)
i, =V, (3.20)

s A . . .
Where, o; :pfj, p, represents the acoustic pressure, p, is density,

A, is the bulk modulus, u,,w, are velocity components, ¢, is the velocity
potential of the fluid medium.

Upon incorporating the dimensionless quantities as per equation
(3.6) and omitting the primes, we get

2
10 o
(VZ —5—;¥] (pf = 0, Where/ 5; :?- (321)

4. The problem’s solution

Utilizing the eigenmode technique, we assume the following
solutions:

(v, T,9,,G H,0)={¥(2),T(2),9,(2),G(2), H(z),d(2)} explik(x —ct)}  (4.1)

Where bar notations denote the amplitudes of the respective
functions, @ and k are the angular velocity and the wavenumber, and
c=w/k is the phase velocity.

After using equation (4.1), equations (3.13)-(3.17) and (3.21) take the
form (after suppressing the bars):

d,+d,m)G+f, ¢+ fy—-T=0 (4.2)
(—fym® +d,)G+(d,m® +d)o+(f;m* —d )y + £, T=0 (4.3)
(—fym*+d, ) )G+(m* —d,)¢+(d, m* +d,)y+f,T=0 (4.4)

(dym* +dm® +d.,)G+(dgm® +d, )9+ (dgm” +d )y +(dym® +d, )T =0
(4.5)
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(m*-m)H=0 (4.6)

(m* ~mg)¢, =0 (4.7)

Where,m=dilz, d, =k -1+0°8), d, =1-EcK, d, = £},

wz 2 c 2 2
d32=1_ 525 d k2£§_1+5 J f5' 34 f3k2+f6’ 11 f9k2
1 1

dy =k fydy— fi-28 4 —k{ia—é%—f}f
42 107 7743 8 52 ’44 52 8 117

2
TZ
A, :[1+rqE(1q,Q)+a0%EZ(T‘],Q)J, A, =1+1.E(1,,Q), A, =A, /A,

A, =8/ A, d, =—tkceA,, d,, =tkce(d, +k*A,), d,, =—k’wced,,

27 52 47 753

dy =—f,tkcA,, d, =1kef, d,, d, =—tkef ,A,, dy = f,,1kcd,, d,y =1~1kcA,,

47 756
d, =tked, —k*,Q =10

—(m* —-2n+1)Q*t? +2Q1*(m* —n) + 2m*exp(-Qr,) + Q*t* - 2QnT, + 2m*
E(rl.,Q)={( )Q°7, +2Q7,( )T3Q2 Yexp(-Qr,)+Q°7; —2Qn7, si=g,T.

For the nontrivial solutions, equations (4.2)-(4.5) yield the following
characteristics equation

Lym®+Lm®+L,m*+Lm*+L, =0 (4.8)
The coefficients L, :i=0-4 are determined using the determinant of
equations (4.2)-(4.5), roots m]2 (j=1-4) are determined by solving

equation (4.8).
Characteristics roots of the equation (4.6) are

S P 4
m5: —52_—0)252 ( 9)

The mechanical wave in the fluid medium is represented by equation
(3.21), having the characteristic root.
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m* = k> {1—iJ (4.10)
6 52 :
f

The radiation condition Re(mj >0,j=1-5), for the medium M, is

satisfied by the solution

G,0,v,T)= i(l,V}.,V\/I.,S].)U]. expftk(x —ct)— m/.z} (4.11)

j=1
H =U, exp{tk(x —ct) - m z} (4.12)

For the medium M,, the radiation conditions Re(im,) >0 is satisfied
by the solution is given

q)f =U, expftk(x —ct)+m,z} (4.13)

By substituting the value of the solution (4.11) into the equations
(3.13), (3.15), and (3.16), a nonlinear set of equations is obtained. The
collection of equations can be shown as a matrix as follows:

h fo o AV |y
m;al32 +d, fam: ~d,  f, |W|= f4m; —d, (4.14)
m; - d42 m; d43 + d44 f12 S j f 9m; - d41

The values of parameters V,,W,, S, are obtained from equation (4.14).

5. Conditions at the Boundary

The boundary conditions are assumed at z=0 as follows;

zx

ow .
sz :—pf, ot :O, GZLZ :Kn [wf _5], (gzl)L :O, (é:)L :O, T’Z +H T :O
(5.1)
it is noted that H indicated heat coefficient and K, indicated stiffness

parameter. The given boundary conditions may be written with potential
functions using the constitutive relations as follows

2
Py,

BT,

(1-&v*)G-28°(G,, +H, )= ¢, (5.2)

/ xx
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(1-&V*H+28*(G,_-H, )=0 (5.3)
(1-EV)G-28%G, +H, )= I;TCO Ly - ;i";lu G,.—H, ) (5.4)
ag, +by, =0 (5.5)

b, +yy, =0 (5.6)

T, +H'T=0 (5.7)

6. Derivation of the secular equation

After putting the solutions (4.11)-(4.13) in the equations (5.2)-(5.7), we
get a set of equations in U, ,q=(1-6) as

4
Z(Pn + plzm:)uq +pmUs +p U, =0 (6.1)
q=1

S 2
Z—Plsmquq +(py, +pms)U; =0 (6.2)
q=1
N 2
Z(pll TP, TP, )Uq +(Pyy + Py HIU; + pm U =0 (6.3)
q=1
4
> m (V. + W)U, =0 (6.4)
q=1
4
>om (V, + W)U, =0 (6.5)
q=1
4 *
Z(mq +H )Squ =0 (6.6)
q=1

2
1

c
where, p,, =-0*(1+k*%)+2k*6%, p, =w°&?, p,, =267k, p,, =1kc l;fT ,
0
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B theK

P P—Cl, Ps

Using the set of equations (6.1)-(6.6) and upon doing algebraic

= w2§2’ Py =

—K k*
—_n_
7
Cl

Py = 258"k, Pss =

R. KUMAR ET AL.

-K ¢

n_1

BT,

calculations, the ensuing secular equation is obtained as

PPy + plzmé)[(pn t Py + p32m12)(F1 + H*Fl’) =Py + P, + P3zm§)
(F, +H*Fz')+(p11 * Py, +p32m§)(F3 +H»F3,)_(P11 * Py, +p32mi)
(F4 +H*F;)]+(p14p13(p33 +p34m5)_p35p123 'msme)[m1(F1 +H*F1,)_

m, (F, +H*Fz')+m3(l:3 +H*F3')—m4(F4 +H*F4')]—p35mé(pn +Plzm§)

[(pll + plZmlz)(Fl + H*P‘l’) - (pll + plng)(FZ + H*FZI) + (pll + plzmg)(FZi + H*FC;)

_(Pll + plZmi)(F4 + H*F4’)] = 0

where,

m,(V,+ f;W,) m (Vo + f,W,) m, (V, + f,W,)
E =m,(V, + fW,) m,(V,+ fW,) m,(V, + fW,),

m,S, m,S, m,S,
m (V, + ;W) my(V, + W) m, (V, + f,W,)
E, =|m,(V, + W) m (V, + fW,)  m,(V,+ fW,)],
m,S, m,S, m,S,
m, (V, +f3W1) my(V, + fswz) m,(V, +f3W4)
F, = ml(Vﬁfsz) mz(V2+f8W2) m4(V4+f8W4)’
m,S, m,S, m,S,
ml(v1+favvl) mz(vz+fswz) m3(V3+f3W3)
F, = ml(Vl+f8W1) mz(vz+fswz) ms(vs"'fswa)'
m,S, m,S, m.S,

Similarly, F' can be derived by substituting m S to S in F,g=1-4.
q 99 q Ll

7. Solving the secular equation

The characteristic equation (6.7) provide all of the information
regarding the wave attributes, including wavenumber, attenuation
coefficient, and phase velocity. The characteristic equation (4.8) has roots
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in complex quantities. Thus, the waves’ phase velocity is similarly complex.
After obtaining the characteristic roots m]2 ;j=1-6, we get

¢ = J_ri (7.1)
m,

We write cJTl = v]fl +za)’1Q; (7.2)

noted that k=R’ +10™'Q;, R} = w/ v,, and Q; are real quantities. Equation
(4.1) provides the component of the solution that becomes
—Q;x + lR;(x—vjt). This implies that Q;. and o, are the wave attenuation
coefficientand phase velocity. Using equations (6.7)and (7.2), the MATLAB
software is used to obtain the roots m; 2(j=1-4) of the characteristic
equation (4.8). By using m , once the characteristlc equation (6.7) is
solved, and putting relation (7 2) in equation (7.1), phase velocity (U ) and
attenuation coefficient (Q]) of waves is determined as v, = 1/ Re(m ), Q
= wIm(m ); j =1-4. Specific loss is described as the ratio of the energy
dissipated (AE) in a material during one complete stress cycle to the
maximum energy stored in the specimen at its peak strain (E). Here, the
specific loss is

) v.Q,
SL:A_E: H_Im(k) = ]'L'Q—i:4ﬂ,'—]Qj (7.3)
E Re(k) R 0]
The penetrating depth of the waves is given as
_ 11 -
i 0]

8. Physical field’s distribution

Using the interface’s boundary conditions (5.1) of the nonlocal
isotropic thermoelastic solid and inviscid fluid half-spaces, the components
of displacement, fluid displacement, variation in temperature, and fraction
of volume field have been determined. From the equations (5.2)-(5.7), we
have

U,=UQexp(p,), W =WQexp(p,), §, =®Qexp(p,), ¥, =¥ Qexp (p)),

T =0Qexp(p), U, =UQexp(p,), W, =W, Qexp(p,),
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(©)=1R (x~v}1);j=1-6 (8.1)

Here, uzfls,wzws,¢=¢5,t//=1/75,T=1~"s,uf =Uf,wf =Wf at z=0 and

. LU u tomU.
Q=U,exp{-Qux}, U, =tk| 1+ ) —L |-m.—>, W, =—| m, ++ L k—2 |,
1 j S ;ul 5 u] S 1 ; u] u]
4 VU, L WU, 45U, u u
D=V, ++) L W=W+> ——,0=5+> "~ U =tk—, W, =m —-.
i=2 U] i=2 ul i=2 U] ! ul ! 1
Inserting equation (8.1) in the set of equations (5.2)-(5.7), we get
AX =B (8.2)
where,
Pt P P+ P P+ P, Pus P
—Pi"M, —Pis, —Pi, Py +p12m§ 0
A = pll + pSlmZ +p32m§ pll +p31m3 +p32m§ pll + p31m4 + p32m: p33 +p34m5 p35m6
mZ(VZ +f‘i‘aV\/Z) mS(V3 +f3W3) m4(V4 +f3w4) 0 0
mZ(VZ +f8WZ) mS(VB +f8W3) m4(v4 +.f8W4) O 0
_UZ/Ul— P _plzmlz
u, /u1 P11,
X= u4/ul ,B= _(Pn TP, +p32m12)
us/ul _ml(V1+f3W1)
_ue/u1_ L m (Vl +f8W1)

Equation 8.2 is used to determine the value of U, /U, (i=2-6).

9. Numerical Results and Discussions

Utilizing the MATLAB software, a numerical analysis is conducted to
illustrate how the memory-dependent derivative, nonlocal parameter, and
stiffness parameter impact a range of wave profiles. The computation
takes into account a substance that resembles magnesium crystals.
Following Pathania and Joshi [22] and Singh and Tomar [23], numerical

values are given in Table 1.
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Table 1

Material constant values

Symbol Value Symbol Value
Yl 1.5x10" Nm™> Y, 3.11x10°Nm™
a, 1.2x10"° Nm™> C, 1.809x10°m*s°K™"
u 7.5x10° Nm™ K 1.7 x10* Wm ' K™
a, 1.23x10°Nm™ Py 1.0x10° Kgm™
b 2x10° Nm™? d 2.1x10° Nm™
p 2x10° Kgm™ b, 8.1x10° N
a, 221x10"°Nm™ a 8x10° N
T, 293 K X 330kgm™
a, 1.78x10°K™ A 2.140x10° Nm ™
4 82x10°N X 320kgm™
7, 2x10° Nm K™

For numerical computations, values of nonlocal and phase lags are
considered as §=0.002, 7, =0.1s, and 7, =0.4s for a fixed kernel k(t - &)
=1-(t-&)/ 1. Figs. 2-12 represent the impact of memory and nonlocality
on the considered model. The thermoelastic solid with MDD, nonlocal
thermoelastic solid with MDD, and nonlocal thermoelastic solid without
MDD models are shown by the blue, red, and green solid lines, respectively.

The relationship between the wavenumber and the phase velocity
profile is shown in Fig. 2. The phase velocity decreases with increasing
wavenumber. All three curves initially line up, but when the wavenumber
rises, there is a noticeable variance for all models considered. It has been
observed that the amplitude of phase velocity increases when nonlocality
is present.

Fig. 3 shows how wavenumber affects specific loss. When the
wavenumber is less, the magnitude of specific loss is higher and decreases
as it increases. When the wavenumber rises, there is a noticeable variation
for every model considered, even if the three curves initially coincide. It
has been demonstrated that the amplitude of phase velocity grows when
MDD is present and decreases when nonlocality is present.
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The attenuation coefficient’s behavior with wavenumber is depicted
in Fig. 4. The attenuation coefficient clearly rises linearly with wave
number, as the graph shows. The effect of MDD and nonlocality on the
attenuation coefficient is nearly identical to that seen in the specific loss
graph in Fig. 3. The relationship between the penetration depth and
wavenumber is demonstrated in Fig. 5. For vanishing wavenumber, the
penetrating depth magnitude is rather great, and it decreases with
increasing wavenumber. At first, the presence of MDD causes a fall in
penetrating depth, and the presence of nonlocality causes an increase in
magnitude. As a further increase of wavenumber, all three curves overlap
and disappear the impact of MDD and nonlocality.
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The visual representations of the components of horizontal and
vertical surface displacement with wavenumber are presented in Figs. 6
and 7, respectively. The surface displacement components are reduced
when MDD is absent and nonlocality is present. Surface displacement
components have a nearly linear pattern in the absence of MDD with
nonlocality. Figs. 8 and 9 demonstrate how the wavenumber affects both
the horizontal displacement components and the components of vertical
fluid displacement. Although the fluid displacement components are
shown to roughly follow the same pattern for the models under
consideration, their magnitudes vary.
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The impact of the wavenumber on temperature change at the solid-
fluid half-space interface is presented in Fig. 10. As the wavenumber rises,
so does the change in surface temperature. With MDD present, the surface
temperature variation shows a greater magnitude and follows a linear
trend. Nonlocality makes the shift in surface temperature less drastic.
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Figs. 11 and 12 depict the changes in the volume fraction field for
type-I and type-II voids concerning the wavenumber. An exponential
decrease in the volume fraction of both void types is observed as the
wavenumber increases. The volume fraction field influenced by voids
becomes more significant in the presence of MDD and nonlocal effects.
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Figs. 13-23 represent the impact of stiffness parameters on the
considered model. The stiffness parameter K =5, K =10, and K, — o
are shown by the blue, red, and green solid lines, respectively.

The impact of the stiffness parameter on the variation of wave phase
velocity is shown in Fig. 13. It has been found that as the stiffness parameter
value rises, phase velocity increases in magnitude as well. If the stiffness
parameter value tends to infinity, i.e., the interface is perfect, the amplitude
of phase velocity is higher than when the interface is imperfect, i.e., the

waves travel more efficiently at a perfect interface than at the imperfect
interface.
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Fig.14 shows the impact of the stiffness parameter on the specific loss.
As the wavenumber increases, the specific loss magnitude diminishes.
Furthermore, when the stiffness parameter value diminishes, the
amplitude of a specific loss also decreases. A perfect interface results in a
greater magnitude of specific loss than an imperfect interface.

Fig. 15 shows the relationship between the attenuation coefficient
and wavenumber for various stiffness parameter values. The attenuation
coefficient’s amplitude consistently grows with increasing wavenumber,
and it similarly rises with higher stiffness parameter values. Notably, there
is a substantial difference in the magnitude of the attenuation coefficient
between perfect and imperfect interfaces. In imperfect interfaces, the

magnitude is lower compared to perfect interfaces.
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Fig. 16 illustrates the effect of stiffness parameters on the depth
corresponding to the wavenumber. A larger value of the stiffness parameter
corresponds to a lower magnitude of the penetration depth. Also, if the
stiffness parameter’s value is approaching infinite, i.e., the interface is
perfect, the penetrating depth’s magnitude is lower compared to the
imperfect interface.

Figs. 17 and 18 show how the stiffness parameters affect the surface
displacements in the horizontal and vertical directions. The magnitude of
the horizontal displacement component increases as the stiffness
parameter’s value increases while the amplitude of the vertical
displacement component decreases. The amplitude of the horizontal
surface displacement component is higher when the interface is perfect
compared to when it is imperfect, while the magnitude of the vertical
displacement component exhibits the opposite pattern.

The influence of the stiffness parameter on the vertical and horizontal
fluid displacement components’ magnitude is shown in Figs. 19 and 20,
respectively. For all the values of the stiffness parameter considered, both
the fluid displacement components rise with the wavenumber. The
magnitude of the fluid’s components of displacement increases along
with the stiffness parameter’s value. The magnitude of both displacement
components is more prominent when it comes to a perfect interface than it
is in the case of an imperfect interface.

Fig. 21 depicts the change in surface temperature with wave number
for various stiffness parameter values. The stiffness parameter acts as an
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increasing agent for the surface temperature change’s amplitude. When
the interface is perfect, i.e., when the stiffness parameter value tends to
infinity, the surface temperature amplitude is much higher than when the

interface is imperfect.
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Figs. 22 and 23 show the influence of stiffness parameters on the
variation in fraction of volume for type-I and type-II voids. The fraction of
volume associated with both types of voids decreases due to the
wavenumber increases. Additionally, an increase in the stiffness parameter
value results in higher volume fraction fields for both types of voids. If the
stiffness parameter tends to infinity, the volume fraction field’s magnitude
also increases.

10. Conclusion

In the current study, plane wave propagation at the surface of an isotropic
homogeneous nonlocal thermoelastic solid-half space having double
porosity with memory-dependent derivative (MDD) and inviscid fluid
half-space. From the above analytical and numerical discussion, some
significant observations concluded as

* When nonlocal effects are present, the magnitudes of the attenuation
coefficient, solid displacement, fluid displacement, and temperature
change decrease, whereas the phase velocity and penetrating depth
increase.

¢ Theamplitude of specific loss, attenuation coefficient, phase velocity,
change in temperature, and components of displacement is higher
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when memory effect is present, while the magnitude of penetrating
depth shows a lower amplitude.

In contrast to the nonlocal effect, the memory-dependent derivative
effect enhances the magnitude fraction of volume field for both
kinds of voids.

The amplitude of the attenuation coefficient, phase velocity,
specific loss, temperature change, horizontal and vertical fluid
displacements, and void’s volume fraction field increases as the
value of the stiffness parameter increases, but the amplitude of
penetrating depth decreases.

The amplitude of the horizontal solid displacement component
increases as the stiffness parameter’s value rises, while the magnitude
of the vertical solid displacement component decreases.
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