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1 | INTRODUCTION

The aim of this work is to highlight several qualitative aspects of the solutions of a coupled problem recently described
in ref. [1, §2.4], and related to the so-called (linearized) Eringen—Cattaneo-Christov-Straughan (ECCS) model, able to
describe thermoporoacoustic phenomena. The model studied originates from Eringen (see refs. [2, 3]) and it is useful
to remember that, about twenty years ago, it was thoroughly investigated within the context of linear theory by several
authors; in this regard, reference should be made to the group of works by Chirita (see refs. [4, 5]), by Galeg (see refs. [6-11]),
and by Quintanilla (see refs. [12-17], directly involving swelling porous elasticity, or ref. [18], highlighting similarities with
Eringen’s model). In more recent times, we also record wave propagation issues in the linear, isothermal case (see, for
example, refs. [19, 20]).

Asitis well known, Fourier’s law predicts that even infinitesimal heat disturbances are able to propagate with an infinite
speed through the conducting medium; in order to suppress such paradox, a large number of so-called “non-Fourier” heat
conduction theories have been proposed (and explored) over the years. As specified in ref. [1], in this direction and with
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respect to the above model, Straughan [21, §7] included the second sound effects, that is, activated thermal waves, replacing
the Fourier heat flux relation with the Cattaneo-Christov one (refer to ref. [22, §3.1.2] for a brief description, and references
therein for further information):

t[q + (v-V)q—(q- V)v+(V-v)q]+q=—kV8, ¢))

where v stands for the velocity vector and q for the heat flux vector, while 9 is the absolute temperature, k the thermal
conductivity, and 7 the Cattaneo relaxation time, all referring to the fluid. Our analysis starts, in detail, from the linearized
model described by sys. (14) (see ref. [1], p. 240), suitably adapted to a three-dimensional domain identifying a rigid, sta-
tionary porous matrix permeated - for us - by a perfect gas. It is worth remembering that numerous and in-depth studies
exist, that involve in particular wave propagation phenomena, concerning the fields of poroacoustics and thermoporoa-
coustics. Some examples in this sense — facing both linear and, mainly, nonlinear theories - include, but are not limited to,
the works by Jordan (see, for example, refs. [23-25]) and Straughan (see, for example, refs. [26-28]). Different approaches
exist to the problem, even with regard to the modelling of heat exchange phenomena, which is why for a deeper biblio-
graphic review of the topic we refer the reader to the works cited therein. On the other hand, it should be remembered
that well-posedness and qualitative properties of solutions to elasticity and thermoelasticity problems involving porous
media are also, classically, topics of great appeal. Here we limit ourselves to recalling some works by Chiritd and Scalia
(see ref. [29] where, in the context of linear theory, the spatial and temporal behaviour of the solutions is investigated), by
Iesan (we just cite ref. [30], in which uniqueness, reciprocal and variational results are given in the context of the linear
theory, along with an acceleration waves analysis), again by Quintanilla [31, 32], or even by Svanadze (see ref. [33], to make
a reference to the concept of multi-porosity, which however goes beyond the purposes of the present work).

The minimal part, just recalled as an example, of the immense bibliography on the subject makes us understand the
interest existing on the problem, both from an engineering point of view (refer in this regard to ref. [26, §1] or even ref. [27,
§1]) and a more strictly mathematical one; the present work is evidently directed towards the latter - in fact, it addresses
and deepens mathematical aspects of the linearized ECCS model to which, in ref. [1], the singular-surface theory has
been applied.

We aim first to show that, under appropriate hypotheses, the model under investigation is well posed (parfaitement bien
posé) in Hadamard’s interpretation, proving existence, uniqueness, and continuous dependence of solution through the
semigroup theory for linear operators. In order to achieve these goals, sys. (2) (not previously studied from this point of
view) needs preliminary manipulation in order to be expressed in the alternative forms (4) and (8). Such manipulation
allows us to describe our problem as a Cauchy problem in a suitable Hilbert space. Subsequently, we are able to detect the
type of decay that characterizes the solutions. In particular, we resort to the Routh-Hurwitz rule to clarify the strongly
stable character of the solutions to the problem. Finally, the energy method allows us to check the exponential stability of
the solutions.

The outline of the paper is the following: In Section 2 we give a detailed description of the mathematical model investi-
gated. An existence result - along with related findings of uniqueness and continued dependence - is given in Section 3,
while Section 4 is devoted to the study of the decay of solutions. In conclusion, some final remarks (Section 5) are given.

2 | DEFINITION OF THE PROBLEM

According to ref. [1], sys. (14), let us consider a bounded domain B of R* whose boundary 03 is smooth enough to apply
the divergence theorem (say, 3/ is of class C!), and write the system of partial differential equations defining - for the
purpose, in the absence of any body force - the (three-dimensional) model:

{Pn+Pt—AP:®tt+®t+AA® -
2

By + 7O, — m*A® = (y —1)(BP,; + P,)

where A stands for the Laplace operator, A = 039,/ po and § = 7(Jp.

We recall that such system is given in a completely dimensionless form, and that P = (p — p,) /poand © = (8 — 8) /5
are the dimensionless acoustic pressure and excess temperature variables, respectively, being p the thermodynamic
pressure and & the absolute temperature of the gas saturating the porous matrix; the “zero” subscript identifies the corre-

85UB017 SUOWILLIOD 3AIER.D 3ol dde 3y} Aq paupA0b a8 S3o1Le YO ‘BSN JO S3INJ 10} Afeiq )T 3UIIUO AB]IAA UO (SUORIPUOD-PUR-SWLBHLI0D" A | 1M Afe.d 1 BU|UO//SONY) SUORIPUOD PUe SWis | 8y} 835 *[7202/2T/60] U0 A%eiqiauliuo Ao|im il eueIy00 AG 698001202 WUeZ/Z00T OT/I0p/ W00 A3 1M Aselqijeul|uoy/sdiy Wwoiy papeojumod ‘0 ‘T00YTZST



QUINTANILLA and ZAMPOLI m 3of11

sponding uniform ambient state value. Moreover, as in ref. [1], o, identifies the so-called “Eringen coefficient”, 7, is the
relaxation time, and 8 = v,y /P, where v, is the kinematic viscosity of the gas while y € (0,1) and P(> 0) are the porosity
and permeability of the porous matrix, respectively. In addition, m = by 1\/7xy8p, where by, is the isothermal sound speed
in the gas and x, is the thermal diffusivity of the gas. At this point, it is useful to make some clarifications/assumptions:

1. y is defined as the ratio ¢, /¢, and so we assume y > 1, being ¢, ¢, the specific heats at constant pressure and volume,
respectively;

2. asfor 8 = 1ydp, given the above definitions, it is reasonable to take 8 > 0;

3. a different situation occurs for A instead since — we recall - in ref. [1], the analysis is performed for o, > o, where
o, = —Po/d, that is, A could also attain negative values'. For the main line of investigation in this work, however,
A > 0 will be assumed.

In summary, we are going to consider here the following hypotheses to be valid:
y>1 A>0 >0 3)

Isolating A® from Equation (2),, through simple manipulations sys. (2) can be rewritten as

[1 + iz‘g(y_l)]pn — <1 + %;ﬁ)@n = AP — [1 + iz(y—l)]Pt + <1+ iZJ/)@t
m m m m

4)
—(y — 1DBP; + ByO, = m*A® + (y — 1)P, — y0©,
Defining
1+ izﬁ(y - —(1 + %ﬁy>
_ m m (5)
—-(r—1B By
and
—[1+i2(y—1)] 1+i2y
C = m m (6)

y—1 -Y

sys. (4) can, in turn, be expressed as follows

Py AP P,
B = +C Q)
(S m*A@ O,
where we note that det B = 8 = 736, taken here greater than zero (see (3)): so, B is not singular (we also record that
detC = 1). Said L = (I;;) = B™!, from (7) we deduce

P, Oy} = [AP - (1 + 2 1))Pt ¥ (1 ¥ %y) @]{ln,lzl}
m m (8)

+[m?A0 + (y — 1P, — yO,|{l12, 1o}

In order to completely define a well-posed initial-boundary value problem, to the system of partial differential
equations (2) — and subsequent manipulations — we add the following:

1n this case it would turn out, in particular, A > —1. We refer the reader to ref. [1, §2.3], p. 240, where the question “Is o, an admissible value of 0¢?”
is formulated.
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1. (homogeneous) boundary conditions

P(x,t) = O(x,t) =0, X€EdB, teRT 9)

2. and initial conditions

P(X’ 0) = PO(X)r Pt(x’ 0) = QO(X)’
X E B (10)
®(X’ O) = ®O(X)’ ®t(x’ O) = UO(X),

As for boundary conditions (9), we recall that setting (dimensionless) acoustic pressure P and excess temperature © equal
to zero means to set, respectively, p = p, and 8 = §, along the boundary 0.
With reference to the problem (2), (9), (10) it is not difficult to prove the validity of the following equality

t
E@®) + / D(s)ds = E(0), an
0
where
50 = 5 [ {80 =0[1+ Zh0 - v|p4 sy (1+ Ser )
(12)
—28(y — 1)(1 + %,@y)P,@t + By —DIVP|* + m2<1 + %m) ve|* }dv
and
Do) = /{ﬁ(y ~1) [1 A 1>]P? + y(l + %ﬁy)@f

B m m 1)

-y - 1)<1 +B+ 2%5y>Pt®t }dv
m

At this point, we must emphasize what follows. Assumptions (3) are sufficient to guarantee that the function E (t)
given in (12) is always non-negative. In fact, in it we can recognize the sum of two non-negative terms (in VP and
VO) plus a positive definite quadratic form in the variables P, and ©,, whose associated matrix has in fact determinant
B%(y — 1) (1 + ABy/m?). On the contrary, as far as function D (¢) given in (13) is concerned, we record that assumptions (3)
are no longer sufficient to guarantee its non-negativity. In addition, it would be enough to impose the following condition:

442y +m2|(1+ B - y(1 - B)’| > 0 (14)
Condition (14) determines a relation between the coefficients of the problem to guarantee the dissipative character of
the energy provided by the function (12). Evidently, it introduces a further restriction among the constitutive parameters.

We also note that, under assumptions (3) and (14), the equality (11) implies the stability of the solutions; later, we will
discuss about the exponential stability.

3 | EXISTENCE, UNIQUENESS, AND CONTINUOUS DEPENDENCE OF THE SOLUTION

In this Section, we provide an existence (as well as, uniqueness and continuous dependence) result for the solution of the
problem given by Equations (8)—(10). Let us assume the hypotheses (3) always valid, that is, the function E (¢) given in (12)
non-negative. Furthermore, let us consider the Hilbert space

M =W, *(B) x LA(B) x W, *(B) x L(B), (15)
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where Wé’z (B) and L? (13) are the usual Sobolev spaces. The elements in this space can be written as U = (P, Q, ©,7),
and we consider in H the inner product associated with the norm?:

v = %/B{,@(}’ -1 [1 + %ﬁ(y - 1)]Q2 +57/<1 + %ﬁy>n2

(16)
A 2 2 A 2
—28( = D(1+ 2By |Qn + By = DIVPI" + m*{ 1+ = fy |IVO[" rdv,
equivalent to the usual one in the Hilbert space H in view of our assumptions.
Now, we define the linear operator .4 such that
P Q
M
A Q= , 17)
© 7
n M,
where, for j = 1,2,
A A 5
Mj=[AP—(1+ =@ —1)|Q+ 1+ =57 |n|lj + [m?*A0 + (y = DQ —yn]lj, (18)
m m
Our problem can be written as
%1/’ =AUV, U(0)=U"=(P°Q°e°%n°) (19)

It is worth noting that the domain of the operator A, D (A), is given by the elements of H such that Q,n € Wé’z (B)
and P,0 € Wg’z (B); therefore, D (A) is a dense subspace of H.

In view of the field equations and boundary conditions, and using the divergence theorem, for every U" € D (A) we see
that

v, vy =3 [{a0-v[t+ o -l (14 Doy )

(20)
A
—(r - 1)<1 +B+ 2—257>Qn }dv
m
Given the definition of the norm (16), we know that there exists a positive constant C such that
(v, vy < v’ @)

for every U" € D (A). In order to prove that A defines a quasi-contractive semigroup, it is sufficient to show that zero
belongs to the resolvent of the operator .A. To do this, let ¥ = (f1, f2, f3, f4) € H and prove that an element V" € D (A)
exists such that

AU =F (22)

2In the previous Section, we assumed conditions (3). However, the inner product that is going to be given remains well-defined also in the relaxed case:
y > 1,8 > 0and m? + ABy > 0. Following the nomenclature given in ref. [1], it is interesting to note that the restriction given by the third inequality is
equivalent to o > (a(z) / cé) o5, where a, stands for the purely thermal waves speed, and ¢y = b ﬁ In recording that a, may be greater than, less than
or even equal to ¢ (see ref. [1], p. 240) and that a, = ¢, identifies one of the critical values (see ref. [1], p. 249) for the problem studied, we note that our
inner product can remain well-defined even for negative values of A, that is, relaxing the hypothesis (3),.
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We are led to the system:

I, [AP— <1 + %(y— 1))Q+ <1 + %y)n] + 1, [m?A0 + (y —1)Q —yn] = f>
3 (23)
n=1f3

%On] + by [m?*A® + (y —1DQ —yn] = f4

Ly [AP— <1 + iz(y— 1)>Q+ <1 +
m

from which, on the one hand, we obtain Q and »; on the other, the system becomes

lllAP + l12m2A® = Fl
(24)
121AP + 122m2A® = F2
where
A A
Fij=f =1 [—(1 +—- 1)>f1 + <1 + —27>f3] —lpllr = Df1 =7/l (25)
m m

for j = 1,2, and where f,; has to be meant f, for j = 1and f, for j = 2. Since L = (ll-j) = B7!, sys. (24) admits a solution
in W, (B) n W22 (B) and

Il < KiiFl, (26)

where K is a constant independent of the data. Thus, in view of the Lumer-Phillips corollary to the Hille-Yosida theorem,
we can guarantee that A generates a quasi-contractive semigroup in H (see, for example, ref. [34]).

Theorem 1. Let the assumptions (3) be valid. For every U'® = (P°,Q°,©°,7°) € D (A), there exists a unique solution to the
problem determined by Equations (8)-(10). In fact

U'(t) € C'([0,t], 1) N C°([0, t], D(A)) 27)

Remark 1. 1t is worth noting that the existence of a semigroup also ensures the continuous dependence of the solution
with respect to initial data and supply terms (if assumed). We can therefore conclude that our problem is well-posed in
the sense of Hadamard.
4 | STUDY OF THE DECAY OF SOLUTIONS
The aim of this Section is to identify sufficient conditions to guarantee the decay of the solutions and, possibly, determine
the kind of decay. Assuming the hypotheses (3) still valid, let us first consider the point spectrum associated with the
problem, and look for solutions of the form:

P(x,t) = Me“n' ¢, (x); O(x,t) = Ne“nl¢,(x), (28)
where we mean by ¢,, the eigenfunctions of the problem, that is,

{ A¢, = —A,¢, inB 29)

¢, =0 ondB
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and where all eigenvalues 4,, must be taken positive in view of the Dirichlet boundary conditions. Due to equations (28)
and (29), w,, must satisfy the following equations

M(wi + w, +4,) — N(wj + w, —A,) =0 30)
—M(y — 1)(Bw; + @,) + N(Bywh + yw, + m?2,) =0
which, understood as a linear system in the unknowns M and N, will admit non-trivial solutions if
(wp + @y + 4,) (Byown + v, + m*2,) — (y — 1)(Bop + w,) (05 + w, — A,) =0 (31)
Equation (31) can be rewritten as
a0 + azw) + a2 + ayw, + ag =0, (32)
where
ay = m?A2
a; = [m? +y + Ay - D)4,
ay =1+ [m*+ By + AB(y — 1|4, (33)
as = 1+ ,3
as=p

If we look for conditions capable of guaranteeing that the real parts of the solutions are negative, we can use the Routh-
Hurwitz criterion, that is, we can verify that a; > 0, for i = 0, ..., 4 (trivially satisfied in view of (3)) and that - following
one of the possible check criteria — for a polynomial of degree four it results:

a;a, —agaz >0 (34)
together with
a1a,0; — ajay — apa; > 0 (35)
In our case, actually, it is easy to prove that:
a1, — gz = Ay A, + Ayppd2 >0 (36)
and
a1aa3 — atay — apa3 = Ay dy, + Ayd; >0 (37)
where
Ay =m?+y+ Ay —1)
Aoy = m* +m>(1+B)y = DA+ A) + By + Ay — DI’
Ay =1+ P)[m* +y + Ay - 1) (38)

Asy = (m2=B) 4+ B2y = 1)(A+ Ay + 1+ Ay — 1]
+m*(1+ 8%y - D1+ A)

and where we emphasize that the proposed expressions for (36), (37) (and (38)) have been rearranged in such a way as to
highlight that, under assumptions (3) alone, both relations (> 0) always remain satisfied.

3We remark that expressions given in (36) and (37) remain positive also when A > —1, but m? + ABy > 0.
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In order to deepen the spectral analysis, we will explore the possibility that Equation (32) admits solutions which are
close (or not) to the complex axis. In other words we will try to understand if, given € positive but small as desired, solutions
exist to (32) which are on the left of the vertical line R {z} = —e. For this purpose, let us study the following polynomial
equation:

ay(@, — €)' + a3, — )’ + ay (@, — ) + ay(w, —€) +ap =0, (39)
which we can rewrite as
byw? + byw} + byw? + byw, + by = 0, (40)
where
b() =Qy + Po(e)
b1 = + PI(E)
bz =Qa + P2(€) (41)
b3 =aj + P3(€)
b4 =ay
and where

Py(e) = ase* — ase + aye? — ag¢

Pi(e) = —4a4e> + 3az€? — 2a,5¢

P,(€) = 6a46® — 3as¢ “2)
P3(e) = —dayue
and resort to the Routh-Hurwitz criterion again. In this case, we have:
byb, — boby = eMyg + (A — M)A, + (Agp — M)A, (43)
and
bibybs — biby — bybs = €M + (A3; — €M31)A, + (As; — eM3,)A;, (44)

where Mg, M1, M5, and M3,, M3, M3, are polynomials depending on both the parameters and €. By continuity, we can
select €1 such that:

Ay — My 2 (1/2)Ay
Ay — €My > (1/2)Ap
Az —eM3 > (1/2)A3,
Azy — M3y > (1/2)Az;

(45)

forevery 0 < € < €. Also, we can select €, small enough to satisfy eM, + (1/2) Ay;4; > 0and eM3, + (1/2) A314; > Ofor
every € < €.

In conclusion, we can select € small enough to guarantee that both quantities given in (43) and (44) are positive. That is,
we can guarantee that — for every domain B - there exists € small enough, but positive, such that the point spectrum of our
problem is on the left of the vertical line R {z} = —e. The fact that the point spectrum satisfies this property only suggests
that the solutions to our problem are exponentially stable; however, the one proposed cannot be framed as a rigorous
mathematical proof. So, our intention is to demonstrate the exponential decay of the solutions when conditions (3) and (14)
hold, that is, when - we recall - also the function D (¢) given in (13) is positive definite. That is, there exists a positive
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constant K such that

D(t) > K / (P} + ©7)dv (46)
B

Now, let us multiply Equation (4); by P and Equation (4), by ©. After integration we see

d
T 3{ [1 + %ﬁ(y - 1)]PIP + % [1 + %(y - 1)]P2 - (1 + %ﬁy)@tP}dv

= _/|VP|2dv + [1 + %ﬁ(y - 1)]/Pt2dv
B m B

(47
—<1 + %ﬁy)/@)tPtdv + <1 + %y)/@thv
m B m B
1
< —5/|VP|2du +c1/(1>,2 +©?2)dv
B B
and
d Y
= /B |6r0.0 + L&? — (v = BP0 dv
= _mz/ |V®|2dv + ,8y/®t2dv —(y - 1),8/Pt®ldv + @ - 1)/Pt®dv (48)
B B B B
2
< —m—/IV®|2dv + CZ/(PtZ +©2)dv
2 Jp B
where C; and C, are two positive computable constants.
Now, if we define
Gi(t) = /{ [1 + izﬁ(y - 1)]PtP + 1 [1 + i(y - 1)]P2 - (1 + iﬁy) @,P}dv (49)
B m 2 m2 m2
and
Gylt) = / 6700 + 202 - (v - BP0 dv (50)
B
we can consider
EM=E®+¢[G (1) + G ()] (51D

and note that if € is small enough, but positive, then £ (t) is equivalent to E (¢), that is, there exist two positive constants
M; and M, such that M E (t) < € (t) < MLE (1).
On the other side, as we can select € sufficiently small, we can see that

d . .y -
—EW < —k/B<|VP|2 +|Ve* + P2 + @f)du < —K*B(t) < —k* M5 Et), (52)
where again k and k* are two calculable positive constants. It then follows

%[e“”é’(t)] <0 = &) <E0)e ¢, (53)

85UB017 SUOWILLIOD 3AIER.D 3ol dde 3y} Aq paupA0b a8 S3o1Le YO ‘BSN JO S3INJ 10} Afeiq )T 3UIIUO AB]IAA UO (SUORIPUOD-PUR-SWLBHLI0D" A | 1M Afe.d 1 BU|UO//SONY) SUORIPUOD PUe SWis | 8y} 835 *[7202/2T/60] U0 A%eiqiauliuo Ao|im il eueIy00 AG 698001202 WUeZ/Z00T OT/I0p/ W00 A3 1M Aselqijeul|uoy/sdiy Wwoiy papeojumod ‘0 ‘T00YTZST



10 of 11 m QUINTANILLA and ZAMPOLI

where @ = k* M. Therefore,

E(t) < M[TE() < MTTE0)e™! < MyME(0)e! (54)
Thus, we can conclude that there exist two further positive constants, M = M2M1‘1 and w, such that
E(t) £ ME(0)e™* (55)

and so the exponential decay remains proven, whenever (3) and (14) hold.

Theorem 2. Let the assumptions (3) and (14) be valid, and let (P, ®) be a solution of the problem described by the system (2),
with homogeneous boundary conditions (9). Then, such solution (P, ®) decays exponentially over time.

Remark 2. In light of the previous arguments, it is natural to expect the exponential decay under the sole condition (3),
but it seems that we should intercept alternative energy functions by considering alternative weights for the equations of
system (4). However, we leave this study to the readers.

5 | FINAL COMMENTS

The object of our investigation is represented by the linearized ECCS model for thermoporoacoustic phenomena given in
ref. [1], but adapted to a three-dimensional domain identifying a rigid, stationary porous matrix permeated by a perfect
gas. In ref. [1], the singular-surface theory has been applied to such model, which is why we felt the need to deep into its
theoretical foundations, in terms of well-posedness and qualitative aspects of its solutions.

After giving a detailed description of the mathematical model and defining the related initial-boundary value problem
(Section 2), we have resorted to the semigroup theory for linear operators (Section 3) in order to prove that - for the above
problem - the solution exists, is unique, and depends continuously on the initial data and supply terms, in case they are
considered (see Theorem 1 and subsequent Remark 1); in other words, we have demonstrated that the problem is well-
posed in Hadamard’s interpretation when the following assumptions (see (3)) are fulfilled: y > 1, A (= o8,/ pg) > 0 and
B (= 196p) > 0.In the next Section (4), we shed light on the fact that the above solutions decay, also identify the quality of
decay (exponential over time) under slightly more restrictive assumptions on the constitutive coefficients (see (3) and (14))
- refer in this regard to Theorem 2 and subsequent Remark 2. The Routh-Hurwitz criterion was used for this purpose.

Itis worth highlighting that the element of novelty introduced with respect to the existing literature is represented by the
mathematical model investigated and described by the system of partial differential equations (2) (or (4) or even (8)): with
regard to it, well-established techniques are employed to study — on one side - the existence, uniqueness, and continuous
dependence of the solution, and — on the other - the decay of solutions. Among the elements worthy of attention, even in
future works, there is certainly the identification of the weakest restrictions capable of ensuring that such model leads to
a well-posed problem and that the solutions decay exponentially over time.

We believe that this contribution can be important to consolidate a model for which interesting results have already been
obtained performing a singular-surface analysis, and that is proving to be very promising with reference to the possibility
of modelling numerous engineering questions (see Section 1).

ACKNOWLEDGMENTS
V.Z. was supported by funding provided by the Italian National Group of Mathematical Physics (GNFM-INdAM),
by the NextGenerationEU PRIN2022 research project The Mathematics and Mechanics of Nonlinear Wave Propaga-
tion in Solids (grant no. 2022P5R22A; CUP D53D23003890006), and by the National Recovery and Resilience Plan
(NRRP) NextGenerationEU research project SUSTBUILD-SUSTainable composite structures for energy-harvesting and
carbon-storing BUILDings (grant no. P2022PE8BT; CUP D53D23018440001).

Open access publishing facilitated by Universita degli Studi di Salerno, as part of the Wiley - CRUI-CARE agreement.

ORCID
Ramon Quintanilla ‘® https://orcid.org/0000-0001-7059-7058
Vittorio Zampoli (2 https://orcid.org/0000-0001-5395-2089

85UB017 SUOWILLIOD 3AIER.D 3ol dde 3y} Aq paupA0b a8 S3o1Le YO ‘BSN JO S3INJ 10} Afeiq )T 3UIIUO AB]IAA UO (SUORIPUOD-PUR-SWLBHLI0D" A | 1M Afe.d 1 BU|UO//SONY) SUORIPUOD PUe SWis | 8y} 835 *[7202/2T/60] U0 A%eiqiauliuo Ao|im il eueIy00 AG 698001202 WUeZ/Z00T OT/I0p/ W00 A3 1M Aselqijeul|uoy/sdiy Wwoiy papeojumod ‘0 ‘T00YTZST


https://orcid.org/0000-0001-7059-7058
https://orcid.org/0000-0001-7059-7058
https://orcid.org/0000-0001-5395-2089
https://orcid.org/0000-0001-5395-2089

QUINTANILLA and ZAMPOLI m 11 of 11

REFERENCES

]

2]
(3]

(4]

[5]
6]

[7]
(8]

(9]
[10]
(1]

[12]
(13]
[14]

(15]
[16]

[17]
(18]
[19]
[20]

[21]
[22]
(23]
[24]
[25]
[26]

[27]

(28]
[29]

[30]
[31]

(32]

[33]
[34]

Zampoli, V., Jordan, P.M.: Poroacoustic front propagation under the linearized Eringen-Cattaneo-Christov-Straughan model. J. Non-
Equilib. Thermodyn. 49(2), 237-249 (2024)

Eringen, A.C.: A continuum theory of swelling porous elastic soils. Int. J. Eng. Sci. 32(8), 1337-1349 (1994)

Eringen, A.C.: Corrigendum to “A continuum theory of swelling porous elastic soils”. [Int. J. Eng. Sci. 32(8), 1337-1349 (1994)], Int. J. Eng.
Sci. 42(8-9), 949 (2004)

Chiritd, S.: On the uniqueness and continuous data dependence of solutions in the theory of swelling porous thermoelastic soils. Int. J.
Eng. Sci. 41(20), 2363-2380 (2003)

Chiritg, S.: On the spatial decay of solutions in the theory of swelling porous thermoelastic soils. Int. J. Eng. Sci. 42(19-20), 1995-2010 (2004)
Gales, C.: Some uniqueness and continuous dependence results in the theory of swelling porous elastic soils. Int. J. Eng. Sci. 40(11),
1211-1231 (2002)

Gales, C.: On the spatial behavior in the theory of swelling porous elastic soils. Int. J. Solids Struct. 39(16), 4151-4165 (2002)

Gales, C.: Spatial decay estimates for solutions describing harmonic vibrations in the theory of swelling porous elastic soils. Acta Mech.
161(3-4), 151-163 (2003)

Gales, C.: Waves and vibrations in the theory of swelling porous elastic soils. Eur. J. Mech. A. Solids 23(2), 345-357 (2004)

Gales, C.: Potential method in the linear theory of swelling porous elastic soils. Eur. J. Mech. A. Solids 23(6), 957-973 (2004)

Gales, C.: On the quasi-static boundary value problems in the theory of swelling porous elastic soils. Multidiscip. Model. Mater. Struct.
2(2), 227-246 (2006)

Quintanilla, R.: On the linear problem of swelling porous elastic soils. J. Math. Anal. Appl. 269(1), 50-72 (2002)

Quintanilla, R.: On the linear problem of swelling porous elastic soils with incompressible fluid. Int. J. Eng. Sci. 40(13), 1485-1494 (2002)
Quintanilla, R.: Exponential stability for one-dimensional problem of swelling porous elastic soils with fluid saturation. J. Comput. Appl.
Math. 145(2), 525-533 (2002)

Bofill, F., Quintanilla, R.: Anti-plane shear deformations of swelling porous elastic soils. Int. J. Eng. Sci. 41(8), 801-816 (2003)

Bofill, F., Quintanilla, R.: On the uniqueness and spatial behaviour of anti-plane shear deformations of swelling porous elastic soils
backward in time. Int. J. Eng. Sci. 41(16), 1815-1826 (2003)

Quintanilla, R.: On existence and stability in the theory of swelling porous elastic soils. IMA J. Appl. Math. 68(5), 491-506 (2003)
Quintanilla, R.: Existence and exponential decay in the linear theory of viscoelastic mixtures. Eur. J. Mech. A. Solids 24(2), 311-324 (2005)
Tomar, S.K., Goyal, S.: Elastic waves in swelling porous media. Transp. Porous Media 100(1), 39-68 (2013)

Tomar, S.K., Goyal, S.: Erratum to Elastic waves in swelling porous media (Transp Porous Med, (2013), 100, (39-68), 10.1007/s11242-013-
0204-4). Transp. Porous Media 103(2), 315-324 (2014)

Straughan, B.: Jordan-Cattaneo waves: Analogues of compressible flow. Wave Motion 98, 102637 (2020)

Straughan, B.: Heat Waves, vol. 177, Springer, New York (2011)

Jordan, P.M.: Some remarks on nonlinear poroacoustic phenomena. Math. Comput. Simul 80(1), 202-211 (2009)

Jordan, P.M.: Poroacoustic traveling waves under the Rubin-Rosenau-Gottlieb theory of generalized continua. Water 12(31), 807 (2020)
Jordan, P.M.: Poroacoustic solitary waves under the unidirectional Darcy-Jordan model. Wave Motion 94, 102498 (2020)

Ciarletta, M., Straughan, B.: Thermo-poroacoustic acceleration waves in elastic materials with voids. J. Math. Anal. Appl. 333(1), 142-150
(2007)

Ciarletta, M., Straughan, B., Zampoli, V.: Thermo-poroacoustic acceleration waves in elastic materials with voids without energy
dissipation. Int. J. Eng. Sci. 45(9), 736-743 (2007)

Fabrizio, M., Franchi, F., Straughan, B.: On a model for thermo-poroacoustic waves. Int. J. Eng. Sci. 46(8), 790-798 (2008)

Chiritd, S., Scalia, A.: On the spatial and temporal behavior in linear thermoelasticity of materials with voids. J. Therm. Stresses 24(5),
433-455 (2001)

Iesan, D.: A theory of thermoelastic materials with voids. Acta Mech. 60(1-2), 67-89 (1986)

Miranville, A., Quintanilla, R.: Exponential decay in one-dimensional type III thermoelasticity with voids, Appl. Math. Lett. 94, 30-37
(2019)

Fernandez, J.R., Quintanilla, R.: A higher-order porous thermoelastic problem with microtemperatures. Appl. Math. Mech. (Engl. Ed.)
44(11), 1911-1926 (2023)

Svanadze, M.: Uniqueness theorems in the theory of thermoelasticity for solids with double porosity. Meccanica 49(9), 2099-2108 (2014)
Marsden, J.E., Hughes, T.J.R.: Mathematical Foundations of Elasticity. Prentice-Hall, Inc., Englewood Cliffs, New Jersey (1983)

How to cite this article: Quintanilla, R., Zampoli, V.: On the linearized Eringen-Cattaneo-Christov-Straughan
model: Some qualitative properties of solutions. Z Angew Math Mech. €202400869 (2024).
https://doi.org/10.1002/zamm.202400869

85UB017 SUOWILLIOD 3AIER.D 3ol dde 3y} Aq paupA0b a8 S3o1Le YO ‘BSN JO S3INJ 10} Afeiq )T 3UIIUO AB]IAA UO (SUORIPUOD-PUR-SWLBHLI0D" A | 1M Afe.d 1 BU|UO//SONY) SUORIPUOD PUe SWis | 8y} 835 *[7202/2T/60] U0 A%eiqiauliuo Ao|im il eueIy00 AG 698001202 WUeZ/Z00T OT/I0p/ W00 A3 1M Aselqijeul|uoy/sdiy Wwoiy papeojumod ‘0 ‘T00YTZST


https://doi.org/10.1002/zamm.202400869

	On the linearized Eringen-Cattaneo-Christov-Straughan model: Some qualitative properties of solutions
	1 | INTRODUCTION
	2 | DEFINITION OF THE PROBLEM
	3 | EXISTENCE, UNIQUENESS, AND CONTINUOUS DEPENDENCE OF THE SOLUTION
	4 | STUDY OF THE DECAY OF SOLUTIONS
	5 | FINAL COMMENTS
	ACKNOWLEDGMENTS
	ORCID
	REFERENCES


