N

N

Optimizing microstructure of a poroelastic layer with
cylindrical pores for absorption properties
Nikolai Gorbushin, Salah Naili, Vu-Hieu Nguyen

» To cite this version:

Nikolai Gorbushin, Salah Naili, Vu-Hieu Nguyen. Optimizing microstructure of a poroelastic layer
with cylindrical pores for absorption properties. Mechanics Research Communications, 2019, 102,
pp.103422. 10.1016/j.mechrescom.2019.103422 . hal-03232878

HAL Id: hal-03232878
https://hal.science/hal-03232878

Submitted on 21 Dec 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-03232878
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0093641319304598
Manuscript_462efccc5ba969df673d9b55cde9a2d8

Optimizing microstructure of a poroelastic layer with cylindrical pores for
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Abstract

The present work addresses the problem of multi-scale characterization and optimization of absorption properties of
poroelastic materials. Considering the microstructural parameters, we compute the effective properties and field equa-
tions within the framework of Biot’s theory. Asymptotic homogenization method is used for computing the effective
properties which are then applied to solve an acoustic problem. The solution of the latter problem enables the choice of
the objective function for the optimization procedure of the optimal design of an unit cell. Preliminary numerical studies
show that different skeleton rigidity (soft, stiff or perfectly rigid) may lead to distinct acoustic behavior and optimal

parameters for the poroelastic panel.
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1. Introduction

Production of new materials requires prior knowledge
of the content of components, their mechanical charac-
teristics, geometrical parameters of compounds, and their
arrangement inside a solid. Among the huge class of vari-
ous materials, we focus on poroelastic materials which are
widely used as acoustic absorbers and thermal insulators
due to their exclusive properties [1, 2].

Dynamic behavior of porous materials are usually mod-
eled by Biot’s theory [3, 4], which describes the coupling
between the solid skeleton and the fluid phase. The Biot
model is defined by using of a set of physical parame-
ters such as the elasticity tenor, the permeability tensor,
the poroelastic coefficients, etc. Current micromechanical
techniques are able to estimate all mentioned properties
before the production stage. Among the most common
techniques are the average-field theory [5] and the asymp-
totic homogenization [6, 7, 8]. A comparison between
these two techniques was reported in [9]. The homogeniza-
tion theory, which is more rigorous from the mathematical
viewpoint, will be employed in the present study.

It is observed that the temperature fluctuation may sig-
nificantly influence the acoustic performance of porous ma-
terials [1]. Thermal effects on the macroscopic behavior of
a porous material can be modeled by means of the ho-
mogenization procedure as well [10, 11]. When the vari-
ation of temperature in the solid skeleton is negligible in
comparison with that in the fluid phase, the derivation of
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macroscopic equations could be simplified. This assump-
tion is used in [12] within the asymptotic homogenization
procedure which are developed for improvement of exist-
ing acoustic absorbers. Acoustic absorption in materials
with double porosity and rigid skeleton is analyzed with
accounting to temperature effects in [13].

In the context of design of poroelastic isolation panels,
optimal macroscopic acoustic absorption and/or transmis-
sion loss depend not only on the characteristics of bulk
porous materials, but also on the structural parameters
(e.g the panel’s thickness). Moreover, composite pan-
els made of a mixture of different poroelastic materials
may also improve acoustic performances in absorption or
transmission losses [14]. This work aims at developping
a homogenization-based procedure to design a poroelas-
tic panel with an optimal acoustic absorption by mod-
ifying microstructural cell parameters. To the best of
the authors’ knowledge, in the literature, still few works
have been conducted on optimizing the microsctructure of
porous materials in the context of studying global acoustic
absorption of plates [15, 16]. Basically, by varying topo-
logical parameters of an unit cell, the optimal macroscopic
acoustic absorption could be achieved. For example, vari-
ous arrangements of cylindrical inclusions [17, 18] or reso-
nant inclusions with a split ring shape cross section which
perform as Helmholtz resonator [19, 20] can significantly
increase the acoustic properties of a bulk material. How-
ever, the solid skeleton are assumed to be perfectly rigid
for most mentioned studies whereas absorption properties
may significantly depend on skeleton stiffness.

This study serves as a preliminary analysis by consider-
ing a simple geometry of unit cell. After the description of
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the problem in Section 2, Section 3 presents a homogeniza-
tion procedure for estimating effective poroelastic proper-
ties by taking into account thermal effects. Next, Section 4
presents the acoustic problem at the macroscopic scale and
semi-analytical formulation for determining the absorption
coefficient. In Section 5, we study the dependence of the
absorption coefficient on the cell size and on the porosity,
which appear to be the design parameters for the opti-
mization routine. Two kinds of solid skeleton materials,
which have very different elastic properties form each to
other, will be studied.

2. Description of the problem

Let us consider a poroelastic layer of thickness d which
is described in the Cartesian coordinate system with an
orthogonal basis (e, ez, e3) and the position vector x =
(x1,29,23) (Fig. 1). The layer has a rigid backing at
one side and surrounded by the air from another. In the
present study, we only consider the normal incident wave
in the ez-direction, which corresponds to the testing of ma-
terials in impedance tubes [1]. The incident plane pressure
wave, denoted by p; exp (iwt — igoxs), with the wavenum-
ber gy = co/w, angular frequency w and i? = —1, hits the
porous layer and reflects from it. The reflected wave field
is defined as p, exp (iwt + igox3).

Air Unit cell
piexp(iwt — igoxs) prexp(iwt + igoxs)

11" Poroelastic materig
xr3

d|

Figure 1: Acoustic problem for a porous layer of thickness d with
microstructure formed of an unit cell with cylindrical inclusion

The macroscopic material properties of the porous ma-
terial are not yet known and have to be found from a
homogenization procedure. We assume that the poroelas-
tic material has periodic microstructure. In this work, we
consider a unit cell of size L x L x L with the cylindrical
pore filled with air whose radius is r and height is L along
the es-direction (Fig. 1). Only harmonic problem will be
considered.

In what follows, symbols and “” refer to the scalar
product and the double contraction, respectively. Symbols
V and V- stands for the gradient and divergence operators,
respectively. V*® denoted the symmetric part of the gradi-
ent operator. The dot notation above a vector/scalar field
represents a time derivative.

‘4.77

3. Homogenisation procedure

The equations of the multiphysical problem under con-
sideration at microscale are stated separately for solid and
fluid phases. Considering a porous material with periodic

microstructure, material properties in such material vary
periodically with a period of the order of a small scale pa-
rameter € = e /lmac, Where ;. and L, 4. are characteris-
tic lengths at micro- and macroscales. We suppose that the
material fills the tridimensional domain €2 with the bound-
ary 0f2. The domain 2 is generated by a periodic transla-
tion of a cubic unit cell Y = Hle[O,L] and is composed
of the volume occupied by solid 2 and fluid €25 phases
separated by the interface I' %5 such as Q=0QU Q‘;c UI%,.
Superscript € signifies the scale-dependence. Similarly, the
unit cell is composed of the solid Y, and fluid Y} phases
with their common boundary T'ys: YV = Y, U Yy Uy,
The boundaries 995 and 9% have outward unit normal
vectors n® and nf, respectively, with n® = —n/ on T fs-
The state of poroelastic material is described by the dis-
placement field inside the solid, u®¢, velocity of the fluid,
/¢, deviations of pressure, density and temperature of
the fluid p°, §/° and 7¢, respectively, from their equilib-
rium values. Stresses inside each of the phases, solid and
fluid, are denoted by o and o/, respectively. The solid
phase Qf is characterized by the elasticity tensor C and
density p®*. By neglecting the body force, the governing
equations of the linear elastic solid are given by:

8,6 __ s, 2.8,
V.o = —p°wu’*,

0_8,8 — Cvsué’,f;‘.

: €
in Qf,

(1)

Let p/, Ty and P, be values of density, temperature and
pressure in the fluid phase, respectively, at the equilib-
rium state. The fluid phase is described by the linearized
Navier-Stokes and ideal gas state equations:

iwd e 4+ pfV-al =0, inQF,
pe 6f,€ € )
= = + —, in Q%
Py pf Ty P 2)
iwpou’* =V .o in 0%,

2
ol = —pT+2uvialc — H (V-u9) L,

where g is the dynamic viscosity of the fluid and I is the
unit tensor. The second equation in (2) is the state equa-
tion for an ideal gas, which turns out to be a good approxi-
mation for the characterization of air. This state equation
is widely adopted for the similar problems [1, 21, 12] and
derived with the assumption x < pfwC{I2 ., where &
and C; are respectively the isotropic thermal conductivity
and the heat capacity of fluid under constant volume [22],
which holds for the present case as well.

Equations (1) and (2) are complemented by the heat

equation for the fluid phase. Let q° be the heat flux, then:

-V-q° = iwpr{;Tf’E + (iwpo Rsp7® — iwp®) , in QF,
qe _ _K,IEVTE’
(3)
where R, is the specific gas constant and & is the ther-
mal conductivity second-order tensor. For an ideal gas,



Mayer’s relation reads: CIJ; — C{ = Ry, where CIJ; is the
heat capacity under constant pressure. One may also re-
call that CJf — Cf = Py/(p/Ty) is true for an ideal gas.

Finally, the system of equations is closed with the
boundary conditions:

. s,e _ ~f.e 5
iwu™® =u’", on I,
o®n® = o/*n®, onT%,, (4)
=0, onl%,.

In what follows, the vector x = (x1,x9,23) refers to
the macroscopic coordinates whereas the microscopic co-
ordinates are associated with the macroscopic one through
the relation y = ¢~!'x. These two scales are assumed to
be well separated so that homogenization technique with
double-scale asymptotic expansion can be performed. The
differential operators V, and V, correspond to differen-
tiation with respect to x and y, respectively. Porosity
of material is equal to ¢ = |Yy|/|Y| and the averaging
operators are defined as ((.)) = 1/|Y] [, (.) dV, where |Y|
denotes the volume of Y. We also introduce the functional
space Cx (Y, r) of sufficiently differential functions on Yj ¢
and Y-periodic. Moreover, the infinitesimal strain tensor
is defined by: €(u) = V*u.

The major mechanisms that provide high acoustic ab-
sorption in porous materials are viscous damping and ther-
mal dissipation which happens close to the solid-fluid in-
terface. The viscous depth 6, = (2u/(pw))*/? and ther-
mal skin depth &; = (r/(p/wC{))/? define characteristic
length scales which attribute these effects. In the present
study, we consider the pores saturated with air and the
frequency range is chosen such as O(67,/12,,.) = O(g?),
where O(*) is big-oh notation, which is used to describe
the asymptotic behavior of the function. Basing these re-
marks, the scaled constitutive equations for the fluid phase
may be expressed by:

ol = —pI+2s°pvial — §€2u (Vo -l L, 5)

q= *EQKZVQET.

The derivation of cell problems and macroscopic state
equations can be obtained when u®,uf,p,7 and 6/ are
expanded in power series of € and then substituted into
corresponding governing equations. The reader can follow
derivations presented in [12] to obtain the results. For the
unit cell of interest, the analytical results for the effective
permeability and compressibility could be found [21, 23]
and only effective properties corresponding to Biot’s model
should be computed. The remaining properties are found
from solving two cell problems through the finite element
method (FEM).

The first cell problem in its weak form reads: Find func-
tions x*! € Cx(Y5) such as:

/ [Cijpa€pa (Xkl) + Cijut] € (6x™)dv =0,

s

Vox* € Cu(Ys).

in which the FEinstein summation convention is used.
Equation (6) refers to the Neumann boundary value prob-
lem and its solution is determined up to an arbitrary con-
stant. For this reason, the zero average condition is addi-
tionally stated: (x*!) = 0.

The formulation of the second cell problem to solve can
be presented as: Find n € Cx(Y;) such as:

/ Cijklekl(n)eij(én) dV = 5"’]-1’18 dS7 Vén S C#(YS)

Yie
(7)
For the same reason as in the previous case, vector function
7 is subjected to the zero average constraint: (n) = 0.
The homogenization method provides constitutive re-
lations for averaged fields. These equations are written
within the framework of Biot’s theory of poroelasticity.
First, we introduce the total stress tensor:

—pl, inQ
o{ o ®)
o, in Q.

The constitutive equations yield:
o=C":e— Bp,
V- (i —iwu®) = —iwB : € — iwMp,

where C* is the drained effective stiffness fourth-order ten-
sor, B is the second-order Biot coefficient tensor, repre-
senting the fluid-solid coupling, and M is a scalar coeffi-
cient, characterizing modified fluid compressibility due to
the solid skeleton. In some studies, 1 /M is referred to as
the Biot modulus and M as a storage coefficient. These
quantities are defined by means of the solutions of cell
problems as follows:

ikl = <Ciqu [epq(Xkl) + Gpilt) >v
Bij = ¢0i; + Bij, Bij = —(ew(x)) = (Cijment(m)),
M = ¢a + M, M = (ex,(n)),
(10)
where o = a(w) is the effective fluid compressibility and

is a frequency-dependent function due to the thermal fluc-
tuations. The macroscopic field equations become:

—pwiu® — pfPwf =V, .o,

iww! = —K(V,p — pfw?u®).

(11)

In the last equations, the following quantities are defined
p=(1—¢)p°+¢p’ and w/ = ¢(uf —u®). The frequency
dependent K = K(w) represents the effective permeability
second-order tensor. Omne can easily conclude from the
geometry of the cell shown in Fig. 1 that there is only one
non-zero element of permeability tensor: K;; = kd;36;3, in
which k may be analytically calculated by [21, 23]:

k= —QLTQ%F(T)), n=ir Wf,
men 1% (12)
Flp) = b))y 24

Jo(n) n Jo

—~
~—

Ui



where J,, designates the Bessel function of the first kind
of order m, for m = 0,1 and 2.The analytical expression
for the effective compressibility is [21]:

(v~ 1F(r iwpfCL
o = ’Y ('Y ) (77 )7 n/ — i?" pr CP , (13)
vFo K

where the function F(n) is taken from the previous ex-
pression and v = CJ /C{ is the ratio of constant pressure
and volume heat capacities.

4. Absorption coefficient

Referring to the setting shown in Fig. 1, the system
(11) may be solved by applying the following boundary
conditions:

1 Op™
”33:_7”(”)’2”:7’(”)’“§+w?{:W§73 for x5 =0,
ugzw?{:() for z3 = d,

(14)

where p(™) = p; exp (iwt — igoxs) + p, exp (iwt + igoxs) is
the pressure field of the air outside the layer. In the further
analysis, we drop the factor exp (iwt) which appears in
every function below. In the case of the normal incident
angle, it is sufficient to consider only 3 and wg . The
constitutive laws reduce to:

033 - 8U§/8$3 - Céé Cb
(%) =7 (oudion) 7= (& ). 09

1 - 1 - 1
where C;)é = O§3 + ﬁng? Ob = Hng’ CM = M

Seeking the solution in the form (uj, wg)T = Vexp(iAzs3)
and plugging it into (11) leads to the eigenvalue problem:

[TV e (ppf f)z)} V=0, (16)

where p3(w) = —i/(wK33(w)) is the component of the dy-
namic density in the zs-direction, A and V are the eigen-
value and eigenvector, respectively. Solving the character-
istic equation of the problem (16) gives:

2
Mg — w\/al +vai — 4a0a2, (17)
’ 2a2

where az = C5,CM — (C*)2, a; = CY;p3 + CMp — 2C°p/,
ao = (psp — (p!)?).

The solution that corresponds to propagating waves in
the xs-direction is related to values —\; o whereas the
waves propagating in the opposite direction are charac-
terized by roots Aq 2. Eigenvectors can be chosen to be:

Xy — o)

- (18
CMAT, — w?ps 18)

Vig = ( 1 ) where p1 2 =
H1,2

The solution of the problem can be expressed as:

u3

w1 P ol () e

-p

[y

where Sl = [Vl,VQ], 82 = [i/\l’ﬂ‘Vl,i/\2TV2}, Di(zg) =
diag(exp(FiAixs), exp(Fidexs)), with in the diag() op-
erator only the diagonal elements are given. Constant
vectors A* = (AT, AF)T are to be determined from
the boundary conditions. The condition of rigid back-
ing at x3 = d yields: A, = —AIQ exp (—2iA1 od). Let
%(0) be the velocity of the external air at z3 = 0 and
u5(0) + wl (0) = @(0)/(iw). The definition of the surface
impedance is Z = p(™(0)/4(0). The application of re-
maining boundary conditions provides the system of linear
equations:

Ut )1 —ey) —1\ [Af
212(1+€2_) -7 A;— =0
z22(1+ey) ~Z) \u(0)

(20
where 2y, = (Aj/w) (C55 + CPj) , 25 =
(Aj/w) (Cp + CMpy), e; = exp(—2i);d) for j =1,2.

The condition for non-trivial solutions of the system (20)
to exist imposes that the determinant of the matrix is zero,
leading to an explicit expression for the surface impedance:

(14 p1)(1—ep)
2’11(1 + 61_)
221(1 =+ 6;)

~

Z(w) — iw7 (21)

21 — 22

(222 — 21-2)(2121 — 211) (14 1) tan (\yd) ( =
2245 — 215

1,2). In the case of the rigid skeleton, there is an analytical
expression for the surface impedance [1, 24]:

where z; =

Z0(w) = —iZe(w) cot(ke(w)d), (22)

where Z.(w) = ,/gi((‘:))), ke(w) = wy/Pp3(w)a(w).

The absorption coefficient can be then computed by:

2

Z —Z
01, where Zy = p/co. (23)

Z+ Zy

a() =1-|

5. Numerical results

5.1. Effective elastic properties

In this study, we consider two kinds of matrix materi-
als with different rigidities. The first one is epoxy which
is widely used in the production of composites and can
be used for the construction of cellular materials via 3D
printing [25]. The elastic properties are isotropic with
Young’s modulus Ey = 3.5 GPa, Poisson’s ratio vy = 0.33
and density p* = 1540 kg/m3. Another material of in-
terest is silicone rubber which has a significantly lower



Young’s modulus and has been already used for acoustic
applications [26]. The properties of silicone rubber are
Ey = 1.2 MPa, vy = 0.47 and p* = 1300 kg/m?>.

Pores are assumed to be saturated with air with the
following properties: pu = 1.71 x 107° Pa - s, pf =
1.293 kg/m?, ¢p = 331.6 m/s, k = 2.41 x 1072 W/m.K,
Cp, = 1006 J/(kg - K), v = 1.403 at Ty = 0° C and
Py = 10° Pa. The heat conductivity is isotropic in this
case and is given by k = k1.

X
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Figure 2: Effective elastic properties in Voigt’s notations for con-
figuration of Fig. 1: (a) epoxy matrix material; (b) silicone rubber
matrix material.

Effective elastic properties computed by the homoge-
nization approach are plotted in Fig. 2a) for the epoxy
matrix and in Fig. 2b) for the silicone rubber matrix. For
both materials, we observe the monotonic dependence of
the effective elastic constants on porosity. For epoxy ma-
trix, we observe that ratio C3;/Cs3 remains higher than
C34/Cua and Cfs/Css whereas for the more compliant sil-
icone rubber matrix this pattern is reversed. Next section
will estimate of acoustic performances of these homoge-
nized materials and will show the consequences of effective
poroelastic properties of the media.

5.2. Optimal cell size and porosity for absorption

We are interested in optimal parameters that enable us
to design a porous material with the best absorption prop-
erties for fixed values of matrix material properties. For
the optimization procedure, we focus on the low frequency

band. Particularly, by considering a 1/3 octave that in-
cludes a set S of 12 frequencies (in kHz) [27]:

S ={0.2,0.25,0.315,0.4,0.5,0.63,0.8,1,1.25,1.6,2, 2.5},

we define a parameter J which is the average of absorption
coefficient at these frequencies, see e.g. [27]:

1 12
J = E Zaa(wj)a (24)
j=1

where the wj, for j = 1,...,12, are the values of the set
S. The functional J is defined as the objective function
and we try to find its maximum over the range of design
parameters. We take ¢ and L as design parameters for
the present study and solve the optimization problem for
fixed values of d. Effective poroelastic properties involved
in Biot’s model are not affected by the change of L but
remain dependent on the porosity. On the other hand, the
effective permeability and compressibility can drastically
vary for different values of L. The problem is stated as
follows:

min —J such that

)

{0.01 < ¢ <0.78, (25)

10 pm < L < 1000 pm.

It is worth noting that there is a maximum value for
the porosity ¢ = 7/4 ~ 0.785, when the cylindrical pore
touches the walls of the solid matrix. Thus, the upper
bound for ¢ is chosen according to this limiting value. The
upper bound for L is chosen in accordance with the ho-
mogenization procedure when the separation of scales is
required.

The solution of the constrained optimisation problem is
obtained by a direct algorithm so-called the pattern search
algorithm [28] which does not require the calculations of
gradient. In this study, we used the function patternsearch
in Matlab which showed that the convergence could be
obtained reasonably fast. The initial point for this method
is given by the middle of the grid (¢, L). The optimisation
is performed through iterations when the sequence of non-
increasing function values is obtained [29]. The method is
characterised by the mesh of step size A which is estimated
in accordance with the constraints introduced in Eq. (25).

The results of optimization procedure are presented in
Tab. 1. One can notice that for each value of d, the op-
timal values of J are unchanged by using rigid or epoxy
frame models. The absorption coefficient for rigid and
epoxy frames appears to be indistinguishable for the stud-
ied range of frequencies and d = 1,2,5,10 cm. The results
corresponding to the optimal cell geometry are shown in
Fig. 3a). There is a localized jump in the absorption coef-
ficient of a porous layer with the epoxy frame for d = 20
cm, see Fig. 3b). The presence of similar peaks in surface
impedance for the elastic frame is also observed [1, sec.6.6].
It is attributed to the resonance close to a quarter of the
wavelength of the frame borne wave, generated by the dy-
namics of the elastic skeleton. At this wavelength, the air



velocity at the free boundary of the layer reaches its maxi-
mum value manifesting a sudden change of the absorption.

Rigid / Epoxy / Silicone rubber
d (cm) Lopt (prm) Popt Jopt
1 13 /13 /998 | 0.78 /0.78 / 0.03 | 0.03 / 0.03 / 0.06
2 28 / 28 / 998 0.78 /0.78 /0.3 | 0.06 / 0.06 / 0.18
5 80 /80 /472 | 0.78 /078 / 0.24 | 0.14 / 0.14 / 0.27
10 | 204 /204 /762 | 0.78 / 0.78 /0.19 | 0.3/ 0.3/ 0.36
20 | 255 / 255 / 650 | 0.78 / 0.78 / 0.31 | 0.42 / 0.42 / 0.49

Table 1: Results of optimization procedure for a porous layer as
shown in Fig. 1; These results are given for the perfectly rigid, epoxy
and silicone rubber frames and separated by “/”.

It turns out that optimal porosity is the same for all
considered cases and takes an extreme value (¢ = 0.78)
for the possible interval. On the contrary, the results for
optimal L are different and depend on d. The increase of
Lop: with the increase of d is observed. These values seem
to be related to the peaks of compressibility and perme-
ability as functions of L, which maximizes the dissipation
of acoustic waves.

Different optimal parameters are found for the soft elas-
tic frame made of silicone rubber. In this case, the optimal
porosity does not tend to be maximum but instead takes
low values whereas the cell size appears to be high. The
optimal values J,,; does not increase much but the behav-
ior of absorption coefficient changes quantitatively as seen
in Fig. 4. We observe the same peaks as in the case of
epoxy frame but these are shifted to lower frequency band
and occur more often. This phenomenon is caused by the
resonance of the frame which becomes more pronounced
for soft skeletons.

6. Conclusion

A framework to determine the acoustic absorption of
a poroelastic panel from microstructural parameters has
been presented. The cylindrical pores are saturated with
heat conducting air which enables essential attenuation of
acoustic energy. The effective properties are derived via
a homogenization procedure for different types of matrix
materials: epoxy (stiff) and silicone rubber (soft). The ho-
mogenisation technique is rigorously defined and the sim-
ple pore geometry model considered in this study can be
validated by the self-consistent approach or by estimat-
ing upper and lower bounds of parameters [6]. For more
complex microstructure porous media, the validation of
homogenized models could be done by comparing with re-
sults obtained from micro FE simulation on the model with
its real microstructural geometry [7].

The absorption coefficients of poroelastic layers are
computed by using effective properties for rigid and
elastic frames of considered materials. The comparison of
absorption coefficient for these cases shows that a poroe-
lastic material with stiff skeleton has similar acoustic
performances to the one modeled with a perfectly rigid
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Figure 3: Absorption coefficients obtained with optimal design pa-
rameters: (a) Cases d =1,2,5,10 cm: the difference between values
obtained for rigid and epoxy frames is negligible; (b) Case d = 20 cm:
the difference between values obtained for rigid and epoxy frames is
found at f ~ 2000Hz

= = d=1cm s d =2 cm —=mee d=5cm ———.d=10 cm d =20 cm

Absorption coefficient

I

1000 1500 2000 2500

Frequency, Hz

Figure 4: Absorption coefficients obtained with optimal design pa-
rameters of silicone rubber frame for d = 1,2, 5,10, 20 cm.

frame hypothesis. For the material with the epoxy frame,
a fast change of the absorption coefficient is observed
around a certain frequency for the particular layer thick-
ness. Outside this range, the differences are not significant
and consequently, same optimal cell size and porosity
are obtained. The soft matrix material (silicone rubber)
shows to have distinct results for the acoustic absorption
with multiple peaks within the studied range of frequen-
cies. The optimal cell size appears to be higher than in



the other considered cases, however, the optimal porosity
is lower. The obtained results on optimisation are con-
sistent with the observations of other researches, see e.g
[17], reporting the improvement of absorption for circular
inclusions and their arrangement in rigid porous materials.

In this study, only homogeneous porous plate with cylin-
drical pores has been studied for illustration and validation
purposes. Due to the simplicity of the chosen pore geom-
etry, the absorption properties could only be improved at
relatively large layer thickness. Using foam materials in-
stead of elastic skeletons or taking the resonant inclusions
can significantly improve the performance of an acoustic
absorber of even small thickness as the studies show, for
instance, in [17, 19]. Therefore, further studies to consider
different cell geometries and/or heterogeneous plates, e.g.
plates made of multi-layered, functionally-graded or peri-
odic mixture of poroelastic materials with contrasts [7, 30],
can be performed using the developed optimization proce-
dure. Moreover, the presented optimization algorithm can
be extended to consider the combination between various
physical material properties with microstructural charac-
teristics, e.g. higher rigidity or additional heat insulation.
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