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Abstract
This paper addresses the effect of high temperature on absorption performance of sandwich material coupled with microperforated panels (MPPs) in
multiple configurations using a finite element model (FEM) over a frequency
range from 10 to 3000 Hz. The structure is backed with a rigid wall which can
either be Aluminium or Al-Alloy used in aeronautic or automobile. The wave
propagation in porous media is addressed using Johnson Champoux Allard
model (JCA). The FEM model developed using COMSOL Multiphysics software makes it possible to predict the acoustic absorption coefficient in multilayer microperforated panels (M-MPPs) and sandwich structure. It is shown
that, when structures made by MPPs or sandwich materials are submitted to
high temperature, the absorption performance of the structure is strongly
modified in terms of amplitude and width of the bandgap. For application in
sever environment (noise reduction in engines aircrafts), Temperature is one
of the parameters that will most influence the absorption performance of the
structure. However, for application in the temperature domain smaller than
50˚C (automotive applications for example), the effect of temperature is not
significant on absorption performance of the structure.

Keywords
Absorption Coefficient, Finite Element Model, Microperforated Plates,
Poroelastic Core, Sandwich Structures

1. Introduction
During the last decades, noise became one of the important issues of daily life.
Indeed, noise is omnipresent, and particularly in built-up areas. It can come
DOI: 10.4236/oja.2020.101001
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from road, rail or air transports for example [1] [2]. Neighbourhood associations
complain more and more about the level of this specific noise. In built-up countries like Europe, the European Commission is imposing some restrictive norms
in terms of admitted levels of noise caused by aircrafts and automotive from
various manufacturers. Engine producers and aircraft manufacturers are working daily to solve this problem [3] requiring multidisciplinary works and action
in many domains such as external aero acoustics, aerodynamic, mechanics and
material. Some of the materials used during the manufacture of aircraft and automotive engines by scientists and engineers are porous and sandwich material
due to their attractive properties of sound absorption [4]. They are also particularly used for their lightweight constructions in aeronautics, automotive and
buildings. These materials are largely exploited in aero-engine nacelles for noise
reduction, where they are submitted to high temperature (between 800˚C to
1500˚C), depending on the type of engines [4]. Air intakes, fan case and by pass
ducts are lined wherever possible to maximize the acoustically treated area. The
structure of nacelle is made by a porous facing-sheet and one or more honeycomb layers, with the overall panel being backed by a reflective solid backing
sheet [5].
A sandwich structure usually consists of three layers: two thin skin plates and
a thick core. Solid foams are often used as core materials, and they are either
closed-cell foams, in which the fluid is isolated in discrete pockets, or open-cell
foams, in which the fluid is interconnected [6]. Proper knowledge of the porous
and sandwich material’s characteristics allows for identifying desirable properties to design new configuration structures using specified resources, in relation
to the applied technology and the purpose for use in a specific work environment [7]. It helps also to predict and analyse the most important characteristics
researched through on their acoustic properties and to estimate the structure’s
reaction to heat.
Sandwich and porous materials for sound transmission loss (STL) have attracted numerous interests and have many configurations. The simple sandwich
panel is made of double walls with an air layer inside the structure. The STL was
calculated for both infinite and finite sized double walls separated by air gaps
using analytical modelling and statistical energy analysis [8] [9]. To improve the
sound insulation capacity, porous elastic materials are added to fill the gap between the two walls (faceplates), and the lined porous material can be either
bounded or unbounded to the faceplates. Reference [10] [11], presented theoretical and numerical investigations for the transmission loss of double panels lined
with porous materials, with the latter described using the Biot theory [12] [13].
They found that the highest STL could be obtained if the porous material was
bounded to one faceplate and separated from the other one. Reference [14] numerically investigated the sound insulation and transmission properties of active
hybrid sandwich panels with porous absorbent material layers in either active or
passive mode. Compared with double panels separated by air, sandwich panels
filled with porous sound absorbing materials have better sound insulation.
DOI: 10.4236/oja.2020.101001
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However, due to their intrinsically low stiffness, the low-frequency transmission
loss of sandwich panels filled with porous materials is yet sufficient.
To obtain lightweight structures with good absorption and insulation properties, combinations of MPPs and sandwich panels come into view of several researchers. An infinite MPP-solid plate coupling structure, both theoretically and
experimentally was investigated [15]. A lightweight rigid-frame sandwich panel
was created with perforated honeycomb corrugation hybrid core as well as perforated faceplates, which exhibited perfect sound absorption at low frequencies
[16]. Reference [17] [18] presented a fully coupled modal method to calculate the
STL and sound absorption coefficient (SAC) of finite flexible MPP coupled with
plates. These studies demonstrated that MPP-plate sandwich structures had good
STL as well as SAC. Recently, sandwich structures with honeycomb-corrugation
hybrid core were studied and shown immense benefit in energy absorption and
compressive strength over traditional structures [19] [20]. This research was followed by further investigation on the temperature dependency on sound absorption [21]. They studied theoretically and numerically the sound absorption performance of micro-perforated sandwich panel with perforated honeycombcorrugation hybrid core (PHCH) and shown how dynamic viscosity and viscous
boundary layer thickness increase, resulting in strengthened viscous effects in
such structure when temperature rises. Adding to that, they demonstrated how
at high temperatures, PHCH behaves best at low frequencies and possesses the
broadest bandwidth compared to HCH and PH.
Based on the MPP-plate coupling strategy, the goal of this present paper is to
investigate the effect of high temperature on the SAC of structures that combines
honeycomb sandwich panels with perforated faceplates and porous materials.
Indeed, there are very few theoretical and experimental studies on the noise absorption performance of porous or sandwich materials under high temperature.
Our interest is to analyse the effect of high temperatures on absorption coefficients of structures made by sandwich, MPPs or porous materials, therefore on
noise reduction. Section 2 presents the mathematical models used to calculate
SAC. Results and discussions are presented in section 4 and finally conclusions
and prospects are given.

2. Mathematical Background
2.1. Finite Element Model (FEM)
The numerical model is built on a commercial COMSOL Multiphysics software
(version 5.5) using the built-in Pressure Acoustics and Plate modules [22]. The
model represents a cylindrical impedance tube set-up with two microphones to
estimate the absorption coefficient. The introduction of acoustic plane wave into
the tube is set up at the entrance of the tube. The configuration of plates is described in Figure 1.
According to simulations done on sandwich material [23] with the incident
air, transmitted and middle fields as compressible but lossless flow, with no
DOI: 10.4236/oja.2020.101001
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Figure 1. The Impedance Tube and plates disposition (Case B and D).

thermal conductivity and viscosity, the Helmholtz equation governing the sound
pressure in the Finite Element model (FEM) is given by:
1 ∂2 p
∇2 p =
c02 ∂t 2

(1)

where p represents the sound pressure, t the time and c0 the sound speed in air.
The Navier Stokes (Equation (2)), the mass continuity (Equation (3)) and the
heat conduction equations (Equation (4)), assuming the fluid is a perfect gas,
can be expressed by the following set of equations:

(

)

2
T


iωρ a v = ∇ ⋅  − Pt I + η ∇v + ( ∇v ) − η ( ∇ ⋅ v ) I 
3



(2)

P T 
iωρ a  t −  + ρ a ∇ ⋅ v = 0
 P0 T0 

(3)

iωρ a c pT = −∇ ⋅ ( −kT ∇T ) + iω Pt

(4)

where v is the fluid velocity, Pt is the sound pressure of the thermal-acoustic
field, I is the identity matrix, T is the temperature variation of the thermalacoustic field, ρ a is the air density, ω is the angular frequency, P0 is the
ambient pressure of air, T0 is the ambient temperature, c p is the specific heat
of air at constant pressure, η is the dynamic viscosity of air and kT is the
thermal conductivity of air.
The imposed pressure boundary representing the plane wave excitation incident to the MPP was employed. The sound hard representing the normal velocity vanishing at the side walls of the impedance tube and the end of the Back cavity were also employed. At the interface of the pressure acoustic field and MPP,
the normal accelerations of the air and MPP are the same in the FE model, given
as:

 1

−n ⋅  − ∇p  =−n ⋅ an
 ρa


Fp = pn

(5)
(6)

where n is the surface normal direction, an is the acceleration of the solid panel.

Fp is the total load of solid panel, which is decided by the normal sound pressure exerted on the panel.
While at the interface of the thermal acoustic field and pressure acoustic field,
the continuous normal stress and acceleration and adiabatic conditions are apDOI: 10.4236/oja.2020.101001
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plied in the FE model as:

2
T


 − Pt I + η ∇v + ( ∇v ) − η ( ∇ ⋅ v ) I  n = − pn
3



(

)

(7)

 1

−n ⋅  − ∇p  =−n ⋅ iω v
 ρa


(8)

−n ⋅ ( kT ∇T ) =0

(9)

As to the thermal acoustic field and solid panel coupling boundary, the velocity of the air is identical to that of the solid panel and the temperature variation
is isothermal at the interface of the two fields in the FE model.
To calculate the absorption coefficient α, the two microphones method by
Bodén et al. [24] is applied to the numerical model. Two microphone positions,

x1 and x2 are chosen and the pressure values are averaged by section at these two
positions as p1 and p2. Therefore, the absorption coefficient is calculated as:

α = 1− R

2

(10)

With the reflection coefficient given by:

R=

p2
p1

(11)

The tube is cylindrical with a circular cross-section and has a diameter of 100
mm, the first measuring point is placed at x1 = 273 mm from the stressed end by
an acoustic pressure of 1 Pa, the other end, x2 delimits the depth of the air cavity
after the sample and is placed at 50 mm from the first point of measure and from
100 mm from the first perforated panel. The walls of the tube are supposed to be
rigid. In order to take into account, the dissipative phenomena within the porous domain, the poroacoustic domain is used for the JCA approach. The determination of the two-point pressures representing the positions of the microphones allows us to evaluate the reflection coefficient [25].
The mesh is built-in meshing tool by COMSOL [22]. The mesh size is selected
as the fine level, which provides fine grid in the numerical domain. The acoustic,
sandwich and MPP1 domains are meshed with tetrahedral elements for volume
domain and triangular elements for surfaces boundaries as shown in Figure 2.
The Complete mesh consists of 54,015 number of freedom solved for Case C, D
and 66,741 for Case A, B. The computer used for our simulation has the following features: 4-core + 6G, 2.40 GHz processor and 12 Go RAM.

Figure 2. The mesh of the numerical geometry.
DOI: 10.4236/oja.2020.101001
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2.2. Perforated Plates
The surface acoustic impedance of the nth layer of the perforated plates in
low-sound pressure level without mean flow is given as [26]:

=
Γ pn

t pn

ρa
8ωη 1 +
εn
 2an

 ωρ a
+i
εn


 8η 
t pn
 1 +
 ω  2an



 + t pn + δ n 



(12)

where ρ a is the air density, η is the dynamic viscosity of air, ω is the angular frequency and i= −1 , t pn , an , ε n = πan2 bn2 , δ n = 0.85 ( 2an ) φn ( ε n ) are
the thickness, hole radius, porosity and viscous boundary layer thickness of the
nth layer of the perforated plates respectively. bn is the hole pitch of the nth layer
1 − 1.47 ε n + 0.47 ε n3 .
of the perforated plates and φn ( ε n ) =

2.3. Airspaces
The complex wave propagation constant γan and characteristic impedance zan of
airspaces can be found as:

γ an = ika

(13)

zan = ρ a c0

(14)

where ka = ω c0 is the wave number of air and ca is the sound speed of air.
If the nth layer of airspaces is backed with a rigid wall, the surface acoustic impedance Γ an of the nth layer of airspaces with the thickness t pn can be expressed as [27]:

Γ an =
− ρ a c0 cot ( ka t pn )

(15)

2.4. Porous Material
For homogeneous and isotropic porous materials, the acoustic impedance can be
predicted by the useful empirical relations [28]. For the nth layer of porous materials, the empirical relations for the complex wave propagation constant γ mn
and characteristic impedance zmn can be expressed by the flow resistivity σ n as:

{
ρ c {1 c
=+


}

=
γ mn ka c5 n ( f ρ a σ n ) 6 n + i 1 + c7 n ( f ρ a σ n ) 8 n 


zmn

a 0

1n

c

c

c
( f ρa σ n )

2n

(16)

}

 − i c f ρ σ c4 n 
  3n ( a n ) 

(17)

where f is the sound frequency, c1n , c2 n , , c8 n are the material constants for the
nth layer of porous materials. If the nth layer of porous materials is backed with a
rigid wall, the surface acoustic impedance Γ mn of the nth layer of porous materials with the thickness tmn can be expressed as [29]:

Γ mn =
zmn coth ( γ mn tmn )

(18)

2.5. Johnson Champoux Allard Model (JCA)
The JCA model gives the expressions for the dynamic effective densities and
bulk modulus of a porous material saturated by a fluid of density ρ a and bulk
modulus K 0 considering a rigid frame. The poroelastic material is characteDOI: 10.4236/oja.2020.101001
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rized by its porosity ε n , its tortuosity α ∞ , its flow resistivity η , static resistivity of air σ and the thermal and viscous characteristic lengths Λ and Λ 0 , respectively. Table 1 gives the values of the static physical parameters of the porous material used in this work. The dynamic effective density and bulk modulus
given by:


ρp =
α ∞ ρ a 1 − i


KP =

4α 2ηρ ω 
σε n
1 + i 2∞ 2 a 2 
ωρ aα ∞
σ Λ ε n 

(19)

γ P0

ρ ω Pr Λ ′2
8η
1+ i a
γ − ( γ − 1) 1 − i 2
16η
Λ ′ Prωρ a






(20)

−1

Table 1. The Inputs data for simulations of the different configurations with the same
total thickness of 54.6 mm for the Case B and D and 27.4 mm for Case A and C [30]
[31].
Material

Poroelastic core Aluminium Al-alloys MPP1
414 × 10

70 × 10

Density ( ρ ) [kg/m ]

57

2700

2780

-

-

-

-

-

-

0.026

-

-

-

-

0.71

Air Density ( ρ a ) [kg/m ]

-

-

-

-

1.21

Ambient Pressure ( P0 ) [Pa]

-

-

-

-

101,325

Dynamic viscosity ( η ) [Pa.s]

-

-

-

-

1.81 × 10−5

Speed of sound ( c0 ) [m/s]

-

-

-

-

343

Specific heat ( c p ) [J/(kg.K)]

-

-

-

-

1004

Poisson ratios ( υc ) [-]

0.24

0.33

-

-

-

Frame loss factor ( ηc ) [-]

0.19

0.01

-

-

-

Statistic flow resistivity ( σ )
[N.s/m 4]

55 × 103

4.43 × 103

-

-

-

Specific ratio ( γ )

-

-

-

-

1.4

Tortuosity ( α ∞ ) [-]

1.05

-

-

-

-

Porosity ε n [-]

0.95

-

0.022

-

Viscous characteristic length ( Λ )
[μm]

37

-

-

-

-

Thermal characteristic length ( Λ′ )
[μm]

120

-

-

-

-

Perforations radius an [mm]

-

-

-

0.5

-

MPP thickness t pn [mm]

-

-

-

1

-

Skin thickness layer h [mm]

-

-

-

0.2

-

Core/Air cavity H [mm]

-

-

-

27

-

3

Thermal conductivity ( kt )
[W/(m.K)]
Prandt Number ( Pr)
3

DOI: 10.4236/oja.2020.101001
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Young’s modulus (E), [Pa]

7

3

9

73.1 × 10
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3. Material for Our Simulation
To make our sandwich panel with layers made of face sheets of MPPs, we needed
one configuration of poroelastic core (PC) used as core material. The thickness
of the skin of sandwich material (or sheet) is 0.2 mm and the rigid wall which
can be Aluminum or Al-alloy backing the whole structure has thickness of 1 mm.
Alloy materials in aircraft industries are special metal material. They are subjected to stress and strain excitation because their energy are consumed as a result of a magnetoelastic effect, grain boundary effect, and so on. And the loss
factor of damping alloys is large for good damping properties [30]. The airgap
which can be filled by core in all cases of our study has a thickness of 27 mm. We
used one MPP with its characteristics listed in Table 1. The sandwich material
with three layers composed of two thin skin plates and a thick core then its face
sheets made by MPP is given in Figure 3.
First, a structure made by one, two, three and four MPPs with air cavities or
porous materials were considered and the effect of temperature was analysed.
Then four types of configuration made by sandwich materials are considered.
They are described in Figure 4 according to each case.
The parameters associated with the panel system are taken as those in previous studies of double wall sandwich panels lined with poroelastic material [31]
[32]. The property parameters are listed in Table 1. The ambient air properties
in our study are the same as those of standard atmosphere.

(a)

(b)

Figure 3. The sandwich material coupled with MPP.

Figure 4. The configuration of sandwich material used in our simulations:
Case A. With poroelastic core backed with a rigid wall; Case B. With two
poroelastic core between three microperforated panels and backed by a rigid
wall. Case C and D are similar to previous cases but filled with air.
DOI: 10.4236/oja.2020.101001
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4. Results and Discussions
In this section, the effect of temperature is analysed on structures made by one,
two, three and four MPPs with air cavities or porous materials and backed with rigid wall. Then, the cases of structures made by sandwich materials are considered.

4.1. Effect of Temperature on Acoustic Performances of M-MPPs
4.1.1. Acoustic Performances of Structure Made by One MPP
Figure 5(a) shows the acoustic absorption of structure made by one MPP and
one air cavity backed with a rigid wall, for different temperatures: 20˚C, 45˚C,
800˚C and 960˚C. We observed a shift of the absorption coefficient to higher
frequency by increasing temperatures from 20˚C to 960˚C. The maximum frequency shifts of the peak of absorption coefficient produced by the change in
temperature is around Δf = 1170 Hz. A decrease in amplitude of the absorption
coefficient when temperature increase is also observed. The amplitude of absorption coefficient goes from 0.66 for 20˚C to 0.54 for 960˚C, either a relative
variation of −18.18%. For this case, acoustic absorption performance is reducing
by increasing temperature.
1
T=20°C

0.9

T=45°C
T=800°C

0.8

T=960°C

Absorption coefficient (u.a)

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

500

1000

1500

2000

2500

3000

f(Hz)

(a)
1
0.9
T=20°C
T=45°C

0.8

T=800°C
T=960°C

Absorption coefficient (u.a)

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

500

1000

1500

2000

2500

3000

f(Hz)

(b)

Figure 5. The effect of temperature on the absorption coefficient for a
structure made by one MPP with (a) air cavity and (b) poroelastic core.
DOI: 10.4236/oja.2020.101001
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The structure made by one MPP and one air cavity filled with porous material
(poroelastic core) and backed with a rigid wall is now analyse in Figure 5(b).
We observed that, the presence of porous materials increases the performances
in term of amplitudes and width of the spectrum of the absorption coefficient.
The acoustic absorption band is broadened when the temperature increases. As
previously, a shift of the absorption coefficient to higher frequency by increasing
temperatures from 20˚C to 960˚C is also observed. The maximum frequency
shifts of the peak of absorption coefficient produce by the change in temperature
is around Δf = 1100 Hz. A very small increase in amplitude of the absorption
coefficient when temperature increase is observed. The amplitude of absorption
coefficient goes from 0.9 for 20˚C to 0.97 for 960˚C, either a relative variation of
+7.2%. In this case, the acoustic absorption performance is enhanced by increasing
temperature.
With the above sound absorption coefficient, it can be noticed that the fluid
velocity is affected by the temperature. When the temperature increases, the air
viscosity increases too, which increases the flow resistance.
4.1.2. Acoustic Performances of Structure Made by two MPPs
In this section, the acoustic absorption of structure made by two MPPs and two
air cavities or porous materials and backed with a rigid wall are considered. Figure 6(a) presents the effect of temperature on structure made by two MPPs and
air cavities. We can observe a shift of the absorption coefficient to higher frequency by increasing temperatures from 20˚C to 960˚C. From 20˚C to 45˚C two
peaks in the absorption coefficient are identified, while from 800˚C to 960˚C we
have only one peak, in the range of frequencies studied. The maximum frequency
shifts of the first peak of absorption coefficient produce by the change in temperature is around Δf = 651 Hz. A decrease in amplitude of the absorption coefficient when temperatures increase is also observed. The amplitude of absorption coefficient goes from 0.71 for 20˚C to 0.61 for 960˚C (for the first peak), either a relative variation of −16.39%. For this case, acoustic absorption performance is also reducing by increasing temperature.
In Figure 6(b), the structure made by two MPPs and two air cavities filled
with porous material (poroelastic core) and backed with a rigid wall is analysed.
As we can see, the presence of poroelastic core material influences the shape and
the performances in terms of amplitudes and width of the spectrum of the absorption coefficient. The acoustic absorptions of each curve are similar with the
nearly same amplitude in the range of the frequency < 855 Hz. For frequencies >
855 Hz, the amplitude of the absorption coefficient resulting from high temperature increases and those of the small temperature (between 20˚C to 45˚C) decreases. The amplitude of absorption coefficient goes from 0.84 for 20˚C to 0.95
for 960˚C, either a relative variation of +11.57%. In this case, the acoustic absorption performance is enhanced by increasing temperature. The increases of
temperature and presence of the poroelastic core within the structure is therefore interesting for high frequencies (>855 Hz).
DOI: 10.4236/oja.2020.101001
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(b)

Figure 6. The effect of temperature on the absorption
coefficient for a structure made by two MPPs with (a) air
cavity and (b) poroelastic core.

4.1.3. Acoustic Performances of Structure Made by Three MPPs
Now we consider the case of a structure made by three MPPs and three air cavities or porous materials and backed with a rigid wall. Figure 7(a) presents the
effect of temperature on structure made by three MPPs and air cavities. We observe a shift of the absorption coefficient to higher frequency by increasing temperatures from 20˚C to 960˚C. From 20˚C to 45˚C three peaks in the absorption
coefficient are identified, while from 800˚C to 960˚C we have only two peaks.
The maximum frequency shift is observed on the second peak of absorption
coefficient and is around Δf = 1585 Hz. A decrease in amplitude of the absorption coefficient when temperatures increase is also observed. The amplitude of
absorption coefficient goes from 0.77 for 20˚C to 0.67 for 960˚C (for the first
peak), either a relative variation of −12.98%. For this case, acoustic absorption
performance is also reducing by increasing temperature.
In Figure 7(b), the structure made by three MPPs and three air cavities filled
with porous material (poroelastic core) and backed with a rigid wall is analysed.
As we can see, the presence of poroelastic core material influence the shape and
DOI: 10.4236/oja.2020.101001
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Figure 7. The effect of temperature on the absorption
coefficient for a structure made by three MPPs with (a)
air cavity and (b) poroelastic core.

the performances in terms of amplitudes and width of the spectrum of the absorption coefficient. The acoustic absorptions of each curve are similar with the
nearly same amplitude in the range of the frequency < 1500 Hz. For frequencies >
1500 Hz, the amplitude of the absorption coefficient resulting from high temperature increases and those of the small temperature (between 20˚C to 45˚C)
decreases. The amplitude of absorption coefficient goes from 0.72 for 20˚C to
0.94 for 960˚C, either a relative variation of +23.40%. In this case, the acoustic
absorption performance is enhanced by increasing temperature. The increases of
temperature and presence of the poroelastic core within the structure is therefore interesting for high frequencies (>1500 Hz).
4.1.4. Acoustic Performances of Structure Made by Four MPPs
The case of a structure made by four MPPs and four air cavities or porous materials and backed with a rigid wall is considered. As for the previous case of Figure 7(a), we also observed a shift of the absorption coefficient to high frequency
by increasing temperatures from 20˚C to 960˚C. From 20˚C to 45˚C four peaks
DOI: 10.4236/oja.2020.101001
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in the absorption coefficient are identified, while from 800˚C to 960˚C we have
only three peaks (see Figure 8(a)). The structure made by four MPPs and four
air cavities filled with porous material (poroelastic core) and backed with a rigid
wall is also analysed Figure 8(b). As we can see, the presence of poroelastic core
material influence the shape and the performances in term of amplitudes and
width of the spectrum of the absorption coefficient. The acoustic absorptions of
each curve are similar with the nearly same amplitude in the range of the frequency < 1000 Hz. For frequencies > 1000 Hz, the amplitude of the absorption
coefficient resulting from high temperature increases and those of the small
temperature (between 20˚C to 45˚C) decreases. The amplitude of absorption
coefficient of the first peaks is equal different frequencies: 0.82 at 444 Hz for
20˚C and 45˚C and at 625 Hz for 800˚C and 960˚C. The amplitude of the absorption coefficient when the structure is filled with poroelastic core for the
second peak goes from 0.82 for 20˚C to 0.94 for 960˚C, either a relative variation
of +12.76%. In this case, the acoustic absorption performance is enhanced by
increasing temperature. The increases of temperature and presence of the poroelastic core within the structure is therefore interesting for high frequencies
(>1000 Hz).
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Figure 8. The effect of temperature on the absorption coefficient for a
structure made by four MPPs with (a) air cavity and (b) poroelastic core.
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4.2. Effect of Temperature on Acoustic Performance of Sandwich
Materials
In this section, structures made by sandwich materials (listed in Figure 4) are
analysed.
4.2.1. Acoustic Performance for Case C and D
The structures in case C and D are firstly considered and the effect of temperature is analysed. In these two cases sandwich materials have MPP as upper and
lower face filled with air. Figure 9(a) shows the acoustic absorption curves of
sandwich structure in case C. We observe a shift of the absorption coefficient to
high frequency by increasing temperatures from 20˚C to 960˚C. The maximum
frequency shifts of the peak of absorption coefficient produced by the change in
temperature is around Δf = 600 Hz. A decrease in amplitude of the absorption
coefficient when temperature increases is also observed. The amplitude of absorption coefficient goes from 0.62 for 20˚C to 0.5 for 960˚C, either a relative
variation of −19.3%. For this case, acoustic absorption performance (in terms of
amplitude of absorption) is reducing by increasing temperature. However, the
acoustic absorption band is broadened when the temperature increases. The case
D (Figure 9(b)), we also observe that the acoustic absorption band is broadened
when the temperature increases. As previously, a shift of the absorption coefficient to higher frequency by increasing temperatures from 20˚C to 960˚C is also
observed. The maximum frequency shifts of the peak of absorption coefficient
produced by the change in temperature is around Δf = 550 Hz. However, the
amplitude of the absorption coefficient when temperature increases remain constant. In this case, the acoustic absorption performance remains constant, with a
large broadband. In general, the absorption coefficients obtained for cases C and
D are similar to those of Figure 5(a) and Figure 5(b), respectively.
4.2.2. Acoustic Performance for Case A and B
We consider now the cases A and B. In Figure 10(a) we observe a shift of the
absorption coefficient to higher frequency by increasing temperatures from 20˚C
to 960˚C. The maximum frequency shifts of the first peak of absorption coefficient produced by the change in temperature is around Δf = 1000 Hz. A decrease
in amplitude of the absorption coefficient when temperature increases is also
observed. The amplitude of absorption coefficient (second peak) goes from 1 for
20˚C to 0.89 for 960˚C (for the first peak), either a relative variation of −12.35%.
For this case, acoustic absorption performance is reducing in terms of amplitude
by increasing temperature. In Figure 10(b), the case B is analysed. The acoustic
absorptions of each curve are similar with the nearly same amplitude in the
range of the frequency < 1500 Hz. For frequencies > 1500 Hz, the amplitude of
the absorption coefficient resulting from high temperature increases and those
of the lower temperature (between 20˚C to 45˚C) decreases. The amplitude of
absorption coefficient goes from 0.72 for 20˚C to 0.95 for 960˚C, either a relative
variation of +24.21%. In this case, the acoustic absorption performance is enhanced by increasing temperature. The increases of temperature and presence of
DOI: 10.4236/oja.2020.101001
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the poroelastic core within the structure is therefore interesting for high frequencies (>1500 Hz). In general, the absorption coefficients obtained for cases A
and B are the combination of Figure 6(a) and Figure 7(a) (for case A) and Figure 6(b) and Figure 7(b) (for case B), respectively.
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Figure 9. The effect of temperature on the absorption
coefficient for (a) Case C and (b) Case D.
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Figure 10. The effect of temperature on the absorption
coefficient for (a) Case A and (b) Case B.

5. Conclusion
This study reveals the effect of temperature on the absorption coefficient. Two
different approaches were used with MPPs and sandwich structures filled with
air and poroelastic core using FE model. Increasing temperatures from 20˚C to
960˚C lead to the shift of the absorption coefficient to higher frequency and a
decrease or an increase (depending on the configuration for MPPs or sandwich
with air or poroelastic core) in amplitude of the absorption coefficient. Therefore, when structures made by MPPs or sandwich materials are submitted to
high temperatures, the absorption performance of the structure is strongly modified in terms of amplitude, position of the peaks and width of the bandgap. For
applications submitted in environment (greater than 500˚C), the temperature is
one of the parameters that will most influence the absorption performance of the
structure. However, for application in the temperature domain lesser than 50˚C,
the effect of temperature is not significant on absorption performance of the
structure. The highest absorption coefficient achieved by the structure is equal to
1; a level researched by constructors of automotive and aircraft engines. During
the manufacturing of the structure, the varying characteristics of acoustic parameters with temperature and frequency must be considered.
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