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Introduction

* Previous achlevement W|th metaporous materials

Rigid inclusions (2D or 3D)
- Modified modes of the plate

- Trap mode

Absorption coefficient

- Enhanced low frequency absorption

Split ring resonators
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- Combine trap modes and inclusion resonances

- Study of the influence of geometry and orientation

- Large band absorption using “supercells”
(Groby et al., accepted to J.Acoust.Soc.Am.)
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(Groby et al., J.Acoust.Soc.Am., 2011;
Nennig et al., J.Acoust.Soc.Am., 2012...)

(Lagarrigue et al., J.Acoust.Soc.Am., 2013)
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Introduction

* General background ‘

Acoustic isolation in aeronautic structures:

- Improvement and control of the acoustic comfort S
. . . % Turbulent bound. layer / Air condition /
- Broadband reduction (LF/MF) at audible frequencies g Hharaic oyetoms
Viscoelastic darmmg_
- Harsh weight and space minimization constraints i
- >
200 1000 >
Frequency [Hz]
Classic technological solutions: Typical cabin noise spectrum

- Multi-layer structure

. : . Interior panel —
- Porous and viscoelastic materials Viscoelastic I

. . . Blankets
- Localized active devices Viecoslastic -

Fuselage

Typical insulation system configuration

Goal: Extend the concept of metaporous materials to account for the skeleton motion
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Semi-analytical modeling

Wave propagation in poro-elastic media

Biot’s theory (1956):

- Constitutive relations:

V.o® = 82—u+ _5’2U
= Pl T P12 55
0*u 0*U
f p—
Vol =poag gy

- Expression of solid and fluid displacements

using scalar and vector potentials:

u=Vp' '+ VAT
U=V +VAw/

= 3 different types of propagating waves:

YPand £A ;shear: ¥s

longitudinal:

- Modeling of dissipation phenomena:
= Johnson-Champoux-Allard model

= modifies the effective density and bulk modulus:

P = pPo |:Ofoo+% (w )]
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Semi-analytical modeling

. . . Refl.
* Nominal configuration
Air
External pressure field: ,
Poroelastic : n
. . . terial 5 :
p[0+} _ elk?l‘$1 (e—lk%(:}fg—H) _|_ Relké(iEQ—H)) materia — Qlll
X2 | :H
Internal wave potentials: v
> V7777777777 7777772
eq 4 .11 (1 1 .. .
E[)? _ ik f§]€_1kg(]2x2 N ggjelk[xgxg Rigid backing
Nominal configuration
+ appropriate boundary conditions 1
0.9r
0.8

Determination of the absorption coefficient:

°©
N

Inverse computation of a 7x7 linear system : M f = h

o
o

so-called Biot peak

Absorption coefficient
o
(8]

0.4 — Without inclusion
Application: 0l > Maine3A
0.2

55 mm foam layer: melamine / “yellow” foam

°
=

OO

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency (Hz)

LAUM -( EMBRAER 5 SAPEM 2014, Stockholm - 17/12/2014



Semi-analytical modeling

Complete model assembly (1) Rl

Poroelastic
Bloch modal decomposition of the different fields: material

Periodic elastic

<
' 2 . inclusions [ .
ki =k + Z?T and k[ jlq \/(]gb])? — (k)2 ,j=0,1 § \‘ Q . /‘d‘ H'
‘ R

I//////////////////1
Rigid backing

i Complete configuration
External pressure field:

) = 3 e [4, e W g, 4 Ry (R )]
qEZ

Potentials in the poroelastic layer: Scattering coefficient

Zelkgffl { —1k[ 2 g[ q lkgﬂqu} —I—Z Z Kﬁ@ikq (:Ul :rg )):I:ikgo] (:cg Ié ))

qEL qEZ nEL

\—'—I\—'—I

Reflection on the elastic plates Scattered field expressed in Cartesian CS
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Semi-analytical modeling

Complete model assembly (2)

Application of the B.C. on the air/material:

ch _ h,ZA S, + Z hP CP + Z hA C’A + Z hS CS « ldentical » to the nominal system

nez nez nez

Additional source terms involving scattering coefficients: numerical determination

Rewriting the potentials by replacing fq by its semi-analytical expressions:

=Y CYH V(kxr)e™ + > AN [ (kexr)e™

nel nez
B |

ne
X PX P AX A SX S X inf
DS cm+z@ch EY QN O 0@, 5 5 | e
neZ, mez qEL qEL qEZ

« Schlomilch series »
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Semi-analytical modeling

* Complete model assembly (3)

Numerical determination of the scattering coefficients:

Using the multipole scattering approach:

Ct =THX AP T At it AL
Applying the B.C. at the interface of the inclusion:

T [TPP (5.P i (:)PP) + TAPQPA 4 T.S'PQPS} B [TPPQAP L TAP (5,-1 + (}-1.-1) + TS‘PQAS} _[TPP@SP 4 TAP(SA L TSP (55 1 OSS

_ |TPA (P + QPP) + TAAQPA 4 TSAQPS - [TP_4@AP+T_4_4 (5_4 +Q_4A) +T5-4(§-45} _ |TPAQSP 4+ TAAQSA 4 TSA gaerstg
IWS&P+QH%+]ﬂ%yH+T$@H? _{Tm@MqJHS@A+QM)+T$Qﬁ} Id_Pm%fp+Tw@M+qﬂs@s+Q$]

] TPPGP L TAPGA | TSPgS

X| cA | = | TPASP 4+ TAAGA L TSAGS

S TPSGP L TASGA 4 TSSgS

Matrix system of size (3 x nbr of scattering modes) at each considered frequency.

Reflection coefficients (inside fq ) are finally obtained by completely solving:

M?f9=h'AS,+ > hl, CP+>"hi Cr+ > " hE Cp

nez nez nes
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Numerical investigations

« Model cross validation (PVC inclusions)
—0. lu®| at f = 850 Hz
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Numerical investigations

* Parameter study: influence of filling fraction
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Numerical investigations

* Influence of the angle of incidence

v =m/3
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Conclusion and perspectives

Account for the skeleton motion of metaporous materials:

- Cross validation of the semi-analytical
model with PLANES

- Inclusions tends to rigidify the structure

* Shift of the so-called Biot peak to

higher frequencies
* Difficulty to excite Lamb mode

- Metaporous materials are more efficient

to make a structure thinner, but...
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Further investigate the mode of the structure and the way to excite them

Investigate the inclusion mode in order to enhance absorption at low frequencies
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Thank you for your attention!
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