
Numerical and experimental investigation of sound
propagation in porous media for aeronautics
Philippe MARCHNER, Frank SIMON, Rémi RONCEN, onera-dmpe, 31400 Toulouse, FRANCE.
Fabien CHEVILLOTTE, matelys, 69120 Vaulx-en-Velin, FRANCE.
philippe.marchner@etu.utc.fr

Context of the internship
Commercial aircraft.

• Understanding the sound damping system
of a turbofan.

:

Acoustic liner: micro perforated panel.

• Acoustic response at high sound pressure
level under normal incidence.

:

Single perforation: (r , Lcav ,φ, d).

• Studying the micro-structure.

Model
I 5 parameters porous media description: (σ, φ, α∞, Λ, Λ′).
I Acoustic surface impedance:

Z (ω) = p(ω)
v(ω) · nS

= R(ω) + jχ(ω).

I Nonlinearity ⇒ resistance increase & reactance decrease.

induced by the viscous effects occurring within the perforation due to the viscous boundary layer and around

its edges at the panel surface due to the distortion of the acoustic flow. The reactive part accounts for the

motion of an air cylinder, which is thicker than the perforation depth. This is because of the mass loading

associated to the sound radiation of the perforation and to the distortion of the acoustic flow at the panel

surface, which contribute to make the air in the neck heavier and more difficult to move. This inertial effect

amounts to increasing the mass of the vibrating air and is accounted for using correction lengths, which need

to be added to the neck depth. The differences between the existing models reside both in the expressions of

the viscous dissipation part (resistance) and the inertial part (reactance) according to the ratio of the

perforation size and the acoustic wavelength.

To simplify the derivation, the perforation of the plate is assumed of cylindrical shape (thickness: d; radius:

r) and impinged by a normal incidence plane wave. Thus, the Biot’s parameters for cylindrical pores parallel to

the wave direction of propagation can be utilized. For straight cylindrical pores it has been shown [5] that the

viscous and the thermal characteristics lengths, � and �0, respectively, are equal to the hydraulic radius of the

pores, that is � ¼ � ¼ r. The flow resistivity s is related to the perforation radius r and to the perforation rate

f by s ¼ 8Z/fr2, where Z is the dynamic viscosity of air. Due to the small thickness and shape of the pores,

thermal effects are negligible. The impedance ZA0, at the front face, inside a perforation at point A0 (see Fig. 1),

is mainly governed by the viscous and inertial effects. Both effects are accounted for in the expression of the

effective density ~re. For acoustic wavelengths much larger than the plate thickness, the normal surface
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Fig. 1. Configuration of interest: perforated plate excited by a plane wane and backed by an infinite fluid medium.

Fig. 2. Physical phenomena involved in a perforated plate.
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Fig. 1 – Physical phenomena involved in a perforated plate1.

Numerical & experimental results
Harmonic excitation
• Computations: 110dB to 170dB / 1600, 2500 & 4000 Hz.

Radius r Cavity length Lcav Porosity φ Width d
0.15 mm 20 mm 5% 0.8 mm

I Vortex shedding absorption mechanism.

Fig. 2 – Time evolution of velocity and vorticity fields at 160 dB and 4000 Hz.
Arrows: flow direction. Contours: Q-criterion. ∆t = 1/20 T.
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Broadband excitation
• Excitation by a linear chirp signal.
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Fig. 3 – Acoustic properties of the perforated panel for different sound pressure
levels. AlphaCell model and ProLB comparison.

I Measurements in an impedance tube ⇒ good agreement.
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A Lattice Boltzmann Method: ProLB

I Statistical mechanics.
I Mesoscopic particle

description.
I Particle probability

distribution f (x, c, t).
I Macroscopic variables
⇒ first moments of f (x, c, t).

Boltzmann equation

∂f
∂t + ci

∂f
∂xi︸ ︷︷ ︸

streaming

= −1
τ
(f − feq)︸ ︷︷ ︸
collision

I Valid for low mach numbers.
I Multi-scale expansion
⇒ Navier-Stokes equations.

CAO geometry

LaBS-Gui
problem set up

1. Cutter: divide volume
into subvolumes

2. Mesher: mesh generation

3. Piecer: data structure
repartition between cores

4. Scheduler: prepare in-
formation exchanges
between subvolumes

Solver

Results data

Paraview Python

Initial step
gα(x, t)

Macroscopic
variables (ρ,u)

Equilibrium
function gα,eq

Collision operator
computation

Streaming
gα(x + cα∆t, t + ∆t)

Merge files &
postprocessing

Job running

Job ending

Time loop


