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Context
[

Context

m Maximize sound attenuation.

m Reduce aerodynamic losses due to
surface roughness.

= Micro-perforated liners: porosity

o < 5%, perforation radius
Rueck < 0.5mm.
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Perforated liner
[

Perforated liner

m The liner is locally reacting: no propagation in the transverse direction inside the
cavity.

m Linear regime: thermo-viscous dissipation, radiation and back plate reflection.

= Non-linear regime: add dissipation due to vortex shedding from the corners of the
perforations. The resistance strongly depends on the acoustic particle velocity ug.

Viscous and thermal boundary layers \ Uy (acoustic particle velocity)

Perforated plate ——— [ 12 h

Honeycomb cavity

Back-plate L
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Semi empirical models
[ 1o

Guess semi-empirical model (1975)

Guess' provides an explicit expression of the impedance
zGuess(UO) = @(Uo) + jX(“O)' (1)

where © is the resistance and y is the reactance:
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We focus our interest on the term involving the acoustic particle velocity in the neck wg.

"[Guess, 1975]
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Semi empirical models
oe

Laly’s model (2018)

Laly’s model 2 is derived using an equivalent fluid approach. The impedance of a
micro-perforated plate zyipp is defined as
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Here, R; is the flow resistivity and ay is the tortuosity. R; and a...n can be
expressed directly as a function of uy such that (Non linear term derived from Park3.)

8 PO 2

Ry(up) = V2 (1-02) up. 6
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and .

2w V2
Qooni(to) =1+ 7048 TRneck Zan (\/E)n (1 + COUO> . (7)
n=0
Finally the impedance of the liner is

zLaly(UO) = ZMPP(UO) — J cot (kL) . (8)

2[Laly et al., 2018]
S[Park, 2013]
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Iteration procedure
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Iteration on the velocity and the impedance

In the non-linear regime, the velocity depends on the impedance

pref1OSPL/20
~ pocolZ|
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and conversely. Therefore, an iteration procedure is used to determine both the
impedance and the velocity. This iteration procedure is used by Beck* and Laly®.
m For a sine-swept source, the iteration procedure is performed for each frequency.

m For a white noise source, it is performed for all frequency using the root mean
square velocity over a given frequency range:

Wrms = [D U2 (10)
V7

This procedure is implemented for Guess model and Laly’s model.

4[Beck et al., 2015]
5[Laly et al., 2018]
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Comparisons with measurements
[ Jejele]

Plane wave with a normal incidence at 150 dB - Sine-swept source

Macro-perforated plate: R,ecxc = 0.8 mm, 0 = 10%, h=1.5mm and L = 16 mm.
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Comparisons with measurements
[e] Jele]

Micro-perforated plate: Ryeck = 0.15mm, 0 = 1.4%, h= 0.6 mm and L = 19 mm.
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Comparisons with measurements
[e]e] le]

Plane wave with a normal incidence at 150 dB - White noise source

Macro-perforated plate: Ryeck = 0.8 mm, 0 = 10%, h=1.5mm and L = 16 mm.
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Comparisons with measurements
000e

Micro-perforated plate: Ryeck = 0.15mm, 0 = 1.4%, h=0.6mm and L = 19 mm.

®
g
8 s
IS e
2 o
3 2
ht ©
3 a
5 3
] N
g | | | .Té
z 000 2 4 6 5
P4
Frequency [kHz] Frequency [kHz]
g 1.00 T
& osof .
[
8 0.60 —
S 040l
=4 ?
s 020
8 0.00 | | |
< 2 4 6
Frequency [kHz]
- Impedance tube measurement - = = Guess =—---- Laly

R. Billard, G. Gabard, M. Versaevel and G. Tissot A non-linear impedance model for micro-perforated liners



Conclusion and perspectives
[ ]o}

Perpectives - In Situ test bench - Grazing incidence - Sine-swept

Micro-perforated plate: R,eck = 0.1485 mm, 0 = 5.818 %, h = 0.5 mm,
L =20.69 mm and SPL = 150 dB. Optical control of the geometry.
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Conclusion and perspectives
oe

Conclusion and perspectives

Conclusions:

m Guess model with iteration validated with measurements with both normal and
grazing incidence.

= Room for improvements, control of the geometry is important, especially when the
diameter and the porosity are low.

Perspectives:
= Improve Guess predictions when a grazing flow is present.

m Meng® propose a semi-empirical model of the grazing flow effect. It depends on
the convection speed of vorticity above the perforations. This velocity appears to
depend on the boundary layer displacement thickness.

6[Meng et al., 2019]
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