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- Acoustic porous solutions for exterior noise
Context
Classical acoustic liners
Measurement techniques with grazing flow
Influence of main parameters
Other concepts of liners

- Acoustic porous solutions for interior noise
Context
Classical and optimised Trim panels

....Through experiments and simulations led in Onera
In conjunction with research and academic institutions




Acoustic porous solutions for exterior noise




Using of liners in nacelle aircraft engine
to reduce fan, turbine and combustion noises

Non uniform flow
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Using of liners in wing leading edge
to reduce interaction noise
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Acoustic Liners

Locally reacting behavior
* Model of surface impedance / Absorption in a narrow frequency band

Porous layer (resistive) above cavity (reactive)

LN

Porous layer with
* low specific resistance
* high “I/d" (sheet thickness / hole diameter)
» small holes
* |low porosity

Honeycomb cells filled (or not) with porous material




Samples of liners

SDOF

Micro-perf

Honeycomb
Wiremesh Y

Honeycomb

« wiremesh »

Honeycomb cells
with « drain » holes or
filled with porous material

— ==

Resistive layers



Industrial requirements for engine noise

- Acoustic behaviour: _ _
. . Normalized resislance RS po
Reduction of Acoustic power 250
associated to a specific liner surface || e Do Tmpeginee
Optimal impedance on a given 2.00 |- — Optimized fining |
frequency range _unpedance corwe | |, £
q y g 150 200F| N
- Aerodynamic behaviour: ‘ | ‘ W
Negligible impact 100 | e __7';._ fﬂ
- Weight: max 8kg/m? aui [ | /’HK PN
. Temp.: max 600-650 °C | [ 1 |
- Mach: 0.5-0.6 I T N I o
. Fatigue strength, vibration, thermal cycle, SdEEE8 a6
thermal gradient, fire, drainage, Frenuency {Hz)
100000 — 200000 h (Julliard, SNECMA)
Area Air inlet Cold duct Hot nozzle Hot plug duct
downstream
Max (mm) 50 20-30 15 200
Impedance R/pc: 2to 3 R/pc:1to 1.5 R/pc:1to 2 R/pc:0.5t0 1.5
Xlpc:-0.5t0-1 | X/pc: 0to-0.6 X/pc: 0to -0.5 X/pc: 0to0-0.3




Liner impedance measurements with grazing flow

"In-situ” measurement method for SDOF or 2DOF LDV rr_lethod
(Dean 1974, Onera) (Onera, Nennig et al. 2009)
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Acoustic impedance by direct computat{@undoine et al.
» Combined LDV-microphone * method 2007, Roche 2011, Zhang & Bodony 2011)
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Liner impedance measurements with grazing flow

"In-situ” measurement method for SDOF or 2DOF LDV method
(Dean 1974, Onera) (Onera, Nennig et al. 2009)
i
Zn == - pl (SDOF) PI(ZI)
pc sinke) p, 2(3) = mean| 2L
| U'(z).n
|
% - —— Py - (2DOF)
oc  sinke) p, +coske)sinke,) p; With Galbrun / Euler equations

Acoustic impedance by direct computat{@undoine et al.
» Combined LDV-microphone * method 2007, Roche 2011, Zhang & Bodony 2011)

(Onera, Nennig et al. 2009) Acoustic impedance by inverse method (eduction nttho

(Watson & Jones 1996 - 2010, Primus et al. 2013)

Raw data

Mesh interpolation
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Onera Aero-thermo-acoustic bench (B2A)

Il,/—\ = /5% - 4m
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Adr inta 1%}: ____ v :

Characteristics :

- regulated in flow-rate (Mach < 0.5)
and in temperature (< 570 K)

- acoustic excitation up to 5000 Hz
* planes waves: 300 to 3000 Hz
epressure level ~140 dB

- 2C-LDV measurements




LDV Measurement in B2A / exploitation
/ Galbrun's theoretical propagation model

Signal processirlg |J = 0x Oz e ref2dw§_p_§

LDV Other acoustic

measurement [ > U ?me ——> é"x?é’z :’> parameters

Z 1, ..

Active intensity vectors, f = 3136 Hz, Mach=0.2
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Ex. of “In-situ” measurement with grazing flow

Aerodynamic boundary layer by LDV 2C

76 frucfpmmnng : g

U (m/s)
/
i
#
I
¢
U (m/s)

- . 4 L4 g

B[

1,00 1,00
0,80 0,00
0,60 15 3500
-1,00
R 0,40 W
[ -2,00
0,20
m 0,00 ‘ ‘ ‘ 3,00
1000 1500 2000 2500 3000 -4,00
—=—Mach0-132dB Mach 0 - 139 dB —=—Mach0-132 dB Mach 0 - 139 dB
——Mach0,2-139dB — Mach 0,3 - 139 dB ——Mach 0,2 -139dB — Mach 0,3 -139 dB
Impedance « In-situ »
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« Micro-holes » layer
above honeycomb

- Under layer

Upper layer

* Porosity: 5 %

* Layer thickness : 0.8 mm
* Hole diameter: 0.3 mm
* Honeycomb thickness : 20 mm
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3136 Hz

e

150 Re(u), m/s
@ 3136Hz

L\ ¥/

0.20
012
0.04

-0.04
-0.12
-0.20

(1) LDV : Acoustic velocity field
(2) Computation with Discountinuous Galerkin Schigm& by « Combined LDV-microphone »

(3) Computation with Discountinuous Galerkin Schigm& by Melling theory




Acoustic impedance eduction

Inverse methods mainly characterized by:
» The propagation model (and the associated nunm&gb@me)convected Helmholtz, FEM
» The measured quantity and its localizatiatoustic pressure at the wall opposite the test liner
» The objective function to be minimizeacoustic pressure

NASA duct configuration

Liniform flaw

Acoustic 31 microphones
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Acoustic impedance eduction

Inverse methods mainly characterized by:
» The propagation model (and the associated nuniescb@me)L inearized Euler Equations
(LEE), Discontinuous Galerkin (DG)
» The measured quantity and its localizatiacoustic velocity abovetheliner (LDV)
* The objective function to be minimizeatoustic velocitv

Acoustic
WEYE

%70k
#=0

Linesr

2
Fred = fg IWmeas — Ueatell“ T, (X)
red =
fQ [Wmeasll? Ia,, X)




Comparison between direct computations with educed |m :

LDV measurements above a linear liner

1992 Hz

«Micro-holes » layer
above honeycomb

X, (m)

Upper layer
Under layer

X, (m)

* Porosity: 5 %

* Layer thickness : 0.8 mm

* Hole diameter: 0.3 mm

* Honeycomb thickness : 20 mm

0.05 04

X, (m)

PIOT E., PRIMUS J., SIMON F., 33rd AIAA AeroacoustiConference, june 2012.




Comparison of NASA / Onera techniques

- NASA set of acoustic pressure measurements on a « linear » liner (wiremesh),
with and without flow

- Run of NASA impedance eduction code (Jones & Watson, AIAA-2011-2865)
- Run of Onera impedance eduction code with pressure-based objective function

DT fow resistance

“eeeQres- NASA Eduction results, M =0.3
iy A ONERA Eduction results, M ~0.3
raile g S :

2500

1000 1500 2000 2500
Frequency (Hz)

Perfect agreement between both codes, except at low frequency for the M, = (1.3 case (influence of mean flow
profile’?) J

PRIMUS J., PIOT E., SIMON F., Journal of Sound &tibration 332 (2013) 58-75
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l LUnifoem fiaw 'M|:W:3h2”5|‘l LILLLLL Ll Flaw
Acoustic _E' E Acoustic E I_.:
W\fé = 72 ¥=0 % R = ven g
xfﬂ:g I X, "fu_n : ]
0.48
NASA data base - Onera data base
2.0 I 3.0
" 0.36
s & 0.30 n
” g 0.24 <u2'°
. = 018 5. K_\’
§ 0.12 j_-gm
0.5 0.06
0.5 1.0 0°
Resistance
0.04660 1200 1400 1600 1800 2000 0.0 500 1000 1500 2000 2500 3000 3500 4000
Frequency [Hz] . . Frequency [Hz]
i Reabiie Map in the impedance plane ————
1.0 2
1
0.5
0
y 0 Confidence interval gt
= . . L]
g-0s for dimensionless 5,
] . . . -
10 objective function <1 % 9
—1.5] —5
20 ~8% 500 1000 1500 2000 2500 3000 3500 4000
1000 1200 1400 1600 1800 2000 Frequency [Hz]
smqueney el (b) Reactance
(b) Reactance
Wiremesh + honeycomb, M=0.3 « Micro-holes » layer + honeycomb, M=0.23

BERENGUE LLONCH O., PIOT E., SIMON F., CFA 2014




Influence of overall sound pressure

Microphone #1
Ci1

Cavity <|]E i Le En=Zlpaty= jsinkL
i Bl
i s ) Measured orifice impedance

(M=0.1,d =4 mm, | =1 mm, 0=5.59 %)

Main duct

. Microphone #2

1.2 6
(@} . . {b) .
0 High Non-linear effect Low Non-linear effect sl
MdE'e F -
. . -
08 L - 4L 130 dB \\*_" .
R ’ .. 145 dB o ¥y X
% ook p AR o & 145 dB
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Frequency (Hz) Frequency (Hz)

LEE S.H. and IH J.G., "Empirical model of the adousnpedance of a circular orifice in grazing mehmv”,
J. Acoust. Soc. Am,, 114 (2003)




Influence of overall sound pressure

Simulation 2D/3D

Instantaneous veIOC|ty and pressure flelds 2D DNS 3.5 KHz, 80 dB

ROCHE J., LEYLEKIAN L. and VUILLOT F. , "2D-axisymmat and 3D computational study of the
acoustic absorption of resonant liners", Intern@c@e8.
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Influence of overall sound pressure

f =992 Hz; Mach =0

P N

-2 2

0
x (mm)

Z (mm)

f= 1892 Hz; Mach =0

N\
2 0 2 4
x (mm)

Vorticity field (Onera) around a resonator holegieter : 1 mm), LDV, M 01 or 2 kHz

f=1992Hz ;Mach=0

Relu,)

026

0.75

1.2 = s
— o
£ 01
= 0.0

0
=08 0,05
- 0.1
0.5

0.2
-0.75

04 0.3
-0.35

0.4
0 (mi#s)

0 04 12 16

0.8
X (mm)

Ondes planes

vY

f=1992 Hz ; Mach=0

Relu,)

0.4
0.36
0.2
0.z%
0.z
015
0.1
0.0%

-0.0%
-0.1g

-0.25

2 4
X {mm)

Normal acoustic velocity field (Onera) around aorestor hole (Diametef).3 or 1 mn), LDV, M 0, 2 kHz, 100 dB




Influence of grazing flow

O Upper Limit of Ilnearlty
120 — _ -
B i : il e M=015
100_...1.,.....;_...;,...:,;.." ; M 0501- w- o M=0.30

R e
h-u30-.........5.....5.,.5..?._ .

40 R R
sk - Im

G P
10 10’

! 2l e M=0.15
0.75} 4| v M=0.30
05l f_ + M=0.51

o 0,285 s X
025 ¢ 4o
_05 Dl

107 . 10’

vu!v
(V, acoustic velocity / V* friction velocity)

« Resistive layer » impedance measured with « in-situ » method
(d=0.68 mm, | =1.02 mm, 0=1.39 %, 3150 Hz)

MALMARY C., CARBONNE S., AUREGAN Y. and PAGNEUX V. Acoustic Impedance Measurement
with Grazing Flow", 7th AIAA/CEAS Aeroacoustics (ference, (2001)




Influence of grazing flow

A physical explanation of grazing flow is given Hegrsh :
"The interaction between the grazing flow and sound-pressure field causes some of the grazing flow to be
injected into the cavity over the inflow half-cycle and then gected over the outflow half-cycle.

In both cases, the effective area through which the sound particle volume flow enters and exit the cavity
appearsto be less than the orifice area”.

15t half-period 24 half-period

l /1A

HERSH A.S. and WALKER B.E., “Acoustic behavior oélhholtz resonators: part Il. Effects of grazing
flow", CEASAIAA, CEASAIAA-95-079 (1995)




Influence of grazing flow

Aerodynamic velocity field and streamline patteroumd a resonator hole, 3D DNS, M 0.1

ROCHE J., VUILLOT F., LEYLEKIAN L. , DELATTRE G., ®OT E., SIMON F., " Numerical and
Experimental Study of Resonant Liners Aeroacousdiosorption Under Grazing Flow", 16th
AIAA/CEAS Aeroacoustics Conference, 2010.



Influence of grazing flow

Simulation

LDV
Experiments

LDV
Experiments

Vorticity field around a resonator holégl) DNS, M 0.1, 1.5 kHz, 140 dB

ROCHE J., VUILLOT F., LEYLEKIAN L. , DELATTRE G., ®OT E., SIMON F., " Numerical and
Experimental Study of Resonant Liners Aeroacoustiosorption Under Grazing Flow", 16th
AIAA/CEAS Aeroacoustics Conference, 2010.

DHMERA




Influence of grazing or transverse flow

f=992 Hz ; Mach =0

10° @,
015
0.1z
0.09 ] 0o
.06

Plane waves - Fpss

003 >
>

-0.06

-0.09 »

012

015

-0.02
-0.0&
-0.09
002

0 7]
x {mm)

Vorticity field (Onera) around a resonator hole,\t, DM 0.1, 1 kHz, 100-110 dB

DHMERA




« Hydrodynamic" modes with grazing flow

Sample COMATEC

1000 Hz, M=0.3 Longitudinal turbulence rate

#=0; rouge | x=75; ven : x=140
MO.3 ceram avec acoustique
30

Plane waves &\

8 mm T o I

v VY

!,
o gy, HEEEER T
B —

sk

VU rareranaaa /// ‘}*}\\Q\\i\\‘s\liiié\ié\}‘ /
NN S S Z F E TSR %\’U o
s>>>>>>>>>>as>>>>>‘\' ;M N\N\\\\\\\\\\\

R0 RN /
T T Ins

Non-linear behaviour due to "hydrodynamic" modeseased by the acoustic resonance of
the porous material and shear flow

PETHIEU R., SIMON. F., MICHELI F. MOTAR 2008
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Other concepts of locally reacting liners studied at On

“Honeycomb” ULSAP Perforated plate with flexible rad tubes
(Leylekian, 2009) (Smon 2013)

e,

“Active-passive” liner
(Betgen et al., 2012)

Passive mode Active mode

Error microphone

I —==%

d
— I —
v=0
AR AR

0
Z
=
>

|
I
|




Honeycomb « ULSAP »

- Non-linearity by vibration

Aluminium layer : 1 and 3/10 mm
Steel layer : 1 and 2.5/10 mm

Without glue <

A

» With glue

1.2
[ T 1] 12
—— Aluminium 100pm ‘ - ‘ ‘
—== Aluminium 300pm —— Aluminium 100um
1.0 = —* Acier 100um —=— Aluminium 300pum
—< Acier 250um ? 10 —+— Acier 100um
Tl —< Acier 250pum
0.8
0.8
c
(=}
g {1 E
206 =1
o 206
2 1S
< 2
<
0.4 /
04 /
0.2
5 0.2 u____.."’ ro
0.0 a
100 1000 10000 0.0
100 1000 10000

Fréquence (Hz)
Fréquence (Hz)

0
Z
=
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Perforated plate with flexible hollow tubes

1 Experimentation / SPL=123 d
09 length of tubes - _
' I Reflected waves | y Incident wave
0,8 ,' [T
,/\/ "\ A
AV '
' . e
0,6 1 __L----"""Cavity— 36 mm
JAm
0,5 "' : N - = v

g

//
_
=

0,4 -

0,3 ] RV I
/ \1 " Ve Reflected Wavesfi Incident wave

<«

0 //‘\ v[]. |

N AW m‘k\:«ﬁ% N AW L
met‘aﬁm W RN

,% =
? -
78

Cavii)\‘—- 36 mm

0 500 1000 1500 2000 2500
— Perforated layer — Exp. 10 mm — Exp. 20 mm s '
Exp. 30 mm — Exp. 60 mm — Exp. 90 mm

With actual turbofan, frequencies above 2000 Hz

With UHBR engines, shorter and thinner nacelles so frequencies
under 500 Hz

SIMON F., ICA 2013




« Active-passive » liner

Passive mode Active mode

Resistive layer _
Error microphone

R=0e
|
. Behaves as a % . Broadband
classical passive d I equivalent of a
absorber, mainly 0 Actuator Al4 resonant
depending on d V= absorber
AR Rigid wall AR
Intensity, f = 992 Hz, Mach=0 Intensity, f = 892 Hz, Mach=0
i Passive mode % Active mode
&0 &0
40 40
E S SSSSSossIo=ass € SIISSISSIIIIIINIIIG:
E %0 =SS3SISSIIIIIIIsEEss E?  SISNSSSSYEIIYEREEE
N | SuAjiEaN) iastisFis IR VYRS IPRR R Y
|| ) 3 /,:s 3 ;i} B ?*Q B
20 — | - o T A i | —
Lmin=116dB Lrmin=110dB
i range= 15dB = ranges= 21dB
0 50 100 150 0 &0 100 150
X (mm) x (mm)
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Effect of « non-locally behaviour » above fiber medium

Longitudinal mean velocity, Mach=0,1

Intensity streamlines, f=1992 Hz, Mach=0,1

80
80
60
60
40l i flow direction 40+ flow direction
%
£ E ool
N N
’ veirsl__| °
ateria .
200 Material
20
-40
-40
-60
0 50 100 150 60
r . . . . . . . . .
X (mm) mis . 0 20 40 60 80 100 120 140 160
X (mm)
Intensity streamlines, f=1992 Hz, Mach=0,4
Longitudinal mean velocity, Mach=0,4 160
80
80
150
60
60
140 irecti
a0l flow direction 401 flows direction
%
= 130 =
E 207 — E 207
e | — —_— - — — L
N ———————————————— 120 N
0 . 0
20 Material | Material
110 20
-40
100 40
-60k .
0 50 X (mm) 100 150 90 -60 L L 1 L L 1 L L 1
m/s 0 20 40 60 80 100 120 140 160

X (mm)

Mach 0.1

Metallic fibers
Intensity field 2D
2000 Hz

Mach 0.4




40t

80+

60

40+

z (mm)

20+

40}

Porosity: 5 %
Layer thickness: 0.8 mm
Hole diameter: 0.3 or 1 mm

Layer thickness: 20 mm

ATK n°1 microperforé

z (mm)

ATK n°1 microperforé

SIMON F., PIOT E.

Lmin=115d8 Lmin= 121dB Lmin= 114dB
range= 17dB 40 range= 14dB 40 range= 22dB
0 50 100 150 0 50 100 150 0 50 100 150
X (mm) X (mm) X (mm)
2600 H=7~
Z2oVU T1Z
80+
60+
40+
-—-—--‘-.~~—~--o-——-v--::::: ’é‘
333z £ 20+
F N
0
ATK n°1 perforé ATK n°1 perforé
,20,
Lmin=119dB Lmin=118dB
range= 14dB -40¢ range= 15dB
0 50 100 150 0 50 100 150 0 50 100 150
X (mm) X (mm) X (mm)
DMERA
and MICHELI F., BNAM 2010 T



Acoustic porous solutions for interior noise




Porous materials to reduce noise radiated in helicopter cabin

- Noise level in helicopter cabin noticeably higher than the noise inside commercial and
executive jets

Generated by main and tail rotors, Turbo engine, main gearbox and turbulent
boundary layer.

Rotor / Gear Box

Aerodynamic
noise

Tail rotor

SIMON et al., Activities of European Research Laboratories Raggréielicopter Internal Noise,
Journal AerospacelLab, Paper n° AL0O7-04 DOI : 1062227014.AL07-04
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Porous materials to reduce noise radiated in helicopter cabin

- Noise level in helicopter cabin noticeably higher than the noise inside commercial and
executive jets

Generated by main and tail rotors, Turbo engine, main gearbox and turbulent
boundary layer.

Pure frequencies relative to
STAGE 3

rotative organs

FAN S
:}..f'ia , .a /{?.‘1’\

=R g
‘/ e — - i GJ
e = /M U”'-" 9
<2 o STACET 2y
ey STAGE 2 T~ c |l
< A -~ AONTA o I
TURBINE 1 STAGE 4—=5=" >3 o
Z i A
= v /"’5‘; "
0=
TURBINE 2

i i —»
1K 2K 3K
Frequency (Hz)

DUSSACEet al., "A finite element method to predict internal noiseels at discrete frequencies for a
partially composite helicopter fuselage"”, AHS arraeum, 1989.
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Helicopter “global wall

I.e AGUA AW139 EXECUTIVE i.e. Eurocopter EC 135
(Custom Pininfarina Edition ) (Configuration " business’ Hermes)

1 2
"primary structure" " skin damping"

| e | T T

Glass wool

I\H\HHHHHHH\HHHH\H\H\H\ 0 T HHHHHHHHHHHHHHHH\H\HH\H\H\HHHHHHHMH\H\HHHHHHH\H\H\Hﬂﬂ/ _
! / = Honeycomlisandwich panel
5 " . . .
trim pang "insulation coating’ soft mounts w!th front sideopen or closed
with suede on soft foam layer

8
" finishing material and absor bing underlayer”

For absorption or transmission loss




Transmission Loss (TL) of «<honeycomb» sandwich panel
concept » with porous material -

70 -
60 - et gl
50 - / E ;
= 40 - i a
) ,"#-’-_,,_—————>—‘——_—‘—-*
= 30 L

\

A

20 P _}—M
10 /\&/ Dilatation effect of foam
N

0 ‘ ‘ ‘ ‘ ‘ W ransmitted
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency (Hz) \\_/

— Sand. Melamine (Simulation) — Sand. Nomex (Simulation) TL = 1OIog( Wincident j
R noneycom viscoelastic laye transmitted
glue glass fabri
melamine" foam
glue honeycomb Nomex
honeycomb Nomex .
glass fabri glass fabri

 High acoustic Transmission Loss due to dilatagfiect of foam (elastic waves)
« Satisfying static bending stiffness due to honeylo®




(elastic waves) and of

90 : .
80 - # Structural pane /\W,W\r’“fw(\lw After dilatation of foam

70 . V | (e _
| cavity (acoustic waves
60 | Air (50 mm) // y ( )
a 5 O ~— (T T'rim pane|
= 40 -

S
—
F 30 - 4//\// N

2 O / . .
1o | <// ——___ After dilatation of
0 — cavity (acoustic waves)
100 1000 10000
Frequency (Hz)
—— "structural panel"+air (50mm)+"foam panel"
- "structural panel"+air (50mm)+"honeycomb panel"
Panel Structural panel "Honeycomb and "Foam" trim
viscoelastic layer" panel
trim panel
Surfacic mass 16.5 8.3 54
(ka/m2)
Thickness 2.8 11 18.1
(mm)

SIMON F., PAUZIN S., BIRON D., ERF30, 2004.
41 ::?R_ '[:'”E“i




Optimised passive trim panel:
Symmetric sandwich panel with honeycombs and foam

. - Wﬂ\r\
glass fabri 00 %M
I Nomex noneycory 5o -
- n glue
| "melamine” foam | '@ 40
glue F 30
I - honeycomb Nomek
glass fabri 20 -
10 - .
* Ef : Foam Yjoung moduli
0

Thickness: ~ 20 mm

Surfacic mass: ~ 6 kg /m?2 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

) Frequency (Hz)
(V.I.P. requirements) —Exp. Panell  — Ef=0,15Mpa  Ef=0,2 Mpa
Ef=0,25 Mpa — Ef=0,3 Mpa — Ef=0,35 Mpa

Manufacturing process:

» Polymerization of "glass fabric / honeycomb" las/ender vacuunat 120°C
* Control of total thickness of "glass fabric / hgoemb"

* Application of glue on foam sides with spatula

*"glass fabric / honeycomb" layers + "glue / foamtier vacuum

* Polymerizationunder massat 60° C UE project

« Control of total thickness of "glass fabric / hgoemb" « Friendcopter »
» Complete relaxation of foam




Validation of vibro-acoustic model

Aluminium
Glass wool (50 mm)

Fiber glass (5 layers)
Glue

« Melamine » foam
Glue

Fiber glass (5 layers)

DHMERA



Validation of

vibro-acoustic model
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ONERA Mock-up (VASCo) with roof trim panel

14 viscoelastic
mounts

Glass fabric Glass fabric

[IIIIIIIIIIIIIT ~ Nomex honeycom

—_— lue

P ?/Ielamine foam Nomex honeycomp
- Glue

I Nomex honeycomb .

Glass fabric Glass fabric
22 mm - 5.2 kg/m? 20 mm - 6 kg/m?
« Foam » trim panel « Honeycomb » trimgda

Experimental Insertion Loss (dB) up to 3 kHz:
» «foam » trim panel: 35-40 dB
* «honeycomb » trim panel:’5-20 dB

Actually : Helicopter GARTEUR group (Onera, DLR, RLLMicroflown, Univ. Polimi)
relative to “Design and characterization of comfgim panels”

SIMON F., PAUZIN S., ITT'09, 2009.




Conclusion

New idea of porous solutions and dedicated measurement
techniques for exterior or interior noise are welcome to satisfy
(future) industrial requirements and improve knowledge !

The demand is strong and possibilities are endless if the
Industrials accept to dream !

Thank you for your attention
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