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Example of classical treatment
“Single-Degree-of-Freedom liner” (SDOF)

New concepts

* Reduce fuel use: Larger By-Pass Ratio

= Larger fan diameter,
= Thinner and shorter nacelle
= Lower rotation speed

* Mostly good for noise emissions, but...
— Requires attenuation at lower frequencies
— Less space for liners

= Need for new liner concepts with higher
acoustic efficiency
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UHBR engines
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* Design process: How are acoustic liners selected and qualified
for an engine & nacelle?

@[ ”ﬂ CONTEXT

. . 1t order and Modal
Modelisation analysis and Propagation codes [ CAA
1D code 5D cod

Impedance
with flow

Testing local Impedance
properties M=o
Testing scale
efficiency

Represen-

tative IL Engine tést Flight tests

Requirements

Need of a new facility to
bring new insights arrd more
trust in the design process

Optical window

Grazing or orthogonal plane wave
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Silencer

Fan Section | 280 x 150 mm?

%& 4\\ Mach 0.6
5l

0nee SPL 150 dB
Multi-Modal excitation

Frequencies | 400 Hz-5kHz
Meas. - Insertion Loss
- Scattering Matrix
- In-situ Z
-KT?
- Optical ?

Expected Output:

Impedance for each acoustic mode
(Not only up-/downstream directions)

Insertion Loss with controlled modal conteht

Le Mans University is the owner of the test bench
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... _DESIGN : MICROPHONE
POSITION
* Allow modal decomposition of acoustic field in the duct
* Position optimisation principle:
— Logarithm distribution in axial (x) direction

— "Random" distribution on y and z directions

* Repeat the draw untill the condition number
doesn’t improve any more

Condition number
3,
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* Main challenges:
— Sufficient acoustic power for a large cross section:
— Several modes to be controled (» 30 modes at 5 kHz)

ART=AC (LB

=> Large number of sources

e Final structure
— 24 x “low frequency drivers”
* Plane mode only (300Hz - 1kHz)
* One channel for 6 drivers

— 66 x2” compression drivers
* All modes (600Hz — 5kHz)
* One driver = one channel
* Optimization of the drivers position on the
duct
= Controlabillity of each mode
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- Be able to force one modal configuration in the duct (one
particular mode or a combination of several modes)

Existing device [ Constraints :
- Air flow up to 0.6Mach
- Large duct dimensions high number of modes
- HF sources only

Setup optimized for modal control but some hypothesis should
be validated e

Sources microphones

=>| | I

Echantillon
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Objective : Linear driving i ]
. . . Pm, Cch1
—> Linear relationship between c
Pm, | — Ch2
voltage commands and the : :
acoustic field in the duct e Cchn
N L -

Acoustic propagation : linear

Other requirements:
- Repeatability:
No impact of background noise (due to the air flow)

Stability of thermodynamic conditions effect on the pressure/command transfer
functions

- Linearity (of the sources)

- Superposition principle: ’
No impact of the acoustic field in the duct on the impedance load of each source
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Repeatability: impact of background noise

Microphone 1 @ M=0.3 Microphone 1 @ M=0.6
160 160
140 140 A
|

— ( ‘ —_

_Eg 120 - ™ ! ! W —— bruit @ M=0.3 % 120

= ~——— 1 source @ 0.3V =

2 —— 60 sources @ 0.3V g

o =]

i —— 1 source @ 0.9V &

-

a 100 1 —— 60 sources @ 0.9V & 100 -

[Fy]
80 : ! ! | M 80 - -
— bruit @ M=0.55
— 1 source @ 0.9V
—— 60 sources @ 0.9V
60 T T T T T B0 T T T T T
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
Fréquence [Hz] Fréquence [Hz]
0.3V : nominal driving level .

0.9V : max driving level (approx 25Vrms at driver)
[}

Good S/N ratio : > 20dB even with 1 sources, and flow 0.6 M
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Stability of thermodynamic conditions

Sample Temperature (*C) 16.77

TEMPERATURE FLUCTUATION DURING Temperature Temperature Setpoint (°C) 17.00
MEASUREMENTS Yog

18-

17=

16-

]

o

w
Temperature (*C)

16.22

Temperature Temperature Setpoint (C) 0.00
17-

o
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157

Temperature (°C)
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Very small temperature fluctuations (regulation)
Require to wait before starting the measurement
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Repeatability / Stability VOLTAGE COMMAND : SOURCE N°9 ONLY
RECORDED PRESSURE : MIC. 1 AND MIC. 51

Canal 9
¥ .. e A
y - . » " |
i

Measurements (without flow):
- Meas1:T=15.9°C
- Meas 2 & 3: two days later, T=15.3°C

M = 0.0, up, Microphone 1 M = 0.0, up, Microphone 51
60 60
—— mesure 1 —— mesure 1
—— mesure 2 — mesure 2 ‘
50 4 —— mesure 3 50 4 —— mesure 3
- =
g g
= =
A 40 A 40 ¢
[=)] o °
S 5
y w
5 30 - £ 30 ©
b} 3 °
T T
2041 204
1.0 T T T T T 1.0 T T T T T
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Frequency [Hz] Frequency [Hz]

T Good repeatability with same thermodynamic condition



I AN
V[Hm PRELIMINARY TESTS

DE TECHMOLOGIE DU MAMNS

ART=AC (11 @

Sources linearity
- Source n°9 [ mic n°1 and n°51
- Three driving levels (0.9 = max driving level)

5 M = 0.0, up, Microphone 1 6o M = 0.0, up, Microphone 51

— 0.1V — 0.1V

— 0.3V — 0.3V

s04 0.9v 504 0.9V

40 - 40 -

30 A 30 A

20 A 20 ‘
®
10

T T T T T T T T T T
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 °
Frequency [Hz] Frequency [Hz]

|H| (Source Ch9 -= Micl)
[H| (Source Ch9 -> Mic51)

10

- Not really linear at low frequencies (compression driver!), but the .
sources are never driven at max level in this frequency range (less
modes to be controlled, enough level margin)

- Small non-linearities in frequency range 1500 — 2200Hz
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Superposition principle

Sources Microphones

E9
Sources Microphones
E
{ T
Sources Microphones
2 2222
ET-9
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E;:  Canal 9 only

E;:  Allsources
E;o: all sources but canal 9 out of
phase

If the superposition principe is valid, @
at each microphone : °

P(Eg) = P(ET) - P(ET-g) ) /2 .
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- Measurement without flow
- Nominal driving level

M = 0, up, 0.3V, Microphone 1 M = 0, up, 0.3V, Microphone 51
60 60
—— Direct —— Direct
—— Différence —— Différence

50 1 50 1
- =
g 7
= s
N 40 A A 40 -
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Good results .
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Measurement with flow (0.6 Mach)
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Max driving level

M = 0.6, up, 0.9V, Microphone 1 M = 0.6, up, 0.9V, Microphone 51
60 60
—— Direct —— Direct
—— Différence —— Différence
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- Small [ acceptable differences, except at very low fre.quencies.
- More noise
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After identification phase, the transfer
matrix H, between source commands and
acoustic modes is known

®
To drive one modal configuration (inciglent
presure field p;: ) we need to determine . g
the command vector c,, .

Pseudo-inversion of the transfer matrix
with a penalization factor to limitate
voltage command to acceptable magnitude
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Sources

Cul
Cu2

Cu Nchn

H,

" (H H,) + 221

MEASUREMENT WITH CONTRG

0
1

0

microphones

FOR THE FIRST TRANSVERSE MODE

+

Mode (1,0)
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Sources microphones

EE R R EE R EE R EEEEEEEEEEES
A B BB EEEEEEEEDEEEEEEDERE N

Sample
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Other results at 0.6 Mach

Pseudo Inversion, M = 0.6,
130 dB, Mode O

7 d 1
Mode # 1 ‘ + ‘ 141K e vEN
L [ T |
Mode (0,0) *iul*: | “ |
M ad La ‘ ‘“LLI“
O 1000 2000 3000 4000 5000
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140 ~ » .
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Reached performances

Broadband noise Requirement Measured
(IL)

Operating conditions Air flow up to 0.6M Air flow up to 0.6M
Frequency range 400Hz — 10kHz 400Hz — 10kHz
Modal control No No
Acoustic global level 155dB 155dB
(IL, Transfer matrix, impedance) ®
Operating conditions Air flow up to 0.6M Air flow up to 0.6M
Frequency range 400Hz — 5kHz 400Hz — 5kHz '
Modal control All modes, up to 5kHz ~ 30 fisrt modes (60
microphones availlables
Acoustic level 150dB 150dB
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