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CONTEXT

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



CONTEXT

Need of a new facility to 
bring new insights and more 
trust in the design process
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Engine test Flight tests

• Design process: How are acoustic liners selected and qualified
for an engine & nacelle?

Grazing or orthogonal plane wave



REQUIREMENTS (FIRST ROUND)

Section 280 × 150 mm2

Mach 0.6

SPL 150 dB

Multi-Modal excitation

Frequencies 400 Hz– 5 kHz

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 content

CPER 2015-2020 

Réalisation d’une veine pour des mesures aéro-acoustiques 

Cahier des Charges 

Contexte : 

Le besoin principal concerne l'acquisition d’un banc d’essais pour la qualification et le 

développement des traitements acoustiques employés dans l’aéronautique (réduction du bruit des 

moteurs). L’objectif principal est de pouvoir procéder à des essais en conditions les plus 

représentatives possibles : écoulement rasant avec nombre de Mach élevé, excitation acoustique 

appropriée, dimensions suffisantes des échantillons pour effectuer une mesure globale. 

L’équipement ainsi réalisé permettra de favoriser les travaux de modélisation et de qualification des 

traitements acoustiques qui sont nécessaires pour réduire, entre autres, les niveaux de bruit des 

avions au voisinage des aéroports. 

Le cahier des charges présenté ici concerne la réalisation d’une veine à écoulement de type 

« Eiffel » (veine ouverte) ou de type « Eole » (veine fermée). 

A titre d’exemple, un schéma de principe est donné en figure 1 pour le cas d’une version aspiration 

de type « Eiffel ». Ce schéma ne représente pas nécessairement la configuration qui sera retenue 

pour cet équipement. 

 

 

1	:	Tulipe	d'entrée	d'air	

2	:	Collecteur	

3	:	sec7on	d’essai	

4	:	silencieux	à	baffles	

5	:	découplage	

6	:	ven7lateur	

Figure	1	:	Exemple	de	schéma	de	principe	dans	le	cas	d’une	veine	ouverte	de	type	«	Eiffel	»	
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Le Mans University is the owner of the test bench



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



DESIGN : ACOUSTIC SOURCES

• Main challenges :
– Sufficient acoustic power for a large cross section:
– Several modes to be controled ( 30 modes at 5 kHz)

=> Large number of sources

• Final structure
– 24 x “low frequency drivers” : 

• Plane mode only (300Hz – 1kHz)
• One channel for 6 drivers

– 66 x 2” compression drivers
• All modes (600Hz – 5kHz)
• One driver = one channel
• Optimization of the drivers position on the 

duct
 Controlabillity of each mode



FINAL DESIGN



MODAL CONTROL

Goal
- 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



MODAL CONTROL

Objective : Linear driving

 Linear relationship between 
voltage commands and the 
acoustic field in the duct

𝑝𝑚1

𝑝𝑚2

⋮

𝑝m𝑁

=

⋯
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⋯

𝑐Ch1
𝑐Ch2
⋮

𝑐Ch𝑁

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



PRELIMINARY TESTS

Repeatability: impact of background noise

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

0.3V : nominal driving level
0.9V : max driving level (approx 25Vrms at driver)



PRELIMINARY TESTS

Stability of thermodynamic conditions

TEMPERATURE FLUCTUATION DURING
MEASUREMENTS

M = 0.3

M = 0.6

Very small temperature fluctuations (regulation)

Require to wait before starting the measurement



PRELIMINARY TESTS

Repeatability / Stability

+

VOLTAGE COMMAND : SOURCE N°9 ONLY
RECORDED PRESSURE : MIC. 1 AND MIC. 51

Measurements (without flow):

- Meas 1 : T= 15.9°C

- Meas 2 & 3: two days later, T= 15.3°C

Good repeatability with same thermodynamic condition 



PRELIMINARY TESTS

Sources linearity
- Source n°9 / mic n°1 and n°51

- Three driving levels (0.9 = max driving level)

- 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



PRELIMINARY TESTS

Superposition principle

E9: Canal 9 only
ET: All sources
ET-9: all sources but canal 9 out of 

phase

If the superposition principe is valid, 
at each microphone :

P(E9) = ( P(ET) - P(ET-9) ) / 2



PRELIMINARY TESTS

- Measurement without flow

- Nominal driving level

Good results



PRELIMINARY TESTS

- Measurement with flow (0.6 Mach)

- Max driving level

- Small / acceptable differences, except at very low frequencies

- More noise



MEASUREMENT WITH CONTROL

After identification phase, the transfer
matrix Hu between source commands and 
acoustic modes is known

To drive one modal configuration (incident 
presure field 𝒑𝒖

+ ) we need to determine
the command vector 𝒄𝒖

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

𝒑𝒖
+ = 𝑯𝒖 𝒄𝒖
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+
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Sample
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MEASUREMENT WITH CONTROL

FOR THE FIRST TRANSVERSE MODE

Sample

Sources                                          microphones     
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… …
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MEASUREMENT WITH CONTROL

Sample

Sources                                          microphones     
𝑐1 𝑐2 𝑐3 𝑐4

…… ……

… …

𝑐M…

FIRST TRANSVERSE MODE

+       

-

Mode (1,0)



MEASUREMENT WITH CONTROL

Other results at 0.6 Mach

Mode # 1

Mode # 5
+    - +
- +    -

+

Mode (2,1)

Mode (0,0)



CONCLUSION

Broadband noise
(IL)

Requirement Measured

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

Step sine
(IL, Transfer matrix, impedance)

Requirement Measured

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

Reached performances
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