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ADVANCED Low NOISE LANDING (MAIN AND NOSE) GEAR FOR REGIONAL AIRCRAFT
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Pininfarina Wind Tunnel features:

= Jet section: 11 m? (semi-circular)

= Max speed: 260 km/h (empty test section)
= BNL: 68 dBA at V =100 km/h

= Turbulence intensity: 0.3%

= Test Section: 8m x 9,6m x 4,2m

ALLEGRA specifications:

L)

D)

» Full representation of the landing gear detail and associated

structures (e.g. bay cavity, bay doors, belly fuselage etc.) are
included and addressed at a realistic scale.

%* The Nose Landing Gear is designed at full scale and the Main
Landing Gear at half scale.

% Implementation of low-noise technologies.

Trinity College Dublin, The University of Dublin 4
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Introduction

NLG Baseline Configurations
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Introduction

Decomposition of NLG
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Application of low noise technologies to the NLG
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|| Wheel
== hub caps

Trinity College Dublin, The University of Dublin 7



EER] Trinity |
o 38 » College H”
:2'¥ Dublin B

The University of Dublin  Buildings Fiuid Dynamics

Introduction

MLG Baseline configurations
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Introduction
Decomposition of the MLG

MLG-SideDoors

MLG-TopDoors

) )
MLG with = MLG with
top doors l side doors
removed removed
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Application of low noise technologies to the MLG
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Microphones Arrays
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Linear Far Field 13 microphones
Array 4.22m from model axis
Side Array 3 meter diameter half-wheel
array

66 microphones
4.22m from model axis

Top Array 3 meter diameter wheel
array
78 microphones
1.82m from the model

Front Array Spiral array
15 microphones
upstream the landing gear
plane
at an angle of 10 degrees

I 11'
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Microphones Arrays
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Wind Tunnel Tests Matrix:

] Wind Tunnel Flow Speed

40m/s 50m/s 60m/s 65m/s
-10° -10° -10°
-5° -5° -5° -5°
Yaw angle 0° 0° 0° 0°
5° 5° 5° 5°
10° 10° 10°
-10° to +10°

MAIN FrLow

_>

Angle of attack: 4° Yaw Angle

Trinity College Dublin, The University of Dublin
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Wind Tunnel Tests Matrix:
_ Wind Tunnel Flow Speed
40m/s 45m/s 50m/s 60m/s 65m/s
-10° -10° -10°
-5° -5° -5° -5°
Yaw angle 0° 0° 0° 0° 0°
5° 5° 5° 5°
10° 10° 10°
-10° to +10°

WIND TUNNEL
ROTATING FLOOR

4° Main Flow i

Angle of attack: 4° Yaw Angle
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NLG Results

Directivity of the nose landing gear noise

ASPL(dB) wrt baseline NLG as a function of frequency and directivity - Linear Far Field array 50m/s and 0° yaw
Spectrograms
The directivity of the landing gear sources was found by b .
subtracting the different configurations data owrjztf:m
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ASPL(dB) as a function of frequency and directivity - Linear Far Field array 50m/s and 0° yaw
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Directivity of the nose landing gear components

ASPL(dB) as a function of frequency and directivity - Linear Far Field array
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Directivity of the nose landing gear components
ASPL(dB) as a function of frequency and directivity - Linear Far Field array 50m/s and 0° yaw
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Directivity of the nose landing gear components

ASPL(dB) as a function of frequency and directivity - Linear Far Field array 50m/s and 0° yaw
142° NB-NF
= Bay only 10 E. Neri. J. Kennedy, G.
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7 Gear: A comparison
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NLG Results

Directivity of the nose landing gear components

ol Trinity I
‘éﬁéﬁ College / m
g7 Dublin - Br

The University of Dublin  Buildings Fiuid Dynamics

Are these bay cavity modes radiating to the far field? ASPL(dBA) wrt baseline NLG as a

function of frequency and directivity
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Directivity of the nose landing gear components y
Are these bay cavity modes radiating to the far field? ASPL(dBA) wrt baseline NLG as a
function of frequency and directivity
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NLG Results

Noise reduction technologies
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NLG Results

Noise reduction technologies
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Noise reduction technologies
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Main Landing Gear Results
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ASPL(dB) wrt baseline MLG as a function of frequency and directivity - Linear Far Field array 65 m/s and 0° yaw

Spectrograms
The directivity of the landing gear sources was found by
subtracting the different configurations data
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Directivity of the main landing gear components

ASPL(dB) as a function of frequency and directivity - Linear Far Field array
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MLG Results

Beamforming — Top Array

The author acknowledges DLR, Institute of Aerodynamics and Flow Technology, Department of Experimental Methods for providing the SAGAS software used to generate these beamforming results
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MLG Functional Frequency Domain Beamforming 65 m/sl 0° yaw
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MLG Results

Noise reduction technologies
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Noise reduction technologies

MLG Results

Upstrec 300-1500 Hz
MLG
ML8
n n
Al A
- -
T T
D D
102
MLG
ML8
5‘- *q%%mw%%
° o
=t \
T
w -
1 c8
102 10° 10
fz

Trinity College Dublin, The University of Dublin

SPI (dR)

MLG
ML8
€ 4
10? 102 10
Hz

hstream

| MLG

ML8

102 10° 10
Az

[\ Trinity

2

o« » /
L'¢'J Dublin LT

The University of Dublin  Buildings Fiuid Dynamics

SPL (dB)

SPL(dB) narrow band frequency spectra
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ASPL(dB) = MLG (f,.g) - ML7 (fgss\lmse reduction technologies

VILG VIL/ Beamforming results VILG VIL/
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MLG Results

ASPL(dB) = MLG (f,,y) - MLS (fgss\lmse reduction technologies

VILG VILE Beamforming results VILG VIL8
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Nose Landing Gear Results Conclusnons

Landing Gear Noise

Landing Gear Noise: § Directivity NLG-NF
m 15
" ‘ Amplitude:
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Nose Landing Gear Results Conclusions -

Noise Reduction Technologies

120-250 Hz

N -10dB

240Hz-2000Hz

100Hz to 2000Hz
Suggested for the future! .

Trinity College Dublin, The University of Dublin 35




Nose Landing Gear Results Conclusions

Comparison with Literature
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Main Landing Gear Results Conclusnons

Langing Gear Noise

Landing Gear Noise: Directivity MLG-MF Amplitude:
o Up to 23 dB

Frequency Range:
60 Hz - 1200 Hz

‘Particular contribution:
i 60 Hz — 250 Hz

ML7 — Mesh Fairings ML8 — Hub Caps + Axile Fairing
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