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Overview

* History of noise reduction: components, from engine only
to whole airframe

* Societal & economical needs: both driver and challenge

* Another step: aircraft operation

* Configuration design for noise: the balanced view
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The early domination of jet noise

Turbojets

1st Generation Turbofans

Lateral Noise Level
Corrected for Aircraft Thrust

2nd Generation Turbofans

| T T T

1960| 1965| 1970| 1975 1980 1985| 1990| 1995
Entry into Service Date
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The evolution of engine noise sources

Noise of a typical 1960s engine Noise of a typical 1990s engine

Gompressor | Fan | m
Turbine & Combustor I Turbine & Combustor I
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More and more technologies to address several
balanced noise sources

ANTLE & High Speed
UHBR Fan LP Compressor LP Turbines

Integrated Fan

Design

Negatively
Scarfed Intake

Low Noise Fan Nozzle

L. ) Low Noise Core Nozzle
3D D|s_tr|buted \ w internal/external Plug
Liner
_ LU 4 different
0 Splice Treated Plug
Passive Liner Technologies

Intake Lip é HF Treated Nozzle
Liner

Anti-lcing Adaptive Active Wall- Active Stators xhaust Splitters
Adaptive Liner Liner Mounted System (2 concepts) radial or circum.

UHBR Gear Box
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An example: Fan noise

Main intake liner Fan case liner

BETTER... Lip liner

Zero Splice liner
allowing the
maximal attenuation
from liner thanks to
reduced acoustic
mode scattering

Extension of liners and further reduction
of acoustic mode scattering
allowing maximal attenuation

Diversion of noise INTO A RESHAPED NACELLE...

toward sky

Negatively Scarfed Intake Principle
Treated primary

...AND STILL TAKING CARE nozzle lip
OF EXHAUST NOISE (squid)
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Aircraft noise: A complex mix of different sources

Take-off: Jet & Fan

« Approach: Fan, Airframe
&Turbine

FAN, TURBINE AND ff/f/ff/f/f/ff
AIRFRAME NOIS
COMBUSTOR NOISE //////////////

FAN AND
COMPRESSOR NOISE

Engine Total
Aircraft Total
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Compressor

Combustor
Combustor

Take-off Approach
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Approach noise

A340-300 AIRFRAME NOISE
APPROACH NOISE

CLEAN SLATS/ L/G
AIRFRAME FLAPS

TOTAL ENGINE AIRFRAME
Landing gear \I

R |

IMPORTANCE OF AIRFRAME NOISE IN APPROACH

_____ High lift devices
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A societal expectation for more travelling

Revenue Passenger Kilometer (RPK) is forecasted to triple
from year 2000 to 2020

World annual traffic - trllion RPK

-4 GMF 2000 ,

2000 2010 2020

The Airbus Global Market Forecast may also be found on the Internet at http://www.airbus.com
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An increased community noise?

At the same time the traffic increase may lead to growing
noise impact

Population exposed to noise > DNL55* (millions)
\ . projections: CAEP/5 CAEP/6 — — —

Removal of
Chap Il a/c

& 9/11 effect Traffic growth

* Lan = 10 log [1/At (X, 10410+ 10 3 104100 )] A~
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Noise Reduction - The Challenge

High pressure on aircraft noise:
* regulation
« “QC” system,
* landing fees, night time operation,

* public uproar, airports extension...

Noise issue might be limiting the foreseen +
traffic growth (tripling by 2020) N e
Pushing further existing technologies has FLYOVER
strong negative operating cost impact ‘

Thus: Strong demand for cost friendly low
noise teChnOIOgieS MNOISE REDUCTION ( EPNGE )

Reference Data - ANDES Study
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Vision 2020

The challenge has been transformed in the
Vision 2020 Goals:

® Reduce perceived noise by half

® Eliminate noise nuisance outside airport
boundaries

Aeroacoustics of New Aircraft and Engine Configurations - G.A.Dirks - Airbus S.A.S

November 2004

Page 14

‘%‘u{eﬁ-’&-ﬁﬁk 4



Overview

* History of noise reduction: components, from engine only
to whole airframe

* Societal & economical needs: both driver and challenge

* Configuration design for noise: the balanced view

7
/)]
4

Aeroacoustics of New Aircraft and Engine Configurations - G.A.Dirks - Airbus S.A.S November 2004 Page 15 AIRBUS



served. Confidential and proprietary document.

© AIRBUS S.A.S. Al rights re:

Noise abatement procedures

Approach

4500
4000
3500 Optimised flight path 15 dB
3000
2500 Standard flight path =
2000 E
= 1500
Standard noise profile
1000
500
Optimised noise profile
(]
(1] 5000 10000 15000 20000 25000 30000

Runway threshold distance (m)
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Parameters to be optimised

Increased ILS glide interception altitude
Delaying stabilisation of landing
configuration

Flap setting

Increased ILS glide slope

Continuous descent approach
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Aircraft Operation

Noise abatement procedures require:

*New functionalities such as A380 FMS
handling thrust management for low
noise

*New aircraft capabilities, i.e.: High lift
systems enabling steeper trajectories
without increased component noise

*ATC / ATM handling the new procedures
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Noise: An integral part of the design process

Aeroacoustics of [

Risk assessment

gine Configurations - G.A.Dirks -

Noise reduction

Airbus S.A.S
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Aircraft noise needs to be balanced with other aircraft design
requirements

Environmental '
. : Operating
requirements Noise costs
Emissions ¥ — Reliability
Fuel Burn Fuel Cost
Life-cycle Cost

Payload
Range

\ Timing
Cost
Aircraft Market

performance Business
case
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Unlocking today’s constraints: aero performance

Design requirements

Speed

Future capabilities : driven by
a family of concepts tailored to
fit specific sets of requirements

Environment

The idea is to select concepts to explore the most relevant

capabilities and meet the widest range of challenges
Important: these are not intended to be future Airbus Froducts
[

but extreme configurations to develop our capabilities =
=
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Low noise configurations

Airbus recognize a need to investigate
these configurations in order to reach
10 dB noise reduction per aircraft
operation

Environment

Masked sources
* inlet fan

» combustion

e turbine

Masked sources
* inlet & aft fan

* compressor

« combustion

e turbine
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Vision 2020 - Emissions

Despite much improvements, * Reduce CO2 by 50%
® Reduce NOx by 80%

100
B707-1204JT-3

% L

FUEL

80 L

C or Fuel Burn

We are committed to go even
further
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An Example: CO2 Reduction Potential for
Conventional Aircraft

WEIGHT (Materials,
Systems, Structure)
CONFIGURATION
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Noise & Gaseous Emissions From Engines:
Friends & Foes

/.

Reduced

Fuel Consumption

& CO, emissions

Reduced Noise (lfluzness gzl
OPEIAUINYICHSTS)
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Low Noise Configurations & Gaseous Emissions

What is the breakdown of potential emissions
reduction for these aircraft?

Are these configurations conflicting with
emissions reduction targets compared to
conventional configurations?

What are the possible trades offs if needed?
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property of AIRBUS S.A.S. No intellectual property rights are
granted by the delivery of this document or the disclosure of
its content. This document shall not be reproduced or
disclosed to a third party without the express written consent
of AIRBUS S.A.S. This document and its content shall not be
used for any purpose other than that for which it is supplied.

The statements made herein do not constitute an offer. They
are based on the mentioned assumptions and are expressed
in good faith. Where the supporting grounds for these
statements are not shown, AIRBUS S.A.S. will be pleased to
explain the basis thereof.

AIRBUS

AN EADS JOINT COMPANY
WITH BAE SYSTEMS
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