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Executive Summary

Almost since its inception aviation has been utilised
as a means of commercial transport. The
subsequent demand and resultant growth of air
transport has been relentless, air travel is now
accepted as a normal mode of transport and is
used by a large proportion of the population for both
business and pleasure purposes. The growth

in the use of aircraft for moving freight has also
been equally astounding and has allowed the rapid
movement of low weight /volume goods in situations
where delivery time is critical. All predictions
suggest that this rate of growth will continue into
the foreseeable future and that aviation will continue
to be recognised as a major enabler of world
economic growth.

The expansion of the aviation industry has been
enabled through the introduction of new technology
and over the past 40 years continued technical
advances have minimised the environmental impact
of aviation growth through the incorporation of
technologies that have significantly reduced CO2 ,
noise and other emissions. Although there is scope
for further improvement by evolving existing
technologies, further substantial improvement will
require the introduction of breakthrough
technologies and concepts into everyday service.
Novel airframes and engines utilising new materials
and production methods are required to reduce
weight and increase aerodynamic efficiency.

In addition the Air Traffic Management System
needs new capabilities to minimise wasted time and
route aircraft directly to their destination with
minimum or no holding.

The environmental challenge has been sub-divided
into four goals:

- To reduce fuel consumption and CO2 emissions 
by 50%.

- To reduce percieved external noise by 50%

- To reduce NOx by 80%

- To make substantial progress in reducing the
environmental impact of the manufacture,
maintenance and disposal  of aircraft and related
products.

This section of volume 2 examines each of the
above goals in detail and identifies potential
technology solutions that will enable the four goals
to be achieved. Additionally it describes the strategic
elements needed to develop these new capabilities
and to bring them to a level of advancement that
would enable their implementation in new products

Minimising the environmental impact of the
expanding air transport system represents a major
technical challenge but is one which must be met if
expansion is not to be curtailed by an unacceptable
environmental impact.
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Introduction

As aviation has grown along with every other part
of the industrialised society the impact our life-style
is having on  our environment becomes a more
pressing and important issue. Whilst the science
of pollution still has some uncertainties and the
data is not yet fully consistent and there is a clear
need to prevent a continued increase in the total
emissions produced by the worldwide aircraft fleet.

Since the initial introduction of jet transport
aircraft, the introduction of high bypass ratio
turbofans and of low emissions annular
combustion systems has resulted in significantly
reduced aircraft fuel consumption, noise, NOx and
other gaseous emissions. Continuing efforts to
introduce new technologies have resulted in
further evolutionary improvements to both aircraft
and engines. However as technical advance
becomes more difficult, further improvement is
becoming more costly whilst continuously growing
demand dictates that further significant
improvement is required.

The Challenge is to accommodate the forecast
increase in traffic whilst reducing the relative
impact of aviation in respect of noise and
emissions and the supporting systems of
manufacture, maintenance and disposal.
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Background

Environmental
Improvement Trends

In the areas of noise and fuel consumption, 
for fixed wing aircraft, there have been significant
improvements achieved during the last 30 years.
The introduction of high bypass ratio turbofan
engines in the 1970’s significantly reduced both 
fuel consumption and noise. 

Subsequent to this further reductions of noise and
fuel consumption have been achieved by increasing
cycle pressure ratio and bypass ratio and through
the use of more sophisticated acoustic attenuation.
Unfortunately increasing cycle pressure ratio had 
a detrimental effect on combustor NOx emissions
that has now been improved through 
the incorporation of new technology combustion
systems. The historical trends are shown on
Figures 1, 2 and 3.

It becomes clear from these charts that evolutionary
improvements along the current trend line will not
result in the 2020 targets being achieved. 
To achieve the step change in performance required
to meet the environmental challenge requires 
the incorporation of breakthrough technologies.
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Figure 1 : Historical Fuel Consumption Improvement Trend

Figure 2 : Historical Noise Improvement Trend

Figure 3: Evolution of NOx engines performances
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Current Situation
Data on the fuel consumed in different flight sectors
is presented in Figure 4.

Flight Sector Breakdown

Within the current air transport system, half of the
CO2 emitted is generated by flights below 1200nm,
the sector of the market that, for economic and
passenger convenience reasons, operates the least
fuel efficient aircraft, whereas for longer range
operation low fuel consumption is necessary to
realise economic operation. However if CO2

production were to become a primary design
consideration, the choice of design speed, range
and altitude would need to be re optimised. The
most likely result would be to fly more slowly on
short haul routes and to stop more frequently on
long haul operations, There would however be
economic penalties and passenger inconvenience to
such an approach. The relative importance of cargo
transport also needs to be understood and
considered as the application of different technology
solutions for cargo applications may become
advantageous.

Aircraft Noise

Large aircraft generally produce higher noise levels
than small aircraft. However the frequency of large
aircraft movements is less than small aircraft which
helps to mitigate the effect of noise nuisance.
However, the noise levels greatly depend on the
technologies and on the optimisation criteria used in
the design.
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Rotorcraft Noise

The major helicopter environmental concern is
external noise, due both to the noise level and due
to its intrusive nature. Noise levels have been largely
reduced in the last generation of helicopters, but
there is still a need to further improve the situation
taking account of local environmental constraints.

NOx Breakdown

The take-off weight and range of aircraft both have
an effect on the amount of NOx produced. For short
range missions up to 15% of the NOx is produced
during the landing and take-off (LTO) cycle with the
remainder being generated during the climb and
cruise phases. For long range missions this
percentage is significantly lower. In assessing the
benefits of future technology consideration will need
to be given to the relative influences of emissions
during the various phases of flight

ATM issues

Based on current figures between 13% and 15% of
fuel is consumed through excessive holding either
on-ground or in-flight and through indirect routing
and non-optimal flight profiles. It has therefore been
targeted to save 5% to10% of sthe fuel consumed
through radical changes to the air traffic
management system. Benefits will also be achieved
on other emissions (UHC and CO) and noise.

It is therefore recommended that an air transport
system simulation be constructed that is capable of
assessing the impact of individual changes on the
whole system performance.

Figure 4: Flight Sector Fuel Consumption
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This section of volume 2 details the research
strategy required to achieve the environmental goals
of vision 2020. These are

- Reduce CO2 by 50% per passenger kilometer
(assuming Kerosene remains the main fuel in use)

- Reduce perceived noise to one half of current
average levels

- Reduce NOx emissions by 80%

- Minimise the industries impact during
manufacture, maintenance, overhaul, repair 
and disposal

The targeted improvements imply significant
changes to the aircraft, engine, air traffic
management system and flight operations. Some of
this improvement is expected to be achieved by
evolving the current aircraft and engine combination
to its maximum potential. Such developments are
likely to deliver less than half of the improvement
required to meet the targets, to improve beyond
this will require significant changes to the engine
and aircraft configuration. Simply evolving products
along the current lines of research will not achieve
the targets and ‘break through’ approaches are
required.  Such approaches are of their nature high
risk and ultimately high cost. In generating the
research agenda it also has to be recognised that
there are trade-offs to be considered in the design
of both aircraft and engines and therefore fully
integrated solutions must therefore be sought. 
The options to employ different technologies to the
different passenger and cargo sectors must be
considered.

Challenges 
and goals
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Contributors

The concept of Contributors was developed to show
the top level strategic direction and critical issues
needing to be addressed to achieve the targets.
Each Contributor was allocated its own subset of
Goals to meet.

10 Contributors to the 4 Goals have been identified.
These are:

– Reducing CO2 emissions:

- The Efficient Aircraft
- The Efficient Engine
- ATM of the Future 
- Alternative Fuels

– Reducing external noise:

- Quiet Aircraft
- Rotorcraft of the Future
- Noise abatement procedures
- Community impact management

– Reducing NOx and other species:

- The Clean Engine

– Environmentally Friendly Manufacturing,
Maintenance and Disposal (MMD) Process:

- The green MMD

Figure 05 shows Contributors, their specific Goals
and interactions.
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Figure 5
Schematic overview of the Contributors 
and Solutions to meet the Challenge of the Environment

2005

CO2 reduction14 solutions

2010 2020

– Ultra High Bypass Engine
– All composite Aircraft

– Flying Wing

Noise reduction17 solutions

– Tilt Rotor Validator – Novel Aircraft/
Engine Architectures

NOx reduction2 solutions

– Physics/CFD measurements

Substantial
progress

towards Green
MMD

3 solutions

The efficient aircraft
The efficient engine
The ATM of the future
Alternative fuels

The quiet aircraft
The rotorcraft of the future
Noise abatement procedures
Community impact management

The clean engine

Green MMD

2015

– Ultra High Bypass Engine
– New ATM/ATC system

– Flight Procedures with 
technology of 2d generation

– The Green Factory

– New Combustor 
Configuration & Technology 
Validation
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Reducing CO2 emissions

As shown in Figure 06 on page 74, four main
Contributors have been identified for CO2 reduction.
Contributors are presented separately, but research
activities have to be performed in a close
interaction, especially in the domain of
aircraft/engine integration.

The Efficient Aircraft 

There are several points to be considered:

– There is no prevailing aircraft market segment as
far as fuel consumption is concerned. The equal
split in fuel consumed between short and long haul
operation requires that equal attention be paid to
technologies required to satisfy both markets.

– Aircraft are generally operated on routes that are
shorter than their design mission. This results in
an increase of fuel consumed by about 1 to 7%
depending on aircraft type and mission.

– An aircraft entering into service in 2020 will have
a design frozen in 2015; therefore, technologies
can only be introduced if they have been fully
validated by this date. This will ensure a sufficient
level of maturity and if a positive balance is
achieved between the expected performance
enhancement and the overall trade-off at the total
aircraft level.

– The overall picture at the horizon of 2020 for
CO2/fuel burn reduction will strongly depend on
the rate of introduction of new aircraft types
bringing the performance improvement against
the previous type.

The airframe potential toward CO2/fuel reduction
has been divided into 4 Contributors as follows:

– 2 classical domains:

- Aerodynamics Improvements,

- Weight Reduction,

– New Aircraft Concepts that could bring significant
breakthrough after 2010,

– Aircraft Capability Evolution (Aircraft size & stage
length growth) which is a natural trend of the
aviation development.

The aircraft Technology Enablers are shown on
Figure 07

Goals
Including 5/10% from Aircraft Capability Evolution 
(natural trend: A/C size & length increase)

Reference
-20/25% Fuel burn

(kg/seat/km)

Fig 07: Aircraft technology enablers

Solution

- Aerodynamic Improvement 
- Weight reduction
- New Aircraft Concepts
- Aircraft capability evolution

Technology
Targets

Technology
Enablers

- Wing-Fuselage-Tail Integrated Design
- Wing Tip Devices/ Riblets
- Engine/Airframe Integration Optimisation
- Relaxed Stability
- Adaptive Wing/Variable Camber
- UHBR/Open Rotor/Thrust Vectoring

- All composite Airframe
- More Electrical Aircraft
- Structure Concept Optimistation
- Multidisciplinary Off –design
- Optimised Safety Factors
- Window –less Cockpit/Virtual Window Cabin

- Improved CFD 
(Navier Stokes 3-dimensional)

- Improved Experimental Tools 
(Cryogenic W/T, PIV, PSP)

- Improved Flight & Ground Test Methods
- Flow Control/Blow Systems
- Natural/Hybrid Laminar Flow
- Plasma Techniques

2000 2010 2020

- Innovative Polymer Composites
- Nano –Technologies/Smart Material
- Laser/Electron/Friction Stir Welding
- Light Alloys, Titanium…
- Metal –matrix Composites
- New Paint Technology
- Improved Damage Propagation Methods
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Aerodynamics Improvement

Improved computational methods, particularly in 
the area of 3D Navier Stokes calculation, are an
essential element if major improvement is to be
achieved. Developing and validating improved design
and experimental tools and the development 
of laminar flow control techniques.

Weight Reduction

The development of new lightweight alloys, metal
matrix composites and polymer composites is
considered fundamental if significant weight
reduction is to be achieved. This will need to be
supported by the development of new design and
manufacturing methods. Consideration will also
need to be given to the development of new aircraft
design solutions that have the potential to offer
weight reductions (e.g. More Electric Technologies).

New Aircraft Concepts – 
Breakthrough Opportunities

At the 2010-2020 horizon, some breakthroughs 
in the CO2/fuel consumption reduction are identified
as coming from the radical redesign of the entire
aircraft from New Lifting Surface Aircraft (Canard,
New tailplanes) to fully New Aircraft Concepts 
such as Lifting Body or Flying Wing. Integration of
Advanced propulsion Systems such as Ultra High
Bypass Ratio (UHBR), Open Rotor or Thrust
Vectoring should also be considered for short and
long haul aircraft.
Some other market driven requirements such as
strong noise reduction or reduced flight time could
also bring into service some New Aircraft Concepts
such as Low Noise Aircraft or High Speed Aircraft
that will have to cope with the CO2/fuel burn
reduction objectives.All these New Aircraft Concepts
will naturally drive the Research & Technology (R&T)
efforts in all disciplines (aerodynamics, structure,
systems,…) of the aircraft design with specific new
needs in terms of technology developments and
validations; 4 promising examples of New Aircraft
Concepts aiming at a Quieter & Cleaner Air
Transport are presented on page 77.
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2005 2015 20202010

The efficient A/C

The efficient engine

– Aerodynamic improvements
– Weight reduction
– New aircraft concepts
– Aircraft capability evolution

CO2 Reduction

by 50%

Figure 6
The path to 50% CO2 reduction

– Wing Tip Devices/ Riblets
– Relaxed Stability
– Optimised Safety Factors/

Structure Concept
Optimisation

– Adaptive Wing/Variable
Camber

– Engine /Airframe Integration
optimisation

– Open Rotor/Buried Engine
– All composite airframe

– More electric aircraft
– Window-less Cockpit/virtual

Window Cabin
– Lifting Body
– Low noise Aircraft
– High Speed Aircraft

– Flying wing

– Low specific thrust 
– Very low specific thrust 

(BPR~15 or open rotor)
– Improved components
– Radical circle (OPR>80 or ICR)
– Better cycle (OPR>50)

– New component engine 
validator

– UHBR engine & component 
validator

– ICR engine validator – Engine new
concepts
validators
(constant volume
& unducted fan)

The ATM of the future
– Efficient route network 
– Efficient operation

– New ATM/ATC system

Alternative Fuels
– Additives 
– Biofuels
– H2 & CH4

– Additives – Biofuels – H2 & CH4
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Figure 8 : The Lifting Body Concept

Figure 11: Flying Wing ConceptFigure 10 : Low Noise Aircraft Concept

Figure 9 : Three Surface Aircraft Concept
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Aircraft Capability Evolution

In addition to the direct airframe contributions,
some complementary improvements as far as
CO2/fuel burn reduction is concerned are linked to
the aircraft capability evolution and must be
considered:

– the average aircraft size is growing and this has 
a potential benefit on fuel/seat/km estimated 
of about 10% in a 20 year period; this hypothesis
is consistent with the introduction of a very large
aircraft such as the A380.

– the average stage length is also growing and
this has again a potential benefit on fuel/seat/km
estimated to 3% over the 20 coming years period.

The efficient engine

Over the last 40 years the fuel efficiency of civil
aero-engines (which is a direct measure of carbon
dioxide emissions) has steadily improved. This has
been achieved by increased overall pressure ratio,
higher temperature cycles, better materials 
and cooling, more efficient turbo-machinery 
and high bypass ratio architecture, which have
benefited both thermal and propulsive efficiencies.
At the same time engine generated noise 
and emissions of both carbon monoxide (CO) and
unburnt hydrocarbon (UHC) have been dramatically
reduced. Only nitrogen oxides (NOx) emissions have
remained relatively steady, since the rising
compressor delivery temperature associated with
increasing overall pressure ratio favours NOx
production. During this period, it has been possible
to optimise the engine for minimum mission fuel
burn and still meet the requirements for noise and
other emissions. However the introduction of noise
operating restrictions leads to noise optimised
solutions which tend to compromise fuel efficiency,
at least for the largest aircraft, and NOx reduction
targets will impinge on the introduction of further
increases in pressure ratio. Hence the targets for
CO2, noise and NOx are becoming highly interactive,
and for conventional engine architectures,
improvements become more and more challenging.

The Group of Personalities target of a 50%
reduction in CO2 per passenger (or tonne payload)
kilometer has been broken down by engine, aircraft
and air traffic management, and the engines’
contribution in terms of specific fuel consumption
(SFC) has been set at 15 to 20% while keeping
specific weight constant. There is a degree of
arbitrariness in the breakdown, but it attempts to
achieve a balance between ambition and feasibility
for the three elements. 

While the performance of the conventional engine
cycle and architecture will continue to improve
throughout the period to 2020, when the noise and
NOx targets are taken into account it is judged that
the target SFC improvement will not be achieved by

some margin and therefore unconventional solutions
will have to be evaluated, this will introduce different,
higher risk, technology requirements.

Thrust based SFC is dependent on flight velocity
and two engine related efficiencies, propulsive
efficiency and thermal efficiency, these are
discussed in the next sections. However it should
not be forgotten that reducing cruise speed will
also reduce CO2 emissions, albeit at the expense 
of journey time. 

Propulsive Efficiency improvement

Propulsive efficiency (and hence SFC) is improved 
by reducing the specific thrust (thrust per unit
airflow which is a measure of jet velocity), this is
typically achieved by increasing the bypass ratio 
and reducing the fan pressure ratio. Departure
noise also benefits from reduced specific thrust
(relative to current levels), but weight and nacelle
drag both increase at constant technology and
today’s engines with bypass ratios of around 
8 or 9 are already at or beyond the CO2 emissions
optimum in conventional installations.

Current aerospace practice defines the dividing line
between engine and airframe by means of the inlet
stream tube. Losses inside the stream tube are
accounted against the engine and outside it against
the airframe and hence engine performance is
defined in terms of “streamtube” SFC. It should also
be noted that streamtube SFC continues to improve
with increasing bypass ratio even though the overall
vehicle performance may be worsening. Care has
to be taken, therefore, to ensure that the total
vehicle is optimised and that attempts to reduce
losses on one side of the interface do not incur
unacceptable losses on the other side.

LP turbine loading increases with bypass ratio,
which drives the need for a very high stage loading
technology to limit the cost and weight of this
component. At bypass ratios above 10 to 12, 
a gearbox becomes a viable design option, since 
it increases turbine rotational speed and hence
reduces LP shaft torque and aerodynamic loading.
The gearbox power requirement could be as high
as 40 to 50 MW and very low internal losses are
desirable not only from a cycle efficiency point of
view but also to minimise the size of the oil cooler. 

Since most of the weight and drag increase
associated with very high bypass ratios comes from
the fan duct and nacelle, an unducted design offers
the prospect of significant improvements in fuel
efficiency. The “propfan” and UDF research
programmes in the mid 1980s demonstrated the
feasibility of high speed open rotor architectures,
but massive noise, installation and integrity issues
have to be solved. Nevertheless the potential
benefits are such that this approach has to be
seriously evaluated if the 2020 targets are to be
met, particularly for smaller aircraft where it may
be impractical to implement aggressive gas
generator cycles.

78

T
h

e
 C

h
a

ll
e

n
g

e
 o

f 
th

e
 E

n
vi

ro
n

m
e

n
t

03-volume2-057  15/10/02  23:15  Page 78



Thermal Efficiency improvement

Thermal efficiency of a conventional Joule cycle
engine is determined by the engine cycle itself
(characterised by overall pressure ratio and turbine
inlet temperature), cooling and sealing air
consumption and turbo-machinery polytropic
efficiency. The temperature capability of the materials
used in the rear stages of the compression system
constrain the overall pressure ratio and the turbine
temperature is limited by material properties and
cooling technology in the combustor and high
pressure turbine stages. As NOx emissions are
made worse by increasing both compressor delivery
temperature (the result of higher overall pressure
ratios) and turbine temperature, the requirements
for lower CO2 and lower NOx will increasingly conflict.
Developments in materials, cooling technology and
thermal barrier coatings have so far kept pace with
rising operating temperatures with only small
increases in cooling air consumption, but both CO2

and NOx emissions would benefit from a substantial
reduction in cooling flows.

Turbo-machinery efficiency has improved steadily as
modern 3D design aerodynamic and mechanical
methods have been introduced, despite increasing
stage loading, and compressor and uncooled turbine
polytropic efficiencies greater than 0.9 are typical 
of the best modern designs; cooled turbines 
are somewhat worse due to the spoiling effect 
of cooling, sealing and leakage air flows entering 
the gas stream. However the rate of progress 
is slowing as the theoretical limits are approached
and the drive for reduced parts counts and lower
weight pushes up stage loadings. To put the task 
in perspective, every 0.01 improvement in efficiency
above 0.9 requires at least a 10% reduction 
in losses and the next 0.01 improvement is going 
to require a sustained effort to achieve.

These considerations lead to the conclusion that 
the 2020 targets will not be achieved by developments
of the current engine architecture and more radical
changes will be required. A promising alternative is
the InterCooled Recuperated cycle (ICR), in which
heat is rejected into the bypass stream from part
way through the compression system and part of
the combustion temperature rise is achieved by
heat recovery from the hot exhaust. The optimum
overall pressure ratio is lower, which helps NOx, and
the thermal efficiency is higher than the Joule cycle.
This concept is being introduced to marine
propulsion, but the technology challenge lies in the
heat exchangers and ducting, whose bulk and weight
potentially offset all the efficiency benefits in an
aircraft installation. A conceptual design in a
conventional nacelle is illustrated in Figure 12.

A still more radical approach is to introduce
constant volume combustion. The classical form 
is the turbo-compound adiabatic diesel, but this 
is unlikely to be applied to large engines and poses
immense materials and lubrication challenges.
Alternative means of approximating to constant
volume combustion have been proposed, such as
pulse detonation or acoustic wave cycles, which 
may possibly offer a worthwhile benefit relative 
to the Joule cycle but are unlikely to reach maturity
for 2020 Entry Into Service (EIS).
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Advanced Cycle Engines

The ICR concept is relatively well understood, but
the aerospace application where volume and weight
are at a premium poses formidable problems. 

The CLEAN programme will take the technology 
a further step forward and is aimed at a
conventional aircraft installation, but there may 
be greater benefits for the ICR architecture 
on highly integrated aircraft designs. Hence it is
recommended that future studies include 
the airframe integration aspects.

Heat exchanger technology will be very important
for advanced engines, particularly for the ICR
engine. Low weight and compactness are essential
and the recuperator may require special material
properties to achieve the performance goals.
Advanced heat exchangers for cooled cooling air
and gearbox oil cooling may also be needed. 
sA key element of heat exchanger design will be the
integration into the powerplant and aircraft and it is
recommended that this forms part of the studies.

Constant volume combustion concepts are a longer
term prospect. While the theoretical benefits have
been clear for many years, the technical challenges
have so far prevented a practical implementation. 
It is recommended that a careful evaluation of the
alternatives and their associated technology
requirements be completed to determine if they offer
a viable opportunity in the 2020 timescale before any
large scale research investment is made.

Advanced Materials

Within the Materials arena, two key requirements
are common to all near and long term proposals

– High specific strength and stiffness materials for
the large structures associated with the LP
systems and nacelles of low specific thrust engines.
Reducing the weight penalty associated with high
bypass ratio engines would allow the propulsive
efficiency and noise advantages to be exploited. 
In parallel the design tools and production
technology to support rapid design realisation 
and low cost manufacture should be developed.

– High temperature materials for combustors 
and turbine aerofoils. A significant increase 
in temperature capability (100 to 200°C) would
lead to reduced cooling requirements, improved
efficiency and would also benefit NOx emissions.

Fig 12: ICR engine
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However it is likely that material properties will 
be a key enabler for most, if not all, of the future
powerplant improvements.

Turbomachinery Requirements

The turbo-machinery requirements are likely to be
similar for both conventional and radical concepts,
although the balance between efficiency and stage
loading may be different. The higher Mach Numbers
associated with high stage loading make the
efficiency goals more challenging, but cost
considerations, particularly for high overall pressure
ratio cycles, will favour the minimum number 
of stages. High overall pressure ratio also reduces
the physical size of the rear stages of 
the compression system and some form of mixed
flow machinery may be necessary particularly 
for engines in the lower thrust ranges. Although
improved high temperature materials may reduce
cooling air consumption, a totally uncooled turbine 
is very unlikely in the 2020 timescale, so reducing
the losses caused by the interaction of the cooling
and sealing air with the main gas stream is an
essential goal. There is potential to make greater
efficiency advances relative to today for cooled
turbines than for uncooled by developing design
methods to minimise these losses. Modulating 
the cooling air flows during cruise, particularly in
the HP turbine, will also benefit all engine concepts.

Gearbox Technology

It is likely that both ducted and unducted engines
will eventually require a gearbox between the fan
and LP turbine, and although direct drive contra-
rotating turbines have been demonstrated, 
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it is by no means sure that this will be the optimum
solution, particularly for ducted engines. 
Hence high power gearbox technology is required
to protect these options.

Nacelle Technology

Very high bypass ducted engines may benefit from 
a variable area bypass nozzle, which would limit 
the fan working line shift with forward speed and
facilitate a more narrowly optimised fan design. 
This would benefit noise as well, particularly if
combined with noise suppression features such 
as chevrons.

Weight

The target of constant specific weight relative to today
is very challenging and the need for weight optimised
technology is applicable to every component. 
This target is probably not achievable, particularly 
for the ICR engine, but minimising the weight penalties
associated with the more efficient cycles will 
be essential if the overall targets are to be met.

Timescales

Predictions of technology readiness timescales are
inevitably approximate, but the concensus view is
that the rate of progress for conventional engines
will slow down significantly in the next 10 years. To
maintain the same rate of progress as today to 2020
and beyond will require breakthrough technologies
with consequently higher risk approaches. 
Figure 13 summarises this view. Further details
are presented as a Technology tree in annex 1.

Goals

Fig 13: Engine efficiency technology enablers

Solution

- Low specific thrust (BPR~10)
- Better cycle (OPR>50),
- Improved components

- Very low specific thrust 
(BPR~15 or open rotor).

- Radical cycle (OPR>80 or ICR)
- Further improved components

Technology
Targets

Technology
Requirements

- Combustor temp +100K
- Comp exit +25k
- Cooling air -10%
- Efficiencies +1% poly
- Specific weight –10%

-10% SFC

- Combustor temp +20K
- Comp exit +50k
- Cooling air -20%
- Efficiencies +1.5% poly
- Specific weight -20%

-15 – 20% SFC

- High temperature materials
- Thermal barrier and cooling Aero design
- Low weight turbomachinery
- Low weight structures

2000 2010 2020

- High temperature materials
- Thermal barrier and cooling
- Aero design (CFD)
- Low weightturbomachinery
- Low weight structures
- Heat exchanger
- High power/effy gear design
- Open rotor design/ert
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The ATM of the future

The role of air traffic management (ATM) is
substantial, with a target goal of 5-10% reduction in
fuel consumption.

Through the strategy to develop a more efficient air
transport system (see page 136), there will be a
natural benefit to reduce consequent CO2

emissions. The drive to a more efficient system
however also has to be managed within the context
of developing more capacity, as the amount of traffic
that the system must handle in the future will be
increasing significantly (three fold).

As Figure 14 shows there is the need to optimise
the current capacity of the system, which should
realise gains in efficiency. But in order to realise
further gains, there will need to be a paradigm shift
in the way that Air Traffic Management is conceived
and operated.

An efficient route network

The current ATM system relies on a system of
ground based fixed navigation points and routes are
defined as a function of these. Passing via these
fixed points means that for any journey that it is
highly unlikely the most direct route is taken.
Typically, an aircraft might fly up to 10% further
because it is unable to fly directly to its destination.
As this route network is improved, the latent
inefficiency is reduced. 

Free Routes 

Within certain areas of airspace in the future, the
concept of free routes will be applied. This will permit

aircraft (enabled with appropriate technologies) to fly
independently of the ground infrastructure of
navigation aids, thus permitting the most direct route
to be flown. Although this concept has been
demonstrated in limited airspaces, applying the
concept to larger airspaces could lead to additional
problems, compromising safety for example. Further
applied research is needed to develop this concept
so that it could be applied at a European level.

Flexible Use of Airspace

In addition to the latent inefficiency of the route
network, there are major areas of airspace that
are presently not used by civil aviation, usually
because such zones are reserved for other
activities, particularly military operations. This often
means that aircraft need to make a significant
deviation to their preferred most direct route. By
developing the concept of flexible use of airspace
(FUA), improvements can be made in terms of
efficiency by exploiting the times that the restricted
areas are not being otherwise used and offering
them to civil aviation.

Optimised Routes

Even direct routes are not necessarily the most fuel
efficient. If an aircraft were allowed always to take
advantage of beneficial wind conditions without
contradicting any of the other constraints of the
ATM system (eg: safety), then it would be possible 
to reduce overall fuel burn. Research is needed 
to study the feasibility of a more flexible ATM system
that could accept rapidly changing circumstances.
Currently in Europe, the Air Traffic Flow
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Fig 14

Goals

Solution

EFFICIENT ROUTE NETWORK

- Optimized Strategic Route Network
- Free Routes
- Flexible Use of Airspace
- RVSM
- Harmonisation of national & regional ATM

EFFICIENT OPERATIONS

- Improved pre-tactical AFTM
- Reduce traffic flow complexity
- Arrival management
- Efficient ground movements
- RNAV
- Tactical Free Routing
- Harmonised Controller working methods

Enablers

- Advenced software tools
- Electric Altimeter
- Dynamic sectorisation
- European “Single Sky”

reference

- A-SMGCS
- GNSS
- Tactica ATFM
- AMAN/DMAN tools
- Collaborative Decision Making (CDM)
- Conflict detection/resolution tools

-15 – 20% CO2

2000 2010 2020
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Management (ATFM) system tries to optimise
airspace capacity and minimise airborne delays by
analysing filed flight plans. Taking account of such
dynamic information would be a major change.
Optimised routes would also try to provide the most
flight efficient climb-cruise-descent profile based on
the final takeoff weight of the aircraft. Again,
efficient communication between the aircraft and
the ATFM system would be required. More
possibilities to fly at optimum cruise level now exist
in Europe, following the introduction of RVSM
(Reduced Vertical Separation Minima), but many
aircraft still do not fly them, because of other
constraints in the system. 

But routes may need to be optimised for other than
overall fuel efficiency in the future. Not enough is
known about the effects different emitted gases have
on the atmospheric chemistry and physics at
different altitudes. The IPCC assessment “Aviation
and the Global Atmosphere” (1999) concluded that
the largest uncertainties limiting our ability to project
aviation impacts on climate and ozone comes from
the influence of contrails and aerosols on clouds.
Sophisticated systems could be developed, capable
of predicting potential contrail formation and flights
planned to minimise these effects.

Reduced Holding

Reducing or eliminating the time that aircraft spend
in holding stacks can give significant savings.
Already, with Air Traffic Flow Management (ATFM),
the system attempts to regulate the demand to the
capacity of the system. The introduction of tactical
ATFM would facilitate reducing traffic flow complexity
and consequently would improve operational
efficiency. Additionally, with the more widespread
introduction of arrival managers at airports, holding
can be eliminated and arrival times managed
through modifying speed and descent profiles. 

Reduced Taxiing

Potential technologies and operating practices to
reduce taxiing times at airports could also give gains
in the overall system. More flexibility in the ATFM
system and gate management could reduce
wasteful holding on the apron.

Alternative fuels 

Another means of reducing CO2 emissions is to
introduce low carbon or zero carbon fuels.
Methane (CH4), the principal constituent in natural
gas and from biomass, would reduce CO2

emissions by approximately 25% if substituted for
kerosene. However its lower heat release per unit
mass and unit volume and the need for storage at
around –170°C would have a significant impact on
aircraft design and the fuel refining and distribution
infrastructure. Hydrogen fuel would eliminate CO2

emissions entirely from the engine and would have
an even greater impact on aircraft design and the
infrastructure. However, the research effort should
first focus on the assessment of the overall impact
on environment of the production, transportation,
storage and distribution of massive H2 quantities,
accounting for all infrastructure related issues
before going to more direct aircraft related issues.
Both these alternative fuels increase the
proportion of water vapour in the engine exhaust
and there are growing concerns that this may also
have an adverse effect at high altitude on radiative
forcing. Until the overall effects of such a change
are properly understood, there are doubts about
the environmental benefits of a change of fuel.

In the long term fuel cells may offer an effective
solution to both CO2 and NOx emissions, but their
introduction for the main propulsion units of aircraft is
considered to be so far outside the 2020 timescale
that they are not discussed further here. Nuclear
propulsion has also been discounted, but on the basis
of the safety case rather than technical feasibility.
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Reducing External noise

The Air Transport Noise
Situation

International standards governing the noise of newly
manufactured aircraft are developed by the
International Civil Aviation Organisation (ICAO). The
current standards, which were established in 1977,
are contained in Chapter 3 of the Annex 16 of this
organisation. Since 1991 a major review has been
undertaken within the ICAO Committee for Aviation
Environmental Protection (CAEP) which recently lead
to the definition of more stringent Chapter 4 noise
limits. As another major outcome of the process,
the recommendations were made in favour of a
Balanced Approach encompassing four elements:
reduction of noise at the source, land-use planning,
noise abatement procedures and aircraft operating
restrictions. This concept implies the elaboration
and implementation of a process which is meant to
help the assessment and resolution of noise
problems at airports, in the most cost-effective
manner. It should permit in particular to protect
against any increase in noise exposure beyond the
level reached as a result of the Chapter 2 aircraft
phase-out. The Balanced Approach in effect
challenges the ICAO member states to "study and
prioritise research and development of economically
justifiable technology", to foster the development of
noise abatement procedures, while addressing
airport land-use planning and management aspects.

Despite significant technology improvements over
the past twenty years, aircraft noise has now
become a major problem in Europe, which has to be
solved by the air transport industry as a whole if
current growth is to be sustained. Stakeholders and
policy makers are faced with the particular
challenge that, while noise reduction at source is
generally progressing by leaps,  in particular
associated with the evolution of engine concepts,
there is a need for an economically viable, but
continuously quieter global airline fleet to
accomodate the expected traffic growth at no
environmental cost.

As of of now, a number of major airports across
Europe have reached their noise capacity before
having made full use of the runway and terminal
infrastructure they have. Others fail to gain planning
approval for further development as a result of the
noise implications of future traffic growth, despite
the proven demand for air travel that exists in the
regions they serve. This situation has lead an ever
growing number of airports to implement specific
local rules with the objective of protecting their
anticipated growth without adverse effect on the
neighbouring communities.

The Rotorcraft Noise Situation

Helicopters have been developed in response to a
broad range of societal needs which sole common
point is the ability to lift off vertically and to maintain
hovering flight with the largest payloads. Civil missions
include for example health and safety, resource
development, point to point services in response to
lack of infrastructure and law enforcement. The

rotorcraft, as a transport mode, is of growing
importance, especially in the civil sector. Flying close
to human activity areas being the “raison d’être” of
VTOL (Vertical Take-off and Landing) aircraft,
environmental impact is obviously a major concern for
the acceptance of rotorcraft operations. Rotorcraft
noise is in fact widely recognised as one of the key
factors which might prohibit wider civil use of
rotorcraft in populated areas.

Development of a Strategic Research Agenda
towards Noise Reduction 

The development of an appropriate strategy to
address, building on the existing effort, the 2020
vision goals in the larger frame of the Balanced
Approach, and in the context of strong competition
from US, clearly calls for an effort encompassing:

– The elaboration of technology development
strategies aimed at a new generation of noise
reduction means for both fixed wing aircraft 
and rotorcraft, including the associated adaptation
of research infrastructures, in particular tests 
and computing facilities, and covering potential
synergies with national efforts.

– The elaboration of an action plan aimed at taking
advantage of technology advances in aircraft and
air traffic systems to favor implementation of
environmentally friendly operational practices such
as noise abatement procedures

– The elaboration of a development plan for impact
assessment tools and instruments aimed at
improved airport noise planning and environmental
management practices

Accordingly, as summarised (Figure 15 on page
86), contributors to noise reduction should
encompass Technology related elements such as
the Quiet Aircraft and Rotorcraft of the future as
well as further actions aimed at establishing efficient
Environmental Practices by way of Noise Abatement
Procedures and Management of Noise Impact.

Dealing in more detail with the global objectives set
by the Group of Personalities , the first step has
been to associate for Fixed-Wing Aircraft, a 10 dB
reduction per operation goal as representative of 
the global "reduce perceived noise by half" objective,
on the ground of previous psycho acoustic evidence
and general understanding with the noise community. 

Meeting the second global 2020 goal would then
translate into ensuring that such benefit at source
lead to limit noise nuisance to 65 LDEN at airport
boundaries, provided the appropriate management
practices were in place. 

Similarly, for rotorcraft, the following ambitious
objectives have been set for the year 2020: 

– an average of 10 dB reduction compared 
to existing rotorcraft, with an intermediate 6 dB
reduction to be reached within ten years.

– noise footprint areas reduced by 50%, directly
affecting the environment impact near heliports 
or vertiports.
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The Quiet Aircraft

The introduction of the High Bypass Ratio (HBR)
turbofan in the early 70's has led to a major advance
in jet aircraft noise reduction. These engines were a
significant 10 decibels quieter than their immediate
predecessors and the following 20 years have seen
the optimisation of a proven engine noise control
technology (see Figure 16), which has produced an
almost homogeneous achievement level.
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In view of upcoming challenges generated 
by the expected air transport growth, as described
above, further significant noise improvements
through more extensive application of these existing
technologies are considered unlikely without
affecting the competitiveness of current aircraft in
terms of operating costs. Therefore, there is clearly
a need for a technology breakthrough in several
areas to provide more effective noise reduction
technology at acceptable cost. 

As an answer to these challenges, the “Quiet
Aircraft” is a target concept designating a large
batch of complementary technologies aimed at
achieving, associated with Noise Abatement
procedures a combined 10 EPNdB reduction per
operation, significantly contributing to maintaining
annoyance within airport boundaries. 
The evolutionary path will address all sources 
of noise generation and develop technologies for
reduced airframe and engine noise by aeroacoustic
design as well as novel noise reduction means, 
such as active systems. More radical solutions will
emerge from new concepts of quiet aircraft, dealing
in particular with innovative installation concepts
exhibiting noise reduction potential.

Noise Reduction Technologies

The proposed strategy is developed along two main
axes:

– Low Noise Component Design capability, which
could be facilitated by the extensive application 
of Computational AeroAcoustics (CAA) within 
the frame of integrated design processes.

– Novel Noise reduction systems, for example
electronically assisted solutions such as Active
Noise Control (ANC)

In order to adjust and efficiently support noise
optimisation of future engines and airplanes, a large
panel of technologies, able to cover specific noise
characteristics of By-Pass Ratio 5 to 12 engines, 
is recommended for further research, addressing
then all identified factors. Beyond the generic
categories, two phases can be identified:

"Generation 1", in fact the final steps of the on-
going effort, making sure all promising techniques
are to be validated at full scale to clearly state on
their industrial application potential. This concerns
in particular Fan, Turbine, Compressor, High Lift
Devices, Landing Gear, Inlet and Nozzle Low Noise
Designs, Improved Passive Liners as well as first
applications of Active Noise Control, Adaptive
Techniques and Hot Steam Absorbing Materials, 
all for conventional (By -Pass Ratio 5 to 9)
powerplant and installation configurations.
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Figure 16: Progress in Aircraft Noise Reduction
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2005 2015 20202010

The Quiet Aircraft

Noise Abatement Procedures

Community Impact Management

– Airframe Noise reduction
technologies

– Engine Noise reduction
technologies

– Nacelle Noise reduction
technologies

– Optimise powerplant
integration

– Novel aircraft and engine
architectures

– Improved Operating Practices
with Current Concepts

– Optimised Operation with New
Technology

– ATM / ATC Integration

10dB 
Reduction per

Aircraft
Operation

65 LDEN 
at Airport
Boundaries 

50% Vertiport
Footprint
Reduction

Figure 15
Overview of Noise Reduction Contributors

– Prospective Noise Impact
Studies

– Validated Airport Noise
Capacity Models & Tools

– Social Assessment of Noise
Impact 

– Proven Management
Practices (2015)

– Proven Management
Practices

– Airport Noise Capacity Models
and associated Tools

– Social Assessment of Noise
Impact 

– Elaboration of Management
Practices*

The Rotorcraft of The Future
– Low Noise Main Rotor
– Low Noise Antitorque Device
– Low Noise Engine
– Aircraft Integration /

Architecture
– Low Noise procedures
– New VSTOL Concepts

– Noise reduction Technologies 
– Engine & Airframe

Component Low Noise
Designs,

– Nacelle Passive Noise
Reduction Systems

– Noise reduction Technologies 
– Engine & Airframe

Component Low Noise
Designs,

– Nacelle Passive Noise
Reduction Systems

– Low Noise Aircraft
Architectures (2015-2020)

– Engine/nacelles/Airframe
integration

– Active/Adaptive concepts
– High speed aircraft

– Low Noise Aircraft
Architectures (2015-2020)
- Engine/nacelles/Airframe
integration
- Active/Adaptive concepts
- High speed aircraft

– Low Noise Aircraft / 
Powerplant Concepts 
(2015-2020+)

– Evolutionary improvements
in aero-acoustic design

– Quiet Main Rotor
– Quiet Anti-torque system 
– Quiet Engine
– Quiet HC Integration

– Significant improvements 
in aero-acoustic design

– Active Rotor
– Tilt Rotor Demonstrator

– New VSTOL Concepts

– 1st Generation Procedures
(current concepts)

– Pilot aids 
– Real Time Noise Footprint

Assessment & Numerical
AeroAcoutic Stimulation

– 2nd Generation Procedures
(new AC & ATM Systems)
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"Generation 2", which should aggressively take upon
more generalised introduction of electronically
assisted solutions, make benefit of continuously
improved Computational AeroAcoustics in all areas,
evaluate new affordable absorbing materials and
support work on advanced engine and
unconventional aircraft designs. Advanced
Propellers can also be added to the list in case
external events justify renewed interest for these
attractive fuel saving solutions.

A number of enabling factors have been pointed out,
making ground for an urgent and significant basic
research effort in view of Generation 2, such as
CAA developments in all areas, improvement in
actuators and controllers for ANC applications,
investigation of new absorbing materials and
multidisciplinary optimisation tools able to deal with
realistic integration constraints. 

Success will also highly depend on how existing
infrastructures are able to evolve in order to cope
with future needs in high computing capacity and 
up to date experimental validation techniques, 
in particular for CAA. 
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Novel Achitectures

Most of the advanced transport-aircraft-oriented
architectures mentioned in other sections of this
document do exhibit by design promising noise
reduction potential. On the other hand, new aircraft
and engine concepts aimed at high speed cruise
performance for business jet or large transport
aircraft application will need to demonstrate their
capability to match future noise rules as a key
indication of their viability. 

In both cases, beyond the elements already taken
over by the noise reduction technology effort,
research should support development and validation
of tools for appropriate integrated Noise Design
processes, in particular through experimental,
parametric study of installation effects and aircraft/
powerplant integration options. Investigation of
global CAA approaches, coupling propagation and
individual source models, should also highly
contribute to develop the needed design
optimisation capability.

The main features of the Quiet Aircraft Contributor
are summarised in Figure 17:

Goals

- 6 dB / Operation - 10 dB / Operation

*65 LDEN at airport boundary 50%
Vertiport Footprint Reduction

Fig 17 : The quiet Aircraft

Solution

- Generation 1 Technologies for 
Noise Reduction at Source
- Airframe
- Nacelle
- Engine

- Generation 2 Technologies for 
Noise Reduction at Source:
- Airframe
- Nacelle
- Engine

- Optimised Powerplant Integration
- Novel Aircraft / Engine Architectures

Technology
Targets

Technology
Enablers

- Coupling of Noise / Aero design (CFD)
- Improved Duct Propagation & Radiation Models
- Lightweight Materials for Cold / Hot conditions
- Computing Capacity
- Multidisciplinary Optimisation Tools

2000 2010 2020

- Extensive application of Computational
Aeroacoustics (CCA)

- Active Control Technology Element
- State-of-the-Art Measurement Techniques &
Test Facilities

- Efficient Integrated Noise Design Process

- Engine Components Low Design 
(Fan, Compressor, Combustor, Turbine, 
Gearbox, Propeller)

- Aircraft Components Low Noise Design 
(Landing Gear, High lift Devices)

- Improvement Nacelle and Nozzle Liners
- Inlet / Nozzle Aeroacoustic Design

- Low Noise Concepts & Architectures 
(Airframe, Nacelle, Engine)

- Active Control Applications 
(Airframe, Nacelle, Engine)

- Improved Aircraft Aerodynamics
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The Rotorcraft 
of the future

Significant progress has already been achieved with
the serial production of the current generation
helicopters, featuring a noise level 5 to 7 dB below
the ICAO certification limits (see Figure 18). But
ICAO certification limits are being lowered in 2002
and local regulations will require even more drastic
measures to further reduce rotorcraft noise levels.

Achieving these goals mentioned above will largely
reduce rotorcraft noise in the surrounding
community to a level ensuring operations in
populated areas and eliminate therefore noise as 
an impediment to future growth of VTOL aircraft
missions and application.

To reach these ambitious objectives, all rotorcraft
noise sources should be considered, including main
rotor, anti-torque system and engines. Their final
integration on the aircraft should also be carefully
conducted, including the overall trade-off/
optimisation in terms of aircraft architecture and
sizing points (rotor tip speed, number of blades, …),
as well as the way the rotorcraft are operated, as
for instance the use of noise abatement flight
procedures. These research efforts should cover
both the conventional helicopter architectures but
also some new rotorcraft architecture, as for
instance (but not limited to) tilt rotors, which will
allow some new degrees of freedom in terms of
design features and bring also some significant
operational benefits.

The rotorcraft of the future Contributor is therefore
organised around two sub-Contributors

– Noise reduction at source.
– New rotorcraft architecture.

90

T
h

e
 C

h
a

ll
e

n
g

e
 o

f 
th

e
 E

n
vi

ro
n

m
e

n
t

5
0

0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

6
0

0
0

1
0

0
0

0

1
5

0
0

0

Noise Level (dB)

100

95

90

85

80

75

70

ICAO

ICAO-5dB

ICAO-10dB

ICAO-15dB

Fig. 18: Helicopter noise level – Present  situation

Noise Reduction at Source

Among the different design possibilities for further
noise reduction, the designer is nowadays
hampered by the limitations of present predicting
methods. Therefore, as a transversal approach for
each noise sources, the future research activities
should cover significant activities in the domain of
numerical aero-acoustic simulation, including a
specific effort concerning aerodynamic loads and
flow prediction with advanced CFD methods. 
The theoretical tool development should cover 
both the preparation of accurate physical models
with the associated numerical schemes but also
their validation based on wind tunnel and flight 
test measurements.

Part of the proposed activities will be based on a
step by step approach but some of them will
require technological breakthrough, more
particularly in two areas: active rotor optimisation
and alternative 
anti-torque concept.

The Figure 19 gives more details on technology
targets and requirements.
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Goals
- 6 dB / Operation - 10 dB / Operation

*50% Vertiport Footprint
Reduction

Fig 19 : The rotorcraft of the future noise reduction at source

Solutions

- Low Noise Main Rotor
- Low Noise Antitorque Device
- Low Noise Engine
- Aircraft Integration / Architecture

- Low Noise Main Rotor
- Low Noise Antitorque Device
- Low Noise Engine 
- Aircraft Integration / Architecture

Technology
Targets

Technology
Enablers

2000 2010 2020

- Aerodynamics : understanding of the physics
- Aeroacoustics : understanding of the physics
- Numerical Aero-acoustic simulations – CFD
- Multi-domain optimization methods
- Accurate and documented database
- Structure and Materials

- WT Tests Methodology
- Flying Demonstrator for Integration and In-
Flight Evaluation / Measurement system

- “Passive” Rotor Optimisation :
Tip / blade shape, airfoils,

- Active” Rotor Technology development
HHC / IBC, flaps, twist, Camber …

- Low Noise Fan-in-Fin or Tail Rotor
- Alternative Anti-Torque Concept
- Engine Noise Generation / Propagation / Radiation :
Compressor, gas generator, turbine, air intake, engine exhaust

- Noise source localisation
- Low / Optimised RPM
- “Balance Source Concept”
- Noise Shielding

- Active” Rotor Integration and
Optimisation: Trade-off studies

- Overall Optimised Main Rotor:
“Passive / Active”

- Low Noise Fan-in-Fin or Tail Rotor
- Alternative Anti-Torque Concept
- Engine Noise Generation /
Propagation / Radiation :
integration of efficient
components

- “Balance Source Concept”
- Noise Shielding

Of course the research efforts described in the two
previous sub-route maps will also impact the activities
performed in this one, as for instance the efforts to
reduce rotor noise through passive or active systems
but also defining noise abatement flight procedures
adapted to the new rotorcraft architecture.

With the long-term objective to prepare the future
products beyond year 2020 horizon, it is also
proposed to address some new VSTOL concepts,
which should emerge later. This activity should start
during the 2010-2015 period.

The Figure 20 gives more details on technology
targets and requirements.
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New Rotorcraft Architecture

It will be also necessary to address some other
rotorcraft architectures, which will offer new
degrees of freedom to optimise the overall trade-off:
environmental impact/operational effectiveness/
operating cost.

If we refer to the regional jets in comparison with
turboprops, the operators have used speed and
comfort improvements, brought by the regional jet,
to compensate an increase of the operating costs.
The same overall trade-off should also be considered
for some new emerging rotorcraft architectures,
such as tilt rotor, which should bring significant
improvements in terms of speed, range and comfort
when compared to conventional helicopters.

The objective of the proposed route is to prepare
the technological background to be used for future
development of new rotorcraft architecture to be
proposed to complement existing VTOL missions.

The first step if to reinforce the European
technology base on tilt rotor applications for
selected key elements of the aircraft: rotor,
transmission, flight control system and wing. 
The second step will be to integrate these
components on a flying aircraft to be used to
evaluate the operational benefits and derive future
commercial product requirements.
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Noise Abatement
Procedures
To support low noise impact by both fixed and rotary
wing aircraft, research will be conducted to define
new procedures to be included in future ATM
approaches that will enable low noise flight profiles
to be developed to minimise noise pollution around
the airport/vertiport.

Up to now, however, within Europe, there have been
few initiatives to provide a roadmap for definition
and implementation of standardised operating
procedures. Often actual implementation has been
hindered by the differences between countries and
the lack of technology to realise the desired
objectives, despite economic viability perspectives.
Existing projects have already identified a number 
of promising procedures and methods that could be
applied to achieve this harmonised approach within
the EU and further steps should go a step further,
by developing enabling technologies, tools and
methods to ensure the safe, efficient and economic
operation of new noise abatement procedures. 

Rotorcraft are part of the integrated air transport
solution and have specific problems of noise and
their integration into the ATM system that must 
be addressed. The proposed research activities for
rotorcraft should cover both:

– The definition of noise abatement flight procedures
through flight test demonstrations, taking account
of the safety and of operational constraints.

– The development of pilot aids to ease the different
manoeuvres through specific control laws using
specific guidance system (as for instance GPS or
D-GPS).

– The development of real time noise footprint
assessment to be used for in-flight demonstration
and for piloted simulation to elaborate control
strategies.

The development of numerical aero-acoustic
simulations will support the preparation of the noise
abatement procedures to minimise iterations during
flight demonstrations and extrapolate the conclusion
to different types of aircraft.

The following Figure  21 gives an overall view of the
different research areas to be covered within the
next twenty years in this domain.
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- 6 dB / Operation - 10 dB / Operation

50% Vertiport Footprint Reduction

Fig 20 : The Rotorcraft of the future – New Rotorcraft architecture

Solutions

TILT ROTOR :
- Low Noise Rotors
- Low Noise Engines
- Aircraft Integration / Architecture
- Low Noise procedures

TILT ROTOR OPTIMISATION & 
NEW VSTOL CONCEPTS

Technology
Targets

Technology
Enablers

- Aerodynamics : understanding of the physics, numerical scheme,…
- Aeroacoustics : understanding of the physics, numerical scheme,…
- Numerical Aero-acoustic Simulation – CFD
- Accurate and Documented Database
- Structure & Materials
- WT Tests Methodology
- Flying Demonstrator for integration and In-Flight Evaluation / Measurement system

2000 2010 2020

- “Passive Rotor Optimisation: Tip / blade shape,
airfoils,

- Active” Rotor Technology development HHC /
IBC, flaps, twist, Camber…

- Engine Noise Reduction
- Noise Source Localisation
- Low / Optimised RPM

- Active” Rotor Integration and Optimisation:
Trade-off studies

- Overall Optimised Rotors : “Passive / Active”
- “Balance Source Concept”

Goals
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Community Impact
Management
The process of land use planning was designed
many years ago to prevent unsuitable development
in areas of high noise exposure around airports/
vertiport. Such controls have only been introduced
in some European countries and there is variation 
in the extent to which they are enforced in others.
As a result there are major differences in 
the number of people exposed to higher levels 
of noise around different European airports.

The problem of aircraft noise disturbance involves
the complex interaction of a number of physical,
biological, psychological and sociological processes.
The relevant physical factors include those which
are associated with noise generation e.g. aircraft
type, mode of operation and the resulting noise
level. The other critical components are the human
factors, which include the basic biological systems
of audition followed by the psychological processes
that interpret these signals and can include health
status, annoyance and stress. The further
interpretation of noise disturbance can be subjected
to sociological conditioning that may include factors
such as socio-economic status, cultural and lifestyle
differences. Finally, although individuals may
complain about the 'noise’ of aircraft a variety 
of other factors such as fear of air accidents or
disturbance from other airport activities can be 
the underlying cause of annoyance.

Technical experts within the aviation industry have
made significant progress in recent years in
developing new, more sustainable, technologies and
operating practices. Many also have a sophisticated
understanding of environmental issues as they apply
to aviation. Academics working in this field have
developed complex theories about, and are
undertaking research in the field of the health
effects of noise and the socio-psychological
implications of noise disturbance. 
Still, an harmonised European view on how to use 
in conjunction with the related prediction tools and
instruments to manage the environmental impact 
of aircraft noise within the frame of local, regional
and national constraints is at a very early stage.

Research should then support improved
understanding and modelling of community impact,
so that new environmental management tools 
and practices appropriately allow for timely
introduction of new technology into the existing fleet
as well as maximum exploitation of Noise Abatement
Procedures (see Figure 22).
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Goals

- 6 dB / Operation - 10 dB / Operation

*65 LDEN at airport boundary 
50% Vertiport Footprint Reduction

Fig 21 : Noise Abatement Procedures

Solutions
- Improved Operating Practices with Current
Concepts

- Optimised Operation with New Technology
- ATM / ATC Integration

Technology
Targets

Technology
Enablers

- Realistic Airport Noise modeling
- Improved (precision) navigation performance
- Adapted Display and guidance System

2000 2010 2020

- Tools to support Decision Making 
on Customised Procedures

- Improved avionics speed / power management
- ATM of multiple glide-slope
- Overall Integration

– Definition of Noise Abatement Procedures
- Implementation of Fixed Routes
- Optimum Implementation of PANS–OPS
- Different ILS interception altitude & slopes
- Continuous Descent Approach
- Rotorcraft

- Real Time Noise Footprint Assessment 
& Numerical AeroAcoustic Simulation

- Tradeoffs
- Support to Future regulation

– Definition of Noise Abatement Procedures:
- Use of Automated Power Management
- Customised Departure Procedure
- Customised Final Approach
- Advanced Continuous Descent Approach
- Novel Procedures associated with 
- Advanced A/C Design

- Tradeoffs
- Support to Future regulation
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Based on the background work performed here,
emphasising the key role of enabling factors it is
believed the whole agenda can be efficiently covered,
using an appropriate combination of new EC
instruments, in support of a sustained Aircraft
Integrated Research Initiative.

A more detailed perspective of Technology Targets
and Enablers is provided in Annex 2 in the form of
Technology Trees aimed at supporting future work
programme and related projects definition.
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- 6 dB / Operation - 10 dB / Operation

65% LDEN at airport boundary
50% Vertiport Footprint Reduction

Fig 22 : Noise impact management

Solutions

- Airport Noise Capacity Models and 
associated Tools

- Social Assessment of Noise Impact 
- Elaboration of Management Practices*

Technology
Targets

Technology
Enablers

- Generic (Macro) Community Noise Model
- Data Bases to support Noise Impact 
Prediction and Validation

- Psycho Acoustic Studies Protocol
- Data Bases to support Assessment of 
Social Impact

- Agreed Noise Metrics
- Harmonised Policy framework

2000 2010 2020

- “What if?” Studies
- Correlating Predicted to Measured 
Noise Levels

- Community Annoyance Rating Studies
- Relation Between Perceived Noise and 
Other factors

- Airport Environmental Capacity Studies
- Review of Mitigation Options
- Assessment of Current Land-Use Practices

Goals
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Reducing NOx and other species

Oxides of nitrogen have a significant effect on the
atmosphere. Vision 2020 targets a reduction in the
oxides of nitrogen of 80% by 2020. In order to
achieve this target major improvements will have to
be made to combustion systems technology.

In the near-term combustor design will be directed
at evolving the current generation designs, however
it is highly unlikely that such evolutionary changes
will meet the targeted improvement. To meet this
challenge in the longer term work will be pursued to
gain a better understanding of the combustion
process and to develop radical new designs of
combustor and injection systems. 

Figure 24 (derived from the ICAO data base) shows
the progress of engines since 1975 concerning the
LTO cycle with the current regulation (CAEP 2
applied since 1996) and future regulation (CAEP 4
will be applied in 2004). 

The “Vision 2020” challenge concerning NOx and
other emissions needs clarification in order to define
the main goals. 

- An improved understanding of the atmospheric
implications of global and local impact is required in
order to discriminate these two effects.

- For the Global Impact, the NOx emissions
mitigation is the result of Aircraft and Engine
improvements.  Combined with the ACARE
objective of 50% reduction in fuel burn (associated
to CO2 reduction), a 60% reduction of the
combustor NOx will give a 80% reduction of total
NOx produced in cruise. 

- For Local Impact, reducing fuel consumption will
have the effect of reducing all other emissions.
However the implications of changes to the engine
cycle, on all emissions species, will need to be
investigated. Other external factors such as ATM,
through reduced Taxi times, will also have an
impact. 
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For the reduction of other emissions species (e.g.
UHC, soot) additional issues such as fuel
properties, taxi time, etc will need to be addressed.
In the long term, new fuels like hydrogen, methane
or bio-kerosene provide a potential solution for CO2

reduction. Should this become a realistic possibility
then their relationship to NOx production will need
to be investigated. 

The path to the 80% NOx reduction is illustrated in
Figure 23 below.

The clean engine

Whilst new technology is planned to reduce the full
range of combustion emissions it should be
recognised that the aircraft performance, its weight
and the efficiency of the engine also have a
significant impact. Reducing aircraft weight and
improving performance decreases the thrust
requirement and hence reduces NOx emissions per
unit of capacity. These benefits will be seen at both
take-off and cruise.

The choice of engine cycle has a major influence on
the production of NOx emissions. The introduction
of advanced cycles that reduce the production of
CO2 through higher pressure ratios and higher
combustor temperatures will tend to degrade NOx
performance.

To understand the impact of NOx production two
effects need to be considered. The Global impact
via the green house effect due to CO2, NOx,
particulates and the local air quality issue, in the
airport vicinity. 

The Local Impact is regulated in the frame of ICAO,
based on the LTO cycle (Landing and Take-off).
Currently the Global impact is not regulated. The
Global impact is also the major concern of the
Kyoto protocol. The main reference today giving a
status on aviation emissions and their potential
impact on climate change is the IPCC report.

Fig 23: Enablers for the Clean Engine

2015 202020102005

- Low NOx
combustor

- Operability 
- Cooling &
Improved
materials

- Other
emission
controls

The clean engine
NOx

reduction
by 80%

- Computational thermal,
aerodynamic, mechanic tools

- Measurement techniques
- New combustor 
configuration & 
technology validation

- New injection system 
validations
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- Soot and particulates have an affect both locally
and globally. The current certification criteria for
smoke generation may not be an appropriate
measure for all aspects of local and global
impacts. More understanding is required in the
field of particle size distribution and its effects in
order to better quantify the targets. 

Concluding from the above, the following goals are
proposed for the combustor :  

- Reducing significantly the NOx emissions during the
LTO cycle in order to contribute to the 80%
reduction 

- Reducing by 60% the NOx in cruise

- Maintain the current  emission limits for soot, CO
and UHC’s

This is illustrated by the Figure 25.

Options for NOx and other emissions reduction

Low emission combustor technology

The solution to reduce NOx emissions relies mainly
on low emission combustor concepts with emphasis
on the innovation in the injection module. 

Potential options are:

- Lean combustion technologies that are expected to
achieve very low NOx, soot and particulate
emissions. 

- Multi-point fuel injection systems. 

- The Rich Quenched Lean combustion concept is a
potential alternative for small engine, however the
emissions of soot and particulates will become
more problematic. 

To support the optimisation of such sensitive
technologies, work is required in the  physical
modelling of critical phenomena like fuel atomisation,
droplets vaporisation, combustion chemistry, auto-
ignition, flash-back, instabilities…

There is a need to improve both intrusive or non
intrusive measurement technicques. To complement
the improved experimental methods better analytical
techniques need to be developed in areas such as
CFD tools (e.g. LES, 2 phase flow, radiation
modelling…). These need to be able to be reliably
used for design prediction and optimisation. 
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100.0

90.0

80.0

70.0

60.0

50.0

40.0

30.0

20.0
10.0 20.0 30.0 40.0 50.0

Engine Pressure Ratio

D
P
/
F0

0
 (
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)

[1975-1981]

[1982-1991]

[1992-2000]

CAEP1

CAEP2

CAEP4

Fig 25: Goals definition for emissions reduction

Fig 24: Evolution of engines and regulation for NOx

Sustainable environmental protection

Aircraft Emissions
Global Impact Reduction

(Green House Effect)

Aircraft Emissions
Local Impact Reduction

(Air Quality)

Soots CO, UHC,… NOx (80%) Soots CO2, (-50%) NOx (80%)
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All these topics are summarised in Figure 26 as
well as being shown in the Annex 3 trees (for the
goals of NOx reduction either for local or global
impact), where a top down analysis is performed.
Annex 3 describes more precisely milestones and
time schedule relative only to the work on the
combustor to reduce NOx for local impact.

Operability

When developing advanced combustion systems,
operability requirements are major constraints that
must be considered. In addition to instability, auto-
ignition, flash-back problems have to be solved over
the entire combustor operating regime. Extinction,
ignition, fuel thermal stability are crucial issues that
require then investigation. For thermal acoustic
instabilities, damping devices need to be
investigated. 

Cooling and improved materials

In order to realise advanced combustion systems
that meet the requirements of ultra-low NOx the
amount of cooling air that is used to protect
combustor walls will need to be reduced. New
cooling architectures / materials will have to be
developed to meet the new air consumption
requirements. 

Other emissions control

The reduction of other emissions (CO, UHC, soot)
require other specific actions which are listed in the
Annex 3 trees. Air Traffic management has a
significant impact on UHC and CO emissions as
these are primarily produced during holding and
taxiing. 
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x

Goals

1st STATUS
-60% / CAEP2 OPR=45b
(ANTLE) ; TRL6
-80% / CAEP2 OPR=32b
(CLEAN) ; TRL6
[-60%,-80%] / CAEP2
(LOPOCOTEP) ; TRL4

2nd STATUS ; TRL
-X% / CAEP2 OPR=40
-Y% / CAEP2 OPR=50
-Z% / CAEP2 OPR=60

Choice to achieve 
–80% in term of DP/n

Fig 26: Time schedule relative to the clean combustor [NOx reduction]

Solution

- Low NOx Combustor:
- LPP / RQL concepts, multi-
point injection, IRC cycle

- Fuel inject., Other ideas ?

- Low NOx combustor
- (+low sfc engine)

- Low NOx Compbustor : 
- LPP/LP / RQL concepts, 
Staged comb., IRC cycle

- Improved Cooling

Technology
Targets

Technology
Requirements

- LPP/LP injection system 
- Comb. =>at ^30.45b]
- Cooling air<20%

- *TBD- LPP Inject. Syst. / Lean
- Comb. =>at  [40,60b]
- Cooling air  < 15%
- Fuel Injection
- Other?

- *Good premixing
- *Instab./Flash back/Auto ing.

Control
- *Damping devices & 

active control
- *Optim. Cooling & Improved

materials
- *Operability constraints
- *3D measurements
- *3D CFD optimization
- *3D radiative calcul.

2000 20152005 2020

- *idem
- *multi-point inject. Optim
- *Other?

- *TBD
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The Green MMD

Although the emissions from aircraft during their
lifetime are dominated by the consumption of fuel
the environmental impact of manufacture,
maintenance and disposal of such large and
complex systems is not inconsiderable and research
is required to reduce this aspect still further.

The environmental impacts of the manufacture and
of the overhaul and repair of products present many
diverse but related challenges for minimisation. 
As Figure 27 shows, these can be grouped into
resources, emissions and hazardous materials 
and processes.

Resource minimisation encompasses energy, water,
materials and chemicals. Opportunities for energy
and water reduction are well documented but need
wider promotion. The demand for materials and
chemicals and the environmental impacts of their
primary production can be minimised by research to
improve yield during the whole of the manufacturing
cycle. A further opportunity to reduce demand is to
ensure that manufacturing scrap, end-of-life
components generated during overhaul and also
whole products at the end of their functional life are
identified and segregated to maximise the recovery
and recyclability of their constituent materials.

Emissions occur to air from processes, to land from
waste and to water from effluent. Research is
required to develop alternative processes with low
or zero emissions that will reduce the impact on the
environment. 

The objective is to reduce the health, safety and
environmental hazards presented by the use of
hazardous materials and processes, whether as
part of the product or used during manufacture,
overhaul and repair.
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Environmentally Friendly
Manufacturing, Maintenance 
and Disposal (MMD) Processes

Fig 27: Green MMD process

2015 202020102005

- Resource
minimization

- Reduction of
harmful
emissions

- Reduction of
harmful
materials

- Reduction of
harmful
processes

GREEN
MANUFACTURING
MAINTENANCE &

DISPOSAL
PROCESS
(MMD)

- Resource minimization (energy, water, materials, chemicals…)
- Reduction of harmful emissions to air, land & water
- Reduction of hazards associated with materials & processes
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Conclusions and recommendations

- The 2020 vision targets for the environment are
achievable but will require the development and
introduction into service of radically new
technologies. Work to define and develop these
technologies needs to start in the near future if the
Vision 2020 timescale is to be met.

- Due to the complexity of the air transport system
and the number of interactions and types of
aircraft involved, it is difficult to assess the impact
individual changes will have on the total system
performance.An air transport system model
capable of assessing environmental impact of
changes to aircraft and the infrastructure is
therefore required. 

To establish the relative benefits of different
technological and operational programmes being
proposed under the umbrella of CNS/ATM
(Communications, Navigation, Surveillance/Air
Traffic Management), there is the need to develop
an accepted system model capable of estimating
the emissions produced by a  future aircraft fleet -
both on a macroscopic (for example, European)
level, and on an individual operation basis. This is
likely to involve close cooperation between the
aircraft designers and the ATM system authorities,
so that the critical aircraft performance details
can be analysed. Furthermore, closer  cooperation
will be required in research to analyse the effects
of new aircraft designs flying in improved ATM
systems. For example, different proportions of
emissions being produced at different altitudes.
Better understanding of such scenarios through
work with climatic researchers is called for.

- A study project is needed to establish the best
options for future aircraft and engine designs and
to establish the critical technologies required to
bring these breakthroughs to market.  It is
anticipated that these study projects would lead
through technology development and on to
technology integration platforms

- Potential technology integration platform include

• Advanced Tilt Rotor

• Highly instrumented helicopter for flight
test / wind tunnel comparisons

• Advanced Cycle Engine

• Ultra low noise commuter rotorcraft
(day/night operation in city centres)

• Environmentally Friendly Aircraft

• Engine validator for short haul, long haul,
cargo and rotorcraft

- Large Scale Research Test beds

• Air Transport system model

• European Noise Test Facility

• High Power Computing facility
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Glossary

A/C Aircraft
ACARE Advisory Council for Aeronautic Research in Europe
AMAN Arrival Manager
ANC Active Noise Control
A-SMGCS Advanced Surface Movement Guidance & Control System
ATFM Air Traffic Flow Management
ATM Air Traffic Management
CAA Computational Aero Acoustics
CAEP Committee for Aviation Environment Protection
CO Carbon Monoxide
CO2 Carbon Dioxide
CFD Computational Fluid Dynamics
DMAN Departure Manager
EIS Entry Into Service
EPN Effective Perceived Noise 
FUA Flexible Use of Airspace
GPS Global Positioning System
GNSS Global Navigation Satellite System
HBR High Bypass Ratio
ICAO International Civil Aviation Organisation
LP Low Pressure
LPP Lean Pre-mix Pre-vapourisation
LTO Landing and Take-Off
MMD Manufacturing, Maintenance and Disposal
MW Mega Watt
nm Nautical Miles
NOx Nitrous oxide
R&T Research and Technology refers to developing new technologies –

more specifically it covers basic research, concepts, technology
development and technology integration & validation

R&D Research and Development – this includes R&T but also the
development of new products 

RNAV Area Navigation
RVSM Reduced Vertical Separation Minima
SFC Specific Fuel Consumption
UDF UnDucted Fan
UHBR Ultra High Bypass Ration
UHC Unburnt Hydro Carbons
VSTOL Vertical short Take Off and Landing
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Annexes
Annex 1 – Engine efficiency technology tree

Engine Efficiency and Noise – Full Tree
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CO2 reduction
15% to 20%

Noise reduction
(see aircraft)

Reduce engine
Environmental

impact

Ducted fan Un-ducted fan Increased OPR ICR/IRA
Constant
Volume
Cycle

Low tip speed
Fan

Duct design
(loss –v- noise)

Variable area
Nozzle

Variable pitch
Fan

Low weight fan
system

Reduction gear
Systems

Highly loaded
LP turbine

Rotor design
single/contra

Noise and
excitation

Reduction gear
systems

Acoustic fatigue

Certification

Highly loaded
LP turbine

High speed
LP turbine

Reduced
structural

weight

Design
optimisation

capability

High stage
loading

High efficiency
core

Advanced 
cooling

High temp
materials

Combustor
outlet profile

Intercooler

Low loss 
ducting

system (cooler)

Commercial
Bling design

High temp
recuperator

Hight Speed /
low mass 
bearings

Design
optimisation

capability

Design
optimisation

capability

Design
optimisation

capability

High efficiency
core

Variable
capacity
turbine

Advanced 
cooling

High temp
materials

Combustor
outlet profile

Intercooler

Low lossducting
system (cooler)

Adiabatic cycle
/ zero cooling

Turbo-
compound

cycles

Hight temp
materials

Pulse
Detonation

Acoustic Wave

Highly loaded
LP turbine

Reduced 
structural

weight

Design
Optimisation

Capability

Propulsive
efficiency

Thermal
efficiency

Challenges  Goals  Solutions  Tecnology Enablers
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Low Noise
Fan Design

Noise Reduction
Technology

Aircraft Noise
Reduction
-10EPNdB

Low Noise
Compressor Design

Low Noise
Combustor Design

Computing
Capacity

Access to
Experimental Data

Bases

Low Noise 
Turbine Design

Low Noise 
Gearbox Design

Low Noise High Speed
Propeller Design

Computational 
AeroAcoustics

Multidisciplinary
Optimisation Tools

Low Noise
Nozzle Design

Low Noise
Landing Gear Design

Low Noise
HLD Design

Lightweight 
Materials for Cold /

Hot conditions

Agreed IPR
Policy

Passive Novel
Liner Concepts

Low Noise
Liner Concepts

Active / Adaptive
Liner Concepts

Active
Control Systems

State-of-the-Art Meas
Tech & Test Facilities

Novel Architectures

Aircraft Noise
Reduction
-10 EPNdB

Advanced Low Noise
Engine Architecture

Advanced Low Noise
Nacelle Concept

Computational
AeroAcoustics

Computing Capacity

Advanced Low Noise
Aircraft Configuration

Noise Optimised
High Speed Aircraft

Efficient Integrated
Noise Design Process

State-of-the-Art
Meas.

Tech & Test Facilities

Annex 2 – Noise Technology Trees
NOISE STRATEGIC RESEARCH 
AGENDA – TECHNOLOGY TREES

THE QUIET AIRCRAFT
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Main Rotor

Noise Source
Reduction

Rotorcraft Noise
Reduction
-10 EPNdB

“Passive” Rotor
Optimisation

Overall Optimised
Rotor

Numerical Aero-
acoustic Simulation

Anti-torque System

Low Noise
Fan-in-Fin

Alternative Anti-
Torque Concept

Numerical Aero-
acoustic Simulation

Engine

Noise Generation

Noise Radiation

Numerical Aero-
acoustic Simulation

Aircraft Integration

Noise Source
Localisation

“Balance Source 
Concept”

“Active” Rotor
Optimisation

Low Noise
Tail Rotor Noise Propagation Low : Optimised

RPM

Noise Shielding

Numerical Aero-
acoustic Simulation

Tilt Rotor Critical
Technology
Acquisition

Rotor
Technology

Ground Test
Article

(Hover Tests)

Ground Test
Article

(Fwd flight Test)

Aircraft
Integration

In-Flight
Evaluation

Procedure
Definition

In Flight
In Flight Demo.

Pre-design
Mission analysis

Operational
Evaluation Pilot Aids

Specific
Technology
Acquisition

Transmission
Technology

Wing
Technology

Flight Control
System

Tilt Rotor
Technology
Integration

Tilt Rotor
Demonstrator

Rotorcraft Noise
Reduction-10

EPNdB

Tilt Rotor Flight New VSTOL
Concepts

New Rotorcraft
Architecture

THE ROTORCRAFT OF THE FUTURE

03-volume2-057  15/10/02  23:15  Page 103



104

T
h

e
 C

h
a

ll
e

n
g

e
 o

f 
th

e
 E

n
vi

ro
n

m
e

n
t

Improved 
procedures with
current concept

Optimised 
procedure with
new technology

Improved 
procedures with 
current concept

Noise Abatemen
Flight Procedure

Trade-off: Opera-
tional Constraints
/ Safety / Noise

Future Regulation
Establishment

Numerical 
Aero-Acoustic

Simulation

Noise Reduction
-10 EPNdB /
Operation*

Noise Abatement
Procedures

Aircraft
Procedures
(Departure)

Aircraft
Procedures
(Approach)

Rotorcraft
Procedures

Optimised 
procedure with
new technology

Use of automated
power 

management

Advanced conti-
nuous descent /

approach

Customised
final approach

Novel Procs associ-
ated with Advanced

A/C Design

Realistic noise
Airport modeling

Improved (preci-
sion) Navigation

performance

Improved 
avionics Speed/

power mngt.

ATM of multiple
Glide-slope

Tools to support
decision making on
customized procs. 

Implementation 
of Fixed routes

Optimum 
implementation 
Of PANS-OPS

Realistic noise
Airport modelling

Improved (preci-
sion) Navigation

performance

Use of 
automated power 

management

Implementation 
of fixed routes

Different ILS
interception

altitude & slope

Continuous
descent /
approach

Realistic noise
Airport modelling

Improved (preci-
sion) Navigation

performance

Customise 
departure 
procedure

Novel Procs associ-
ated with Advanced

A/C Design

Realistic noise
Airport modelling

Improved (preci-
sion) Navigation

performance 

Improved 
avionics speed/

power mngt.

Tools to support
decision making on
customized procs. 

Pilot Aids

Piloted Simulation

Specific Control
Laws

Adapted Display &
Guidance System

Overall Integration

Real Time Noise
Footprint Assess.

Dev. Of real time 
Noise measure-
ment System

Real Time Noise
Estim. For Piloted 
Sim. & In-flight Int.

Airport  /
Vertiport Noise
footprints calc.

*When Combined with Noise Reduction at Source

NOISE ABATEMENT PROCEDURES
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Community Impact Management

65 LDEN at Airport Boundaries
55% Vertiport Footprint Reduction

“What if ?” Studies

Correlating Predicted to
Measured Noise Loads

Generic (marco)
Community Noise Model

Link to GIS

Data Bases

Noise Monitoring
Systems

Demand
Forecast

Fleet
Composition

Regulation 
Scenarios

Current / Future Aircraft
Noise & Performance

Psycho Acoustic Studies
Protocol

Data Bases

Complaints

Compensation
Measures

Health
Health Impact

Economic
Impact

Community Annoyance
Rating Studies

Factors: Safety, Fuel Dumping,
Air Quality Relation between

Perceived Noise & Other

Best Practices
For Communication

Social Assessment 
of Noise Impact

Correlation of
Technical & Social Factors

Environmental
Capacity Studies

Mitigation Options

Assessment of Current
LUP Practices

Noise metrics
Development

Harmonised
Policy Framework

Airport Capacity 
Models & Tools

Elaboration of
Environmental Practices

MANAGEMENT OF NOISE IMPACT
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SFC

NOx (-80%) Local

FOO EINOx

Low NOx Combustor
LTO

2 Phases flow

Instabilities

Flash-back

Auto-ignition

LES

3D CFD

Radiation

Ignition
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