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Outline

*The aviation market
* Growth
* I[nnovation

*Clean Sky Programme
* Technology Demonstration
* New wings - Natural Laminar Flow
* New engines — Contra Rotating Open Rotors
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24 hrs of flights
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Growth per region

China

India

Middle East
Asia*

Africa

CIS

Latin America
Eastern Europe

Expanding regions

Yearly RPK growth
2009 -2029

Western Europe
North America
Japan
Australasia

1.0
billion
people
2009

* Asia excludes India, China and Japan

X 3-70/0

Maturing Regions

5.8 billion people will increasingly want to travel by air

%, AIRBUS




Clean Sky & Innovation - ETD - 20130131 v1.0

Long term fundamentals will lead to g

World annual traffic
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Air traffic will double in the next 15 years
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20-year demand for over 27,347 new

20-year new deliveries of passenger and freighter aircraft

— 19,518 single-aisle aircraft

6,497 twin-aisle aircraft

1,332 very large aircraft

Passenger aircraft (= 100 seats) and freighter aircraft (> 10 tons)

Market value of > $3.9 trillion
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evelopment

Oil price (Current US$ per bbl)

140

History
120

100

80

60

40

and proprietary document.

130131 v1.0

related to CO2

Aviation contributes 8% of global GDP and supports 32 million
jobs worldwide

Aviation accounts for about 2% of total man-made CO,
emissions

and proprietary document.
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The continuiung challenge in aviatio

Meeting an increasing demand for
air transport
+

Minimising environmental
footprint

AS. All rights reserved. Confidential and proprietary document
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What drives aerospace innovation?

Passenger [aisE
- Additional
Appeal Services

- Differentiation

Y A ciiiciency

- Direct Operating Costs
- Fuel burn

ji=""""__ Djirect Maintenance Costs
- Dispatch Reliability
- Turn Round Time
il Simplicity

o ~Emissions
Enywonmen - Green Manufacturing
Friendly - Recycling
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The achievements

In the last 40 years, commercial aviation industry has achieved:

n .
, Turbojets

u 1st Generation Turbofans
* 2nd Generation Turbofans

L |
5 |"mam ¢
2 A More than 20dB
— P
o 20dB, improvement
(2]
© .
zZ .o L ° °

.:. ¢ §o. s .'.5: O

100% A -70% fuel burn
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Relative Fuel Burn per seat

Dramatic improvements due to technology
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Technology - an established driver for suc

Side-stick & All-new advanced CFRP centre CFRP Fuselage
Electronic technology wing wing box
Engine Controller

b Variable 3
2nd generation digital Frequency Aerodynamic
auto flight system CFRP bulkhead generator Efficiency

The future is yet to be invented

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document




Clean Sky & Innovation - ETD - 20130131 v1.0

Clean Sky Programme
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ACARE’s ambitious targets

- 50% cut in CO2 emissions

Aircraft manufacturers 20-25%

1
Engi fact 15- |

ngine magg(ﬁc urers ' Operations 5-10%
1

Air Traffic Management

ACARE: Advisory Council for Aeronautics Research & Innovation in Europe

ACARE targets drive innovation — technology + application
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EU R&T Roadmap for New Aircraft C

(JTI)

Level 3

(IP)

Level 2

Waltdation of iz engng anhisdure weioms

Level 1
(STREP)
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Clean Sky - Overview

1
F o — b R

{Green Regional Alreraft

Evaluator
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Clean Sky -Partners

‘ Total Investment = 1,600M€ ‘ “|ITD-leaders” Associate Partners
[ e e e e e e e e e = —
|
¥ (7 I Ppartners * DLR
2 | + ONERA :
AIRBUS I« Airbus * INCAS |
1. SAAB e NL-Cluster |
DASSAULT Aq;£7' I * QinetiQ |
A Fh AT IO N DLR I ° Dassault * RUAG I
= B | ° EADS-CASA e | |
Dg 25% of Total Budget
Nt Fraunhofer o .t | © Thales I
3 |
| OMNERA ) 6 i I ° Liebherr :
) ) I« Fraunhofer Partner
QinetiQQ  uEamRR |« SAFRAN participation |
I based on Call for |
Rolls-Rovce .m I S RO||S-R0yCG Proposals |
,CfP* I
. |
RUAG @ SAFRAN | | 50% of Total Budget |
STORK THALES | 25% of Total Budget | |
|
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Clean Sky - Timeline

2008 2009 2011 2012 2013 2014

|
FP5 related
projects
|

FP related projects

Deme Decision:
ground, flight

Demo Selection

Analysis &
ASSess.

2011 2012 2013 2014
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SFWA-ITD — Objectives

Input connecting to:

“Sustainable and Green Engines” — ITD
CROR engine

—
—

Smart Wing Technologies

» Technology Development
» Technology Integration
» Large Scale Flight Demonstration

“System for Green Operation” — ITD” Novel
Energy Management / Green Mission
and trajectories

Innovative Powerplant Integration

> Technology Integration
> Large Scale Flight Demonstration

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document

Output providing data to:

CleanSky Technology Evaluator SFWA
technologies for a Green Air Transport
System
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SFWA ITD Flight Demonstrator Options

1. High Speed Flight Demonstrator

Objective: Large scale flight test of passive and active flow and loads control
solutions on all new innovative wing concepts to validate low drag solutions
at representative Mach and Reynolds Numbers.

Option 1: UAV
Option 2: Alpha-Jet

Selected in April 2009

Option 3: Airbus A340 with modified wing

2. Low Speed Flight Demonstrator

Objective: Validation flight testing of High Lift solution to support / enable the
innovative wing low drag concepts with a full scale demonstrator.

Option 1: Dassault Falcon
Option 2: Airbus A320

Decision in 2012

3. Innovative Engine Demonstrator Flying Testbed
Objective: Demonstrate viability of full scale innovative engine concept in

operational condition
Options under investigation

Status: Preferred solution

4. Long Term Technology Flight Demonstrator

Objective: Validation of durability and robustness of Smart Wing technologies in

operational environment

Option 1: In Service Transport Aircraft
Option 2: Airbus A300 “Beluga”

Selection(s) part of
technology roadmap

Option 2: Airbus A320

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document
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Natural Laminar Flow

Clean Sky & Innovation - ETD - 20130131 v1.0

Aerodynamic drag reduction throu

turbulent

_ /’—-() Skin Friction Drag Savings at Flight
(D) u‘ Reynolds number
UL \
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Aerodynamic drag reduction - potentials
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Historic attempts at laminar flow

North American P-51 Mustang (1941)
* Wind tunnel tests better than real operations
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Historic attempts at laminar flow

HLFC “Laminar Fin” Airbus A320 demonstrator
(LaTeC, 3E, HYLDA, until 1998)

7
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Laminar-Flow Flight Demonstrations 1985 — 200

1990 1995 2000 2005

F-14 ATTAS ATTAS HondaJet
Variable-Sweep Wing ~ Wing Nacelle F-100 Wing NLF
NLF NLF NLF = ELFEIN Fuselage A
T ] | W Piaggio Wing NLF

A L SN P-180 NLF '

Wing
Fuselage A
NLE \«;:’@\}mwm 3

JetStar . :

Falcon 9000
HLFC A320 Wing HLFC
. . 757 Wing  F-16XL HLEe (Suction)
Operationalit . . . .
p Yy HLFC Supersonic Wing Vertical Fin Operationality
HLFC HLFC

7
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BLADE
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Demonstrate feasibility of a structure ¢

Laminarwing

A340-300

Representation of laminar
" Wing on A340 flying test bed
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Smart Passive Laminar Flow Wing

* New designs x 2

* Novel materials and structural concepts
* Ground demonstration — proof

* Flight test in operational conditions

|

’ Full scale Laminar Wing FTB

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document.
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SFWA — Partner Contributions

I ________________________________ hl
I
: Aero fairing: Dassault

Trailing Edge Structure:
INCAS -==

Ailerons: INCAS

=

r/'
Upper Skin & Leading
Edge:
Left wing: SAAB
Rightwing: CFF

|

jIntegrated upper cover (SAAB)
Lower Skin: Aernnova
Ribs & Spars: Aernnova

Diffusion structure: AIRBUS

—~
Assembly: Aernnova

Aircraft integration: AIRBUS

Integrated upper cover with structural
Aileron structure (INCAS) concept (SAAB)

©AIRBUS SAS. All rights reserved. Confidential and proprietary document
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BLADE preparation

Pod preliminary design

Diffusion element,
Rib 28 view with lifted top cover

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document
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Surface quality

* High surface quality is essential:
* No steps
* No waviness
* manufacturing or cruise

Waviness

* Avoid 3D disturbances
* insects or fasteners

* Leading edge roughness
* manufacturing or operational

Erosion

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document
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Operational Challenges

Laminar wing part

insect debris

insectimpact

o ~ onsurface
b

Critical case
with direct fransition

Critical case ) -
with reduced transition Insect debris not critical
minor effect on transition

Shielding effect Anti-contamination coating
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SFWA Flight Test Instrumentation

MNSR NLF wing

Pressure iso-lines at typical
cruise flight conditions

Extend of
laminar flow

Representation on A340 l——.FB |

Smart Wing observation camera view angle from
potential observer pod position (Airbus)

Fiber Laser

Local Drag Measurements: and Lidar
_ Wake Surveys using Lidar Architecture
- (ONERA) A !
—pm ] @'_
z / Infrared Image of laminar - Flush mount hot film

N turbulent flow transition sensor for the detection
Velocity Field on wing surface (ONERA) of flow separation
In the Wake (ONERA)

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document
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BLADE - 2014/5
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Contra Rotating Open Rotor
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SFWA-ITD - CROR Engine Technology

Innovative Power-Plant Integration

CROR Aero -Acoustic : : :
NADRPOAtE STt = Design of innovative CROR blades and pylon

® CROR installation effects: aero, noise, vibrations,
handling qualities

" CROR propeller kinematics, study of fragment
impact depending on size and propeller and
fuselage materials

= Structural technologies for armour and shielding CROR design study:
interference with HTP

= Feasibility study of a full scale CROR enginein a
Flying Testbed Demonstration (FTB)

;
- CROR structural

integration concept

Airbus A340-600 Flying Test Bed
with CROR engine

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document
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Pratt & Whitney Engine FTB

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document
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CROR

General Electric GE36 UnDucted Fan(UDE ) ‘
—Flight tested on B727-100 in August 1986
—Flight tested on MD80 in April 1987

"

P —— T 4
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CROR demo FTB: PPS architecture vs. FTB ve

Open rotor
puller

“ducted”

Engine
Architecture

Potential
FTB
Vehicle

A340-600 selected
&6r GTF demo
flight in 2008

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document




Clean Sky & Innovai tion - ETD - 20130131 v1.0

CROR FTB — A340-600

IRBUS S.A.S. All rights reserved. Confidential and proprietary document.
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CROR engine integration concepts

CROR design concept from ‘—
CleanSky SAGE-TD (Rolls-Royce)

T ) f— w

CROR integration structural |
design study (Airbus)

| CRORdesign concept from |
CleanSky SAGE-ITD (SNECMA)

IRBUS S.A.S. All rights reserved. Confidential and proprietary document
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SFWA-ITD — Objectives

Smart Wing Technologies
Input connecting to:

“Sustainable and Green Engines” — ITD
CROR engine

» Technology Development
» Technology Integration
» Large Scale Flight Demonstration

b

“System for Green Operation” — ITD” Novel
Energy Management / Green Mission
and trajectories

Innovative Powerplant Integration

> Technology Integration
> Large Scale Flight Demonstration

U Output providing data to:
CleanSky Technology Evaluator SFWA

# technologies for a Green Air Transport
System
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Conclusion: Airbus as architect and inte

Innovative Power Plant

Systems for green
operations

Innovative Structures

Configuration /
Integration

Full deployment of individual benefits through smart integration

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document
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Airbus priority R&T in CleanSky

CLEANSKY

is of major programme for Airbus R&T
to fulfil on the ambitious targets of ACARE

* by developing an all new smart low drag wing |

* by integration of innovative power plaﬁ'ts
* through large, representative flight tes} demonstration
* engaging a wide range of partners fron* all over Eurape

=,

©AIRBUS S.AS. Al rights reserved. Confidential and proprietary document
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End

@ AIRBUS

AN EADS COMPANY

© AIRBUS S.A.S. Al rights reserved. Confidential and proprietary document. This document and all information contained herein is the sole 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 ions and are 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.
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