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B Challenges of Civil Aviation in the 21st Century
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- Challenges of Civil Aviation in the 21st Century

Main Challenges of Civil Aviation in

215t Century
(
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-Aircraft engines emissions

Aircraft engines emit:

= Noise: Fan noise and primary exhaust noise

= Emissions by the combustion of fossil fuels

Noise emission

Fan noise Jet noise
T K/ Turbine noise l

Compressor noise Combustion noise

Pollutant Emission

Input: Combustion products:
Airr N, + O, ideal: CO; + H,O + N, + O, + 50,
Fuel: CH,+5S real: CO; + H;0 + Ny + Oy
+ 50y + UHC + CO + Cg, + NO + NO,
—_——
NO,

Source: MTU/Airbus
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Challenges of Civil Aviation in the 215t Century

Improvement in aircraft fuel burn

Comed 1
e
ETRT-3
T N
TR o Engine Fuel
BIIT-1FTHE Consumptinn

) DTS

E - gm.ulri:a ET47-MK o0 BTA7SP nm&m
Inm BM7-200
E LCEGI® ‘R DI
- 15707 -Gm{im
[— ﬁ“
AR BYFT-100
[CE-6)
50 BCRH)
B47-100 0 BEIse Adreraft Fyel
Brl-2 Burn per Seat
® |
HAT- LI -2
0 BTA7-400= a3
ETI7-200
20 |
1950 1960 1970 1980 AN 2000
Yearof Model Introduction

Future Aircraft Engine Design Developments Friedrichshafen 07 March 2016 Slide 8



- Challenges of Civil Aviation in the 215t Century

“Frozen techneology™ emissions
Known technology, operations and infrastructure

co [ measures No action
. :2 [ Biofuels and additional technology
emissions
= Carbon-neutral growth 2020
= Gross emissions trajectory
I Economic measures
Biofuels +
—  CNG 2020
------------------ -50% by
{(schematic) ' 2050
2005 2010 2020 2030 2040 2050

CO2 emissions development; The IATA Target

(source IATA)
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Challenges of Civil Aviation in the 215t Century

Aircraft Fuel Consumption

Global Aircraft Fuel Burn
(International and Domestic Traffic Combined)
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Note: Results were modeiled for 2006, 2016 2026 and 2036, then extrapolated to 2050.

Source: ICAO Economic Briefing No.10
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- Challenges of Civil Aviation in the 215t Century

Future fuel Scenario for long range a/c
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Picture courtesy of TU Delft
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Developments of alternative fuels

In the news: development of alternative fuels

Alternative fuel case studies

In 2011, KLM was the first airline to use an alternative fuel based on used cooking oil for
a commercial flight from Amsterdam to Paris. The BioPort Holland project and KLM Corporate
Biofuel Programme aim to supply 1% of KLM's entire fleet with sustzinable jet fuel in 2015-
2016. Similarly, Lufthansa has been operating the domestic route from Frankfurt to Berlin using
a 10% alternative fuels blend based on sugarcane, and the Frankfurt to Washington route
uzing a 46.8% blended HEFA fuel based on jatropha, camelina and animal fats. Since 2013, Air
France has been using a sugarcane based 10% blend alternative fuel on Toulouse to Paris (Orly
Airport) routes. [beria has also operated the Madrid to Barcelona route using a 25% HEFA (from
camelina) alternative fuels blend.

The EL ITAKA [44] project (2013-2016) is also expected to support the development of a full
value- chain to produce sustainable HEFA on a large scale based on cameling and used cooking
oil. First demonstration flights were completed by KLM in 2014 with 200 tonnes of used

cooking oil-based biofuel.

Biofuels: alternative fuels produced from biomass
m Significant emission reduction in production phase
m Several sources of biofuel in development
m Currently 50% blending allowed with kerosene
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Challenges of Civil Aviation in the 21st Century

Development of aircraft design costs

Aircratt Model Number built/ Development Year Entered Development Gosts Development Development
ordered as of 2012 Time in Years SErvice Gosts/Seats Gost/Seat Built
(in constant 2012 USS)
DC-3 607 2 1936 4.8M 0.23M 3770
DC-6 704 3 1947 161M 2.88M 4084
B707 1010 6 1958 1453M 10.38M 10,276
B747 521 < 1970 5500M 1217M 23,355
DC-8 556 7 1959 1011M 12.64M 227,299
B777 400 G 1995 7800M 19.50M 14,265
A380 253 7 2007 16,100M 30.67M 121,212
A350 255 7 2013 15,200M 55.07M 99,229
Concorde 20 g 1976 11,495M 114.95M 5,750,000
B787 7 2011 32.000M 121.21M 138,845

Source: IATA Technology roadmap 2013
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- Challenges of Civil Aviation in the 215t Century

Over the last decades dramatic improvements in aircraft

and aircraft engine designs have been achieved.
However if we want to cope our durability efforts with

forecasted growth in air travel we need to go even more

ahead with technological developments
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- Challenges of Civil Aviation in the 215t Century

There is a need and drive for even more significant

Improvements in aircraft and propulsion technology driven by:

m Environmental needs

m Fuel burn economy and availability of fuels
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m Developments:

e Current & near term
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- Current propulsion developments

Current engine programs:
m GE/SAFRAN

= RR
m P&W

Source: Wikipedia
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- Current propulsion developments

Focus on:

B Fuel consumption reduction:

m Improving aerodynamics and combustor technology

B Noise reduction:

m Aerodynamics
m Acoustic

m Fan speed

B Reliability and durability improvements:

m Technical reliability & time on wing
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m Developments:

e Medium term
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- Mediumterm developments

Open rotor technology

Description

» Open counter-rotating fan

» Gearbox or counter-rotating low pressure turbine
» pusher®or ,puller” configuration

» Very high bypass ratio

Benefits

* Very high propulsive efficiency

» 20% reduced fuel consumption *
» Technology readiness 2020+

Challenges

» Noise emission (far field + cabin)

* Installation

 High flight velocity

» Blade off, bird strike, blade pitch change mechanism
» Gearbox / counter-rotating turbine

* rel. to year 2000 engine

Source: MTU/Airbus
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m Developments:

e Long term:

— Subsonic
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- Long term developments subsonic

B Engines using fossil fuels:

m Extreme high bypass ratio’s
m Further developments of open rotors or turbofan engines
m Hybrid engine development operating on multiple types of

fuel e.g. AHEAD design using:
LNG/LH2

Kerosene/Biofuel
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- Long term developments subsonic

Boeing design concept Blended Wing Body

Source: Wikipedia
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Long term developments subsonic

AHEAD: Advanced Hybrid Engine Aircraft Development

Picture courtesy of TU Delft
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Long term developments subsonic
Advanced Hybrid Engine Aircraft Development

Next Generation Hybrid Engine

Gearbox Combuston Chamber (LH2)

| High Pressure Compressar | High Pressure Turtbing

v Counter rotating shrouded fans

v'Inter cooling and bleed cooling by LH2

v'High Overall Pressure Ratio (approx. 50)

v Higher Specific Thrust

v'Low Installation Penalty

v'LH2 Combustor & Biofuel / Kerosene Flameless Combustor

Picture courtesy of TU Delft
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Long term developments subsonic

Electrical propulsion:

Description
e Electric driven propeller,
open rotor or ducted fan

Example: Electrification of an
ATR72-600

Section of Aircraft

: Assumptions
* Energy storage by batteries ,Bane:;, capacity: 200 Whikg ‘
i 2010, 5% p.a. improvement J R Spseiictiy
Benefits « Fuel replaced by batteries (5 ) =" |um

» Electric motors using high

e Zero emission (during flight) Nerporalin paoday

* Independence from oil (HTS)
resources
600
Challenges
» Specific energy of batteries i
(kWh/kg) £ avcamueon
« Power to weight ratio of B Mol s
electric motors (high s | <30nm
temperature
superconductivity i
necessary) e, R e We B

Source: MTU/Airbus
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m Developments:

e Long term:

— Super/Hypersonic

Future Aircraft Engine Design Developments

Friedrichshafen 07 March 2016

Slide 27



- Long term developments
Supersonic & Hypersonic concepts

B Several concepts are under study:

m Supersonic
m Hypersonic
m Atmospheric flight
m Space flight

m Combination of atmospheric and space flight
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Long term developments
Supersonic & Hypersonic concepts

Engine Subsystems
(Packaged Wet in JP-7)
* Engine Fuel Pump
* Ethylene (Engine Start)
- * Nitrogen (Fuel Pressurization)

< « Detailed Line Routing
R Subsystems Bay
* GCU/IMU/GPS
* FADEC
* Flight Test Instrumentation (FT1)
» Detailed Line Routing

FTS, FTl and
Control Systems
+ Antennas
« Sensors JP-7 Fuel
« Control Actuators  * Integral Tanks
+ Detailed Line * 265 Ib (usable)
Routing * Sealing Concept
Defined
, Ty,
Fuel System + Engine Systems s
* Fuel Pump * Actuators (Li-ion Pack)
* Detalled Line Routing * Avionics and FTI
« Flight Termination System
(Separate)
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Summary

In which direction are we moving?
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End
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