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1. Introduction to Rolls-Royce:
Power Systems for 4 Markets

Civil aerospace
200,000 people in the air at any one time

Defence aerospace
160 customers in 103 countries

Marine
30,000 vessels use our equipment

Energy

customers in 120 countries

Rolls-Royce proprietary information — UNCLASSIFIED



2013 Financial Highlights

order underlying underlying
book group revenue profit

£71.6bn £15.5bn £1 .76bn

employees facilities in over

45,000 50 countries

Development compared to
2012

order book + 19%
underlying revenue + 27%
underlying profit + 23%
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R RoIIs-Roycé

Rolls-Royce in Germany

RRDVeom 13001
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Rolls-Royce Deutschland 2013
at a Glance

Umsatz Investitionen Mitarbeiter

€1,763 Mrd. €2,3 Mrd. ~3.500

Programmverantwortung

Spey

Trusted to deliver excellence

Produktionszahlen

666 Tricbwerke
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Sustainable Growth in Germany

e~
2003 Programma

transfer
Tay, Spey, Dart

2012 Groundbreaking

XL-Testbed YT -

2013 5000 engines total and
3.000 BR700 engines from
Dahlewitz delivered

it g 2005 V2500 Transfer ool
1990 BMW Rolls-Royce Aero Engines becomes nach Dahlewitz
Aero Engines GmbH Rofs-Royce Deutschland
founded
2003 Rolls-Royce and
Lufthansa Technik )V
N3 EOS founded
2011 Takeover of 50% of Tognum AG
1993 Opening of the - together with Daimler
Dahlewitz site 2009 BR725 EASA/FAA
Certfication
1990 s
. - L
2009 First 2‘69;‘; 2011 Certification TP400
2002 ATM322
for NH20
-

2009 First fiight
A400M

1996 International
certification of the
BR710

2011 Opening Rolls-Royce Marine
Service Centre Hamburg

Rolls-Royce
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Rolls-Royce Iin Germany :

World-leading power systems provider
with own sites in Germany

- Civil and defence aerospace - as well as
marine sites in Germany

Dahlewitz: Development, assembly, engine
overhaul and test, CSME HQ

Oberursel: Manufacturing

Hamburg: Marine Service Centre

Arnstadt:  Engine overhaul

Rolls-Royce Power Systems
Friedrichshafen

| Rolls-Royce
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2. Engine Technology in the Past

 First jet propelled flight took place 75 years ago:
Heinkel He 178 with HeS3

designed by Pabst von Ohain,
27.08.1939 Rostock

Source: Wikipedia

 First commercial jet airplane 1949/52:

De
De
RO

Havilland Comet DH106
Haviland Ghost at first flight.

Is-Royce Avon engines on production aircrafts.

(later also in S.A. Caravelle)

Rolls-Royce pro

R
I
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Supersonic
Concorde, RR/Snecma Olympus, Turbojet Engine

First flight: 21.01.1976
No of Aircraft built: ~ 16(+4)
Cruise Speed.: Ma 2,2

d Rolls-Royce
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RR Olympus, developed by Bristol Aero Engines for Vulcan Bomber "
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Engine Design RR Olympus 2

® Turbojet engine, no bypass flow

® Medium pressure ratio

® Variable geometry at inlet and exhaust (afterburner)
® Minimum frontal area
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Turboprops s

Turboprop Engine RR Dart

« 2 axial-centrifugal compressors
 Tubular combustor

* Firstrun 1946

Commercial airplanes:
 Fokker F27 Friendship

* Vickers Viscount
 Douglas DC-3 re-engineing
 Gulfstream Gl

« Convair 600/640

¢ YS-11

Rolls-Royce proprietary information

Source: Wikipedia
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Turboprops h

Turboprop Engine RR Tyne
Applications in military aircraft:
 Breguet Atlantique, maritime patrol
 Transall C-160

* First flight Atlantique: 21.10.1961

Medium air speed, conventional
propeller delivers good efficiency

Low fuel burn requires moderate
pressure ratio of about 13,5. Two shaft
core engine allows very effective
components

Rolls-Royce proprietary information — UNCLASSIFIED
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Turboprops :

Airbus A400M
EPI TP400 D6

Air speed nearly at jet level (Ma 0,72) => modern propeller with complex control
required (one power lever to control per engine)

Low fuel burn on long missions => Turboprop with high pressure ratio(ca. 26);
optimum component efficiencies; 2 shaft core, free power turbine
First flight of the engine on C-130 testbed: 17.12.2008

Rolls-Royce proprietary information — UNCLASSIFIED
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Bypass Engine RR Conway

* First bypass engine in commercial service
« 2 shafts, 2 axial compressors
« BPR=0,6

Commercial airplanes:
« Boeing 707
 Douglas DC-8

Rolls-Royce proprietary information
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High Bypass Engine RR RB 211

« 3 shafts

« BPRca.5

 Wide Chord Fan (Honeycomb)
on later versions (-535, -524)

Commercial airplanes:
« Boeing 757, 767, 747
 Lockheed L 1011 Tristar

Source: Wikipedia

A Rolls-Royce
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Modern Commercial Jets

A380, RR Trent 900

d Rolls-Royce
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Trent XWB - Advanced Technology for A350

Low emissions Advanced

Hollow
lightweight M combustor materials
titanium fan ST
system ! Turbine end wall
profiling
Integrated

intelligent engine ,

health monitoring /)» S
y 4 <

Full 3D aero
compressors

Soluble core HP
turbine blades

Bearing load 2 stage IP turbine

management Blisk
technology

| Rolls-Royce
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Milestones Business Jets

Gulfstream G RR Dart
Gulfstream Gl RR Spey
Gulfstream GlIlll  RR Spey
Gulfstream GIV RR Tay

Gulfstream G350/450 RR Tay 8C
Gulfstream GV/G550 BR710
Gulfstream G650 BR725

R
I

Rolls-Royce
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BR725 Engine for Gulfstream G650 ’

Smoke free New 3stage LPT
combustor

New swept fan,

Trent technology,
increased diameter,
increased bypass ratio

16 lobe mixer for
minimal jet noise

Improved HPC with
5 stages of blisk

i Rolls-Royce




3. Sustainable Aviation
 Climate Change (CO, Emissions)

Circa 1900 Today
s W O K i i

s e

* Noise
 problematic close to Airports
1

Rolls-Royce proprietary information
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Pasterz Glacier, Austria

5
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Man-made greenhouse gas emissions (all gasses)

M Electricity and heat

M Agriculture, land use change and
forestry

B Manufacturing and construction

B Transport

B Other fuel combustion

B Industrial processes

M Fugitive emissions

M Waste

Marine

I Aviation

Source: World Resources Institute 2005

Rolls-Royce
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CO, emissions (relative to year 2000)

24

Global Aviation CO: Emissions Scenario

8

7 - @ Constant Technology Level

6 - B Engine & Airframe Technology
5 . = Operations & ATM

4 © Biofuels & Carbon Trading

B Net Emizszions

Net Emissions c. 50% of
2005 levels in 2050

2000 2010 2020 2030 2040 2050

| Rolls-Royce
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Flightpath 2050

Goals to take ACARE beyond 2020

The Advisory Council for Aviation Research and _
Innovation in Europe (ACARE) has set new Requires
technology goals to achieve by 2050 Improvement

> 75% reduction in CO, per passenger kilometre 1N all areas
> 90% reduction in NOx emissions, and

» 65% reduction in noise

Rolls-Royce proprietary information
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ACARE 2020 and Flight Path 2050 Targets

CO, (Engine)
o @ Trent 895

.Trent 500

5
c
3 @ ento0o

-10
< %Trentlooo
= s Trent XWB
o > CanlS
o ‘N
N \\ I’
QO -20 -
O
P
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-30 T l 1 l

2000 2010 2020 2030 2040

Target -25-30%
CO, overall reduction:

+ -30% engine (est)*
« -75% total

. Trent family

I
2050

% relative CAEP6

NOx (Engine)
0 . Trent 895
‘ Trent 500
15 —
Trent 900
-30 — Trent 1000
.' Trent XWB
4G
‘I’—\\‘
-60 — \\_‘,'
-75 T T —
2000 2010 2020 2030 2040 2050
Target -90%

NOx overall reduction:

« 75% from engine technology*
« 15% from operational efficiency
improvements

-5

dB

-10

-15

Noise (Aircraft)

Trent 800 (Boelng 777)
Trent 500 (Airbus A340)
Optimised for noise
%\ Optimised for fuel burn
Certified noise levels

Noise levels with advanced operational practices

Trent )(_WB

Trent 1600 )
Trent 900 ~=7

| | | |

2010 2020 2030 2040 2050

2000

Target -65%
aircraft noise reduction:

+ 45dB cumulative
+ 15dB average at each condition

ACARE {Advisory Council for Aviation Research and Innovation in Europe) flightpath 2050 target

Trent 1000 is 12% more fuel efficient than Trent 800

Rolls-Royce proprietary information — UNCLASSIFIED
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Alternative Fuels

27

Suitability Sustainability Industrialisation

energy density CO, benefit mass production
fuel specification Food / water global distribution

Projections of biomass production show that it will be a scarce resource
and a holistic analysis shows that biofuels are best used near the geographic
place of their origin for energy use

Offering longer term potential

| Rolls-Royce
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4. Technology Development at Rolls-Royce

Vision 5
Near term upgrades

Off the shelf
technologies

Rolls-Royce proprietary information

Vision 10
Next generation
Technology
demonstration

Vision 20
Future generation
Emerging
technologies

d Rolls-Royce
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Turbofan Thermodynamic Cycle Efficiencies

0.700

o
\I
o

0.725

0.750

propulsive

o
o)
Ol

Current
Rolls-Royce
HBR engines

o
o))
o

practical limit for
0.55 low NOx

efficiency ng,,p

0.50

theoretical limit
stoichiometric TET,
optimum componenten
efficiency, 80+ OPR.

Specific Fuel Consumption |b / hr/Ibf @ 0.8Mn

theoretical

|| improvement at
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Pa theoretical limit

& for Open Rotor
propulsive
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Fuel Burn Reduction and CO2 Improvements

2nd Generation BPR<5 -
PW JT8D, RR Conway Commercial Jets

e

3rd Generation BPR=5-8
RB211, Trent 700, V2500

+12-15%

4th Generation BPR=8-10

Trent 500/900, GP7000 ATE or GTE BPR 511

Reference -3 5th Generation BPR>10 < =
Trent 1000, GENX
0 . > |

0% —— UHBR, BPR>20, CRTF
L0 U o —————————————— i

! ! I T ! T

1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
Year

Rolls-Royce

Rolls-Royce proprietary information



31

Process Temperatures, Trends

 High OR cycles
Increase turbine entry
temperatures

 Required HPT
technology:
« Materials & Coatings
* Cooling design &
airsystem design

Rolls-Royce proprietary information

Turbine Entry Temperature (K)

Type Test Turbine Entry Temperatures (TET)

Demonstrator

] Uncooled Cooled technology ACA.RE
blades blades Coated
blades Future
,‘aﬁi\\‘! o Large
-“e“‘. ®  Current Engine
o® Development
o *9o © Production  Engines
technology
) o
' Conway RB211
T 0 o '
. ——

: Spey SC cast
Dart £ DS cast alloys

Avon

Wrought alloys

1940

1
2020

T
2000

1980
Date

T
1960
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Composite Fan Research today

® Key Composite programme 2010 -2014
. Rig tests
- hird-strike, fan blade-off, fatigue
. Indoor tests
- performance, flutter, bird ingestion
. Qutdoor tests
- strain-gauge, cross-wind, noise

Successful VITAL fan blade testing completed 2006

Rolls-Royce proprietary information
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Rolls-Royce Carbon-Titanium Fan, CTi Fan

Composite/Ti fan
blade for next
generation large
engine

i Rolls-Royce



Rolls-Royce UltraFan

With further increasing bypass ratios,
a geared LP-system offers benefits

« Current nacelle designs with TRU
could be replaced by variable pitch
composite fan (VP fan) and variable
area nozzle (VAN)

i Rolls-Royce
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Technology Demonstrators

Major
Technology Major

Programmes  demos Potential EIS: 2014 2016 2018 2020 2022 2024

EFE
SILOET
SAMULET

NEWAC

Rig 639

HEETE
Core 3/2
ADVENT

ELF
Rig 145
E3E
Open Rotor

Clean Sky JTI demo

Rolls-Royce proprietary information — UNCLASSIFIED
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Potential “Game Changers”

r e (14

Integrated electrical Engine — Airframe Optimisation
systems

Advanced Cycles Pressure Gain Adaptive cycles
ICR Combustion

Rolls-Royce
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Turboelectric Hybrid Propulsion (NASA Concept)-

Rolls-Royce proprietary information

Source: Paper ISABE 2011-1340

Seperate power- and
thrust generation

Blended wing body with
maximum L/D ratio

Electrcally driven fans
with wing boundary
layer suction

Gas turbine in wing tips
generates electrical
power

i Rolls-Royce



eConcept (Airbus/Rolls-Royce) .

Source: Airbus

Blended Wing Body

i\

1 GT-Engine with
Generators

6 electrically driven

eConcept presented by
Fans

EADS at Aero Salon Paris
2013
Battery to store

electrical energy

Rolls-Royce

Rolls-Royce proprietary information



39

Summary

® Gasturbines still have a lot of potential in
aircraft propulsion

® Rolls-Royce and the aerospace industry
carry out a lot of research to fulfil the
challenging ACARE targets which will make
air travel more sustainable.

® This overview presented some of the
technologies on which RR works currently

® My personal opinion about future air
transport:
® |n 20 years we will still fly, and probably subsonic

® Gasturbines will largely generate the power for
aircraft propulsion

® We will see more propellers and hybrid systems in
use on aircraft

R Rolis-Royce

i Rolls-Royce
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