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Outline 

1.Clean Sky,  
 a quick, general overview. 
 
2. Introduction,  
 back to the basics … 
 
3. Aero-Engines,  
 end of the story … ? 
 
4. What’s next ?  
 A roadmap to 2050 …  

 
 



Part I 
- Clean Sky ? - 



The Aviation Vision 

1. Meeting societal & market needs 

• managing the effects of growth of air travel 

2. Maintaining and extending industrial leadership 

• delivering greater competitiveness 

3. Protecting the environment and the energy supply 

• achieving decarbonisation; reducing emissions/noise  

4. Ensuring safety and security 

• introducing revolutionary modes of travel 

5. Prioritising research, testing capabilities & education 

• pioneer enabling research 

 To deliver this vision and meet these challenges new technical 
solutions will be required 



Environmental Targets … 

Vision 2020                                       targets are for new 

aircraft technology relative to 2000 performance 

Reduce fuel 

consumption and 

CO2 emissions by 

•  50% by 2020 

Reduce NOX 
emissions by 

• 80% by 2020 

Reduce perceived 

external noise by 

• 50% by 2020 

• 65% by 2050 

•  75% by 2050 • 90% by 2050 

and Flightpath 2050 



Environmental Targets 

• Decarbonisation. CO2 effects only ? 

• Climate Impact / Global Warming ?  

Emissions + Noise 

Source: European Aviation Environmental Report 2019 

CO2 + non-CO2 effects 



Clean Sky 2 tackling key environmental challenges 

…while building industrial leadership and ensuring mobility  

7 

Environmental  
Objectives* 

* vs today’s best aircraft (ref 2014)  



Design Studies, Rig Testing, Modelling 

Engine / System 

Demonstrators 

Airframe 

Demonstrators 

Flying 

Demonstrators 

Taking Technology to Full-Scale Demonstration 

• Aerodynamics  

• Advanced Materials and structures 

• Propulsion 

• On-board energy  

• Trajectory 

Risk Reduction 



Clean Sky and Europe’s Aeronautical Industry 

http://www.fraunhofer.de/de.html
http://www.safran-group.com/?lang=fr
http://www.thalesgroup.com/


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Clean Sky 2 Facts and Figures to date 

334 420 373 350 

28 110 466 



Clean Sky (1) Integrated Program Structure 
Around 

0.8b€ Total 
EU Funding   

+/- 208 M€ 
Total EU 
Funding   



Clean Sky 2 Programme Set-up (H2020) 

Not legally binding  
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Building on Clean Sky, going further into integration at full aircraft level 

And developing new technology streams for the next generations of aircraft 
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Regional 
Aircraft 

 

Alenia 
Aermacchi  

Fast 
Rotorcraft 

Agusta 
Westland 

Eurocopter 

Engines ITD 

Safran – Rolls-Royce – MTU 

Systems ITD 

Thales – Liebherr 

Airframe ITD 

Dassault – EADS-CASA – Saab  
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Around 1.75b€ 
Total EU Funding   

Large 
Passenger 

Aircraft 

Airbus 

+/- 290 M€ 
Total EU 
Funding   



Clean Sky & Clean Sky 2 - Engines 

• Clean Sky :  0.8 Bn € funding – 2008-2017 

• Clean Sky 2 :  1.8 Bn € funding – 2014-2024  

 Funding (M€) Budget (M€) 

CS1 – SAGE 

Leaders 154 308 

CfPs (80 projects) 54 81 

Total 208 390 

CS2 – ENG 

Leaders 203 286 

CfPs 87 122 

Total 290 410 

Grand Total : 498 800 



Part II 
- Introduction - 

Back to the basics … 



Breguet’s Range Equation 

 

T.V 

T.V 



Breguet’s equation tells us it depends on : 

• How much energy is contained in the fuel it carries ? 

• How aerodynamically efficient it is (Lift-to-Drag 
Ratio)        
 -> Fluid Mechanics/Aerodynamics Lectures 

• How efficiently energy from the fuel is turned into 
useful work (Thrust x Distance travelled) which is 
used to oppose the drag force    
 -> Thermodynamics & Propulsion Lectures 

• How “light-weight” is the structure, relative to the 
amount of fuel and payload it can carry.                        
 -> Materials and Structures Lectures 

How far can a plane fly ? 



Improving Propulsion Systems Efficiency 

1. Improving Powerplant Efficiency 
 

2. Improving Powerplant System Integration into 
Airframe 
 

3. Improving Propulsive and Non-Propulsive Energy 
Generation over flight mission  



1. Improving Powerplant Efficiency 

 



Thermal Efficiency 

 
(FP7-Lemcotec) 

(FP7-Enoval) 



Propulsive Efficiency 

 



Propulsive Efficiency 
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© 2015 Rolls-Royce plc 



Support from EU funded projects 

 

 

 

 

 

 

• Up to TRL 3-4 

• Clean Sky -> Demonstrators at TRL 5-6  



Propulsive Efficiency 

 



2. Improving Powerplant System Integration 

 



 



2. Improving Powerplant System Integration 

 



Example of Advanced Aircraft Integration 

 



3. Improving Propulsive and Non-Prop. Energy 

 



An example : E-Thrust Concept 

Airbus Innovation Group & RR 

System Integration and Hybrid Propulsion 



System Integration and Hybrid Propulsion 

../videos/EADS E-Thrust electric propulsion system.mp4


 

E-Fan & E-Fan X 

BAe 146 



System Integration and Hybrid Propulsion 



Aero-Engines 
Here we go … 

Part III 



Outline 
1. Open-Rotor Architectures 

 CS1-SAGE1 – RRUK 
 CS1-SAGE2 – SNECMA 
 CS2-LPA-(ENG-WP1) - SNECMA 

2. Large VHBR Turbofans Architectures – LR Aircraft 
 CS1-SAGE3 – RRUK 
 CS1-SAGE6 – RRUK (Lean Burn) 
 CS2-ENG-WP5 – RRUK 
 CS2-ENG-WP6 – RRUK  

3. VHBR Turbofans – SMR Aircraft 
  CS2-ENG-WP2 – SNECMA - UHPE 

4. Geared Turbofans – SMR Aircraft 
 CS1-SAGE4 – MTU 
 CS2-ENG-WP4 – MTU 

5. Turboshaft Engines - Helicopters 
 CS1-SAGE5 - TURBOMECA 

6. TurboProp Engines – Regional/SAT 
 CS2-ENG-WP3 TURBOMECA 
 CS2-ENG-WP8 GE Avio 

7. Small Piston Engines – Small Air Transport (SAT) 
 CS2-ENG-WP7 - SMA 



1. Open Rotor Architectures 



Outline 
1. Open-Rotor Architectures 

 CS1-SAGE1 – RRUK 
 CS1-SAGE2 – SNECMA 
 CS2-LPA-(ENG-WP1) - SNECMA 

2. Large VHBR Turbofans Architectures – LR Aircraft 
 CS1-SAGE3 – RRUK 
 CS1-SAGE6 – RRUK (Lean Burn) 
 CS2-ENG-WP5 – RRUK 
 CS2-ENG-WP6 – RRUK  

3. VHBR Turbofans – SMR Aircraft 
  CS2-ENG-WP2 – SNECMA - UHPE 

4. Geared Turbofans – SMR Aircraft 
 CS1-SAGE4 – MTU 
 CS2-ENG-WP4 – MTU 

5. Turboshaft Engines - Helicopters 
 CS1-SAGE5 - TURBOMECA 

6. TurboProp Engines – Regional/SAT 
 CS2-ENG-WP3 TURBOMECA 
 CS2-ENG-WP8 GE Avio 

7. Small Piston Engines – Small Air Transport (SAT) 
 CS2-ENG-WP7 - SMA 





CS1 – SAGE 2 – Snecma 

• Objective : to build and ground test a full-scale 
Geared Pusher Open Rotor engine 

 

 

• Main benefit of the Open Rotor concept :  

     30 % CO2 emissions reduction compared to the 
CFM56®* engine 

 

 

 
Snecma proprietary information 

Plus several 
CfP partners … 

* CFM56 engines are a product of CFM International, a 50/50 joint company between Snecma (Safran) and GE. 

 



 



Objectives and technical challenges 
 

Technical challenges 
 

 Noise Certification 

 

     
 

 

 Whole Propulsion System Integration 

 
 

 State of the Art Propulsive Efficiency and Module Efficiency 

 

 

 

 

 

* CFM56 engines are a product of CFM International, a 50/50 joint company between Snecma (Safran) and GE. 

 

Several design 

optimizations 

intensive aero-acoustic 

wind tunnel tests     

Chapter 14 

COMPLIANT 



SAGE2 Geared Counter Rotating Open Rotor 

Key technologies … 

Nacelle Components  

Allowing rotating nacelles 

Oil Cooling System 

Multi-variable power control, 

adaptative pitch actuation and 

active thermal management 

Lightweight front and rear 

rotating frames 

Robust design to address 

certification issues of rotating 

casing, controlling leakage at 

interfaces and reducing the 

weight.  

Propeller Pitch Control 

System 
Reliable Fail Safe Technology 

Lightweight Counter-

rotating propellers  
Next generation 3D woven carbon 

fibre 

Power Gear Box  

Enabling technologies to 

achieve reliability and 

power/envelope ratios required 

to the counter-rotating 

reduction gearbox for the 

installation on Open Rotor 

Architectures. 
Power Turbine  

Embedding new technologies in order 

to reduce module weight and increase 

efficiency 

 

M-88 Core Engine 
Used for GTD 



23-26 June 2015 
Proprietary Information – not to be disclosed or reproduced 

without prior authorisation 
43 

• Systems & Equipments: 
- Hispano Suiza: COTEM, ADONIS  
- Techspace Aero: GILD, LubEST 

• Bearings: 
-Snecma: SNRPBEARING 

• Mounts:  
- Snecma: Lord OpenRotor 

• Health monitoring:  
- Snecma: HITEAS 

Power gear box and Turbine 
ABAG, ITURB, VHLGM, RTM Gear, OPTIMIZE, GETREADY 

Rotating frames 
LIFEMOD, WELDMINDT, 
HIMMOVAL, WELDMECS, 
GEOVAR 

CfP projects included in SAGE 2 Demo 



23-26 June 2015 
Proprietary Information – not to be disclosed or reproduced 

without prior authorisation 
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New Dedicated Assembly and Test Facilities 

Assembly Shop  

 

 

 
Module assembly tools 

Engine assembly tools 

Foundations 



 



 

Not legally binding  



 



 



SAGE2 - Conclusion 

 Clean Sky SAGE2 Team  has delivered in 2017/2018 a Full-

Scale Open Rotor Ground Test Demo  

 This test has validated: 

 Propulsion System Integration 

 Key Technologies that will enable Breakthrough Ultra High 

Efficiency Engine Architectures 

 And will offer: 

 Key Learnings on modules performance and Noise 

 

 



2. Large Turbofan Architectures 



Outline 
1. Open-Rotor Architectures 

 CS1-SAGE1 – RRUK 
 CS1-SAGE2 – SNECMA 
 CS2-LPA-(ENG-WP1) - SNECMA 

2. Large VHBR Turbofans Architectures – LR Aircraft 
 CS1-SAGE3 – RRUK 
 CS1-SAGE6 – RRUK (Lean Burn) 
 CS2-ENG-WP5 – RRUK 
 CS2-ENG-WP6 – RRUK  

3. VHBR Turbofans – SMR Aircraft 
  CS2-ENG-WP2 – SNECMA - UHPE 

4. Geared Turbofans – SMR Aircraft 
 CS1-SAGE4 – MTU 
 CS2-ENG-WP4 – MTU 

5. Turboshaft Engines - Helicopters 
 CS1-SAGE5 - TURBOMECA 

6. TurboProp Engines – Regional/SAT 
 CS2-ENG-WP3 TURBOMECA 
 CS2-ENG-WP8 GE Avio 

7. Small Piston Engines – Small Air Transport (SAT) 
 CS2-ENG-WP7 - SMA 



CS1 – SAGE3 – Rolls-Royce 

Delivered both Ground and 
Flight Tests 

Subsystem Environmental targets (wrt 
reference) 

  CO2 [%] Noise [EPNdB] 

Composite fan system -1 to -3 -1 to -3 

Advanced integrated externals -0.5 to -1.5 0 

Low weight low pressure turbine -1 to -2 0 

A wealth of Hardware delivered through the Rolls-Royce 
led SAGE 3 – Advanced Low Pressure System engine 
programme 
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SAGE3 key technologies  

Composite Fan System 

Composite fan blades 

Composite annulus fillers 

Composite containment case 

High temperature composite materials 

Novel Liners 

Integrated acoustic and flutter 

liners 

Micro-perforate acoustic intake 

liners 

Seals 

Large diameter leaf seals 

Lightweight Advanced Dressings 

High temperature printed circuit boards 

Non-metallic pipes 

Engine Controls 

Variable fuel pumping 

High temperature electronics 

Novel sensors 

Compressor Structures 

High temperature materials 

Casting of thin sections 

Fabricated structures 

Low Pressure Turbine 

Thermal management 

High temperature materials 

Blade retention 

Damped blades 

Tip clearance 
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AdEPT – variable 
capacity fuel pumping 

CASE – sensors and 
effectors 

HITME – high 
temperature electronics 

MICROMECH -   
Microstructure Based 
Material Mechanical 
Models for Superalloys  

CfP projects included in SAGE 3 Demo 



CS1: SAGE 3 LPT1 
Low Pressure Turbine 
 

Thermal management 

High temperature materials 

Blade retention 

Damped blades 

Tip clearance measurements 

Disc shielding 



CS1 – SAGE6 – Rolls-Royce 

2017/2018 delivered both Ground and Flight Tests 

Hardware delivered for both Ground and 
Flight Tests of the Advanced Low Emissions 
Combustion System Engine programme 

Advanced/Active Control System 

NOX Emissions  Targets 
 

NOx LTO <40% CAEP6 
Cruise EINOx <12g/kg  



58 

SAGE 6 
Advanced Low Emissions Combustion Systems 

Lean Burn Combustor System 
 Operability and full system validation over the full operating envelope 
 Supported by EFE and E3E 

Combustor 
 Multi-Injection Fuel Spray Nozzles (Pilot and Main) 
 Improved Combustor designs and cooling 

Advanced/Active Control System 
 Lean burn control and fuel metering 
 Fault and health monitoring 

Rolls-Royce proprietary information 
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SAGE6 Lean Burn Key Technologies  

Engine Controls 
• Lean burn control laws 
• System safety functions 
• Rumble detection 
• Staging system fault 

accomodation 

Combustor 
• Internally staged fuel 

spray nozzles (pilot & 
main) 

• Tiled combustor 
(symmetric, canted, 
increased vol, imping. 
effusion cooled) 

• Multi-manifolds 

Turbines 
• Combustor Interaction 

(flat traverse, high swirl 
and high turbulence) 

Lean Burn Staging 
• Fuel supply 
• Fuel staging and 

splitting 
• Lean blow out 

protection Installations 
• Unit Placement 
• Dressings/Harnesses 
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CfP projects links to SAGE6 Demo 

Call #8 JTI-CS-2011-1-SAGE-01-01 RRUK: 

Lean Burn Control System Verification   

(CfP in work) 761 335€ 

Call #13 JTI-CS-2012-3-SAGE-06-02 RRUK: 

Economic manufacture of lean burn 

combustion liner tiles  

(CfP kicked off) 2 500 000€ 

Call #14 JTI-CS-2013-1-SAGE-06-06 RRUK : 

Advanced materials for lean burn combustion 

system components using Laser- Additive 

Layer Manufacturing  

(CfP Kicked off) 1 000 000€ 

Call #15 JTI-CS-2013-1-SAGE-06-03 AEC : Development 

of materials, processes, and means to enable the 

application of piezoelectric materials in aero engine controls 

(CfP kicked off) 1 500 000€ 

Call #14 JTI-CS-2013-1-SAGE-06-04 RRUK: 

Design methods for low emissions  

(CfP kicked off) 1 300 000€ 

Call #14 JTI-CS-2013-1-SAGE-06-05 RRUK  : 

Design methods for durability and operability 

of low emissions combustors  

(CfP kicked off) 850 000€ 

Call #15 JTI-

CS-2013-1-

SAGE-06-07 

RRUK 

900 000€ 

Validated 

Design 

Methodology 

for Fuel 

Manifold 

Systems 

(CfP kicked off) 

Call #16 JTI-CS-2013-1-

SAGE-06-009 RRUK  

950 000€ 

Advanced methods for 

prediction of lean burn 

combustor unsteady 

phenomena (CfP Successful) 

60 

* 

** 

** Call #16 JTI-CS-2013-1-SAGE-06-011 

RRUK 1 500 000€ 

Design methods for accurate 

combustor wall temperature (CfP 

Successful) 
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SAGE 3 – Ground Tests 

© 2015 Rolls-Royce plc 



SAGE 3 – Flight Test 

© 2015 Rolls-Royce plc 

../videos/141690_ftb_ALPS_Tucson_BRolla_MP4_HDbroadcast.mp4


CS2 – ENG-WP5 & 6 – Rolls-Royce 
Aim: System integration and delivery of whole-engine demonstration through ground and 
flight-based testing 

Advance3 Core for the UltraFanTM 

Demonstration in 2018 
Efficiency relative to Trent 700 25%+ 

ByPass Ratio 15+ Efficiency relative to Trent 700 20%+ 

Rolls-Royce UltrafanTM 

Demonstrator  

Planned EIS 2025+ 

2014 2015 2016 2017 2018 2019 2020 2021 2022 2024 2023 

Building on the success of 

the ALPS Engine from 

Clean Sky SAGE 3 

Demonstrators 

Enabling Technologies 

Lightweight 
Externals 

Controls, EHM 
& Systems 
Integration 

Power 
gear box 

Advance Core 
Architecture 

Lean Burn 
Combustor 

Lightweight Cti 
Fan blades 

Lightweight High 
Efficiency Turbines 

Lightweight High 
Efficiency Compressors 

Composite 
Containment Casing 

Optimised Powerplant 
& Nacelles 



Reducing environmental impact 

Why UltraFan™? 

© 2015 Rolls-Royce plc 
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UltraFan™ Foundations 

Lean Burn Combustor 

Fuel Burn 
Environment 
Maintenance 

Key 
Benefits 

Cooled 

Cooling 

Air 

Advanced 

High OPR 

Cycle 

Dynamic 

Sealing 

Hybrid 

Ceramic 

Bearing

s 

Advanced 

Combustor 

5th Gen 3D 

Aerodynami

cs 

Advanced 

Materials 

& Cooling 

Lightweight 

High 

Efficiency 

Compressor

s 

Lightweight 

High 

Efficiency 3 

Stage 

Turbines 

Smart 

Adaptive 

Systems 

Advance – High efficiency Core 

Light weight Composite 

© 2015 Rolls-Royce plc 

Efficient power gearbox 
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3-shaft-engines -> 2 ½ shaft 
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The road to UltraFan™ 

Advance Core Advance Core 3 Stage Turbine Core 

Trent XWB Advance UltraFan™ 

World’s most  

efficient engine 

Geared Multi Stage IPT System Lightweight LPT System Lightweight LPT System 

Variable Pitch CTi Fan System CTi Fan System Hollow Ti Fan System 

Integrated Slim Line Nacelle  

(No Thrust Reverser) 
Integrated Propulsion System Integrated Propulsion System 

Lean Burn Lean Burn Rich Burn 

© 2015 Rolls-Royce plc 
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CS2: UltrafanTM IPT 

19/09/2019 
69 



3. VHBR Turbofans 



Outline 
1. Open-Rotor Architectures 

 CS1-SAGE1 – RRUK 
 CS1-SAGE2 – SNECMA 
 CS2-LPA-(ENG-WP1) - SNECMA 

2. Large VHBR Turbofans Architectures – LR Aircraft 
 CS1-SAGE3 – RRUK 
 CS1-SAGE6 – RRUK (Lean Burn) 
 CS2-ENG-WP5 – RRUK 
 CS2-ENG-WP6 – RRUK  

3. VHBR Turbofans – SMR Aircraft 
  CS2-ENG-WP2 – SNECMA - UHPE 

4. Geared Turbofans – SMR Aircraft 
 CS1-SAGE4 – MTU 
 CS2-ENG-WP4 – MTU 

5. Turboshaft Engines - Helicopters 
 CS1-SAGE5 - TURBOMECA 

6. TurboProp Engines – Regional/SAT 
 CS2-ENG-WP3 TURBOMECA 
 CS2-ENG-WP8 GE Avio 

7. Small Piston Engines – Small Air Transport (SAT) 
 CS2-ENG-WP7 - SMA 



CS2 – ENG-WP2 – Snecma 

 



 



CS2 – ENG-WP2 – Snecma 

• Ultra High Propulsive Efficiency for SMR 
aircraft :   
towards enhanced performance   

UHBR turbofan for 
SMR aircraft 

Main Technology Objectives   
 to validate LP modules & nacelle technologies 
    
Key Technologies 
Low pressure ratio fan / variable area fan nozzle    
 Low weight / low drag fixed or rotating structures and nacelle. 
 High power gear box 
 High efficiency LP turbine & LP compressor    
 Engine / aircraft specific integration    

 
Potential Partner participation:   
 Fixed structures in propulsive system, low pressure turbine components, 
controls and systems components, shafts, bearings  

 
Snecma proprietary data 
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4. Geared Turbofans 



Outline 
1. Open-Rotor Architectures 

 CS1-SAGE1 – RRUK 
 CS1-SAGE2 – SNECMA 
 CS2-LPA-(ENG-WP1) - SNECMA 

2. Large VHBR Turbofans Architectures – LR Aircraft 
 CS1-SAGE3 – RRUK 
 CS1-SAGE6 – RRUK (Lean Burn) 
 CS2-ENG-WP5 – RRUK 
 CS2-ENG-WP6 – RRUK  

3. VHBR Turbofans – SMR Aircraft 
  CS2-ENG-WP2 – SNECMA - UHPE 

4. Geared Turbofans – SMR Aircraft 
 CS1-SAGE4 – MTU 
 CS2-ENG-WP4 – MTU 

5. Turboshaft Engines - Helicopters 
 CS1-SAGE5 - TURBOMECA 

6. TurboProp Engines – Regional/SAT 
 CS2-ENG-WP3 TURBOMECA 
 CS2-ENG-WP8 GE Avio 

7. Small Piston Engines – Small Air Transport (SAT) 
 CS2-ENG-WP7 - SMA 



Reduction Gear Box 



Next Generation Engines – Gear Box  

Architectural Change 
(decoupling of LPT – Propulsive Element speeds) 

• Enables higher BPR than conventional 
solutions 

• Lower number of HPC & LPT stages  
better Life Cycle Cost 

• Gearbox is a new enabling core module 

• Speeds optimization includes gearbox 
module (Gear Ratio  size, weight) 

Star (Left) and Planetary (Right) 
Differential: both ring and Carrier rotates 
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MTU Aero Engines Proprietary Information – not to be 

disclosed or reproduced without prior written authorisation 

CS1 – SAGE4 – MTU 

h Integrated Drive System

 Technology

tested on a specific

transmission test bench

h All-electric

VGV-Aktuator

Life leightweight TEC

dB Acoustic liner

η Surface treament

Life Erosion protection

€ new Materials (CFRP)

€ Additive Maufacturing

€ New measurement methods

h improved outer cavity design

h advanced case design

h new IAS designs

h smart ACC

h optimized airfoil shape

h improved trim balancing

lb frequency mistuned airfoils

lb CMC segments

Life TiAl blade technology

Compressor Technology 

Turbine Technology 

Clean Sky SAGE 4 Demonstrator  testing successfully completed in Dec-2016 
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MTU Aero Engines Proprietary Information – not to be disclosed 

or reproduced without prior written authorisation 

CfP projects included in SAGE 4 demonstrator 

CFRP Inner Ring  

HICOMP  

Improved 

Panel ACC  

MICMEST 

Noise Absorber 

Technology  

HOSTEL 

Advanced Actuator  

E-SEMA 

TiAl Blade 3  

DATACAST  • Total 18 SAGE4 CfP-Topics 
• 28 Partner (Unis, RI, SMEs)  
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MTU Aero Engines Proprietary Information – not to be 

disclosed or reproduced without prior written authorisation 

Lightweight CFRP design of HPC inner air seals CfP project HICOMP in 
cooperation with Cobham, UK 

PTFE  

rub material 

high temperature resistant 

CFRP material 

Targets: 

• Significant reduction of the weight 

of the static inner air seals 

• Improvement of the vibrational 

behavior of the coupled variable 

guide vane - IAS system 

Result: 

• ultra light, high temperature 

resistant seal carrier design 

• geometry adapted to the 

peculiarities of the CFRP material 

CS1 SAGE4 CfP – HIGHCOMP 
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disclosed or reproduced without prior written authorisation 
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MTU Aero Engines Proprietary Information – not to be 

disclosed or reproduced without prior written authorisation 
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disclosed or reproduced without prior written authorisation 
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MTU Aero Engines Proprietary Information – not to be 

disclosed or reproduced without prior written authorisation 

2 Shaft Compression Rig 

Future Geared Fan Engines 

Performance Parameters 

h lb Life € dB 

Clean Sky 2 

Notional Engine Concept 

∆SFC %  

∆CO2 %  

V2500 

1st gen GTF 

BPR      5 

OPR    36 

BPR   12 

BPR 14-20 

OPR 60+ 

- 15% 

- 25% Source: 

ENOVAL 

Clean Sky 2    Design 

Advanced Technology Projects   Materials 
   Manufacturing 

Compression 
System 

ICD LPC 

Expansion 
System 

Engine Demonstrator Technology Validation  

ITD

LPT

TEC     Mix
MTF

WP 4  Partner 

CS2 – ENG-WP4 – MTU 

Technology maturation for future engine generations … 
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MTU Aero Engines Proprietary Information – not to be 

disclosed or reproduced without prior written authorisation 

 

 

 

Integrated development of technologies for compression systems 

• Enable future geared fan engines with significantly improved     

performance parameters 

• Main Focus: integrated optimization of LPC, ICD and HPC 

• Technologies are demonstrated through campaigns at DLR, GKN and MTU  

ENG WP4 Compression System 

HPC       
ICD 

LPC 
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MTU Aero Engines Proprietary Information – not to be 

disclosed or reproduced without prior written authorisation 
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MTU Aero Engines Proprietary Information – not to be 

disclosed or reproduced without prior written authorisation 

ITD

LPT

TEC     Mix
MTF

WP4 Expansion System Demo.  

Engine demonstrator for validation … 

… of developed hot section technologies 

• validation of advanced designs and materials  

• validation of new manufacturing technologies 
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MTU Aero Engines Proprietary Information – not to be 

disclosed or reproduced without prior written authorisation 

 



5. Turboshaft Engines 



Outline 
1. Open-Rotor Architectures 

 CS1-SAGE1 – RRUK 
 CS1-SAGE2 – SNECMA 
 CS2-LPA-(ENG-WP1) - SNECMA 

2. Large VHBR Turbofans Architectures – LR Aircraft 
 CS1-SAGE3 – RRUK 
 CS1-SAGE6 – RRUK (Lean Burn) 
 CS2-ENG-WP5 – RRUK 
 CS2-ENG-WP6 – RRUK  

3. VHBR Turbofans – SMR Aircraft 
  CS2-ENG-WP2 – SNECMA - UHPE 

4. Geared Turbofans – SMR Aircraft 
 CS1-SAGE4 – MTU 
 CS2-ENG-WP4 – MTU 

5. Turboshaft Engines - Helicopters 
 CS1-SAGE5 - TURBOMECA 

6. TurboProp Engines – Regional/SAT 
 CS2-ENG-WP3 TURBOMECA 
 CS2-ENG-WP8 GE Avio 

7. Small Piston Engines – Small Air Transport (SAT) 
 CS2-ENG-WP7 - SMA 



CS1- SAGE 5 DEMONSTRATOR - INNOVATIVE CORE ENGINE 

Higher OPR Higher Temperature 

Low emission/ 

operability 

Compacity/ 

Performance 
Compacity/ 

Performance 

 
• Project launched in 2008  

 
• Design a totally new core 

engine called TECH800 for 
800-1000 kW range 
allowing to : 
 Reduce by 15% Fuel 

Consumption 
 Reduce overall dimension 

and weight 
 Highlight possible 

production and 
maintenance cost 
reduction axis 
 

• REACH TRL 6  
 

 



CS1- SAGE 5 - DEMONSTRATOR PLAN 
 

A demonstration in 3 steps: 
 

• Components Partial Rig tests 
 Compressor, combustion chamber, HP turbine, LP 

turbine and dynamic shaft architectures 
 

• Engine test in build 1 configuration : partial Turbine 
Entry Temperature 
 Validation of the mechanical architecture  
 Validation of starting phase  
 Performance test  

 
• Engine test in build 2 configuration : Max Turbine Entry 

Temperature 
 Performance test  
 New equipment (more electric) validation 
 Pollutant emission measures 

 
 

 

../videos/SAGE 5_v3.wmv


From Demonstrator to Market ! 







6. Turboprop Engines 



Outline 
1. Open-Rotor Architectures 

 CS1-SAGE1 – RRUK 
 CS1-SAGE2 – SNECMA 
 CS2-LPA-(ENG-WP1) - SNECMA 

2. Large VHBR Turbofans Architectures – LR Aircraft 
 CS1-SAGE3 – RRUK 
 CS1-SAGE6 – RRUK (Lean Burn) 
 CS2-ENG-WP5 – RRUK 
 CS2-ENG-WP6 – RRUK  

3. VHBR Turbofans – SMR Aircraft 
  CS2-ENG-WP2 – SNECMA - UHPE 

4. Geared Turbofans – SMR Aircraft 
 CS1-SAGE4 – MTU 
 CS2-ENG-WP4 – MTU 

5. Turboshaft Engines - Helicopters 
 CS1-SAGE5 - TURBOMECA 

6. TurboProp Engines – Regional/SAT 
 CS2-ENG-WP3 TURBOMECA 
 CS2-ENG-WP8 GE Avio 

7. Small Piston Engines – Small Air Transport (SAT) 
 CS2-ENG-WP7 - SMA 



CS2 – ENG-WP3 – Turbomeca 

• Ground demonstration of a full 
Integrated Power Plant System 

– Including Air Intake & nacelle 

– Taking advantage of the FADEC for 
enhanced system controls capabilities 

 

• The core generator is derived from the 
ARDIDEN 3 Turboshaft engine 

– Engine adaptations will be studied for 
matching TP usage 

 

• New propeller and Power Gear Box 
will be designed 



PAGB 

 Casings light weight material 

 New bearings materials 

TRL 3  TRL 6 

Propeller controls 

TRL 2  TRL 6 

Propeller 

 Integration & specification 

TRL 3  TRL 6 

Current TRL  Target TRL 

Exhaust system 

TRL 3  TRL 6 

Propeller 

 New advanced design 

 Windtunnel + Engine test 

TRL 3  TRL 6 

Air intake 

 Specification + aero design + IPS 

TRL 2  TRL 5  

Nacelle 

 Aero design 

 LCA 

TRL 3  TRL 6 

Advanced bearings 

TRL 3  TRL 6 

Air Intake + Nacelle Mock-up 

 Windtunnel test 

Advanced mechatronic 

system 

TRL 2  TRL 6 

HPT materials for TP 

applications 

TRL 4  TRL 6 

WP3 Technology Roadmap 

New Compressor design 

TRL 3  TRL 4 



CS2 – ENG-WP8 – GE Avio 

Sub-systems Technology  Development and Validation on   

Integrated Collaborative Partnership to Strengthen European 
Competitiveness in Small Air Transport Turboprop Engines Market 

+ 15% Fuel Efficiency 

- 10%  Total Operating Costs 

- 10 dB Noise Reduction (contrib.) 

High Level Objectives (vs 2014 ref. engine) 

• Integrated Low Noise Propulsive System 
• Affordable Low Emission Combustor 

• Advanced Core with High OPR 
• Low Re Turbine Design 



Not legally binding  



7. Small Piston Engines 
(Jet-fuel Diesel cycle Engines) 



Outline 
1. Open-Rotor Architectures 

 CS1-SAGE1 – RRUK 
 CS1-SAGE2 – SNECMA 
 CS2-LPA-(ENG-WP1) - SNECMA 

2. Large VHBR Turbofans Architectures – LR Aircraft 
 CS1-SAGE3 – RRUK 
 CS1-SAGE6 – RRUK (Lean Burn) 
 CS2-ENG-WP5 – RRUK 
 CS2-ENG-WP6 – RRUK  

3. VHBR Turbofans – SMR Aircraft 
  CS2-ENG-WP2 – SNECMA - UHPE 

4. Geared Turbofans – SMR Aircraft 
 CS1-SAGE4 – MTU 
 CS2-ENG-WP4 – MTU 

5. Turboshaft Engines - Helicopters 
 CS1-SAGE5 - TURBOMECA 

6. TurboProp Engines – Regional/SAT 
 CS2-ENG-WP3 TURBOMECA 
 CS2-ENG-WP8 GE Avio 

7. Small Piston Engines – Small Air Transport (SAT) 
 CS2-ENG-WP7 - SMA 



Not legally binding  

 

 

 

Improve Jet fuel reciprocating engines specifically designed 
for Small Aviation Transportation (SAT) 
 

Technical objectives 
• Lead free reciprocating engines fuel 

• 30% - 60% of CO2 emission reduction vs. 2000 aircraft 

• High Payload & long range  (twice) 

• Low noise due to low speed of rotation 
 

 

 

Competitiveness objectives 
• Develop the European and worldwide small transportation market 

• Develop European competiveness for small aeronautical engines 

 

 

 

 

 

 

 

 

 

CS2 – ENG-WP7 – SMA 



Not legally binding  

• Regular reciprocating engines burn the 100LL AvGas, a dedicated gasoline for 
piston engine aviation.  
In many countries this gas is not available or not affordable.  
In addition, it is a leaded gas associated with high fuel burn and rich mixture  
technologies providing unburnt gas at exhaust and particules.  
 

• Turbine engines burn jet A an affordable and worldwide available fuel.  
Their power density is attractive, but in the low end of power, the Specific Fuel 
Consumption is dramatically high in addition to high ownership costs. 

 

 

 

 
 
 

• Jet-fuel turbo reciprocating engines can be the compromise. 
The main challenge is to increase their power density. 

 

 

 

 

 

WP7 Programme Overview 

GA Power GA Power 

SFC Weight Diesel 

Diesel 

Gas Turbine 

Gas Turbine 

SFC and  
power density  
trends 



Not legally binding  

WP7 Programme Overview 

• Jet-fuel turbo reciprocating engines 
– Jet A fuel 

– HPC / HPT (turbocharger) 

– Intercooler & cylinder head cooling 

– Diesel cycle / compression ignition 
 

• Technologies 
– Turbochargers (altitude, long endurance) 

– Coolers (efficiency / compactness) 

– Combustion chamber (power density) 

– Core engine part design (material, design) 

– Engine architecture (compactness) 

– Propeller adaptation (torque pulse) 

– Aircraft integration (system optimization) 

 

 

 

 

 

 

 



WP7 Work Breakdown structure: topics 

Not legally binding  

Mono-cylinder 
architecture 

Multi-cylinder 
architecture 

WP7.6 
Control Syst. 



 

Not legally binding  



 

Not legally binding  



Part IV 
What’s next ? 

A roadmap to 2050 … 



The Aviation Vision 

1. Meeting societal & market needs 

• managing the effects of growth of air travel 

2. Maintaining and extending industrial leadership 

• delivering greater competitiveness 

3. Protecting the environment and the energy supply 

• achieving decarbonisation; reducing emissions/noise  

4. Ensuring safety and security 

• introducing revolutionary modes of travel 

5. Prioritising research, testing capabilities & education 

• pioneer enabling research 

 To deliver this vision and meet these challenges new technical 
solutions will be required 



Energy Conversion and 
Diversification for Decarbonisation 
 

Thrust requires conversion of energy 

 

 

• There is no single solution to 
achieve decarbonisation across all 
categories of aircraft size and range 

 

• Hence, diversification and transition 
is required across three areas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Integration into Aircraft 

Sustainable 
Alternative Fuel 

 

 

Ultra High 
Efficiency Gas 

Turbine & 
Advanced 

Configuration 

Hybridization, 
Electrification & 

Energy 
Management 



Ultra High Efficiency Gas Turbine – Why? 

1. Energy Density 
• Medium to long range aircraft 

will still require a gas turbine 
either as part of a hybrid-
electric system or direct thrust 

 
2. Efficiency Gains 

• Gains in propulsive/thermal 
efficiency still achievable 

 
3. Timing 

• Architecture changes and 
technology insertion can 
impact decarbonisation earlier 

 
 

Assumption: Evolution of battery 
energy density within next decades 
  

Automotive 



1. Energy Density 
• Medium to long range aircraft 

will still require a gas turbine 
either as part of a hybrid-
electric system or direct thrust 

 
2. Efficiency Gains 

• Gains in propulsive/thermal 
efficiency still achievable 

 
3. Timing 

• Architecture changes and 
technology insertion can 
impact decarbonisation earlier 

 
 

Further reduction in gaseous emissions:  
identified novel cycles and architectures – 
additional research needed to increase TRL 
  

Ultra high 
efficiency gas 

turbine 
& advanced 
configuration 

Ultra High Efficiency Gas Turbine – Why? 



1. Energy Density 
• Medium to long range aircraft 

will still require a gas turbine 
either as part of a hybrid-
electric system or direct thrust 

 
2. Efficiency Gains 

• Gains in propulsive/thermal 
efficiency still achievable 

 
3. Timing 

• Architecture changes and 
technology insertion can 
impact decarbonisation earlier 

 
 

• Improved efficiency engines will 
penetrate the market earlier and 
faster. 

• Hence utilising less fuel will 
contribute earlier to decarbonisation 

Ultra high 
efficiency gas 

turbine 
& advanced 
configuration 

Ultra High Efficiency Gas Turbine – Why? 
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Ultrahigh Efficiency Gas Turbine 
& advanced Configuration 

• Evolution • Revolution 

Introduce Variable Pitch Fan; 
Noise & Fuel Burn Reduction 

Increased Composites 
[Carbon; Ceramic 

Matrix; Metal Matrix]; 
Weight Reduction 

Lean Burn Enhancement;  
Emissions Reduction 

New Metallic 
Alloys; Weight & 

Fuel Burn 
Reduction 

Novel engine cycles 

Change in installation paradigm 
opens Propulsion Design Space 

Electric-Hybrid solutions requires 
power generation  
 
• novel application/adaption of 

existing  turboprop/shaft 

Gear box 
improvement; 
Weight reduction 

Ultra high 
efficiency gas 

turbine 
& advanced 
configuration 



 

Not legally binding  

Hybridisation / Electrification– Why? 

M. Hepperle, DLR 



Innovative 
ducted  
Turbofan 

Electric distributed propulsion Micro-Hybrid 
propulsion 

100% e-Propulsion 
Batteries + other sources 

A/C 0% emissions 

Hybrid distributed 
propulsion 

20%  
e-Propulsion 

5% e-Propulsion  100% e-Propulsion 
100% thermal energy 

Electricity for Engine 
start & Bleedless only 

More electrical 
aircraft 

~300 kW ~600 kW ~1 MW ~2 MW Electric  

energy at stake 

Parallel Hybrid 
Architecture 

Series/Parallel 
Partial Hybrid 
Architecture 

Series Hybrid 
Architecture 

All Electric 
Architecture 

GEN

MOT

BAT

GT 

MOT

BAT

Fuell 
Cell 

GEN

MOT

BAT

(MOT) 

GT 

MOT

BAT

GT 

MOT

BAT

GT 

~few MW 

Numerous configurations/architectures for hybrid/electrical propulsion to be investigated 

Hybridization, Electrification  
& Energy management 
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Substitute fossil fuels with sustainable alternative fuels 
for low CO2 emission and carbon neutral aviation. 

 

Drop in 

fuels 

Sustainable 

alternative 

fuels for 

carbon neutral 

aviation 

 Current/new Aircraft 

configurations  

 same infrastructure and 

logistics 

 Production capacity 

needed (carbon life cycle 

assessment) 

Non drop 

in fuels 

Liquid Natural 

Gas (LNG)  

 

H2 for CO2 

low or free 

aviation 

 

 Aircraft technology 

development 

 New Aircraft 

Configuration 

 Fuel system & tank 

 Engine optimization,  

 Thermal/cryogenic 

system  management 

 New Infrastructure and 

logistics needed 

 Production capacity 

needed  

Sustainable 
Alternative 

Fuels 
 
 



What’s next ? 



Achieving the vision.. explore new 
Technologies and Concepts  

 

UHBR 
Development 
and Flight Test 
CS2 ENGINES / 

LPA 

Regional 
Hybrid / 
Electric 

UHBR +  
Variable 

Pitch 
Fan 

Hybridized  
UHBR 

Hybrid / 
Electric 

Ground Test 
CS2 LPA 

Maturation and 
integration of 

electric 
equipments 
Ground Test 

1 

Horizon 
Europe 

activities 

Advanced 
engine 

architecture 
Studies 

BLI* Studies 
CS1 SAGE / CS2 

LPA  

Advanced 
architecture 
Flight Test 

 

 

* Boundary  

Layer Ingestion 

Hybrid / Electric 
Regional/BJ 

Long distance (mass transport) 
aircraft 

Disruptive 
configurations  

Goals/ 
targets 

Low Carbon 
Fuel 

Drop in  
Non Drop 

in/Cryo Fuel 
 

Jetscreen 
ENABLEH2  

(H2020) 



Summary 

• Societies demand for increasing mobility is now and not in 40-50 years 

 

• Continued aviation growth and urgency to reduce CO2 requires 
ongoing technology insertion 

 

• All-electric commercial aircraft is a long term solution; electrification 
will be introduced stepwise, provided that increasing complexity on 
propulsion system side can be managed on the overall platform.  

 

• In a short/medium timeframe: evolutionary technologies are 
necessary for medium and long range aircraft.  

 

• BUT at the same time we also need to create disruptive technologies 
for short and medium range aircraft   

 

• Sustainable alternative fuel would complement these technologies to 
support decarbonisation. 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Stay updated on www.cleansky.eu 
 

Find us on: 
 

 

 

       Twitter             LinkedIn              Flickr              YouTube 

 

 

http://www.cleansky.eu/


Clean Sky  
Joint Undertaking 

info@cleansky.eu 

www.cleansky.eu 

Thank You for your Attention 


