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CROR Technology

Contra rotating propellers
Noise optimised configuration

Propeller pitch change mechanism
maintains optimum propeller angle and
power distribution

Transmissions system
transfers energy from free
power turbine to contra-rotating
assemblies

Donor core gas turbine
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M88 gas generator

Composite blades

rotating parts
Rotating frames
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Power Turbine

Power gea\box Pitch Conhtgol Mechanism
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0.1 DEMONSTRATOR OVERVIEW

Lightweight containment fancase

Advanced lightweight dressings

Intercase for high temperature
applications (validation by rig test)

Lightweight
fan blades

Annulus fillers for
composite fan system

Lightweight and improved

Structural surface coolers

efficiency low pressure turbine
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0.1 DEMONSTRATOR OVERVIEW

New High Efficient High
Pressure Compressor

) . ! MTU ! ina Ai i | _ : :
New Lightweight | (MTU) +  Cooling Air Cooling | Turbine Midframe with
Structural Fan Frame : aggressive Interduct

based on EU-AIDA
(Volvo)

| __LowNoiseFan 4 New Lightweight
' } Exhaust Frame

(Volvo)

_____________________

Advanced Fan Drive
Gear System

(Avio)

New High Speed Low
Pressure Turbine

(MTU)

Electric Starter
Generator

______________________ . Ly cleansky.eu  cueansky

Advanced Distributed
Control System

New Lightweight LP
Turbine outer Casing
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0.1 DEMONSTRATOR OVERVIEW

Low volume Combustion

\ Chamber

Low Nox High efficiency High efficiency
Emission Compressor HP Turbi

igh efficiency
LP Turbine

Low Noise Device

------ y—— ———— Inter-shaft
architecture

=1
Improved
Torguemeter Transmission

accuracy L\_/_/

Tested on existing www.cleansky.eu
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Demonstrator *

Feasibility studies ——
preliminany-study ——

SAGE5.1: Core Study

Study ——
EBuld —

Fartial tests EE——

SAGE 5.2: Whole Engine Study
Study T —
Build

SAGE 5.3: Integration and test
SAGE 5.3 1 Whole enaine integration p—
SAGE 532 Engine build & strip
SAGE 5.3.3 Engine test
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-
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Lean Burn Demonstrator

EEC & EMU Combustion

® System Safety Functions ® Internally staged fuel spray

® LeanBurn control laws nozzles (Pilot & Main)

® Fuel staging system drives ~ ® Tiled combustor (symmetric, W
® Dedicated rumble detection - canted) \ es8sssment

® Staging system fault

® Turbine design rules

accommodation #® Optimised cooling

® System health and maintenance
monitoring and reporting

\
\ \
\ Hot Exhaust
Staging Control ® Advancednoise
® Fuel switching control treatment

Lean Burn StagingUnit ——— ® Fuel Supply system
® Fuel staging and splitting
@ Lean blow out protection
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altan

Q3|104|1Q1/Q2|/Q3|Q4]101]/Q2|/03/Q4/Q1|/0Q2|Q3|/Q4|Q1|/Q2|/Q3]| Q4

Ql)|02/Q3|Q4|Q1]| Q2| Q3| Q4

Ql1)|02/Q3|Q4|Q1]| Q2| Q3| Q4

SAGE 6 Lean Burn
Demonstrator
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* Later demonstrator builds may be committed to flight testing. However, the flight test is currently outside the timescale and affordability of Clean Sky.
This flight demonstration will use a flying test bed aircraft based in the USA.
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JTI-CS-SAGE Clean Sky - Sustainable and Green Engines 16,150,000
JTI-CS-SAGE-01 Area-01 - Open Rotor Demo 1
JTI-CS-SAGE-02 Area-02 - Open Rotor Demo 2 13,150,000
JTI-CS-2012-1-SAGE-02-011 Pitch Change Mechanism development, test and supply for engine demonstrator 7,000,000
JTI-CS-2012-1-SAGE-02-012 Optimal High Lift Turbine Blade Aero-Mechanical Design 850,000
JTI-CS-2012-1-SAGE-02-013 Advanced Non Destructive Testing methods and equipment development for fabricated structures.
500,000
JTI-CS-2012-1-SAGE-02-014 Enhanced material and lifing model including sustained peak Low Cycle Fatigue 900,000
ITI-CS-2012-1-SAGE-02-015 Advaqced electrical machlr!e manufacturing process implementation and tuning based on composite
material process technologies 200.000
JTI-CS-2012-1-SAGE-02-016 Study and durability of electrical insulating material in aircraft engine chemical environment
200,000
JTI-CS-2012-1-SAGE-02-017 Variable thickness lamination machine-tool design and manufacturing 500,000
JTI-CS-2012-1-SAGE-02-018 Engine Mounting System and Engine In-flight Balancing System 3,000,000
JTI-CS-SAGE-03 Area-03 - Large 3-shaft turbofan 2,600,000
JTI-CS-2012-1-SAGE-03-012 Non-metallic Pipes for Aero engine Dressings 1,800,000
JTI-CS-2012-1-SAGE-03-013 Extended operation temperature range for compressor structure materials 800,000
JTI-CS-SAGE-04 Area-04 - Geared Turbofan
JTI-CS-SAGE-05 Area-05 - Turboshaft 400,000
JTI-CS-2012-1-SAGE-05-016 Telemetric System Acquisition in harsh Environment 400,000




012 calls

Rotating Nozzle design

Analytical simulation and validation of complete manufacturing chain for fabricated structures

Ferrite forming process adaptation and tuning for high T°C and high vibrations applications

Light weigth and complex shape magnetic core design and manufacturing

Propeller blades de icing technology development.

Rotating cowls manufacturing

Seamless Nozzle Manufacture

High temperature resin Systems for RTM

Erosion coatings for composite applications

Ring rolled IN718 forging

Development & Manufacture of CMC segment with containment function

Physically based microstructure sim-tool DSLM parts

PECM machine tool technology for IBRs

Development of an Advanced Coating for Turbine parts
(1) Combustor-Turbine-Interaction Investigation by CFD and Experiment

www.cleansky.eu
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