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Innovation takes off



Bl
~JThe sustalnablh

. ;;g

y 'Ienge

ACARE FP2050 targets relative to a new aircraft in 2000

Flightpath 2050

Goals to take ACARE beyond 2020
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Vision 5 Vision 10
Trent XWB Advance UltraFan / Open Rotor

An enhanced |IP

Drives a high pressure
ratio core via 3 stages
of turbines (1 HP, 2 IP)
LP turbine
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& objectives
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ATechnoIogles for future large turbofan engines

I Develop and optimise lean burn combustion technology.

I Validate and verify the technology on rigs, ground engineiand
flight.

I Developengine handling and operability with a staged lean burn
combustion system.

I Developed controls capability and software

A Objective

I To deliver technologies to TRL6 with efficiency and effectiveness

A Success criteria

I Validation of NOx targets
I Demonstration to support next commercial opportunig

Clean Sky
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Call #15 JTI-CS-2013-1-SAGE-06-03 AEC : Development *
of matenals, processes, and means to enable the

application of piezoelectric matenals in aero engine controls
(Progressing well, no delays) 1 500 000€

Call #8 JTI-CS-2011-1-SAGE-01-01 RRUK:
Lean Burn Control System Verification
(CfP Complete) 761 335€

Call #15 JTI-CS- Call #13 JTI-CS-2012-3-SAGE-06-02 RRUK:
2013-1-SAGE-06- . Economic manufacture of lean bumn
07 RRUK combustion liner tiles
900 000€ (Progressing well) 2 500 000€
Validated Design
Methodology for Call #14 JTI-CS-2013-1-SAGE-06-04 RRUK:
Fuel Manifold Design methods for low emissions
Systems (Progressing well and expected to complete
) on time)
(Progressing well) 1 300 000€

Call #14 JTI-CS-2013-1-SAGE-06-05 RRUK :
Design methods for durability and operability
of low emissions combustors

Call #16 JTI-CS-2013-1- ! Protect revi resing well) 850 000€
SAGE-06-009 RRUK ¢ M (ypiect TEView progrenswg Weh)

m methods for Call #16 JTI-CS-2013-1-SAGE-06-011 Call #14 JTI-CS-2013-1-SAGE-06-06 RRUK :
prediction of lean bum | RRUK 1 500 000€ \ Advanced materials for lean bum combustion
combustor unsteady Design methods for accurate system components using Laser- Additive
phenomena (Progressing well combustor wall temperature Layer Ma(\ufactunng

no delays expected) (Progressing well and currently no (Progressing well) 1 000 000€

delavs)
o]
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TRL at 2016

Technology description

Target Current status
Low Emission€ombustor 6 6
Fuel Control System 6 5
Staging Control Laws 6 5
Noise Acoustic treatment 5 N/A
Optimised combustor/turbing 5 4

interface

A EFE verified the combustion emissions capability.

A TRL 6 will be achieved with the whole engine ground and flight testing planned i
2017- system integration and operability aspects of the system
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emissions

/

Environmental
targets

Subsystem LTO

NOXx [%] CAEP6

Lean burn system Target 40

Currentstatus <40*

ENABLING ULTRAFAN® IN CLEAN SKY 2

*Actual LTO CAEPG6 level will vary based on engine cycle. For " 7
example EFE results were equivalent to 37. Clean Skg
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nvPM measured in mains operatien
) lean burning mode
3
E
£
<.
.E * * o ; * Py & N Ambient
=15 Y =
’ 1
NH [241
A The EFE high temperature demonstrator operal -
at extreme conditions allowing emissions to be % |
. =]
fully validated across the full range of future E
engine cycles. g
A Testing showed NOXx levels for Advance Engine £ 2
37% CAEPR630-35% reduction to rich burn. ol DR S ; — Ambient
.. ¢ &
A In lean burn mode, the smoke emissions are : : ,
virtually zero and in some cases, measured valuco E‘l%] Sk
are lower than ambient. ean Y
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EFE (Erussions and ALECSYS (Trent engine) System
high T performance) Commissioning

Stennis (Noise) Flying Testv&
Operabilit
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A Engine and rig testing has demonstrated emissions levels, igniti
and relight capability meeting targets.

A Developed controls software and hardware to enable full
operability of the technology.

A Manufactured all new technology components and started build
the ALECSys demonstrator.

Fancies with
Advanced Dressings
Combustion

Turbine Interface

EEC

System Health
Monitoring

Lean Burn Control

) o
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