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Fuel Burn
Reduction

Alternative Fuels
Feasibility

Dual-Wall Turbine Airfoils
Design, Fabricate, Engine Test

CMC Turbine Blade Tracks
Design, Fabricate, Engine Test

HEFA Fuel Blend Demonstration
Lab & Rig Tests; Engine & Flight Demo 

Novel Fuels Demonstration
Lab & Rig Tests; Engine Demo
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 Highly-efficient turbine cooling is a key technology for Reduced 
Fuel Burn in NextGen product applications
 Reduction in cooling flow in current engine cycles
 Enables progression toward more advanced engine cycles

 Rolls-Royce CastBond® technology combines advanced cooling 
and manufacturing technologies

 Rolls-Royce has developed & patented 
high effectiveness, dual-wall turbine 
airfoil cooling systems
 Manufacturing cost has limited technology 

to advanced military applications
 Focus on maturing technologies for near-

term civil engine applications

Dual-Wall Turbine Airfoil Technology

Cooling Airflow
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Dual-Wall Turbine Airfoils – Status
 Goal: Demonstrate advanced turbine airfoil for civil application 

 Targets reduced fuel burn with low weight, long life, and affordability

 Development effort under CLEEN to-date has generated several 
lessons-learned and improvements:
 Rapid prototyping (RP) techniques are being applied to the fabrication 

of turbine vanes for civil engine demonstration

 Dual-wall vane activity progressing to plan
 Successful casting trials using rapid prototyping approach 
 Vane preliminary design complete
 Vane castings released for manufacture
 Initial hardware delivery in 2014
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Ceramic Matrix Composite Technology
 Application of advanced CMC turbine materials enables 

Reduced Fuel Burn in NextGen product applications
 Reduction in cooling flow and weight savings in current engine cycles
 Enables progression toward more advanced engine cycles

Combustion liners
Increased wall temperature
Reduced emissions

Blade tracks/shrouds
Increased temperature
Reduced weight
Improved SFC

Airfoils (blades/vanes)
Increased temperature
Reduced weight
Improved SFC

Large Civil 
3-Shaft Engine

Exhaust components 
Increased temperature
Reduced weight
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CMC Turbine Blade Tracks – Status
 Goal: Demonstrate CMC turbine blade track for civil application 

 Targets reduced fuel burn with low weight compared to metallic design

 In 2012, Rolls-Royce completed design, manufacture, and rig 
testing of SiC/SiC CMC High Pressure Turbine Blade tracks
 All thermo-mechanical validation testing conducted without issue
 Blade tracks hardware instrumented and delivered for engine test

 In 2013, CMC Blade Tracks were successfully tested as part of 
the UK Environmentally Friendly Engine (EFE) program
 Engine teardown and post-test evaluation of hardware is complete 

 Progressing to demonstrate readiness for product introduction
 Assembly is underway for next EFE test in early 2014

- 6 -

Approved for Public Release

© 2013 Rolls-Royce Corporation



Environmentally Friendly Engine (EFE) 
Program
 Demonstration program will validate new technologies aimed at 

reducing noise, fuel burn and emissions

 Key Technology Areas
 High temperature materials 
 High efficiency turbines 
 Low emissions combustion 
 Advanced manufacturing
 Engine control and actuation

 6 builds, first run start 2010
 Builds 1-3 completed
 Build 4  – Q1 2014
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HEFA Fuel Blend Demonstration
 Goal: Comprehensive evaluation of single HEFA fuel blend

 Dynamic Fuels R-8 HEFA; 50:50 blend with Jet A
 Establish correlation between rig/engine data

 Sequential and methodical progression
 Develop data to support ASTM

approval process

Lab Evaluations /
Material Compatibility

Spray Diagnostics
Rig

Flametube
Combustion Rig

3-Cup Sector 
Combustion Rig

Full Annular 
Combustor Rig

Material Endurance 
Rig

AE 3007 
Ground Test

Cessna Model 750 
Flight Test

HEFA blends approved 
by ASTM; 

Program truncated
in 2011
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HEFA Fuel Blend Demonstration - Status
 Successfully completed 

defined test plan
 Produced full quantity of HEFA 

fuel (Dynamic Fuels)
 Completed full laboratory 

analysis
 Completed drop size 

measurements at simulated 
altitude relight conditions

 Completed ignition and LBO 
testing at simulated altitude 
relight conditions

 Completed emissions 
measurements

 Completed hot section material 
endurance testing

 Testing confirmed HEFA 
blend performs as drop-in

Combustor rig

Nozzle flow rig

BECON rig

Material test specimens
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Novel Fuels Demonstration
 Goal: Comprehensive evaluation of broad range of novel 

fuels and blends through laboratory and rig testing
 Focused on alternative fuels and/or fuel blend ratios not currently on 

ASTM roadmap for approval

20112010 2012-13 

Reducing
number of 
fuels

Increasing
volume of fuels

Lab 
tests
11 fuels

RFI / 
RFP
94 RFI 
suppliers

18 RFP 
suppliers

Rig
4 fuels + 
HEFA 
blends

Engine
2 fuels

Report

 RR/FAA have agreed to forego planned engine 
test (cost/benefit)
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Novel Fuels Demonstration - Status

Fuel Description Spec and
speciation Thermal Stability Combustion 

Performance
Elastomer

Compatibility

Supplier Fuel Type Aromatic 
content

Lab 
Analysis

JFTOT
(Spec
Test)

HiReTS APU 
Emissions

Altitude 
relight

Thermal 
Cycling

Thermal + 
Fuel 

Switching

Baseline / 
Blends

Jet A-1/
Dynamic 

Fuels
HEFA

Jet A-1 
(baseline) ~16%

50/50 
Jet A-1 /SPK1 8%

25/75 
Jet A-1 /SPK1 4%

100% SPK 0%

Novel Fully-
Synthetic

Fuels

Chevron / 
ARA

Single 
Process 16%

Algeon/
Swift

Blend 
(2 synthetic

streams)
20%

BYOGY Single Process 9%

Shell/ Virent
Blend 

(2 synthetic
streams)

13%
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Novel Fuels Demonstration - Status
 Successfully completed defined test plan

 Full lab analysis and thermal stability testing
 Fuels show spec compliant thermal stability
 A number of “interesting” results – R&D database

 Combustor operability & ignition performance at 
simulated altitude relight conditions
 All fuels show performance within Jet A-1 bounds
 Results are similar to those of other background 

studies in alternatives
 Emissions measurements using APU

 Fuels showed similar performance
 Smoke and particulate emissions decrease with 

reduced aromatic content, but not all aromatics have 
the same effect on soot production

 Elastomer sealing force testing
 Sealing force measured for a range of conventional / 

synthetic aromatics and several elastomer materials

Fuel Switching

APU (Emissions)

Combustor rig
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Elastomer Sealing Force Testing
 Example of thermal cycling impact on sealing force
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Elastomer Sealing Force Testing
 Test approach

 Test regime and jigs same as for single fuel testing
 Temperature cycling and real time sealing force monitoring same
 Fuel switching regime

Order Fuel Aromatic Content 

(v/v%)

Aromatic

type

Cycles

(to equilibrium)

1 Jet A-1 - Baseline 17.3 Conventional 9

2 50% Jet A-1 + 50% UOP Dynamics 8.6 Conventional 15

3 25% Jet A-1 + 75% UOP Dynamics 4.3* Conventional 10

4 UOP Dynamics 0.1 Conventional 9

5 Jet A-1 – Re-baseline (1) 17.3 Conventional 13

6 Swift 19.7 Synthetic 11

7 ARA 15.8 Synthetic 9

8 Shell/Virent 13.4 Synthetic 8

9 Byogy 9.4 Synthetic 11

10 Jet A-1 – Re-baseline (2) 17.3 Conventional 26
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Elastomer Sealing Force Testing
 Data evaluation

 Complex dataset capturing three simultaneous effects:
 Thermal expansion/contraction - short term 24 hr temperature cycling 

(+30°C to -40°C)
 Stress Relaxation – Longer term over whole 3000 hour testing.
 Response to changing fuel types;

– Conventional aromatics
– Synthetic aromatics

 Overview of raw and processed data to bring out key findings and 
relationships

 Note under these modest thermal stresses elastomers are almost “as 
new” at end of test period
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Elastomer Sealing Force Testing
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Elastomer Sealing Force Testing
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Elastomer Sealing Force Testing

- 18 -

Approved for Public Release

© 2013 Rolls-Royce Corporation



Elastomer Sealing Force Test Conclusions
 A novel method of measuring sealing performance under 

simulated engine conditions has been developed
 Parameters measured include response to temperature, long-term 

stress relaxation and fuel composition
 Sealing force has been measured for a range of conventional 

and synthetic aromatics
 Seals performed within expected parameters and demonstrate 

known sensitivity, but expressed as sealing performance
 Testing could not cover response of aged o-rings

 All aromatics are not equal: level and type have an impact

 Test method is available to assess more novel products and 
blends

 Data needs to be reviewed by OEMs
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Summary
 Rolls-Royce has made substantial progress

 Dual-wall HP turbine vane project is progressing
 First engine test of CMC blade track hardware is complete
 Lab and rig testing of HEFA fuel blend is complete 

 Public report in process
 Lab and rig testing of novel alternative fuels is complete

 Public reports in process

 Remaining test plans will provide valuable data and 
validation of selected technologies
 Culminates with TRL6 cyclic endurance testing in Civil engine demo

 Technologies and alternative fuel data are providing 
significant contribution to FAA CLEEN program goals
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