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Program Overview

wﬁ; Ultra Efficient Engine Technology

Vision: Develop and hand off revolutionary turbine engine
propulsion technologies that will enable future generation
vehicles over a wide range of flight speeds.

Goals:

Propulsion technologies to enable increases in system
efficiency and, therefore, fuel burn reductions of up to 15 %
(equivalent reductions in CO, )

Combustor technologies (configuration and materials)
which will enable reductions in LTO* NO, of 70% relative to
1996 ICAO standards.

*LTO - Landing/Take-off



Vision

Ultra Efficient Engine Technology

Develop and hand off revolutionary propulsion turbine engine technologies that
will enable future generation vehicles over a wide range of flight speeds.

We support the vision and are committed to the success of
NASA'’s Ultra Efficient Engine Technology (UEET) Program.
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Baseline Vehicles for UEETP Technology Application Studies
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Program Hierarchy
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UEET Projects
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Altitude vs. Ozone
Concentration

Altitude (km)

Concentration (mg/M"3)

Provide system level guidance
for programmatic decision making
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Temperature

- System trade studies

- Technology assessments (metrics tracking and rollup)
Assess the effects of engine exhaust products on the atmosphere

and humans

rical Propulsion System Simulation
it _

Propulsion Systems
Integration & Assessment
Project

Perform high fidelity system simulations to reduce experimental

testing required and predict characteristics of future turbine engine propulsion systems
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Annular rig

UEET

Engine validation
(partnership with industry)

Flame tube

Combustion Project

Work with the U. S. industry to provide technology readiness to
reduce combustion emissions of future aircratft:

- 70% LTO NO, reduction for large and regional subsonic engines
- Ultra low levels of cruise NOx for supersonic aircraft
-_Validated combustor analysis and design codes
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CFD Simulation of
Multistage Axial

® Compressor using
=4 APNASA Code

3D Coupled Internal/External Simulation
of Film-Cooled Turbine Vane

Streamlines and
heat transfer over
turbine blade with

=

recess in tip : 2
Turbomachinery Project
Internal Passages \~‘§\$\§\\T\
Develop and demonstrate through component tests and analyses Wall Heat me“\
the turbomachinery technologies required for lightweight, reduced o o Internal
enum, Holes,

stage cores, low pressure spools, and propulsors for high-performance,
high efficiency and environmentally compatible propulsion systems.



UEET
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R

Materials and Structures
Project

Develop and demonstrate high
temperature engine material systems which will
enable future high performance, environmentally
compatible turbine engine propulsion systems
- Ceramic matrix composite (CMC) combustor liner
- CMC turbine vane
- Turbomachinery disk and turbine airfoil

Develop innovative low weight structural concepts




Ultra Efficient Engine Technology

Propulsion/Airframe
Integration Project

Thin for low drag Acoustic treatment
at high flight MN.
A

DIFFUSE
W/O SEPARATION

MAXIMUM DIAMETER CRITERIA

Develop and demonstrate technologies which will enable
low drag, high performance propulsion system integration
for a wide range of vehicle classes
- Validated, rapid turnaround design tools
- Active flow control
tive shape control

* CRUISE DRAG
* A/P INSTALLATION CONSTRAINTS

- *2ND SEGMENT CLIMB DRAG
*ETOPS ENGINE OUT DRAG
/ * ACCOMMODATE ACCESSORIES/STRUCTURE

Drooped to

align with

wing upwash
Thick for accessories, I}el length set by trading diffuser
&allows high Ot loss vs. weight and acoustic requirements

without separation
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Integrated Component
Technology Demonstrations
Project

*NASA /DOD / U.S. industry a means to conduct technology demonstration tests of
advanced turbine engine components and materials as part of an integrated system
(TRL 6).

*Assessment of NASA and contractor technologies for demo program consideration.

Significant technology risk reduction.

*Confidence in advanced technologies to facilitate incorporation in follow-on
product insertion programs.



The UEET “Roadmap”
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“Ultimate” Turbine
Engine Systems

« Fuel burn
- Weight

- Emissions
- Noise

- Safety

- Reliability

Baanie Integrated component
assessments/ technology validations
A redirections (in partnership with other
government agencies
and/or industry)




Each Partner Brings Unique Strengths to the
National Partnership

NASA
Commercially driven
technology leadership

- People
- Facilities
- Simulation/modeling
tools

Academia
Military requirements Fundamental knowledge
Testbed demonstrators Unique facilities
Unique facilities Education/training
U EET competence

DoD

Aeropropulsion
: EPA
Partnershi P Future environmental

regulations

DARPA
Foster innovative concepts
for military applications

FAA
Airworthiness, safety,
certification

Industry
System design capabilities
Testbed demonstrators



Concluding Remarks
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- The UEET Program will provide the revolutionary technologies needed to
enable future turbine engine propulsion systems for a wide variety of
aerospace vehicles.

- Systems requirements studies done with the U.S. Industry and Academia
will provide key inputs to determining the long term direction for the
program.

- The UEET Program content will be adjusted on a regular basis so as to
pursue the highest payoff technology set.

- The UEET Program will partner wherever appropriate with NASA Base R&T
Programs to transition technologies.

- The UEET Program will actively seek partners to carry the technologies to a
TRL6 to enable timely transitions to future industry application specific
designs.



