PE NUMBER: 0603216F

PE TITLE: Aerospace Propulsion and Power Technology

UNCLASSIFIED

Exhibit R-2, RDT&E Budget Item Justification

DATE

February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and Power Technology
L FY 2007 FY 2008 FY 2009 FY 2010 Fy 2011 FY 2012 FY 2013 Cost to Total
Cost ($in Millions) . . . . . :
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

Total Program Element (PE) Cost 150.123 142.543 170.856 189.246 174.017 135.561 129.752| Continuing TBD
10SP  Space Rocket Prop Demo 26.778 34.079 23.532 32.443 38.523 35.265 35.417 0.000 0.000
2480  Aerospace Fuels 17.979 8.666 11.387 12.203 10.646 8.416 8.546| Continuing TBD
3035  Aerospace Power Technology 13.800 14.379 8.864 9.545 9.623 9.719 9.561| Continuing TBD
4921  Aircraft Propulsion Subsystems Int 27.413 24.696 42.383 39.537 53.046 21.284 20.137| Continuing TBD
4922  Space & Missile Rocket Propulsion 4.652 4,703 5.082 2.094 2.847 5.465 4.122| Continuing TBD
5098  Advanced Aerospace Propulsion 32.839 21.741 22.984 24.306 14.945 23.271 21.731] Continuing TBD
6818 gg:]’;”;z‘: Turbine Engine Gas 26.662 34.279 56.624 69.118 44.387 30.141 30.238| Continuing TBD

Note: InFY 2007, a portion of the funding in Projects 2480 and 4921 was shifted to Project 5098. In FY 2007, Project 10SP, Space Rocket Propulsion Demonstration, was
transferred from PE 0603500F, Multi-Disciplinary Advanced Development Space Technology, Project 5033, Rocket Propulsion Demonstration, in order to more effectively
manage and provide oversight of the efforts. The funding in this PE has been increased due to emphasis on component devel opment in support of adaptive cycle technologies,
aternative hydrocarbon jet fuel, improved fuel efficiency, highly efficient embedded turbine engines, and small heavy fueled engines.

(U) A.Mission Description and Budget [tem Justification
This program devel ops and demonstrates technol ogies to achieve enabling and revol utionary advances in turbine, advanced cycle, and rocket propulsion, as well as

electrical power therma management, and fuels. The program has seven projects, each focusing on technologies with a high potential to enhance the performance of
existing and future Air Force weapons systems. Aerospace Fuels and Atmaospheric Propulsion devel ops and demonstrates improved hydrocarbon fuels and advanced
propulsion systems for high-speed/hypersonic flight. Aerospace Power Technologies develops and demonstrates power and thermal management systems for weapons
and aircraft as part of Integrated Vehicle Energy Technology (INVENT). Advanced Turbine Engine Gas Generator (ATEGG) devel ops and demonstrates core turbine
engine technologies for current and future aircraft propulsion systems. Aerospace Propulsion Subsystem Integration (APSI) integrates the engine cores demonstrated
in ATEGG with low-pressure components into demonstrator engines. Turbine engine propulsion projects within this program are part of Versatile Affordable
Advanced Turbine Engine (VAATE). A portion of the Fuels, ATEGG, and APSI projects supports adaptive cycle technology demonstrations which develop
component technology for an adaptive cycle engine architecture that provides optimized performance, fuel efficiency, and durability for widely varying mission needs.
Advanced Aerospace Propulsion devel ops the scramjet propulsion cycle to atechnology readiness level appropriate for in-flight demonstration and for full integration
with other engine cycles (including turbine and rocket based). Space and Missile Rocket Technology devel ops and demonstrates innovative rocket propulsion
technologies, propellants, and manufacturing techniques. Space and Rocket Propulsion Demonstration devel ops and demonstrates advanced and innovative low-cost
rocket turbomachinery and components, low-cost space launch propulsion system technologies, and advanced propellants for launch and orbit transfer propulsion.
Rocket propulsion projects within this program are part of Integrated High Payoff Rocket Propulsion Technology (IHPRPT), which includes the area of Technology
for the Sustainment of Strategic Systems. Note: In FY 2008, Congress added $2.0 million for Bi-Polar Wafer-Cell Metal Hydride Batteries; $1.0 million for Ceramic
Matrix Composite (CMC) Airfoil Enhancements; $6.4 million for a Family of Motors Capability Demonstration; $1.0 million for FRESH Field Renewable Energy
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Exhibit R-2, RDT&E Budget Item Justification PATE

February 2008

BUDGET ACTIVITY
03 Advanced Technology Development (ATD)

PE NUMBER AND TITLE
0603216F Aerospace Propulsion and Power Technology

have military utility and address warfighter needs.

(U) B.Program Change Summar in Millions)

(U) Previous President's Budget

(U) Current PBR/President's Budget

(U) Total Adjustments

(U) Congressiona Program Reductions
Congressional Rescissions
Congressional Increases
Reprogrammings
SBIR/STTR Transfer

(U) Significant Program Changes:
Not Applicable.

C. Performance Metrics
(U) Under Development.

System Hyhirds; $5.5 million for Silicon Carbide Power Electronics for More Electric Aircraft; $1.2 million for the Texas Research Institute for Enviornmental
Studies; $3.6 million for VAATE Small Turbofan engine technology; and $4.8 million for aVAATE High Speed Turbine Demonstrator. This program isin Budget
Activity 3, Advanced Technology Development, since it develops and demonstrates technol ogies for existing system upgrades and/or new system devel opments that

EY 2007 EY 2008 EY 2009

145.891 117.990 163.066

150.123 142.543 170.856
4.232 24.553

25.500
7.634
-3.402
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. . o . DATE
Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |10SP Space Rocket Prop Demo
Power Technology
L FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to Total
Cost ($in Millions) . . . . . .
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
10SP  Space Rocket Prop Demo 26.778 34.079 23.532 32.443 38.523 35.265 35.417 0.000 0.000
Quantity of RDT&E Articles 0 0 0 0 0 0 0

Note: InFY 2007, efforts transferred from PE 0603500F, Aerospace Propulsion and Power Technology, Project 5033, Space Rocket Propulsion Demonstration, to this Project in
order to more effectively manage and provide oversight of the efforts.

)

C)
C)

C)

C)

A. Mission Description and Budget Item Justification
This project develops and demonstrates advanced and innovative low-cost rocket turbomachinery and components, low-cost space launch propulsion technologies, and

advanced propellants for launch and orbit transfer propulsion. Additionally, this project develops technol ogies for the Technology for Sustainment of Strategic
Systems Phase 1. Characteristics such as environmental acceptability, affordability, reliability, responsiveness, reduced weight, and reduced operation and launch
costs are emphasized. Increased life and performance of propulsion systems are key goals. This project also develops chemical, electrical, and solar rocket propulsion
technologies for station-keeping and on-orbit maneuvering applications. Technology areas investigated include ground demonstrations of compact, lightweight,
advanced propulsion technologies, higher efficiency energy conversion systems (derived from an improved understanding of combustion fundamentals), and
high-energy propellants. Technological advances developed in this program could improve the performance of expendable payload capabilities by approximately 20
percent, and reduce launch, operations, and support costs by approximately 30 percent. Responsiveness and operability of propulsion systemswill be enhanced for
reusable launch systems. Technology advances could also lead to seven-year increase in satellite on-orbit time, a 50 percent increase in satellite maneuvering
capability, a 25 percent reduction in orbit transfer operational costs, and a 15 percent increase in satellite payload. The effortsin this project contribute to Integrated
High Payoff Rocket Propulsion Technology (IHPRPT), ajoint Department of Defense, National Aeronautics and Space Administration, and industry effort to focus
rocket propulsion technology on national space launch needs.

B. Accomplishments/Planned Program ($in Millions EY 2007 EY 2008 EY 2009
MAJOR THRUST: Develop liquid rocket propulsion technology for current and future space launch vehicles. Note: 20.351 22.177 17.884
In FY 2009, a portion of the funding was moved to support higher Air Force priorities.

In FY 2007: Completed testing of advanced lightweight thrust chamber and nozzle technologies. Conducted

scale-up of advanced cryogenic upper stage technologies including higher efficiency energy conversion systems.

Completed hardware design for advanced cryogenic upper stage technologies - turbopumps and thrust chambers.

Began studies for advanced hydrocarbon engine technologies for future reusable launch vehicles.

In FY 2008: Begin hardware fabrication for advanced cryogenic upper stage technologies - turbopumps and thrust

chambers. These components will be used to validate modeling, simulation, and analysis tools being devel oped.

Begin preparations for testing of these components. Start component and engine designs for advanced hydrocarbon

engine technologies for future reusable launch vehicles. Initiate an advanced manufacturing technology demo aimed

at materials and processes to support the hydrocarbon engine technology development effort. Initiate advanced

hydrocarbon fuels scale-up effort to prove out advanced hydrocarbons as fuels or additives to rocket engine fuels and
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Exhibit R-2a, RDT&E Project Justification

DATE
February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |10SP Space Rocket Prop Demo

Power Technology

C)
C)

(V)
C)

L)

L)

C)

(V)
L)

C)
C)

B. Accomplishments/Planned Program ($in Millions EY 2007
for potential use in future reusable launch vehicles.

In FY 2009: Complete advanced cryogenic upper stage hardware fabrication and begin testing components to

validate and verify modeling and simulation tools developed. Develop hydrocarbon engine components for

integration and demonstration in an advanced hydrocarbon engine concept for future reusable launch vehicles.

Continue material manufacturing scale-up effort to support hydrocarbon boost demonstration program. Continue

advanced hydrocarbon fuel/additive scale-up and proof efforts.

MAJOR THRUST: Develop solar electric propulsion technologies for existing and future satellites, upper stages, 5.088
orbit transfer vehicles, and satellite formation flying, station keeping, and repositioning.

In FY 2007: Developed electric propulsion systems for orbit-transfer by developing high-power Hall thrusters
capable of Low Earth Orbit to Geosynchronous Orbit transfer. Began component integration for the high-power Hall
thruster demonstration. Completed test flight of the advanced small satellite propulsion demonstration unit for a
microsatellite demonstration. Supported test flight of propulsive attitude control system on microsatellite
demonstration. Initiated hardware scale-up for an advanced multi-mode (high thrust or high efficiency) propulsion
system for satellites. Developed satellite sensors to analyze satellite thruster interactions.

In FY 2008: Continue development of electric propulsion systems for orbit-transfer by developing high-power Hall
thrusters capable of Low Earth Orbit to Geosynchronous Orbit transfer. Continue component integration for the
high-power Hall thruster demonstration. Continue hardware scale-up for an advanced multi-mode (high thrust or
high efficiency) propulsion system for satellites. Complete development of satellite sensors to analyze satellite
thruster interactions.

In FY2009: Continue development of eectric propulsion systems for orbit-transfer by developing high-power Hall
thrusters capable of Low Earth Orbit to Geosynchronous Orbit transfer. Conduct and complete testing of the
high-power Hall thruster demonstration. Continue hardware scale-up for an advanced multi-mode (high thrust or
high efficiency) propulsion system for satellites. Continue demonstration of advanced chemical propulsion system
for satellites.

MAJOR THRUST: Develop electric and advanced chemical based monopropellant propulsion technologies for 1.339
future satellite propulsion systems.

In FY 2007: Began development of an advanced monopropellant thruster and compl ete devel opment of

monopropel lant thruster technol ogies.

In FY 2008: Continue development of an advanced monopropellant thruster.
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o . . . DATE
Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |10SP Space Rocket Prop Demo
Power Technology
(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
(U) InFY 2009: Continue development of an advanced monopropellant thruster technologies.
(V)
(U) CONGRESSIONAL ADD: Family of Motors Capability Demonstration 0.000 6.358 0.000
(U) InFY 2007: Not Applicable.
(U) InFY 2008: Scale-up and test of solid rocket motor component technologies to provide data on viability of afamily
of motors construct.
(U) InFY 2009: Not Applicable.
(U) Total Cost 26.778 34.079 23,532
(U) C.Other Program Funding Summar in Millions
FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to
; . . . . . Total Cost
Actual Estimate Estimate Edtimate Estimate Estimate Edtimate Complete
(U) Not Applicable.
(U) D.Acquisition Strategy
Not Applicable.
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DATE

Exhibit R-2a, RDT&E Project Justification February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |2480 Aerospace Fuels
Power Technology
L FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to Total
Cost ($in Millions) . . . . . .
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2480  Aerospace Fuels 17.979 8.666 11.387 12.203 10.646 8.416 8.546| Continuing TBD
Quantity of RDT&E Articles 0 0 0 0 0 0 0

Note: The funding in this project has been increased due to emphasis on component development in support of adaptive cycle technologies, alternative hydrocarbon jet fuel, and
improved fuel efficiency.

(U) A.Mission Description and Budget [tem Justification
This project develops and demonstrates improved hydrocarbon fuels and advanced, novel aerospace propulsion technol ogies, including technologies for
high-speed/hypersonic flight and technology to increase turbine engine operational reliability, durability, mission flexibility, and performance while reducing weight,
fuel consumption, and cost of ownership. The advanced fuel emphasisis on developing and demonstrating new thermally stable, high-heat sink, and controlled
chemically reacting fuels for a conventional turbine engine, turbine-based combined cycle engines, and other advanced propulsion systems. The project also develops
and demonstrates fuel system components that minimize cost, reduce maintenance, and improve performance of future aerospace systems. The advanced propulsion
emphasis is on demonstrating concepts for combined cycle, ramjet, and scramjet engines. This project isintegrated into Versatile Affordable Advanced Turbine
Engine (VAATE). A portion of this project supports the demonstration of adaptive cycle technologies. This project devel ops component technology for an adaptive
cycle engine architecture that provides optimized performance, fuel efficiency, and durability for widely varying mission needs.

(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
(U) MAJIOR THRUST: Demonstrate thermally stable fuels and fuel system hardware concepts to enhance cooling 3.929 3.960 1.936
capacity (performance), minimize fuel coking, and reduce fuel system maintenance. Identify, develop, and
demonstrate technologies that enable the use of domestic fuel sources for military energy needs. Determine fuel
cooling requirements and specifications for an adaptive cycle engine architecture. Design, fabricate, and test key
thermal management technologies, including high heat sink fuels, cooled cooling air systems, and high
temperature/thermally efficient fuel pumps for mission adaptive engines. Note: Decreased funding in FY 2009 and
out due to emphasis on component development in support of adaptive cycle technologies.
(U) InFY 2007: Studied, tested, and demonstrated advanced high heat sink fuelsincluding those produced from
alternative energy resources and hardware concepts that can increase engine performance at high temperatures,
improve fuel system durability, and reduce maintenance due to fuel degradation in aircraft and engine hardware.
Initiated demonstrations of fuel performance at fuel temperaturesin the supercritical regime.
(U) InFY 2008: Continue demonstrations of fuel combustion performance at fuel temperatures in the supercritical
regime, as might be encountered in an engine employing a cooled cooling air system. Demonstrate engine durability
benefits from the use of alternative fuels. Develop relationship between alternate fuel composition and key
properties, including low temperature viscosity and thermal/storage stability. Improve physical property models for
aternative fuels. Develop relationship between fuel/material interactions and fuel (and material) structure.
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Exhibit R-2a, RDT&E Project Justification

DATE
February 2008

BUDGET ACTIVITY
03 Advanced Technology Development (ATD)

PE NUMBER AND TITLE

Power Technology

0603216F Aerospace Propulsion and

PROJECT NUMBER AND TITLE
2480 Aerospace Fuels

(U) B.Accomplishments/Planned Program ($in Millions

(U) InFY 2009: Continue demonstration of engine and airframe durability and performance benefits from the use of
aternative fuels. Continue development of knowledge base needed for Air Force-wide certification of alternative
fuels, especially biofuels. Continue demonstration of cooled cooling air systems and other advanced aircraft thermal
management systems. Determine fuel structure changes required to increase specific gravity to 0.775. Determine
elastomer swell agents capable of increasing swell to typical JP-8 levels. Begin determination of new specification
reguirements for biomass-derived alternative fuels. Develop key thermal management technologies, including high

heat sink fuels, cooled cooling air systems, and high temperature/thermally efficient fuel pumps.

C)

(U) MAJIOR THRUST: Determine fuel cooling requirements and specifications for advanced aircraft sensors and
directed energy weapons that will meet the needs of evolving manned systems and unmanned aerial vehicle (UAVS).

Note: In FY 2008 funding decreases due to higher Air Force priorities.

(U) InFY 2007: Demonstrated advanced low temperature and enhanced performance fuels for UAV applications
focusing on technologies that expand the flight envelope, range, or duration of UAV sto include advanced thermal

management concepts.

(U) InFY 2008: Continueto demonstrate advanced low temperature and enhanced performance fuels for UAV
applications and the Highly Efficient Embedded Turbine Engine (HEETE), focusing on advanced thermal
management technol ogies that expand the flight envelope, range, or duration of UAVs.

(U) InFY 2009: Demonstrate an advanced UAV/HEETE thermal management system that includes a cooled cooling air
system, as well as advanced approaches for ensuring fuel flow in wing tanks under high atitude, long endurance

conditions.

C)

(U) MAJIOR THRUST: Develop and demonstrate efficacy of low-cost, environmentally friendly fuel additives to reduce
soot particul ate emissions from gas turbine engines using advanced research combustors and small turbine engines.
Note: InFY 2007, funding from this Project was moved to support higher Air Force prioritiesin Project 5098,

Advanced Aerospace Propulsion, in this PE. Funding shift caused delay in development of this effort.

(U) InFY 2007: Demonstrated advanced additives to reduce soot and nitrogen oxides emissions in advanced propulsion

concepts including combined cycle engines.

(U) InFY 2008: Demonstrate advanced particul ate measurement diagnostics suitable for full-scale engine testing.

Initiate demonstration of fuel/combustor concepts that reduce both soot and NOx.

(U) InFY 2009: Continueto demonstrate advanced particulate measurement diagnostics suitable for full-scale engine

testing. Continue demonstration of fuel/combustor concepts that reduce both soot and NOx.

Project 2480
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Exhibit R-2a, RDT&E Project Justification

DATE
February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE

03 Advanced Technology Development (ATD)

Power Technology

0603216F Aerospace Propulsion and

PROJECT NUMBER AND TITLE
2480 Aerospace Fuels

(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
(V)
(U) MAJIOR THRUST: Develop and demonstrate enhancements to fuel system technology. Note: In FY 2007, funding 1.387 0.972 1.025
from this Project was moved to support higher Air Force prioritiesin Project 5098, Advanced Aerospace Propulsion,
inthis PE. Funding shift caused delay in development of this effort.
(U) InFY 2007: Designed, developed, and demonstrated hardware and fuel system simulators to evaluate key high
temperature fuel system components of reusable aerospace vehicles focusing on aerospace vehicles with advanced
and combined cycle engines that require high levels of cooling.
(U) InFY 2008: Develop combined cycle engine cooling systems, utilizing 2nd-generation endothermic fuels and other
advanced fuels.
(U) InFY 2009: Continue development and demonstration of combined cycle engine cooling systems and technol ogies
utilizing 2nd-generation endothermic fuels and other advanced fuels.
(V)
(U) MAJIOR THRUST: Identify, develop, and demonstrate low-cost approaches to reducing the fuel logistics footprint 2.080 0.598 1.025
for the Expeditionary Air Force. Note: In FY 2008, funding from this Project was moved to support higher Air
Force priorities in Project 5098, Advanced Aerospace Propulsion, in this PE. Funding shift caused delay in
development of this effort.
(U) InFY 2007: Demonstrated advanced nano-technology fuel additives, nano-technology fuel sensors, and novel
detection and mitigation technologies for biological growth.
(U) InFY 2008: Develop model for growth and spread of biological materials through fuel handling systems. Continue
to demonstrate advanced nano-technology fuel additives, nano-technology fuel sensors, and novel detection and
mitigation technologies for biological growth.
(U) InFY 2009: Develop ahility to model spread of biological materials through fuel handling systems. Initiate
demonstration of advanced additives to mitigate biological growth in conventional and alternative aerospace fuels.
(V)
(U) MAJIOR THRUST: Assured Fuels Initiative: Characterize and demonstrate the use of alternative hydrocarbon jet 0.000 0.000 2.960
fuel to comply with Air Force certifications and standards for jet fuels. Note: Funding re-directed within BPAC in
FY 2009 due to increased emphasis on development of alternative hydrocarbon jet fuel.
(U) InFY 2007: Not Applicable.
(U) InFY 2008: Not Applicable.
(U) InFY 2009: Determine fuel structure changes required to increase specific gravity to 0.775. Determine elastomer
swell agents capable of increasing swell to typical JP-8 levels. Begin determination of new specification
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o . . . DATE
Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |2480 Aerospace Fuels
Power Technology
(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
requirements for biomass-derived alternative fuels.
(V)
(U) CONGRESSIONAL ADD: Assured Fuels Process Demonstration Unit. 4.476 0.000 0.000
(U) InFY 2007: Developed capahility to investigate relationship between alternative jet fuel production processes and
resulting fuel properties. Researched effects of feedstock (coal, biomass, etc.) on resulting jet fuel properties.

(U) InFY 2008: Not Applicable.
(U) InFY 2009: Not Applicable.
(V)
(U) CONGRESSIONAL ADD: Flexible JP-8 Military Fuel Certification. 1.945 0.000 0.000
(U) InFY 2007: Supported development of lean process for certifying non-petroleum-derived jet fuels for Air Force

systems. Procured and tested non-petroleum fuels as required for certification.
(U) InFY 2008: Not Applicable.
(U) InFY 2009: Not Applicable.
(V)
(U) CONGRESSIONAL ADD: Texas Research Institute for Environmental Studies. 0.000 1.192 0.000
(U) InFY 2007: Not Applicable.
(U) InFY 2008: Continue with the devel opment of a small (air-portable) municipal wastewater treatment system.
(U) InFY 2009: Not Applicable.
(V)
(U) Tota Cost 17.979 8.666 11.387
(U) C.Other Program Funding Summary ($in Millions)

FY 2007 EY 2008 FY 2009 EY 2010 EY 2011 FY 2012 FY 2013 Cost to
, . . , . X Total Cost
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

(U) Related Activities:
(U) PE 0602203F, Aerospace

Propulsion.
(U) PE 0602102F, Materials.
(U) PE 0602204F, Aerospace

Sensors.
(U) PE 0603112F, Advanced

Materials for Weapons Systems.

R-1 Line Item No. 21
Project 2480 Page-9 of 27 Exhibit R-2a (PE 0603216F)

333
UNCLASSIFIED




UNCLASSIFIED
Sl - . . . DATE
Exhibit R-2a, RDT&E Project Justification February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |2480 Aerospace Fuels
Power Technology

(U) c.other Program Funding Summary ($in Millions)
(U) Thisproject has been

coordinated through the

Reliance 21 processto

harmonize efforts and eliminate

duplication.
(U) D.Acquisition Strategy
Not Applicable.
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Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |3035 Aerospace Power Technology
Power Technology
L FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to Total
Cost ($in Millions) . . . . . .
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
3035  Aerospace Power Technology 13.800 14.379 8.864 9.545 9.623 9.719 9.561| Continuing TBD
Quantity of RDT&E Articles 0 0 0 0 0 0 0

(U) A.Mission Description and Budget [tem Justification
This project develops and demonstrates electrical power, therma management, and distribution for aerospace applications. This technology enhances reliability and

survivability, and reduces vulnerability, weight, and life cycle costs for manned and unmanned aerospace vehicles. The electrical power system components developed
are projected to provide a two- to five-fold improvement in aircraft reliability and maintainability, and a 20 percent reduction in power system weight. This project
also develops and demonstrates electrical power and thermal management technol ogies to enable solid state high power density sources.

(U) B.Accomplishments/Planned Program ($in Millions EY 2007 EY 2008 EY 2009
(U) MAJIOR THRUST: Develop €electrical power and thermal management component subsystem technol ogies for 0.869 0.237 0.000
integration with directed energy weapons (DEW). These technologies will enable the delivery of high power for
operation of DEW. Note: In FY 2008 and FY 2009, the effortsin this thrust are reduced due to higher Air Force
priorities.
(U) InFY 2007: Completed design and performed modeling and simulation of a megawatt non-superconducting low
duty cycle generator system tailored to directed energy weapons.
(U) InFY 2008: Perform test of high power megawatt class low duty cycle power generation technology.
(U) InFY 2009: Not Applicable.
(V)
(U) MAJIOR THRUST: Develop power generation/conditioning/distribution component, energy storage, and thermal 0.000 0.000 3.900
management components and subsystem technol ogies for integration into current and future high power aircraft.
These technologies will improve aircraft self-sufficiency, reliability, maintainability, supportability, and system
weight/volume ratios, while reducing life cycle costs and enabling new capabilities. Note: In FY 2006 the efforts
within this thrust were transferred from other efforts within this project due higher priorities. Efforts will resumein
FY 2009.
(U) InFY 2007: Not Applicable.
(U) InFY 2008: Not Applicable.
(U) InFY 2009: Begin design of high temperature demonstrator and fabrication of key components.
(V)
(U) MAJIOR THRUST: Develop electrical power and therma management components and subsystem technol ogies for 1.413 2.255 0.000
special purpose applications. Note: In FY 2008, this activity will be completed.
(U) InFY 2007: Investigated alternative energy storage/generation systems for low power applications.
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Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |3035 Aerospace Power Technology
Power Technology
(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
(U) InFY 2008: Develop and fabricate high power density and high energy density fuel cell and battery energy storage
and power and thermal management/distribution components and subsystems. Deliver for field tests to demonstrate
a50% weight reduction.
(U) InFY 2009: Not Applicable.
(V)
(U) MAJIOR THRUST: Develop analytical tools and subsystems for multi-megawatt superconducting electrical power 3.151 3.443 0.000
systemsincluding power generation, conditioning, thermal management, and dynamic interaction. Note: InFY
2009, effortsin this thrust closed out due to higher Air Force priorities.
(U) InFY 2007: Began detailed design of megawatt class power demonstrator and began fabrication of key components.
(U) InFY 2008: Design and fabricate multi-megawatt superconducting power and thermal management components.
(U) InFY 2009: Not applicable.
(V)
(U) MAJIOR THRUST: Develop power and thermal management components and subsystems technologies for fielded 0.000 0.000 4.964
and future high power aircraft systems applications. These technologies will enable efficient power and thermal
management acquisition, storage, and transport for power on demand with increased system reliability and
affordability. Note: In FY 2009, the efforts within this thrust were transferred from other efforts within this Project
due to increased emphasis on component and subsystem devel opment in support of high power aircraft systems.
(U) InFY 2007: Not Applicable.
(U) InFY 2008: Not Applicable.
(U) InFY 2009: Investigate, design, and develop efficient, lightweight, wide temperature range, rugged/robust power
electronics, motor controls, actuators, heat exchangers, and thermal management components and subsystems.
(V)
(U) CONGRESSIONAL ADD: Field Renewable Energy System Hybrids (FRESH) Li lon Battery Program. 0.973 0.993 0.000
(U) InFY 2007: Developed Li-lon battery powered field renewable energy systems.
(U) InFY 2008: Investigate, design, and develop lightweight rechargeable batteries for airman portable power
applications enabling carry of lightweight energy systemsin the field for sustained operations using
renewabl e/portable energy sources. Focus is on decreasing size/weight of batteries; increasing energy density, and
extreme environmental functionality, and implementing state-of-charge communication.
(U) InFY 2009: Not Applicable.
(V)
(U) CONGRESSIONAL ADD: Development of Bi-Polar Wafer-cell NI-MH Battery. 0.973 1.987 0.000
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Exhibit R-2a, RDT&E Project Justification

DATE

February 2008

BUDGET ACTIVITY
03 Advanced Technology Development (ATD)

PE NUMBER AND TITLE

Power Technology

PROJECT NUMBER AND TITLE
0603216F Aerospace Propulsion and |3035 Aerospace Power Technology

(U) B.Accomplishments/Planned Program ($in Millions
(U) InFY 2007: Evaluated the viability of advanced nickel-metal hydride battery technology to provide an
environmental minimum/no maintenance replacement for existing vented nickel-cadmium and valve regulated

lead-acid batteries for military aircraft applications.

(U) InFY 2008: Modify the existing Ni-MH battery bipolar wafer cell design and chemistry for use with Li-ion

technology for potential application in the F-35 aircraft in both the 28 V and the 270 V batteries. Demonstrate and

deliver aprototype 28 V Li-ion cell pack
(U) InFY 2009: Not Applicable.

C)

(U) CONGRESSIONAL ADD: Silicon Carbide (SiC) Power Electronics for More Electric Aircraft.

(U) InFY 2007: Extended the present state-of-the-art on 600V, bias-enhanced, power junction field effect transistor
(JFET) technologies. Evaluated new device physics, device designs, and device fabrication technology to continue

the development of low specific on-resistance power JFET and rectifier devices.

(U) InFY 2008: Extend development of JFET technologies beyond FY 2007 accomplishments to large area devices rated

at 800 and 1200V for enhancement mode VJFETs with low specific on-resistance.

(U) InFY 2009: Not Applicable.
(U) Total Cost

(U) c.other Program Funding Summary ($in Millions)

FY 2007
Actual
(U) Related Activities:
(U) PE 0602201F, Aerospace Flight
Dynamics.
(U) PE 0602203F, Aerospace
Propulsion.
(U) PE 0602605F, Directed Energy
Technology.
(U) PE 0603605F, Advanced
Weapons Technology.
(U) Thisproject has been
coordinated through the
Reliance 21 processto

Project 3035

EY 2008
Estimate

EY 2009 EY 2010 EY 2011
Estimate Estimate Estimate

R-1 Line Item No. 21
Page-13 of 27

EY 2007

6.421

13.800

EY 2012 EY 2013
Estimate Estimate

EY 2008 EY 2009
5.464 0.000
14.379 8.864
Codlo Total Cost
Complete —
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BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |3035 Aerospace Power Technology
Power Technology

(U) c.other Program Funding Summary ($in Millions)
harmonize efforts and eliminate

duplication.
(U) D.Acquisition Strategy
Not Applicable.
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Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |4921 Aircraft Propulsion Subsystems
Power Technology Int
L FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to Total
Cost ($in Millions) . . . . . .
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
4921  Aircraft Propulsion Subsystems Int 27.413 24.696 42.383 39.537 53.046 21.284 20.137| Continuing TBD
Quantity of RDT&E Articles 0 0 0 0 0 0 0

Note: InFY 2009, The funding in this project has been increased due to emphasis on component development in support of adaptive cycle technologies.

(U) A.Mission Description and Budget [tem Justification
This project develops and demonstrates technology to increase turbine engine operationa reliability, durability, mission flexibility, and performance, while reducing

weight, fuel consumption, and cost of ownership. This project includes Aerospace Propulsion Subsystems Integration (APSI), which includes demonstrator engines
such as Joint Technology Demonstrator Engine for manned systems and Joint Expendable Turbine Engine Concept for unmanned air vehicle and cruise missile
applications. Demonstrator engines integrate core (high-pressure spool) technology developed under Advanced Turbine Engine Gas Generator project with engine
(low-pressure spool) technology such as fans, turbines, engine controls, mechanical systems, exhaust nozzles, and augmentors. Additionally, these effortsinclude
activities under national Propulsion Safety And Readiness (PSAR). This project also focuses on integration of inlets, nozzles, engine/airframe compatibility, and
power and thermal management subsystems technologies. APSI provides aircraft with potential for longer range and higher cruise speeds with lower specific fuel
consumption, surge power for successful engagements, high sortie rates with reduced maintenance, reduced life cycle cost, and improved survivability, resulting in
increased mission effectiveness. Technologies developed are applicable to sustained high-speed vehicles and responsive space launch. APSI supports goals of
Versatile Affordable Advanced Turbine Engine (VAATE), which is focused on improving propulsion capabilities while at the same time reducing cost of ownership.
Anticipated technology advances include turbine engine improvements providing approximately twice the range for a sustained supersonic combat aircraft, doubling
time on station with 10 times power output for surveillance aircraft, and propulsion for a high speed supersonic missile with double the range for time sensitive targets.
VAATE provides continuous technology transition for military turbine engine upgrades and derivatives, and has added dual-use benefit of enhancing United States
turbine engine industry's international competitiveness. A portion of this project supports demonstration of adaptive cycle technologies, which develop component
technology for an adaptive cycle engine architecture that provides optimized performance, fuel efficiency, and durability for widely varying mission needs.

(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
(U) MAJIOR THRUST: Design, fabricate, and demonstrate durability and integration technologies for turbofan/turbojet 1.285 0.817 1.696
engines. These technologies will improve durability, supportability, and affordability of current and future Air Force
aircraft.

(U) InFY 2007: Fabricated agile combat support engine technologies to increase durability of components to include
advanced aerodynamics for fans, turbines, mechanical systems, interactions between the inlet and fan, and
controls/accessories.

(U) InFY 2008: Begin testing agile combat support engine technol ogies to increase durability of components to include
advanced aerodynamics for fans, turbines, mechanical systems, interactions between the inlet and fan, and
control s/accessories.

(U) InFY 2009: Complete testing and begin validation of engine life models for engine components for agile combat
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Sl - . . . DATE
Exhibit R-2a, RDT&E Project Justification February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |4921 Aircraft Propulsion Subsystems
Power Technology Int

(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
support technologies. Initiate design of advanced features for durable fans, turbines, mechanical systems,
interactions between the inlet and fan, and control s/accessories.

(V)

(U) MAJIOR THRUST: Design, fabricate, and test advanced component technologies for improved performance and fuel 9.138 8.830 33.906
consumption of turbofan/turbojet engines for fighters, bombers, sustained supersonic and hypersonic cruise vehicles,
surveillance aircraft and transports. Each of these component technology innovations can be applied to a significant
part of the Air Force's engine inventory and offer potentially significant performance enhancements to future aircraft
engines enabling faster, more responsive systems with longer range and greater payload. Design, fabricate, and test
advanced component technologies for improved performance, fuel consumption, durability, and cost for mission
adaptive enginesin full-engine environments. Note: In FY 2009, increased funding is for final assembly and
substantial testing that will begin on large demonstrator engines.

(U) InFY 2007: Enhanced advanced designs and began fabrication and testing for lightweight high bypass engine
(utilizes a hollow fan and radial compressor) capable of operating as primary propulsion or in alift mode. Enhanced
advanced engine designs for a sustained supersonic engine using variable cycle features, an advanced fan, improved
turbine using cooled metal and cooled ceramic matrix composites (CMCs), and lightweight CMC cases and ducts.

(U) InFY 2008: Finish testing of lightweight high bypass engine components (utilizes a hollow fan and radial
compressor) capable of operating as primary propulsion or in alift mode. Begin fabrication and assembly of
advanced engine designs for a supersonic engine using variable cycle features, advanced fan, improved turbine using
cooled metal and cooled CMCs, advanced augmentor, and lightweight CMC cases and ducts. Begin and finish
preliminary design of advanced adaptive cycle (third air stream) engine technologies, including an advanced fan,
high work variable low turbine for long dwell time, controls, inlet integration, and advanced exhaust nozzle for
subsonic to sustained supersonic flight. Begin detailed design and procurement of long lead hardware for an
advanced adaptive cycle (third air stream) engine technologies, including an advanced fan, high work variable low
turbine for long dwell time, controls, inlet integration, and advanced exhaust nozzle for subsonic to sustained
supersonic flight.

(U) InFY 2009: Finish assembly and begin testing of engine designs for a supersonic and subsonic engine using
variable cycle features, an advanced fan, improved turbine using cooled metal and cooled CMCs, advanced
augmentor, and lightweight CMC cases and ducts. Initiate design of high bypass ultrafuel efficient engine. Finish
detailed design of advanced adaptive cycle (third air stream) engine technologies, including an advanced fan, high
work variable low turbine for long dwell time, controls, inlet integration, and advanced exhaust nozzle for subsonic
to sustained supersonic flight. Finish detailed design and initiate fabrication of advanced fan, high work variable low
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Exhibit R-2a, RDT&E Project Justification

DATE
February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and
Power Technology

PROJECT NUMBER AND TITLE
4921 Aircraft Propulsion Subsystems
Int

(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009

turbine for long dwell time, controls, inlet integration, and advanced exhaust nozzle for subsonic to sustained
supersonic flight. Initiate preliminary design for a high bypass/high overall pressure ratio engine for improved fuel
consumption.

(V)

(U) MAJIOR THRUST: Design, fabricate, and test advanced component technologies for limited life engines. These
technologies improve performance, durability, and affordability of engines for missile and unmanned air vehicles
(UAVs), and subsonic to hypersonic weapon applications. Note: In FY 2008 and out, increased funding is to conduct
component hardware fabrication and engine testing.

(U) InFY 2007: Fabricated advanced high temperature cooled turbine blade and combustor for UAV applications.
Began fabrication of advanced components for technologies for intelligent and durability engine testing to include an
advanced fan/compressor, a ceramic turbine, turbine with new advanced cooling approach, and oil-less bearings for
missile applications.

(U) InFY 2008: Finish fabrication of engine components of advanced high temperature cooled turbine blade and
combustor for UAV applications. Finish fabrication and begin assembly of advanced components for technologies
for engine testing to include an advanced lightweight fan/compressor, turbines with new advanced cooling
approaches, oil-less bearings and high through flow combustors for missile applications. Begin testing of advanced
components for technologies for engine testing to include an advanced light weight fan/compressor, turbines with
new advanced cooling approaches, oil-less bearings and high thru flow combustors for missile applications.

(U) InFY 2009: Finish testing of advanced components for technologies for engine testing to include an advanced light
weight fan/compressor, turbines with new advanced cooling approaches, oil-less bearings and high thru flow
combustors for missile applications. Initiate design of a higher specific thrust low cost high mach expendable
turbine engine for improved fuel efficiency improving range. Initiate low spool components for fuel efficient
subsonic unmanned turbofan engines.

(V)

(U) CONGRESSIONAL ADD: Versatile Affordable Advance Turbine Engine (VAATE)-Small Turbofan (STF). This
add in FY 2007 was previoudly titled X TC58F Technology V ersatile Affordable Advanced Turbine Engine Program
(Note: Only for the XTC 58F/1 demonstrator program).

(U) InFY 2007: Established conceptual design of highly efficient embedded turbine engine based around small turbofan
core. Designed and evaluated high pressure compressor rig; improved bearings, improved seals, and thermal barrier
coating for the high pressure turbine. Assessed integration issues such as incorporation of variable exhaust nozzle.

(U) InFY 2008: Thiseffort will add additional high pressure turbine component test time, additional engine core test
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o . . . DATE
Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |4921 Aircraft Propulsion Subsystems
Power Technology Int
(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
time, conceptual studies for Revolutionary Hunter-Killer core applications with air framers, and cover hardware
costs.
(U) InFY 2009: Not Applicable.
(V)
(U) CONGRESSIONAL ADD: Versatile Affordable Advance Turbine Engine (VAATE), High Speed Turbine 5.351 4,769 0.000
Demonstrator. Thisadd in FY 2007 was previously titled Acceleration VAATE Advanced Supersonic Cruise
Missile Engine (formerly VAATE Advanced Supersonic Cruise Missile Engine).
(U) InFY 2007: Defined and developed Long Range Strike Mach 4+ expendabl e turbine engine technologies.
(U) InFY 2008: Develop an advanced variable nozzle, continue hardware material s process devel opment, and continue
risk reduction efforts for the high speed engine demonstrator.
(U) InFY 2009: Not Applicable.
(U) Tota Cost 27.413 24.696 42.383
(U) C.Other Program Funding Summary ($in Millions)
EY 2007 EY 2008 EY 2009 EY 2010 EY 2011 EY 2012 EY 2013 Cost to Total Cost
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete —
(U) Related Activities
(U) PE 0602201F, Aerospace Flight
Dynamics.
(U) PE 0602203F, Aerospace
Propulsion.
(U) PE 0603003A, Aviation
Advanced Technology.
(U) Thisproject has been

coordinated through the
Reliance 21 processto
harmonize efforts and eliminate

duplication.
(U) D.Acquisition Strategy
Not Applicable.
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Exhibit R-2a, RDT&E Project Justification

DATE

February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |4922 Space & Missile Rocket
Power Technology Propulsion
L FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to Total
Cost ($in Millions) . . . . . .
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
4922  Space & Missile Rocket Propulsion 4.652 4.703 5.082 2.094 2.847 5.465 4.122| Continuing TBD
Quantity of RDT&E Articles 0 0 0 0 0 0 0
(U) A.Mission Description and Budget [tem Justification
This project develops and demonstrates technologies for sustainment of strategic systems (including solid boost/missile propulsion, Post Boost Control, and aging and
surveillance efforts) and tactical rockets. Characteristics such as environmental acceptability, affordability, reliability, reduced weight, and reduced operation and
launch costs are emphasized. Increased life and performance of propulsion systems are key goals. Technology areas investigated include ground demonstrations of
compact, lightweight, advanced propulsion systems, higher efficiency energy conversion systems (derived from an improved understanding of combustion
fundamentals), and high-energy propellants. Technological advances developed in this program are being accomplished in two phases to improve the performance of
expendable systems' payload capabilities by approximately 25 percent (Phase 1)/35 percent (Phase I1) and reduce hardware and operation costs by approximately 25
percent (Phase 1)/35 percent (Phase I1). Aging and Surveillance efforts could reduce lifetime prediction uncertainties for individual motors by 50 percent, enabling
motor replacement for cause. This program is part of the Technologies for the Sustainment of Strategic Systems program and supports Integrated High Payoff Rocket
Propulsion Technology (IHPRPT).
(U) B.Accomplishments/Planned Program ($in Millions EY 2007 EY 2008 EY 2009
(U) MAJIOR THRUST: Develop and demonstrate missile propulsion and Post Boost Control Systems (PBCS) 3.629 0.658 0.000
technologies for ballistic missiles. Note: In FY 2008, this effort will be completed.
(U) InFY 2007: Completed testing the first of two motors for the Missile Propulsion Demonstration.
(U) InFY 2008: Complete testing of the second of two motors for the Missile Propulsion Demonstration.
(U) InFY 2009: Not Applicable.
(V)
(U) MAJIOR THRUST: Develop and demonstrate missile propulsion, PBCS, aging, and surveillance technologies for 0.558 2.352 3.354
strategic systems. Efforts support Technology for Sustainment of Strategic Systems (TSSS). Note: In FY 2008 and
out, funding increase supports build up and testing in a full-scale missile propulsion demonstration.
(U) InFY 2007: Completed modeling and simulation tools development for analyzing and developing missile
components. Began development of subcomponents to test the accuracy of the previously developed modeling and
simulation tools and updated the models with the resulting data for use in an upcoming missile propulsion
demonstration.
(U) InFY 2008: Continue development of subcomponents to test the accuracy of the previously developed modeling
and simulation tools and update the models with the resulting data for use in an upcoming missile propulsion
demonstration.
(U) InFY 2009: Complete sub-scale component devel opments providing sub-scale validation of modeling and
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DATE
February 2008

BUDGET ACTIVITY

03 Advanced Technology Development (ATD)

PE NUMBER AND TITLE
0603216F Aerospace Propulsion and

PROJECT NUMBER AND TITLE
4922 Space & Missile Rocket

Power Technology Propulsion
(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
simulation tools. Initiate full-scale demonstration of advanced missile propulsion components, advanced solid
propellants, and advanced modeling and simulation tools.
(V)
(U) MAJIOR THRUST: Develop and demonstrate aging and surveillance technologies for strategic systems to reduce 0.465 1.693 1.728
lifetime prediction uncertainties for individual motors by 50 percent, enabling motor replacement for cause. Efforts
support Technology for Sustainment of Strategic Systems (TSSS). Note: FY 2008 and out, funding increased to
conduct demonstrations of aging and surveillance technol ogies.
(U) InFY 2007: Initiated scale-up activities for an advanced service life prediction program integrating existing and
advanced sensors, models, and tools to predict service life of a solid rocket motor on a motor-by-motor basis.
(U) InFY 2008: Continue scale-up activities for an advanced service life prediction program integrating existing and
advanced sensors, models, and tools to be able to predict the service life of a solid rocket motor on a motor-by-motor
basis.
(U) InFY 2009: Begin full-scale demonstration of advanced aging and surveillance tools for solid rocket motorsto
validate and verify modeling and simulation tools and component technol ogies.
(V)
(U) Tota Cost 4.652 4.703 5.082
(U) C.other Program Funding Summary ($in Millions)
FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to Total Cost
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete —
(U) Related Activities:
(U) PE 0602102F, Materials.
(U) PE 0602203F, Aerospace
Propulsion.
(U) PE 0602601F, Spacecraft
Technology.
(U) PE 0603401F, Advanced
Spacecraft Technology.
(U) PE 0603500F,
Multi-Disciplinary Advanced
Development Space Technology.
(U) PE 0603853F, Evolved
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Sl - . . . DATE
Exhibit R-2a, RDT&E Project Justification February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |4922 Space & Missile Rocket
Power Technology Propulsion

(U) C.Other Program Funding Summary ($in Millions)
Expendable Launch Vehicle
Program.
(U) PE 0603114N, Power Projection
Advanced Technology.
(U) Thisproject has been
coordinated through the
Reliance 21 processto
harmonize efforts and eliminate
duplication.

(U) D.Acquisition Strategy
Not Applicable.
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Exhibit R-2a, RDT&E Project Justification

DATE

February 2008

BUDGET ACTIVITY
03 Advanced Technology Development (ATD)

PE NUMBER AND TITLE
0603216F Aerospace Propulsion and

PROJECT NUMBER AND TITLE
5098 Advanced Aerospace

Power Technology Propulsion
L FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to Total
Cost ($in Millions) . . . . . .
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
5098  Advanced Aerospace Propulsion 32.839 21.741 22.984 24.306 14.945 23.271 21.731] Continuing TBD
Quantity of RDT&E Articles 0 0 0 0 0 0 0

Note: Funding is higher in FY 2007 and FY 2009 to support ground demonstrations and fabrication of test vehicles for flight demonstrations.
(U) A.Mission Description and Budget [tem Justification

This project develops and demonstrates, via ground and flight tests, scramjet propulsion cycle to atechnology readiness level appropriate for full integration with other
engine cycles (including turbine and rocket-based) to provide the Air Force with transformational military capabilities. The primary focus is on hydrocarbon-fueled,
scramjet engine. Multi-cycle engines will provide propulsion systems for possible application to support aircraft and weapon platforms operating over arange of Mach

0to 8+. Effortsinclude scramjet flow-path optimization to enable operation over the widest possible range of Mach numbers, active combustion control to assure

continuous positive thrust (even during mode transition), robust flame-holding to maintain stability through flow distortions, and maximized volume-to-surface areato
minimize thermal load imposed by the high-speed engine. Thermal management plays a vital role in scramjet and combined cycle engines, including considerations

for protecting low speed propulsion systems (e.g., turbine engines) during hypersonic flight.

(U) B.Accomplishments/Planned Program ($in Millions EY 2007
(U) MAJIOR THRUST: Develop and demonstrate technologies for a hydrocarbon-fueled scramjet with robust operation 32.839

over arange of Mach 4 to 8.
(U) InFY 2007: Completed engine and vehicle designs and conducted vehicle critical design review. Fabricated and

tested flight clearance engine and initiated fabrication of flight engines. Established flight test profiles and margins.

Initiated fabrication of air vehicle flight hardware and began flight test preparations at supporting test centers.
(U) InFY 2008: Complete fabrication of air vehicle flight hardware and finalize flight test preparations at supporting

test centers (Air Force Flight Test Center and Point Mugu Test Center).
(U) InFY 2009: Conduct integrated air vehicle/propulsion flight tests and conduct post test data reduction and

reporting.
(U) Tota Cost 32.839
(U) C.Other Program Funding Summar in Millions

FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Actual Estimate Estimate Edtimate Estimate Estimate Edtimate
(U) Related Activities:
(U) PE 0602102F, Materias.
(U) PEO060203F, Aerospace
Propulsion.
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Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |5098 Advanced Aerospace
Power Technology Propulsion

(U) C.Other Program Funding Summary ($in Millions)
(U) Thisproject will be coordinated

through the Reliance 21 process

to harmonize efforts and

eliminate duplication.
(U) D.Acquisition Strategy

Not Applicable.
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Exhibit R-2a, RDT&E Project Justification February 2008
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE
03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |681B Advanced Turbine Engine Gas
Power Technology Generator
. s FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 Cost to Total
Cost ($in Millions) . . . . . .
Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

6818 ggx:r”;i‘: Turbine Engine Gas 26.662 34.279 56.624 69.118 44.387 32141 30.238| Continuing TBD

Quantity of RDT&E Articles 0 0 0 0 0 0 0

Note: In FY 2008 and out, funding has been increased in FY 2008 and out due to emphasis on component development in support of adaptive cycle demonstrations, highly
efficient embedded turbine engines, and small heavy fueled engines.

(U) A.Mission Description and Budget Item Justification
This project develops and demonstrates technology to increase turbine engine operational reliability, durability, mission flexibility, and performance while reducing

weight, fuel consumption, and cost of ownership. The objective isto provide continued evolution of technologies into an advanced gas generator in which
performance, cost, durability, reparability, and maintainability can be assessed in aredlistic engine environment. The gas generator, or core, is the basic building block
of the engine and nominally consists of a compressor, a combustor, a high-pressure turbine, mechanical systems, and core subsystems. Experimental core engine
demonstration validates engineering design tools and enhances rapid, low-risk transition of key engine technologiesinto engineering development, where they can be
applied to derivative and/or new systems. These technologies are applicable to awide range of military and commercial systems including aircraft, missiles, land
combat vehicles, ships, and responsive space launch. Component technologies are demonstrated in a core (sub-engine). This project also assesses impact of low spool
components (such asinlet systems, fans, low pressure turbines, and exhaust systems) and system level technologies (such asintegrated power generators and thermal
management systems) on core engine performance and durability in "core-centric engine" demonstration. The core performances of this project are validated on
demonstrator engines in Project 4921 of this PE. Effortsare part of Versatile Affordable Advanced Turbine Engines (VAATE). A portion of this project supports the
demonstration of adaptive cycle technologies, which develop component technology for an adaptive cycle engine architecture that provides optimized performance,
fuel efficiency, and durability for widely varying mission needs.

(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009
(U) MAJIOR THRUST: Design, fabricate, and demonstrate performance predictions in core engines, using innovative 21.088 21.303 45.299
engine cycles and advanced materials to provide greater durability, improved performance, and reduced fuel
consumption for turbofan/turbojet engines for fighters, attack aircraft, bombers, sustained supersonic and combined
cycle hypersonic cruise vehicles, and large transports. Each of these technology innovations can be applied to a
significant part of the Air Force's engine inventory and offer potentially significant performance enhancements to
future aircraft engines, thus enabling new capabilities for faster, survivable, durable, more responsive systems with
longer range and greater payloads for long range strike capability. Note: In FY 2009, funding increased to complete
hardware fabrication and conduct engine demonstrations.
(U) InFY 2007: Completed detailed design and began fabrication of advanced core engine technologies, including
advanced turbine blade materials incorporating next generation cooling schemes, novel coatings to reduce combustor
and turbine heat loads, ceramic turbine components, and systems for active control, thermal management, and power
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Exhibit R-2a, RDT&E Project Justification PATE

February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE

03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |681B Advanced Turbine Engine Gas

Power Technology Generator

C)

L)

L)

(V)
)

L)

C)

B. Accomplishments/Planned Program ($in Millions EY 2007 EY 2008
extraction. Completed preliminary design and risk reduction planning for atip turbine concept, including a novel
compression system, innovative annular combustor, and advanced rotating seals. Designed and began fabrication of
unique compression system components.

In FY 2008: Complete fabrication and initiate instrumentation and assembly of advanced core engine components,
including advanced turbine blade materials incorporating next generation cooling schemes, novel coatings to reduce
combustor and turbine heat |oads, ceramic turbine components, and systems for active control, thermal management,
and power extraction. Complete detailed design and initiate fabrication for atip turbine concept, including a novel
compression system, innovative annular combustor, and advanced rotating seals. Complete design and fabrication of
unique compression system components. Initiate preliminary design of high temperature capable, durable
compressor, combustor, and turbine for sustained supersonic long range strike core engine.

In FY 2009: Complete assembly and demonstration of advanced core engine components, including advanced
turbine blade materials incorporating next generation cooling schemes, novel coatings to reduce combustor and
turbine hesat |oads, ceramic turbine components, and systems for active control, thermal management, and power
extraction. Complete fabrication and initiate performance demonstration of atip turbine concept, including a novel
compression system, innovative annular combustor, and advanced rotating seals. Complete fabrication, assembly
and experimental demonstration of unique compression system components. Complete preliminary design of high
temperature capable, durable compressor, combustor, and turbine for sustained supersonic long range strike core
engine.

MAJOR THRUST: Design, fabricate, and demonstrate high overall pressure ration cores to provide increased 3433 11.983
durability and affordability with lower fuel consumption for turbofan/turboshaft engines for long endurance high
atitude unmanned air vehicles for persistent intelligence surveillance reconnaissance, intertheater/intratheater
transports, subsonic Unmanned Air Systems (UAS), and powered munitions. Note: In FY 2008 and out, funding in
this effort has been increased due to emphasis on component development in support of highly efficient embedded
turbine engines and small heavy fueled engines.

In FY 2007: Completed detailed design and initiated fabrication of core components for highly efficient core engine
concept with advanced core technologies including high efficiency, high pressure ratio, high temperature capability
compressor, high efficiency, high heat release combustor, and high work, high cooling effectiveness turbine with an
integrated thermal management system and advanced mechanical systems. Completed experimental demonstration
of multi-Service heavy fuel engine technologies for future rotorcraft.

In FY 2008: Complete fabrication and initiate assembly of highly efficient core engine components concept with
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Exhibit R-2a, RDT&E Project Justification February 2008

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT NUMBER AND TITLE

03 Advanced Technology Development (ATD) 0603216F Aerospace Propulsion and |681B Advanced Turbine Engine Gas
Power Technology Generator

(U) B.Accomplishments/Planned Program ($in Millions FY 2007 FY 2008 FY 2009

advanced core technologies including high efficiency, high pressure ratio, high temperature capability compressor,
high efficiency, high heat release combustor, and high work, high cooling effectiveness turbine with an integrated
thermal management system and advanced mechanical systems. Create preliminary design of UAS small versatile
affordable advanced core engine technologies including an efficient high pressure compressor, a high heat release
combustor, and high performance turbine, and systems for thermal management and advanced power extraction.

(U) InFY 2009: Complete assembly and demonstrate a highly efficient core engine concept with advanced core
technologies including high efficiency, high pressure ratio, high temperature capability compressor, high efficiency,
high heat release combustor, and high work, high cooling effectiveness turbine with an integrated thermal
management system and advanced mechanical systems. Initiate design of higher pressure ratio core components.
Conduct preliminary design of core for highly efficient core engine concept with advanced core technol ogies
including high efficiency, high pressure ratio, high temperature capability compressor, high efficiency, high heat
release combustor, and high work, high cooling effectiveness turbine with an integrated thermal management system
and advanced mechanical systems. Complete design, initiate hardware fabrication, and continue selective risk
reduction experimental demonstrations of UAS small versatile affordable advanced core engine technologies
including a high heat rel ease combustor, durable high performance turbine, and systems for thermal management and
advanced power extraction.

(V)

(U) CONGRESSIONAL ADD: Versdtile Affordable Advanced Turbine Engines (VAATE) (Note: only for project 2141 0.000 0.000
681B).

(U) InFY 2007: Identified and evaluated engine control issues and effects of rapidly drawing large amounts of power
off the engine. Assessed viability of anew combustor configuration, an advanced turbine cooling concept, and an
advanced high pressure compressor rotor.

(U) InFY 2008: Not Applicable.

(U) InFY 2009: Not Applicable.

(V)

(U) CONGRESSIONAL ADD: Ceramic Matric Composite (CMC) Airfoil Capability Enhancements 0.000 0.993 0.000

(U) InFY 2007: Not Applicable.

(U) InFY 2008: This program will demonstrate CM C airfoil fabrication capability enhancements for application to
advanced aerospace gas turbines. Focus will be on design, fabrication, and testing of critical airfoil sub-elements.

(U) InFY 2009: Not Applicable.

(0] (o] . . .
(U) Tota Cost 26.662 34.279 56.624
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DATE

February 2008

BUDGET ACTIVITY
03 Advanced Technology Development (ATD)

PE NUMBER AND TITLE
0603216F Aerospace Propulsion and
Power Technology

PROJECT NUMBER AND TITLE
681B Advanced Turbine Engine Gas
Generator

(U) C.Other Program Funding Summary ($in Millions)

EY 2007
Actual

Related Activities:

PE 0602201F, Aerospace Flight

Dynamics.

PE 0602203F, Aerospace

Propulsion.

PE 0603003A, Aviation

Advanced Technology.

This project has been

coordinated through the

Reliance 21 processto

harmonize efforts and eliminate

duplication.

D. Acquisition Strategy
Not Applicable.

(V)
C)

L)
()
()

C)

Project 681B

EY 2008

Estimate

EY 2009
Estimate

EY 2010
Estimate

EY 2011
Estimate

EY 2012
Estimate
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