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Process for Integration and Prioritization

= The steering committee developed:
— Framework for the study
— Strategic Objectives
— Guidelines for the panels
— QFD to be used

— Identified, defined, and weighted the Strategic
Objectives as well as the Why NASA? Criteria

— Qutlined some basic rules and conventions for
completing the prioritization process



Strategic Objectives for Civil Aero R&T

ncrease capacity
mprove safety and reliability
ncrease efficiency and performance

Reduce energy consumption and environmental
Impact

Take advantage of synergies with national and
homeland security.

Support the space program.



Aeronautics R&T Areas

Area A: Aerodynamics and aeroacoustics
Area B: Propulsion and power
Area C: Materials and structures

Area D: Dynamics, navigation, and control, and
avionics

Area E: Intelligent and autonomous systemes,
operations and decision making, human
integrated systems, and networking and
communications



QFD
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Area A: Aerodynamics and Aeroacoustics

10.
11.

Integrated system performance through novel propulsion-airframe integration

Aerodynamic performance improvement through transition, boundary layer, and
separation control

Novel aerodynamic configurations that enable high performance and/or flexible
multimission aircraft

Aerodynamic designs and flow control schemes to reduce aircraft and rotor noise

Accuracy of prediction of aerodynamic performance of complex 3D configurations,
including improved boundary layer transition and turbulence models and associated
design tools

Aerodynamics robust to atmospheric disturbances and adverse weather conditions,
including icing

Aerodynamic configurations to leverage advantages of formation flying

Accuracy of wake vortex prediction, and vortex detection and mitigation techniques
Aerodynamic performance for V/STOL and ESTOL, including adequate control power
Techniques for reducing/mitigating sonic boom through novel aircraft shaping
Robust and efficient multidisciplinary design tools



Area B: Propulsion and power
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Quiet propulsion systems

Ultraclean gas turbine combustors to reduce gaseous and
particulate emissions in all flight segments

Intelligent engines and mechanical power systems capable of
self-diagnosis and reconfiguration between shop visits

Improved propulsion system fuel economy

Propulsion systems for short takeoff and vertical lift
Variable-cycle engines to expand the operating envelope
Integrated power and thermal management systems
Propulsion systems for supersonic flight

High-reliability, high-performance, and high-power density
aircraft electric power systems

. Combined-cycle hypersonic propulsion systems with mode

transition



Area C: Materials and structures
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8.
9.

Integrated vehicle health management

Adaptive materials and morphing structures
Multidisciplinary analysis, design, and optimization
Next-generation polymers and composites

Noise prediction and suppression

Innovative high-temperature metals and
environmental coatings

Innovative load suppression, and vibration and
aeromechanical stability control

Structural innovations for high-speed rotorcraft
High-temperature ceramics and coatings

10. Multifunctional materials



Area D: Dynamics, navigation, and
control, and avionics
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8.
9.

Advanced guidance systems

Distributed decision making, decision making under uncertainty,
and flight path planning and prediction

Aerodynamics and vehicle dynamics via closed-loop flow control
Intelligent and adaptive flight control techniques

Fault-tolerant and integrated vehicle health management systems
Improved onboard weather systems and tools

Advanced communication, navigation, and surveillance (CNS)
technology

Human—machine integration
Synthetic and enhanced vision systems

10. Safe operation of unmanned air vehicles in the national airspace



Area E: Intelligent and autonomous systems, operations and

decision making, human integrated systems, and networking and

communications

10.

Methodologies, tools, and simulation and modeling capabilities to design and
evaluate complex interactive systems

New concepts and methods of separating, spacing, and sequencing aircraft

Appropriate roles of humans and automated systems for separation assurance,
including the feasibility and merits of highly automated separation assurance
systems

Affordable new sensors, system technologies, and procedures to improve the
prediction and measurement of wake turbulence

Interfaces that ensure effective information sharing and coordination among
ground-based and airborne human and machine agents

Vulnerability analysis as an integral element in the architecture design and
simulations of the air transportation system

Adaptive ATM technigues to minimize the impact of weather by taking better
advantage of improved probabilistic forecasts

Transparent and collaborative decision support systems
Using operational and maintenance data to assess leading indicators of safety

Interfaces and procedures that support human operators in effective task and
attention management



Common Themes

Physics-based analysis tools to enable analytical capabilities that go
far beyond existing modeling and simulation capabilities and reduce
the use of empirical approaches

Multidisciplinary design tools to integrate high-fidelity analyses
with efficient design methods and to accommodate uncertainty,
multiple objectives, and large-scale systems

Advanced configurations to go beyond the ability of conventional
technologies and aircraft to achieve the Strategic Objectives

Intelligent and adaptive systems to significantly improve the
performance and robustness of aircraft and the air transportation
system as a whole

Complex interactive systems to better understand the nature of and
options for improving the performance of the air transportation
system, which is itself a complex interactive system



Recommendations 1/2

. NASA should use the 51 Challenges listed in Table ES-1 as the foundation for the
future of NASA's civil aeronautics research program during the next decade

. The U.S. government should place a high priority on establishing a stable
aeronautics R&T plan, with the expectation that the plan will receive sustained
funding for a decade or more, as necessary, for activities that are demonstrating
satisfactory progress

. NASA should use five Common Themes to make the most efficient use of civil
aeronautics R&T resources

. NASA should support fundamental research to create the foundations for
practical certification standards for new technologies

. The U.S. government should align organizational responsibilities as well as
develop and implement techniques to improve change management for federal
agencies and to assure a safe and cost-effective transition to the air
transportation system of the future



Recommendations 2/2

NASA should ensure that its civil aeronautics R&T plan features the
substantive involvement of universities and industry, including a
more balanced allocation of funding between in-house and external
organizations than currently exists.

NASA should consult with non-NASA researchers to identify the
most effective facilities and tools applicable to key aeronautics R&T
projects and should facilitate collaborative research to ensure that
each project has access to the most appropriate research
capabilities, including test facilities; computational models and
facilities; and intellectual capital, available from NASA, the Federal
Aviation Administration, the Department of Defense, and other
interested research organizations in government, industry, and
academia.

The U.S. government should conduct a high-level review of
organizational options for ensuring U.S. leadership in civil
aeronautics



Backup



NASA Aeronautics Research: An Assessment -
2008

How well does NASA’s research portfolio implement appropriate recommendations and address relevant
highest-priority research and technology (R&T) challenges identified in the NRC Decadal Survey of Civil
Aeronautics? If gaps are found, what steps should be taken by the federal government to eliminate them?

How well does NASA’s aeronautics research portfolio address the aeronautics research requirements of NASA,
particularly for robotic and human space exploration? How well does NASA’s aeronautics research portfolio
address other federal government department/agency non-civil aeronautics research needs? If gaps are found,
what steps should be taken by NASA and/or other parts of the federal government to eliminate them? In order
to answer this question the committee will identify and prioritize requirements for such research that fall
within the scope of NASA’s Aeronautics Research Program. To assist in the identification of such research
requirements, NASA will provide the NRC with a list of its current research activities that contribute to these
areas no later than March 12, 2007. It is likely that much of this research will be “dual use” or even “triple use,”
meaning that the research may provide benefit to the civil aeronautics community, and/or the space
exploration community, and/or departments and agencies with non-civil aeronautics research needs.

Will the nation have a skilled research workforce and research facilities commensurate with the requirements
in (1) and (2) above? What critical improvements in workforce expertise and research facilities, if any, should
NASA and the nation make to achieve the goals of NASA’s research program?



How well does NASA’s research portfolio implement NRC
Decadal Survey of Civil Aeronautics? 1/3
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R&T Challenges in the Aerodynamics and Aeroacoustics Area
A1 A1. Novel propulsion-airframe integration
A2 Transition, boundary layer, and separation control
A3. High performance and/or flexible multi-mission aircraft
Ada Reduce aircraft and rotor noise
2 Adb_ Prediction of performance of complex 3D configurations
1 AB. Aerodynamics robust to atmospheric disturbances
ATa. Leverage advantages of formation flying
R 1 A7b. Wake vortex prediction, detection, and mitigation
1 A9 V/STOL and ESTOL , including adequate control power
1 A10. Reducing/mitigating sonic boom (novel aircraft shaping)
AT ] n 3 AT11. Robust and efficient multidisciplinary design tools
R&T Challenges in the Propulsion and Power Area
E n 1 B1a. Quiet propulsion systems
2 B2. Ultraclean gas turbine combustors
2 B3. Intelligent engines and mechanical power systems
2 B4 Improved propulsion system fuel economy
1 B5. Propulsion systems for short takeoff and vertical lift
2 B6a. Varnable-cycle engines to expand the operating envelope
BEb. Integrated power and thermal management systems
BE&. Propulsion systems for supersonic flight
B9. Advanced aircraft electric power systems
1 B10. Combined-cycle hypersonic propulsion systems




How well does NASA’s research portfolio implement NRC
Decadal Survey of Civil Aeronautics? 2/3

Green = no significant shortcomings
Yellow = minor shortcomings

Black = major shortcomings

White = not relevant

ARMD =
Projects
ARMD — |Fundamental Airspace Awviation
Programs MAeronautics Program Sys. Prog. MSafety Program
R&T Challenges in the Materials and Structures Area
C1 1 C1. Integrated vehicle health management
c2 1 C2. Adaptive materials and morphing structures
2 C3. Multidisciplinary analysis, design, and optimization
2 C4_ Next-generation polymers and composites
1 C5. Noise prediction and suppression
2 C6Ba. Innovative high-temperature metals and environmental coatings
1 CE6b. Innovative load suppression, and vibration and stability control
CcB 1 C8_ Structural innovations for high-speed rotarcraft
C9 5 C9. High-temperature ceramics and coatings
c10 2 HC'IO. Multifunctional materials
R&T Challenges in the Dynamics, Navigation, and Control, and Avionics Area
D1 2 D1. Advanced guidance systems
D2 1 D2. Distributed decision making and flight path planning
1 D3. Aerodynamics and vehicle dynamics via closed-loop flow control
1 D4. Intelligent and adaptive flight control technigues
1 D5. Fault tolerant and integrated vehicle health management systems
1 D6 Improved onboard weather systems and tools
D7. Advanced communication, navigation, and surveillance technology
D&. Human-machine integration
D9 D9. Synthetic and enhanced vision sysiems
D10 D10. Safe operation of unmanned air vehicles in the national airspace




How well does NASA’s research portfolio implement NRC
Decadal Survey of Civil Aeronautics? 3/3

Green = no significant shortcomings
Yellow = minor shortcomings

Black = major shortcomings

White = not relevant

ARMD =

Projects

ARMD —> |Fundamental Airspace  |Aviation Grade Summary |Titles of R&T Challenges

Programs _JAeronautics Program Sys_Prog._JSafety Program by Challenge (Some are abbreviated; see Table 1-1 for full titles.)

R&T Challenges in the Intelligent and Autonomous Systems, Operations and Decision Making, Human Integrated Systems, Networking and

Eommunications Area
E1 q — 3 E1. Design and evaluate complex interactive systems

E2 2 E2. Separating, spacing, and sequencing aircraft
E3 2 E3. Roles of humans and automated systems for separation assurance
E4 E4 Sensors, efc. to predict and measure wake turbulence

ES. Information sharing among human and machine agents
E6. Vulnerability analysis in the design of the air transportation system

—

= N

E6

ET 2 E7. Adaptive ATM techniques to minimize the impact of weather
E8a E8a. Transparent and collaborative decision suppaort systems

E8b 1 E8b. Operational and maintenance data to assess safety

E8c “EBC. Human operators in effective task and attention management

Totals for All 51 m Challenges from the Decadal Survey
Green 1

0 4 6 1 7 2 3 3 2 0 38
[ |58 | “Work on R&T Challenge A6 related to subsonic fixed wing
8 14 9 5 6 7 2 0 1 1 53

aircraft is being done by the NASA Office of Safety

Black




Recommendations

ARMD should ensure that its research program substantively advances the state of the art and
makes a significant difference in a time frame of interest to users of the research results

ARMD should bridge the gap between research and application—and thereby increase the
likelihood that this research will be of value to the intended users

As reference documents and project plans are revised and updated, NASA should continue to
improve the correlation between (1) the reference documents that describe project rationale
and scope and (2) the project plans and actual implementation of each project

To ensure that the NASA aeronautics program has and will continue to have an adequate supply
of trained employees, ARMD should develop a vision describing the role of its research staff as
well as a comprehensive, centralized strategic plan for workforce integration and implementation
specific to ARMD

Absent a substantial increase in facility maintenance and investment funds, NASA should reduce
the impact of facility shortcomings by continuing to assess facilities and mothball or
decommission facilities of lesser importance so that the most important facilities can be properly
sustained



Area A: Aerodynamics and Aeroacoustics
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Area B: Propulsion and power

Strategic Objacties Why MASAT
- -
3 £
g E - E e
HHERRHBHEE
SEHE AMEEE
E E E i = = : ; 3 - =
=2 | 5 T = | &= ; =1 1
HEIHAHENHHEE R
AHHEEEEEEHEHE
= E =g j a E =g E Efu =
£ gl [E|e]|= 3|3
2= .: &2 HER I # E
HHHHHEHEHHEHE
5 |a |B|a|g|al2 [a]2|3(F] =g
RAT Challsrge Woight | = Z [ Toach |£|Z
Ela Cuial propesion sysioms Gli|s|a]s|1]|=0]3|8)3]|6)eD] =40
Bt Ukadsan gas turbing combusion o
reduca gaseous and paticdalcemissions | 5] 1| 3| 9|3 )1 |@| 3|9 | 3| 8| 60| 4D
i all fighl segmants
B3  Inteligent angines and machanical powar
systarms capable of sali-disgrosis and J|e|3|3|3(1|e2|3|9f3|5)cn|d92
rni:anh;mi\:n mn-mih_nﬁ visits
mproved propulson system fuel economy | 3 AEEEBEREEREBEBEEIEE
Bs  Propulsion systems for short takeoff and o 1 |
vortical i ¢ o Il e I R
Bha Varablo-cycks anginas o cxpand tha al1|a|3|3|a|es|a|a|3|e|colans
|___opamhing amanpa
B LTrn;raIs-:pmwandlhnrrralmana;nmnm g K oleglalolz|elenlans
Bi  Peopulsion sysiems for supersonic fight 3 il1[(9]|9|=s0]8]|08]3]|8]rs]d7s
B3 Hegherelablty, high-paricemanca, and Fegh-
powar-dansty st elocinic power 3|93 3| a|e2|1]9]3]5] 551
Sy sharTes
E10 Combimed-oyclas byparsonic propalsion g | 1 |
— wilh moda ramsion SO B = O O - - )
E11 Atematva fuals and additves for
propulsion that could brosden fusl sourcas | 3| 1 | 3|9 | 3|1 @3 | 3| 3| 545 3m
andior losson amvimnmental impact
B12 Hypersonic hydmocarbon-fuclad scramjet AR EREE R EEEES
E13  Improwad propuls=on sysiam iolemanca o
wuathar, inkt distorion, waks ingestion eI F(1 |3 3|3|3)20| 22
bird sirisn, and foregn ohject damage
E14 Propulsion approachas smmploying specific
plenetary stmosphares infvust-producing | 1] 1|11 |1 ) 9| 26| 3| 9| 5| 8| 75| 185
chemical ressclions
Eis Erwironmentally banign propulsion
systoms, structural components, and Tl 111|931 ]|&|3]3]3F|3]30]132
themicals
B16 Reducsd angine manufacturing and alalzlzlz]4 3] 1 ETIET
Manterarcs Gosts




Area C: Materials and structures

Strategic Objective Why NASAT
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Area D: Dynamics, navigation, and control,
and avionics
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Area E: Intelligent and autonomous systems, operations and
decision making, human integrated systems, and networking and
communications
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