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National Aeronautics and Space Administration

NASA Vision

To reach for new heights and reveal the unknown,
so that what we do and learn will benefit all
humankind

NASA Mission

Drive advances in science, technology, and
exploration to enhance knowledge, education,
Innovation, economic vitality, and stewardship of
the Earth




NASA Aeronautics Portfolio

Integrated
Systems
Research Program
Fundamental Aeronautics Program , Airspace Systems Program
Conduct cutting-edge research that will Conduct research at an integrated Directly address the fundamental ATM
produce innovative concepts, tools, and system_—level on promising concepts and research needs for NextGen by dev-
technologies to enable revolutionary technologies and explore/assess/demonstrate eloping revolutionary concepts,
changes for vehicles that fly in all the benefits in a relevant environment capabilities, and technologies that

speed regimes. will enable significant increases
~ in the capacity, efficiency and
flexibility of the NAS.

Aviation Safety Program

Conduct cutting-edge research that will produce innovative
\'-""— concepts, tools, and technologies to improve the intrinsic safety

attnbutes of current and future aircraft.

Aeronautics Test Program

Preserve and promote the testing capabilities of one of the United States’
largest, most versatile and comprehensive set of flight and ground-based
research facilities.




Fundamental
Aeronautics Program
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Fundamental Aeronautics Program:
Mission Statements

* Hypersonics
— Fundamental research in all disciplines to enable very-high speed
flight (for launch vehicles) and re-entry into planetary atmospheres
— High-temperature materials, advanced propulsion, aero
thermodynamics, multi-disciplinary analysis and design, GNC,
advanced experimental capabilities
« Supersonics
— Eliminate environmental and performance barriers that prevent
practical supersonic vehicles (cruise efficiency, noise and emissions,
vehicle integration and control)
— Supersonic deceleration technology for Entry, Descent, and Landing
into Mars

« Subsonic Fixed Wing
— Develop revolutionary technologies and aircraft concepts with highly
improved performance while satisfying strict noise and emission
constraints
— Focus on enabling technologies: acoustics predictions, propulsion /
combustion, system integration, high-lift concepts, lightweight and
strong materials, GNC

« Subsonic Rotary Wing
— Improve competitiveness of rotary wing vehicles (vs fixed wing)
while maintaining their unique benefits
— Key advances in multiple areas through innovation in materials,
aeromechanics, flow control, propulsion




Hypersonics: X-51A Scramjet Engine
Demonstrator

Program Overview

Joint AFRL/DARPA/NASA flight demo
Hydrocarbon-fueled and cooled
scramjet

Scramjet flight from Mach 4.5 to 6.5

5 minute-plus flight duration

Four to eight flights (FY09 15t flight)

NASA Ground Demonstration Engine 2 Testing

NASA’s Role:

» Full-scale propulsion testing in the X-51A Configuration
NASA 8-Foot High Temperature Tunnel v
* Sub-scale configuration testing in NASA wind tunnel :

+ Computational Fluid Dynamics (CFD) calculations

Scramjet Inlet

Rocket booster



Supersonics : Entry, Descent

b and Landing

Problem Statement:

Supersonic parachute deceleration systems that have been used on recent Mars exploration missions are all
based on the 30 year old Viking design. Although these systems have been successful, they are not capable of
handling the larger masses required for future unmanned and manned missions to Mars. New concepts for
supersonic reentry deceleration need to be explored. These concepts include inflatable aeroshells, inflatable

decelerators, propulsive deceleration or improved parachutes.

Technical Approach:

* The Inflatable Reentry Vehicle Experiment (IRVE) will be conducted in FO7. This flight experiment will
demonstrate aeroshell inflation and survivability. It will also assess the thermal and aerodynamic performance
of the inflatable aeroshell concept.

* Improved methods for using high-speed photography and other flow visualization techniques to collect high
quality engineering data during inflation and parachute deployment testing will be explored in small scale tests.

* Prediction and validation of of the aerodynamic performance and stability of advanced decelerator concepts
will be advanced through computational tool development and ground based experiments.

* For propulsive deceleration, computational and expenmental studies will examine the interaction between the
extemnal and internal flow dunng the ignition of a rocket engine at supersonic speeds.

New Concepts for supersonic planetary The IRVE flight test
deceleration are shown at lefi. vehicle is shown at left
New,validated analysis and deign tools during a ground

are required for the development of deployment test

these concepts



» Air travel expected to increase 2-3 x by 2025

» Current air space reaching capacity, expansion limited by
congestion, noise, emissions (JPDO alignment)

- Most travelers (~85%) pass through 64 major hubs
- Over 5000 underutilized airports

» Develop revolutionary new technologies including:
-Lower emissions (e.g. 70-80% NOx reduction)
- Confine landing/takeoff noise foot print to airport boundary

- Increase efficiency (~15-25% less fuel consumption) by advanced
lightweight materials, reduced drag

* Increased lift (double lift coefficient to ~6) to open many more
airports, rapid climb-out/descent for reduced noise, smaller wing
for lower drag

* Partners include: JPDO, Boeing, Northrop-Grumman,
Lockheed-Martin, Pratt & Whitney, Air Force / AFRL, among
others

Subsonic
Fixed




Environmentally Responsible Aviation Project
Goals @/

Environmentally Responsible Aviation (ERA)
Project:

Technology development project, that will explore
and assess new vehicle concepts and enabling
technologies through system-level experimentation
to simultaneously reduce fuel burn, noise, and
emissions

» Airframe Technology
» Propulsion Technology
« Vehicle Systems Integration




Strong partnership with the US Army

+ Solving problems relevant to civil and
military applications

+ Researchers working side-by-side on

fundamental, difficult problems 3-D Analysis of Spur / 14- by 22-Foot Subsonic
Helical Gears Tunnel

+ Sharing and leveraging experimental Vo
and computational expertise

Other partners include: Bell

Helicopter, Sikorsky, HeloWerks, AF,
DARPA

First-Principles Modeling
Research Areas:
Noise propagation and reduction Community acceptance

Increase speed and range
Increase propulsion efficiency
Increase payload

Improve control systems

Reduce airport congestion

Reduce emissions

Decrease cost, increase utility

Safe operations for advanced concepts

i



Airspace Systems Program

‘ NGATS ATM: Airspace ‘ NGATS ATM: Airportal

Objective

Directly address the fundamental ATM research needs for the NGATS, in collaboration
with the JPDO, by developing revolutionary concepts, capabilities, and technologies that
will enable significant increases in the capacity, efficiency and flexibility of the NAS.

Key focus areas

NGATS ATM: Airspace NGATS ATM: Airportal
— Dynamic Airspace Configuration — Safe & Efficient Surface Operations
— Traffic Flow Management — Coordinated Arrival/Departure
— Separation Assurance Operations
— Super Density Operations — Airportal Transition and Integration
Management

— Performance-Based Services
— Trajectory Prediction, Synthesis & Uncertainty

« Both projects will conduct system-level design and analysis.
« Substantial leveraging of research across the two projects will occur.
» Results of the two projects will be integrated to ensure gate-to-gate solutions that are

aligned with NGATS needs.




Aviation Safety
Project Goals

Reduce system and component failures as causal and contributing
factors in aircraft accidents and incidents.

Produce tools, methods, concepts, principles, guidelines, and
technologies for revolutionary adaptive flight deck systems that
improve safety.

Detect, predict and mitigate or manage aging-related hazards for
future aircraft.

Provide onboard control resilience to ensure flight safety during
adverse flight conditions.




Aeronautics Test Program

Primary Facilities

Ames Unitary Wind Tunnel
Glenn Icing Research Tunnel
Glenn 9x15 Subsonic Tunnel
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ey National Transonic Facility

ey Transonic Dynamics Tunnel
ey Hypersonic Complex

ey 8-Ft High Temperature Tunnel
ey 14x22 Subsonic Tunnel

ey 20-Ft Vertical Spin Tunnel

Glenn Propulsion Systems Lab. 3 & 4
Glenn 10x10 Supersonic Tunnel



Human Exploration and Operations



