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Good evening, and thank you for inviting me to be here tonight to discuss the 
NASA Aeronautics program with you.  We’ve made quite a few changes to it in 
the last two years, and I think this is an excellent time, and the perfect venue, to 
review them in some detail.   
 
To begin at the top, the United States released its first-ever National Aeronautics 
R&D Policy, accompanied by an Executive Order signed by President Bush, in 
December 2006. The Policy sets the stage for the future of aeronautical research 
and development in its opening paragraphs: 
 
“On December 17, 1903, the historic flight of Orville and Wilbur Wright at Kill 
Devil Hills, North Carolina, forever changed the American way of life. Today, 
aviation provides a broad range of services to the United States, including effective 
military flight operations and homeland defense, passenger travel, shipment of 
goods, law enforcement, traffic management, emergency services, and general 
aviation.  Aviation has also become an integral part of the economy, posting strong 
manufacturing sales and a positive balance of trade, and along with related 
industries, supports several million skilled jobs in the United States.  Flight is a 
mainstay of American life, supporting a technologically advanced, robust, and 
growing economy, and helping protect American interests at home and abroad. 
 
Throughout the first century of aviation, the U.S. Government played a vital role in 
facilitating the advancement of the fundamental scientific principles and 
technologies on which modern aviation is built.  In the second century of flight, a 
continued strong U.S. Government role in aeronautics R&D is needed to meet U.S. 
military and security objectives, create an environment in which U.S. industry 



remains innovative and competitive, and enable safe, reliable, and efficient air 
transportation. 
 
As the science and application of aeronautics progressed, an interdependence 
developed among the aircraft, the air transportation system, and the people who 
use these systems, resulting in a multi-dimensional, highly integrated aeronautics 
enterprise.  This policy considers the aeronautics enterprise to be comprised of all 
elements of aviation, including civil and military aircraft and aircraft systems, the 
air transportation management system, aviation infrastructure, and the people 
involved in the design, development, operation, and use of these elements.  Design 
or modification of any of these individual systems or parts, without consideration 
for the collective effect on the enterprise, may result in adverse unintended 
consequences.  Treating the entire system as a whole is complex but necessary, and 
requires close coordination among multiple government departments and agencies 
as well as industry, academia, and other non-Federal stakeholders to ensure that 
the needs of all enterprise users are addressed.” 
 
The remainder of my talk this evening will address how we at NASA have shaped 
our Aeronautics program to address the needs of this national policy. 
 
First on the docket is the issue of air traffic management.  Certain regions of our 
airspace, particular the Northeast, are operating today at full capacity.  This 
capacity cannot be increased without substantial advances in the technology with 
which we manage the system.  The air traffic management system in use in the 
United States, and worldwide, has a noble heritage.  In fact, the RTCA was 
awarded the 1949 Collier Trophy for "A guide plan for the development of a 
system of air navigation and traffic control for safe and unlimited aircraft 
operations under all weather conditions."  The problem is that we are still relying 
on much of that same design almost sixty years later.  NASA is partnering with 
other agencies (FAA, DOT, DOD, DOC, DHS), as well as industry and academia, 
to design the future system, which in our American fashion we have taken to 
calling “NextGen”.  And together with the FAA, NASA seeks global aviation 
solutions through efforts to harmonize the activities of NextGen and the Single 
European Sky ATM Research (SESAR) initiative.  
 
NextGen must be designed to take many things into account: environmental 
constraints, anticipated fleet diversity including unmanned air vehicles, very light 
jets, increased numbers of rotorcraft and, further out, hybrid wing and blended 
wing/body designs, supersonic jets, cruise-efficient STOL vehicles, and above all 
else, safety.  NextGen will need to carry us into 2025 and well beyond. 



 
To meet this challenge, NASA’s Aeronautics program has returned to the cutting 
edge of research, research that enables us to solve problems we don’t know how to 
solve today, to design systems we cannot design today.  Being on the cutting edge 
of research implies a willingness to take on technical risk, and a willingness to 
“fail”. But technical risk must be accompanied by technical rigor, which in turn 
requires adherence to the scientific method and the doctrine of peer review. 
Research without technical risk generally cannot yield revolutionary advances in 
the state of the art; technical risk without technical rigor often leads to results that 
are not credible. History has taught us that it is the combination of risk and rigor 
that enables remarkable aeronautical accomplishments. NASA’s Aeronautics 
research strives to embrace both risk and rigor in all elements of its research 
portfolio. 
 
Our Aeronautics Directorate conducts cutting-edge research in three major areas:  
Fundamental Aeronautics, Aviation Safety, and Airspace Systems. 
 
Fundamental Aeronautics  
 
In our Fundamental Aeronautics Program, we pursue mastery of the principles of 
flight in any atmosphere at any speed.  The Program is structured by flight regime 
into four projects:  Subsonic Rotary Wing, Subsonic Fixed Wing, Supersonics, and 
Hypersonics. 
 
The Subsonic Fixed Wing project deals with the challenge of developing cleaner and 
quieter aircraft to meet more stringent noise and emissions regulations resulting from 
growth in air traffic, expected to be two to three times today’s level by 2025.  These 
aircraft will also need to meet ever more challenging requirements for greater 
efficiency and expanded service to the public.  
 
Our Subsonic Rotary Wing project addresses the technical barriers that, today, 
constrain rotorcraft from reaching widespread use in civil aviation, including range, 
speed, payload capacity, fuel efficiency, and environmental acceptance.  The unique 
ability of rotorcraft to operate independent of a runway could greatly expand access to 
air travel, if these barriers could be overcome.   
 
The Supersonics project conducts research on the efficiency, environmental, and 
performance barriers that prevent practical supersonic cruise over land, as well as the 
critical issue of supersonic deceleration to enable safe, precision planetary entry, 
descent, and landing (EDL) of human and robotic missions in any atmosphere.  



 
In the Hypersonics project, we address the key issues of hypersonic flight and 
atmospheric entry, a necessity for all access to space and all entry from space through 
any planetary atmosphere.  Specifically, the Hypersonics project focuses on air-
breathing technologies for the first stage of a highly reusable two-stage-to-orbit launch 
system, and technologies for hypersonic entry and descent of very heavy payloads into 
planetary atmospheres, a requirement unique to NASA missions. 
 
Aviation Safety  
 
Our Aviation Safety Program develops tools, concepts, methods, and technologies 
to improve the intrinsic safety attributes of current and future aircraft, and that will 
help overcome aviation safety challenges that would otherwise constrain the full 
realization of NextGen. Such challenges include significant increases in air traffic 
density, increased reliance on automation, and a greatly increased diversity of air 
vehicles The Aviation Safety Program has four projects.  
 
The Integrated Vehicle Health Management (IVHM) project addresses the 
challenge of using a prognostic approach to vehicle health management, in 
particular the integration, processing, and effective use of large amounts of data 
across complex flight critical systems.  
 
The goal of our Aircraft Aging and Durability (AAD) project is to develop 
advanced diagnostic and prognostic capabilities to address aging and durability 
issues, with a particular focus on future structures and advanced materials.  
 
The Integrated Intelligent Flight Deck (IIFD) project conducts research on the 
proper integration of the human operator in a highly automated and complex 
operational environment. 
 
The Integrated Resilient Aircraft Control (IRAC) project involves the development 
of advanced adaptive control concepts to enable safe flight in the presence of 
adverse conditions, such as from an upset or an off-nominal situation. 
 
Airspace Systems  
 
Our Airspace Systems Program directly addresses the fundamental research needs 
of air traffic management for NextGen, in collaboration with the member agencies 
of the Joint Planning and Development Office (JPDO), especially the FAA.  The 
Program is comprised of two projects, NextGen-Airspace and NextGen-Airportal, 



which address the air traffic needs of the future by developing methods for higher 
capacity enroute, transitional, terminal and surface operations.  
 
Our NextGen-Airspace project explores and develops concepts, algorithms, and 
technologies that will enable significant increases in airspace capacity and 
flexibility in a safe, equitable, and efficient manner. A key focus of the project is to 
address the question of where, when, how, and the extent to which automation can 
be safely and effectively applied  throughout the airspace system.  
 
Our NextGen-Airportal project explores and develops concepts, algorithms, and 
technologies that will improve airportal operations through improved efficiency in 
the use of gates, taxiways, runways, and approach airspace, while balancing 
requirements such as safety and environmental factors. 
 
 
All three of these research programs are critical to the success of our future air 
transportation system.  Together, the programs address critical air traffic 
management, environmental, efficiency, and safety challenges, all of which must 
be worked in order to advance our system toward NextGen.  It does no good to 
develop advanced vehicles that are not compatible with the airspace in which they 
must fly.  Vice versa, doubling or tripling the capacity of the airspace will be a 
theoretical exercise unless the noise, emissions, and fuel-efficiency challenges of 
air vehicles are addressed at the same time.  And safety must be at the forefront of 
design, for both the airspace and the vehicles that are to fly within it.  
 
Indeed, one of the biggest cross-cutting research challenges is to determine how to 
safely integrate advanced air vehicle concepts, including blended wing bodies, 
advanced rotorcraft, supersonic jets, and uncrewed aircraft systems (often referred 
to as UAVs), with advanced air traffic management concepts, including four-
dimensional trajectory operations and dynamic airspace configuration approaches. 
NASA has begun to address this challenge through a combination of in-house and 
externally funded studies. 
 
 
So, in broad outline, those are our plans.  But, in the American vernacular, we must 
also answer the question, “What have you done for me lately?”  To that end, I 
would like to summarize a few of our accomplishments over the last year. 
 
Blended Wing-Body 
 



Our work on the blended wing-body (BWB) X-48B continues NASA’s legacy in 
X-vehicle research, and like many of our historical X-vehicle successes, it is a 
partnership among NASA, the U.S. Air Force, and industry, in this case Boeing 
Phantomworks, which as you might know has Cranfield Aerospace on its team. 
 
The highly efficient BWB airframe design offers the potential for significantly 
reduced fuel consumption and emissions.  Because the engines can be mounted on 
the top, there also is potential for significant noise reduction on the ground.  NASA 
projects that such types of advanced configurations could yield future vehicles with 
noise signatures 42 dB below Stage 4, LTO NOx emissions 80% below CAEP 2, 
and fuel burn reductions of at least 40% compared to a B737/CFM56.  These 
performance levels are comparable to European goals; we don’t believe they can 
be reached unless we move beyond traditional “tube-and-wing” designs to more 
advanced configurations.   
 
Theoretically, the BWB is more stable than a pure flying wing, but less stable than 
a conventional aircraft with a prominent tail.  This had previously been 
demonstrated in wind tunnel tests, but until FY07, no realistic, properly scaled 
model of a BWB had ever been flown to test its true flying qualities.  During this 
past year, several flight tests were conducted on an aerodynamically scaled, mass 
balanced BWB. The experimental aircraft, having a wingspan of 21 feet (8 1/2% of 
full scale), was built by Boeing Phantomworks and Cranfield Aerospace.  The 
purpose of the flight tests was to explore the basic low-speed flying qualities of the 
BWB, including stability and control, and to test the on-board flight control 
system.  The aircraft has successfully flown under a wide range of flight conditions 
and has not shown any unsafe or anomalous behavior.   
 
The BWB effort illustrates a mutually beneficial partnership.  Boeing 
Phantomworks supplied the test vehicle; NASA provided proven ground and 
flight test expertise; and the Air Force Research Laboratory provided wind tunnel 
access for transonic stability and control tests, and contractual and project 
management support.  Coupled with recent ground tests in NASA facilities, an 
extensive ground-to-flight database has now been established that brings this 
concept closer to reality. 

Supersonic QuietSpikeTM 
 
The Supersonics project recently completed a flight validation experiment at 
NASA’s Dryden Flight Research Center, in which a series of reduced-strength, 
non-coalescing shocklets produced by the Gulfstream QuietSpikeTM device were 



measured and propagated to the ground in order to assess its effectiveness as an 
approach to sonic boom mitigation.  Increasing aircraft length and slenderness is 
known to be effective at reducing sonic booms, but this results in a very heavy 
aircraft with little usable interior volume and poor low speed performance.  The 
QuietSpikeTM is an innovative approach developed by Gulfstream Aerospace that 
extends a specially tailored “spike” from the nose of the aircraft, during cruise, to 
simulate a much longer and more slender aircraft.  Tests conducted on a modified 
NASA F-15 aircraft demonstrated the feasibility of the QuietSpikeTM concept, and 
could lead to a commercial supersonic aircraft with an acceptable sonic boom 
signature.  The partnership was arranged such that the geometry and the 
experimental data sets are available to the entire community, and the results will be 
broadly disseminated, with fifteen joint NASA-Gulfstream publications already in 
work.   This project will be the subject of a special AIAA session in Reno, NV in 
January 2008.  
 
High Temperature Electronics  
 
A silicon carbide (SiC) differential amplifier integrated circuit chip, fabricated and 
packaged for the IVHM propulsion systems activity, has demonstrated 3000 hours 
(and still counting) of continuous electrical operation at 500° C.  The amplifier 
consists of two SiC n-channel junction field-effect transistors interconnected with 
three SiC n-channel resistors integrated onto less than a half a square mm of a SiC 
chip.  Prior to this work, integrated circuit chips operating in such environments 
could survive for no more than a few hours before degrading or failing.  These 
extremely durable transistors and packaging technologies will enable highly 
functional but physically small integrated circuitry that will enhance the sensing 
and control of the combustion process.  This could lead to improved safety and fuel 
efficiency, as well as reduced emissions from jet engines, and has obvious 
applications to space vehicles as well. 
 
Aviation Safety Information and Analysis Sharing 
 
NASA completed its concept for distributed data archives of airline data and 
transitioned it to the FAA and the aviation industry as part of the Aviation Safety 
Information and Analysis Sharing (ASIAS) system, which provides a means for 
the aviation community to share a wide variety of safety data pertaining to the 
national air transportation system. NASA continues to develop advanced methods 
and algorithms for analyzing multiple and varied sources of safety data in order to 
enable the ability to discover safety precursors before accidents occur. Three tools 
were recently developed to uncover safety precursors, namely the “System-Level 



Morning Report,” “sequenceMiner” and “Mariana.” The “System-Level Morning 
Report” automatically uncovers small clusters of atypical flights in a stream of 
digital flight data from the aircraft. The “sequenceMiner” identifies anomalous 
sequences of switch activations or any unusual discrete parameter patterns within a 
flight phase. As a result, “sequenceMiner” has the potential to identify mode 
confusion, abnormal situation response, and problems with equipment 
troubleshooting. A third tool, “Mariana,” auto-classifies text-based aviation safety 
reports. NASA will continue to work collaboratively with the FAA and industry to 
transition these and other new methods into the evolving NextGen. 
 
 
Airspace Traffic Flow Management 
 
The NextGen Airspace Project is developing traffic flow models to systematically 
address flight planning strategies at the regional and national levels. During the 
past year, an aircraft-level flow control model was developed and used to examine 
en route capacity constraints in the congested New York airspace where capacity 
restrictions are imposed on flows of traffic into and out of the region almost daily. 
These restrictions are expected to increase with increasing traffic volume and 
inclement weather. More than 120 simulation scenarios were run to test variations 
in the geographical location of constraints, magnitude of constraints, and flow 
prioritization approaches. The model showed that it is possible to prioritize New 
York flows through congested sectors without increasing system delays. Before the 
development of this model, there was no way to systematically look at such flows. 
 
 
Each of these advances is valuable in itself, and useful in the “big picture” of 
NextGen development.  The challenge of NextGen is both daunting and exciting. 
The plan is, in essence, to design a whole new air transportation system, a system 
that is so different from today’s system that the phrase “paradigm shift” truly 
applies. I believe that realizing NextGen is as challenging as the goals we have set 
for space exploration in the same time period.  And I also believe that both 
endeavors are vital to our economic stability and growth, and that both provide 
inspiration to future scientists and engineers. 
 
In this vein, I must emphasize the importance of the last sentence in the quote with 
which I began this speech.  No one entity, inside government or out, can 
accomplish a challenge of this magnitude.  A successful result will require true 
collaboration and real partnership between and among government agencies, 
industry, and academia.  



 
It is my hope that in less than two decades, we will have re-established our 
presence on the Moon, and will be well on our way to Mars, while here on Earth, 
we will have a wide variety of environmentally friendly and fuel efficient air 
vehicles, ranging from UAVs to advanced rotorcraft to supersonic jets, all safely 
operating in an air transportation system that accommodates two or even three 
times today’s demand.  It is a future that I look forward to with much anticipation. 
 
 
Thank you. 
 
 


