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I trust that vour schedule permits vyou to be our Uctober
luncheon speaker. I assure you that your remarks will be well
received by our membership and of great interest ta the
Washington, DC aerospace community. To provide adequate time for
planning and publicity, it is essential that ouyr Section finalize
arrangements for the October luncheon as soon as possible., The
Section's Vice President for Programs is Jack Koletty. Jack will
contact your staff within the next couple of days regarding your
availability. If vou have any questions or concerns, please
contact either Jack Koletty (301-306-7861}, or our Executive
Secretary, Alberta Moran (301-595-4177),

Thank you 1in advance far your time and favorable consideration
regarding this invitation to address the National Capital
Section.

Sincerely,

Dan Kennedy
Chairman



October 21, 1993

Remarks by Mr. Lionel S. Johns to the National Capital Section of the AIAA
Associate Director for Technology
Office of Science and Technology Policy
Thank you for the opportunity to share with you the Administration's

policies and strategy for space and aeronautics. It is always a pleasure to

address a distinguished group such as this.

I'd like to begin by noting that upon taking office, one of President
Clinton's first actions was to formulate a major new technology initiative as part
of his plan to strengthen our country's economy. This initiative is contained in

the Administration's publication, Technology for America's Economic Growth.

Why did the President put such an immediate and dramatic emphasis on

technology policy in his administration?

It's simple.

Technology drives economic growth. Advances in technology created

two-thirds of the productivity growth in the United States over the past 60 years.



The knowledge-based, growth industries of the future depend on continuous
generation of new technological innovations and rapid transformation of those

innovations into marketable products.

The technology strategy outlined by President Clinton and Vice President

Gore offers a comprehensive blueprint to focus American technology on 3

central goals:

- Long-term economic growth that creates jobs and protects the

environment;

-- Making government more efficient and more responsive; and

-- World leadership in basic science, mathematics, and engineering.

With this initiative, we take a critical step toward ensuring that the federal

investment in science and technology becomes a key instrument for promoting

U.S. economic growth and for satisfying other national goals.



All of this leads to the question, I want to focus on: How do our

aeronautics and space programs fit into this technology strategy?

I will start with the role of OSTP. The President directed Dr. Gibbons to
take the lead role for the Administration in terms of coordinating space policy.
The approach we propose to take is to handle this responsibility through a new
council, the National Science and Technology Council, that will absorb the
functions of the Federal Coordinating Council for Science, Engineering, and
Technology, the National Space Council, and the National Critical Materials
Council. NSTC will be chaired by the President, and the Vice President in his
absence, Dr. Gibbons will manage the council's day-to-day affairs. This council
was recommended in the report from the National Performance Review, and we
believe there is wide support for it within the White House and in other
Executive Branch agencies and departments..

We are in the process of obtaining views from Executive Departments and
Agencies, the Congress, and the private sector on the NSTC. Obviously, [ will
be working closely with the National Security Adviser on those occasions when

national security concerns properly dominate the policy development process.



As we move forward to put the NSTC in place, we have also begun a
series of interagency reviews of specific space programs,leading, in the new
year, to a general reassessment of US space policy. The first of these reviews --
in aeronautics, weather satellite convergence, and space transportation -- are

already underway.

Through the aeronautics review the Administrations will develop its
priorities for investing in a new generation of aeronautics technologies. In
developing these priorities we will be working closely with the aircraft
manufacturers to ensure that our priorities match those of industry. The second
review, focused on the convergence of DOD/NOAA weather systems, is a
critical element of the Vice Presidents "Reinventing government initiative. At
present, NOAA and DOD operated separate weather systems. OSTP is working
with NOAA and DOD to see how we can safely and cost effectively eliminate
this redundancy Finally, the United States relies for its critical civil and national
security space missions and space systems that cost too much and take to long
to prepare. The United States needs to chart a new course in space

transportation. This review will be an important first step on this new course.



The President submitted a budget for NASA for 1994 that demonstrated
the Administration's strong commitment to the civil aeronautics and space
program. The President asked Congress to fund NASA at a level that allows an
increase in science, space technology, and aeronautics. This is an extraordinary

vote of confidence in a budget that is focused on deficit-cutting.

This investment does not signal a "business as usual" approach to running
this Nation's space program. The resources dedicated to the civilian spéce
program must be focused on issues critical to the nation. Let me articulate the
five principal ways this country's investment in civil space exploration and
technology development can and should contribute to the long term security and

well-being of this nation.

First, the aeronautics and space program will create new knowledge and

enhance our understanding of the environment here on earth and of our place in

the universe. Space systems and advanced high altitude aircraft provide

indispensable tools for understanding how human actions influence the complex



workings of our planet. Similarly, space science and robotic planetary
exploration can provide us with otherwise unobtainable knowledge and insights
regarding our home planet and the universe in which we live. Insights gained
from these technologies can enrich our lives and provide an essential type of

wealth for this Nation.

Second, aeronautics and space investments must make important
contributions to the U.S. economy. I refer not just to serendipitous "spin-offs,"
but to prudent, industry-led investments, such as the government/industry
cooperation in aeronautics and in satellite communications that helped to achieve

and sustain U.S. leadership in these critical areas.

Although the economic health of this nation is the uppermost
consideration for the Administration, it is not the only guiding principle in our

aeronautics and space activities.

Third, research in aeronautics and space can help build good international

relations.



Research in aeronautics and space international relations should
complement our foreign policy objectives, not only in terms of our access to
global markets but also in terms of recognizing the new opportunities that exist
in the past Cold War era. Working with our traditional partners in Europe,
Japan, and Canada, and soon with Russia and other parts of the emerging
democratic world, we can forge additional relationships that contribute to global
peace and prosperity. International cooperation in space science, exploration,
and commerce can provide an important lesson on how nations, working
together, define challenges and solve problems that no one nation alone could

accomplish.

Fourth, the space program is important because it generates and sustains

interest in math and science education. The excitement generated by the space
program can be used to interest young people in math and science education.
Enthusiasm for the space program yields scientists, engineers, and educators who
are the key to the future economic competitiveness of our nation, and increases
the understanding of science and technology in the general population -- a

critical need for the continued strength of our democracy.



Finally, human space flight is and will continue to be a significant

element of our domestic and international space program. Humans can make a

unique contribution, as part of a balanced program of robotic and human
exploration, to our scientific and technical knowledge, as well as our
understanding of the benefits and limitations of humans living and working in

space.

I believe that these principles will guide development and implementation

of the aeronautics and space programs of this Administration.

The increased funding for aeronautics in the FY '94 budget will be used to
work with industry to develop the technologies that will improve U.S.
competitiveness in civil aviation and enhance the safety and capacity of our
National Aviation System. Today the aeronautics industry is one of the biggest
in the country, employing nearly one million people, generating almost a
hundred billion dollars in annual sales, and tens of billions of dollars in exports.
It is one of our last surviving crown jewels of high technology, and one of the

few areas where we still enjoy a positive balance of trade.



That is why, under the Clinton Administration, NASA is ramping up its
investment in specific areas of aeronautical technology and in the facilities like
wind tunnels that service the industry. This year, there is a substantial increase
in aeronautics funding within the FY '94 NASA budget request. And with
President Clinton's support and his Technology Reinvestment Initiative, we will
increase that funding by more than 50% over the next five years. By the time
we reach the 100th anniversary of the Wright Brothers' first powered fight, we
intend to have a strong and growing aeronautical industry in this country once

again.

The technology we produce in aeronautics can not only help our
competitive posture with this critical industry, it can spin off into other areas of
the economy as well. The advanced composite structures we are working on

provide an example.

For 20 years now, we have been steadily advancing the state of the art in

composite materials. The goal at first was just to learn how to fabricate these
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new lightweight materials and take advantage of the fuel savings. Now our goal

is to make composite materials 25% cheaper than aluminum.

How? Well one technology involves actually weaving the structures, just
like the textile industry might weave a suit. Rather than laying up a section ply-
by-ply, we would weave the fibers and epoxies together in the desired shape,
and NASA is now working with five textile companies to pursue the idea. It's

very promising, both for the aeronautics and the textile industries.

Another high priority in the Clinton Administration' space policy is
NASA's Mission to Planet Earth. I think in many ways it may well be the most
important space science program we have ever done. And it could represent one

of NASA's greatest contributions to society.

Humans have begun to change the face of the planet at an ever increasing
rate, and that change is not always healthy. We must use our technology to
study the ecosystem, to understand the effects humans are having on the

atmosphere and the land and the water. The goal of NASA's Mission to Planet
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Earth program is to provide definitive scientific data so that policy makers 10 or
20 years from now can make the right decisions in safeguarding the health of

our home planet.

With these core programs, and with a new determination to make our
investments in air and space payoff of the American people, we have a bright

and promising future ahead.

Let me now turn my attention to a subject that has received a considerable

amount of attention recently -- the space station.

In March of this year, the President requested a review of the Space
Station Freedom Program in order to examine whether the program's
development, operations, and utilization costs could be significantly reduced
while still achieving our scientific research goals and fulfilling our international
commitments. On June 17, following a review of NASA's study by an
independent panel of experts headed by Dr. Charles Vest, President of MIT,

President Clinton announced his support for a scaled-down, modular version of
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Space Station Freedom that meets these objectives -- the "Alpha Station"
program as it has come to be known. The President also called for pursuing
expanded international involvement in the space station with the possible

participation of Russia.

As you know, the Alpha space station program is the result of an
intensive review and redesign of the Space Station Freedom conducted over the
last six months. Alpha is a streamlined version of the original Space Station
Freedom. It is designed to accommodate much of the Space Station Freedom
hardware, will have power, scientific laboratory space, and microgravity levels
comparable or better than Space Station Freedom, and incorporates the interests
of our international partners. It will cost significantly less than Space Station
Freedom. At the direction of the White House, NASA is currently finalizing the

Alpha Station baseline program design.

The Administration has requested a total of $2.1 billion in FY94 to be
used to continue development of the reduced cost Alpha Station program as an

international facility to be built and operated by the United States, Canada,
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Japan, and the European Space Agency. I believe strongly that this is an

important science and technology investment for the United States.

While the Alpha Station has been designed to be built and operated by the
United States and its current international partners, it has been configured to
accommodate significant Russian participation in the event that becomes
possible. Since the President's commitment in June to explore increased
international participation in the space station, U.S. and Russian teams have
been working together to develop possible options for Russian involvement in
the Alpha Station program. While significant progress has been achieved, it will
be necessary for the U.S. and Russia to continue to work together and with our
international partners to develop technical options for possible Russian
participation. Until these planning exercises conclude in early November, it will

be impossible to finalize plans for Russian participation.

In the interim, the United States and Russia have signed an historic
agreement to pursue space cooperation in the areas of earth observation, space

science, and space flight, possibly leading to a Russian role in the international
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space station. Russian participation could add a positive new dimension to the
development of an international space station, and, as Vice President Gore
stated, would be an important symbol that we have put the Cold War behind us.
The Administration is requesting $100 million in FY94 in order to pursue these
mutually beneficial space activities in cooperation with the Russian space

program.

A crucial element of the redesigned space station program is the
implementation of management changes at NASA to reduce overhead, increase
efficiency, and streamline the bureaucracy. NASA has taken significant steps to
implement these reforms, including selecting a single prime contractor to oversee

program development and a single host facility to consolidate the program.

Beyond the space station and the aeronautics program, NASA has a
broader role to play in the President's technology initiative, including areas such
as High Performance Computing and Communications, space science and

exploration, and environmental monitoring and earth observation.
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We believe that the President's technology initiative -- for space and
aeronautics, as well as other science and technology programs, for NASA and
the other Federal agencies -- constitutes a major, positive departure from the
programs of the past. Organized around broad, national goals, it abandons the
notion that we can depend on "spin-offs" and "trickle down from space and
defense R&D for future well-being and instead adopts an ambitious, integrated
approach to civil and defense R&D spending in order to ensure national,

economic, and environmental security.

I hope these comments have given you a brief picture of the direction we

are headed and have illuminated the priorities we are pursuing.
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I trust that your schedule permits vyou to be our October
luncheon speaker. I assure you that your remarks will be well
received by our membership and of great interest to the
Washington, DC aerospace community. 7o provide adequate time for
planning and publicity, i1t is essential that our Section finalize
arrangements for the October luncheon as socon as possible. The
Section's Vice President for Programs is Jack Koletty. Jack will
contact your staff within the next couple of days regarding your
availability. If vyou bhave any gquestions or concerns, please
contact either Jack Kaletty (301-306-7861), or our Executive
Secretary, Alberta Moran (301-595-4177).

Thank you 1n advance for your time and favorable consideration
regarding this invitation to address the National Capital
Section.

Sincerely,
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Dan Kennedy
Chairman
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Why did the President put such an immediate and dramatic emphasis on

technology policy in his administration?



It's simple.

Technology drives economic growth. Advances in technology created
two-thirds of the productivity grov:th in the United States over the past 60 years.
The knowledge-based, growth industries of the future depend on continuous

generation of new technological innovations and rapid transformation of those

innovations into marketable products.

The technology strategy outlined by President Clinton and Vice President
Gore offers a comprehensive blueprint to focus American technology on 3

central goals:

-- Long-term economic growth that creates jobs and protects the

environment;

-- Making government more efficient and more responsive; and

-- World leadership in basic science, mathematics, and engineering.



With this initiative, we take a critical step toward ensuring that the federal
investment in science and technology becomes a key instrument for promoting
U.S. economic growth and for satisfying other national goals.
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Council for Science, Engineering, and Technology, the National Space Council,
and the National Critical Materials Council. NSTC will be chaired by the
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President, and the Vice President in his absence/a'n&will manage the council's
day-to-day affairs. This council was recommended in the report from the

National Performance Review, and &believe there is wide support for it within

the White House <
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National Security Adviser on those occasions when national security concerns
properly dominate the policy development process.
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In-the-menths-abead, L will also be leading a series of interagency reviews

of specific space programs,leading, in the new year, to a general reassesment of
US space policy. The first of these reviews -- in aeronautics, weather satellite

convergence, and space transportation -- are already underway.

Through the aeronautics review the Administrations will develop its
priorities for investing in a new generation of aeronautics technologies. In
developing these priorities we will be working closely with the aircraft
manufacturers to ensure that our .. :orities match those of industry. The second
review, focused on the convergencé'of DOD/NOAA weather systems, is a
critical elemennt of the Vice Presidents "Reinventing governm,ent i@ At

present, NOAA and DOD operated seperate wheather systems. OSTP is working



with NOAA and DOD to see how we can safely and cost effectively eliminate
this redundancty Finally, the United States relies for its critical civil and
national security space missions and space systems that cost too much and take
to long to prepare. The United States needs to chart a new course in space

tranportation. This review will be an important first step on this new course.

The PresiderX believes a strong and forward-looking space program is an

important investment im_our nagiofial future. The Adminisgation's policy seeks

to expand on tradition
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new century by e&panding partnerships, playing to dur strengths, and investing

in our people.

The President submiited a budget for NASA for 1994 that demonstrated
the Administration's strong commitment to the civil aeronautics and space
program. The President asked Congress to fund NASA at a level that allows an
increase in science, space technology, and aeronautics. This is an extraordinary

vote of confidence in a budget that is focused on deficit-cutting.



This investment does not signal a "business as usual" approach to running

this Nation's space program. The resources dedicated to the civilian space
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program must be focused on issues critical to the nation. Lbeheve-there-are
five principal ways this country's investment in civil space exploration and
technology development can and should contribute to the long term security and

well-being of this nation.

First, the aeronautics and space program will create new knowledge and

enhance our understanding of the environment here on earth and of our place in

the universe. Space systems and advanced high altitude aircraft provide
indispensable tools for understanding how human actions influence the complex
workings of our planet. Similarly, space science and robotic planetary
exploration can provide us with otherwise unobtainable knowledge and insights
regarding our home planet and the universe in which we live. Insights gained
from these technologies can enrich our lives and provide an essential type of

wealth for this Nation.
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This leads me to my sec “~aeronautics and space investments
must make important contributions to the U.S. economy. I refer not just to

serendipitous "spin-offs," but to prudent, industry-led investments, such as the
government/industry cooperation in aeronautics and in satellite communications
that helped to achieve and sustain U.S. leadership in these critical areas.

g

Although the economic health of this nation is the uppermost
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consideration for the Administration, it is not the only guiding principle in our

aeronautics and space activities.
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our traditional partners in Europe, Japan, and Canada, and soon with Russia and
other parts of the emerging democratic world, we can forge additional
relationships that contribute to global peace and prosperity. International

cooperation in space science, exploration, and commerce can provide an



important lesson on how nations, working together, define challenges and solve

problems that no one nation alone could accomplish.

Fourth, the space program is important because it generates and sustains

interest in math and science education. The excitement generated by the space
program can be used to interest young people in math and science education.
Enthusiasm for the space program yields scientists, engineers, and educators who
are the key to the future economic competitiveness of our nation, and increases
the understanding of science and technology in the general population -- a

critical need for the continued strength of our democracy.

Finally, human spéce:ﬂigi;x is and will continue to be a significant
element of our domestic and international space program. Humans can make a
unique contribution, as part of a balanced program of robotic and human
exploration, to our scientific and technical knowledge, as well as our
understanding of the benefits and limitations of humans living and working in

space.



I believe that these principles will guide development and implementation

of the aeronautics and space programs of this Administration.

The increased funding for aeronautics in the FY '94 budget will be used to
work with industry to develop the technologies that will improve US
competitiveness in civil aviation and enhance the safety and capacity of our
National Aviation System. Today the aeronautics industry is one of the biggest
in the country, employing nearly one million people, generating almost a
hundred billion dollars in annual sales, and tens of billions of dollars in exports.
It 1s one of our last surviving crown jewels of high technology, and one of the

few areas where we still enjoy a positive balance of trade.

That is why, under the Clinton Administration, NASA is ramping up its
investment in specific areas of aeronautical technology and in the facilities like
wind tunnels that service the industry. This year, there is a substantial increase
in aeronautics funding within the FY '94 NASA budget request. And with
President Clinton's support and his Technology Reinvestment Initiative, we will

increase that funding by more than 50% over the next five years. By the time
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we reach the 100th anniversary of the Wright Brothers' first powered fight, we
intend to have a strong and growing aeronautical industry in this country once

again.

The technology we produce in aeronautics can not only help our
competitive posture with this critical industry, it can spin off into other areas of
the economy as well. The advanced composite structures we are working on

provide an example.

For 20 years now, we have been steadily advancing the state of the art in
composite materials. The goal at first was just to learn how to fabricate these
new lightweight materials and tai:= advantage of the fuel savings. Now our goal

is to make composite materials 25% cheaper than aluminum.

How? Well one technology involves actually weaving the structures, just
like the textile industry might weave a suit. Rather than laying up a section ply-

by-ply, we would weave the fibers and epoxies together in the desired shape,
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and NASA is now working with five textile companies to pursue the idea. It's

very promising, both for the aeronautics and the textile industries.

Another high priority in the Clinton Administration' space policy is
NASA's Mission to Planet Earth. I think in many ways it may well be the most

important space science program we have ever done. And it could represent one

of NASA's greatest contributions to society.

Humans have begun to change the face of the planet at an ever increasing
rate, and that change is not always healthy. We must use our technology to
study the ecosystem, to understand the effects humans are having on the
atmosphere and the land and the water. The goal of NASA's Mission to Planet
Earth program is to provide definitive scientific data so that policy makers 10 or
20 years from now can make the right decisions in safeguarding the health of

our home planet.
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With these core programs, and with a new determination to make our
investments in air and space payoff of the American people, we have a bright

and promising future ahead.

Let me now turn my attention to a subject that has received a considerable

amount of attention recently -- the space station. ket me state from the outset

that J'believe that the space station program -- propeyly structured ,-- can make

number of

0 ific and
precedented
oppefttunities to develop new w breakthroughs for
7
this nation.
0 The ability to routinely live and work in space/and to pursue\new

investigations in advanced materials processing and manufactiyriig will be
/
ess/e"ntial to our compet/'ttive position in the high-technology markets that

will define the next century. Through' the space station, we can afo
) /
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achieve breakthroughg in medical research and other critical technologies
that will create ngWw jobs and 1mprov7e quality of life here on Earth.

0 Commltment to Space Station Alpha means a commltmezo tens of
thousands of good, high- paymg US jobs. These joys/ will help to offset
the’effects of the down-turn i I defense spending /af;d will maintain a
strong technology base essential to the economi/g and national security of

this nation.

0 Space Station Alpha is also a mode1/f peaceful international coopefétion,
offering a vision of a new world i which confrontation can be replaced
by coope7&ion. Through the Qée Station Alpha program, we will
continug’ to work with our ?/nt partners in Europe, Canada, and Japan,

whlle allowmg the possib/lity for meaningful participation by Russian.

In March of this yeé/r:, the President requested a review of the Space
.-/

Station Freedom Program in order to examine whether the program's

development, operations, and utilization costs could be significantly reduced
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while still achieving our scientific research goals and fulfilling our international
commitments. On June 17, following a review of NASA's study by an
independent panel of experts headed by Dr. Charles Vest, President of MIT,
President Clinton announced his support for a scaled-down, modular version of
Space Station Freedom that meets these objectives -- the "Alpha Station"
program as it has come to be known. The President also called for pursuing
expanded international involvement in the space station with the possible

participation of Russia.

As you know, the Alpha spece station program is the result of an
intensive review and resdesign of the Space Station Freedom conducted over the
last six months. Alpha is a streamlined version of the original Space Station
Freedom. It is designed to accommodate much of the Space Station Freedom
hardware, will have power, scientific laboratory space, and micrograpvity levels
comparable or better than Space Station Freedom, and incorporates the interests
of our international partners. It will cost significantly less than Space Station
Freedom. At the direction of the White House, NASA is currently finalizing the

Alpha Station baseline program design.
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The Administration has requested a total of $2.1 billion in FY94 to be
used to continue development of the reduced cost Alpha Station program as an
international facility to be buiit and operated by the United States, Canada,
Japan, and the European Space Agency. I believe strongly that this is an

important science and technology investment for the United States.

While the Alpha Station has been designed to be built and operated by the
United States and its current international partners, it has been configured to
accommodate significant Russ’an partié-ipation in the event that becomes
possible. Since the President's commitment in June to explore increased
international participation in the space station, U.S. and Russian teams have
been working together to develop possible options for Russian involvement in
the Alpha Station program. While significant progress has been achieved, it will
be necessary for the U.S. and. Russia to continue to work together and with our
international partners to develop technical options for possible Russian
participation. Until these planning exercises conclude in early November, it will

be impossible to finalize plans for Russian participation.
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In the interim, the United States and Russia have signed an historic
agreement to pursue space cooperation in the areas of earth observation, space
science, and space flight, possibly leading to a Russian role in the international
space station. Russian participation could add a postive new dimension to the
development of an international space station, and, as Vice President Gore
stated, would be an important symbol that we have put the Cold War behind us.
The Administration is requesting $100 million in FY94 in order to pursue these

mutually beneficial space activities in cooperation with the Russian space

program. I bek {5, too, 15 @ Wise 1 TIent for the Ui >

A crucial element of the redesigned space station program is the
implementation of management changes at NASA to reduce overhead, increase
efficiency, and streamline the bureaucracy. NASA has taken significant steps to
implement these reforms, including selecting a single prime contractor to oversee

program development and a single host facility to consolidate the program.
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Beyond the space station and the aeronautics program, NASA has a

broader role to play in the President's technology initiative, IL.can give you

pe Presi s

o——NASA-witt-have-akey Toteimrthe-implementation-of—the High

Performance Computing aad Communications/.i-n-i—t—i&t-i%&nd—efe&&mef

theinformatiensuperitgiw =

0—~—__NASA's spacé~and aeronauttsal technologies should confri?&ti;o,t\he
President'y initiatives ifadvanced manpfacturing, inclyding the leasar

!
initiative.

€ Space science and exploratior} is

U.Sleadership—trtraste-setence; tes; I Hig.
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0 —NASA'sEarth Observing System (EOS) program-will-alse-ensure-thatour
to sebve-high-prieritypreblems in the environment

e | WW% Pl i

's-technology initiative -- for

Inv

space and aeronautics, as well as other science and technology programs, for
NASA and the other Federal agencies -- constltute a maj R%}));lrtuge from the

rograms of the past. Organizea around broad national goals, it abandons the
prog p g g

notion that we can depend on serendipitaus.spin-offs space and defense a”t«/

R&D for future wellbemg#_a’nd instead adopts an ambitious, integrated approach h ,
to civil and defense R&D spending in order to ensure national, economic, and
environmental security.

/ DW,(» W, o wva«%ajZ AWV'@ ?w el Cialie

_IHhank-you for your attention today and ook forward to working with

you as we develop and implement the science and technology programs of the

Clinton Administration. —
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INTRODUCTION

The current global political situation suggests that
long-range aircraft operating at high speeds would be of
great potential benefit to the United States after the turn
of the century (Ref. 1). The rescarch presented in this
paper represents a preliminary assessment of a long-
range cruisc wavcerider vehicle. This work was done by
NASA Langley Research Center (LaRC) and NASA
Lewis Rescarch Cenier (LeRC) in conjunction with
General Dynamics (GD) for the airframe structure and
Pratt & Whitney (P&W) for the propulsion sysicm.
The NASA Langley Systems Analysis Office
coordinated the work and technically monitored the
efforts of GD and P & W which were provided under the
Mach 5 cruise portion of the HiMate Program. The
waverider planform was chosen as the basis for this
study because it has low drag characteristics, reasonable
volumetrics, (Ref. 2 and 3) and 1s computationally casy
to derive and optimize. Recent advances in high
temperature matcrials, light-weight structures and high
thrust-to-weight ratio propulsion systems indicate that
low hypersonic speed aircralt are feasible. A maximum
airspeed of Mach 5.0 was chosen so that a practical
“near-term” design could be formulated that uscs
hydrocarbon cndothermic fucls.

For hypersonic vehicles with long-range missions, the
fuel load becomes a sizeable percentage of the overall
weight. Thus, the instalicd thrust-to-weight ratio and
the installed specific fuel consumption become
important factors in the design of this class of aircraft.
Hypersonic cruise vehicles generally experience a thrust-
o-drag "pinch” at transonic and low supersonic Mach

numbers. Inlets and nozzles, sized for thrust and
efficiency at high speeds, operate off-design with high
losses in this Mach regime. The accelerator and
ramduct must be sized to offset these losses, thus,
increasing fuel burn during acceleration. This paper
will address some of the issues involved in the airframe
and propulsion system integration required to optimize
a vehicle for maximum range. This report presents the
initial iteration of an ongoing design process. Not all
disciplines arc closed: powerplant sclection has not
been optimized, and the aircraft has not been scaled.
Take-off requirements werc considered for purposes of
propulsion, landing gear sizing and determining
maximum takeoff weight.

Finally, some question exists as to the ability of the
acroanalysis methods cmployed here to accuratcly
analyze waveriders.  These methods require
approximating thc gcomeltry as a wing section, not
laking into account the contained conical shock
flowficld gencrated by the waverider, and most likely
will overpredict wave drag and underpredict lift. An
cffort is presently underway at LaRC 1o wind-tunnel test
a similarly derived waverider-based vehicle, validate
CFD methods, and provide a data base for calibrating
other acroanalysis methods. It was decided to use best
engincering judgment for this paper and wait for this
database before performing a more time consuming and
costly CFD-bascd analysis.

MISSION DEFINITION

The mission on which this study is based was a tanker-
to-tanker mission. The mission begins at Mach 0.8 and



30,000 feet. The vehicle accelerates to Mach 1.2 at
constant altitude then to Mach 5 while climbing to
approximately 90,000 feet. The entire accceleration
takes place at a dynamic pressurc below 1,000 psf,
whilc maintaining duct pressures below 100 psi. A
cruise/climb profile was then cstablished to obtain the
maximum range at the best-range altitudes. A
decclcration was then initiated that allowed the aircraft
to cstablish thermal equilibrium at flight idle-power
settings back ta a 30,000-foot altitude and Mach 0.8
airspced. Reserve {fucl, sufficient to maintain a time of
20 minutes loiter, would enable rendezvous with the
tanker. Figure 1 shows this mission profile.

DESCRIPTION OF VEHICLE

This research cffort is dirccled towards achieving an
aircraft with maximum range at a cruisc Mach number
of 5.0. A waverider shape was selected for this study
because of its good biend of volumetric efficiency and
high lift-to-drag (L/D) at the decsign cruise Mach
number. The basic shape was formed using the
Quickwave code (Ref. 4). Maodifications to this shape
werc necessary so that practical design considerations
could be integrated into the aircraft. Figure 2 shows a
three-view drawing of the aircralt. Blending of the
cngines, tails, and cockpit arc indicated in figure 3
which shows the well-shaped area distribution curve for
the aircraft. Pertinent vehicle dimensions and areas arc
given in table 1. Other integration issucs that have been
addressed arc discussed in reference 5. A comparison
of the size of the proposed waverider aircraft is presented
in figurc 4. Even though the vehicle has the
approximatc wcight of a B-767 transport, the actual size
is considerably smaller.

It was assumcd that the airplanc would be powered by
four wrboramjet cngincs. The STRJ-1011 powcerplant
system was supplicd by Pratt & Whitney and 1s based
on current technology (gen 5) using endothermic fucl.
The wrbojet would operate from take-off to
turbojet/ramjet transition (approximatcly Mach 2.0-
3.0). The ramjct engine is to be started at a low
supersonic Mach number and operated in parallel with
the turbojet through transition, alter which the ramjet
would opcrate alonc o complewe the high-Mach
acceleration and cruisc.

AERODYNAMIC ANALYSIS

The geometry delinition was developed using the
computer-aided design (CAD) ol ACAD. Preliminary
acrodynamic data for the Mach S cruise aircralt was
generated using Acrodynamic Preliminary Analysis
System (APAS II) (Ref. 6) which features Unificd
Distributive Pancls (UDP) for subsonic, transonic, and
low supcrsonic analysis and Hypersonic Arbitrary Body
Program (HABP) for hypcrsonic analysis.  Data

gencrated include aerodynamic forces and moments for
all Mach numbers as well as heating rates and
temperatures for hypersonic cascs.  Acrodynamic lift
cocfficient is shown in figure 5 for 0 and 6 degrees
anglc-of-atack.

Transonic analysis for this type of configuration pushes
the limits of applicability of the UDP code, which is
based on slender body theory. Additionally, in order to
account for the enginc cowl's external wetted surface,
while cxcluding the inlet ramps and nozzle, (which were
bookkept in the propulsion calculations), the aircraft
had to be modelled as a wing-type gcometry (i.c.
streamwise cross-sections) using a rclatively coarse
panelling. This resulted in unrcasonably high wave
drag. A comparison betwecn wind-tunnel data for a
similar waverider shape (Mach 4 dcsign point, Fig. 6
from data in Ref.7) and UDP analysis of these shapes
indicate that while lift is predicted reasonably well, drag
is overpredicted by 50 pecrcent to 100 percent.
Correction factors were therefore applied to the drag
coefficients that were calculated by UDP up 1o Mach
3.0. Figure 7 shows the drag coefficient as a function
of Mach number for angles-of-attack of 0.0 and 6
degrees.  All drag coclficients shown in figurc 7 were
calculated for 50,000 fect. Note that all of these f{igures
depict airframc lift and drag only (i.c. ignoring inlet
ramps, internal engine and cxternal nozzle surfaces).

Data at Mach 4 and above were derived using HABP.
For a confined flowficld configuration such as the
waverider-like design herein, at the on-design condition
(M=5.0, o =0 deg.), thc HABP doesn't predict the static
pressure on flow-aligned surlaces, thus possibly
underestimating Lift for the present configuration at the
design point. For a Mach 6 waverider configuration
vechicle (Ref. 8), this neglecied L/D increment was a
positive 15 percent assuming a fully turbulent boundary
layer (any portion of laminar flow would increasc this
increment).  Therelore, the 1L/D performance at the
design cruise conditions bascd on the HABP could be
CONServative.

Tablcs of lift, pitching moment, and drag coclficients
were calculated for several scts of Mach numbers,
altitudes, and angles-of-attack, o be used for trajectory
analysis. Control surlace clfccliveness was calculated
by physically deflecting the aileron flap geometry and
gencrating a new configuration for cach angle desired.
The resulting force and moment data were then
subtracted from the undeflected case data to produce
tables of "deltas” for use in trimming the aircraft (pich
planc) during trajectory analysis.
PROPULSION INTEGRATION

The intcgration of the propulsion system is a primary
driver in developing the layout of the configuration.



The entire length of the vehicle undersurface can be
considered part of the propulsion system. The waverider
forebody is the first compression ramp and provides a
clean, uniform compression flowficld for the propulsion
system. The engine modules must be integrated in such
a way as to fully utilize this beneficial waverider
characteristic. Complicating this integration is the need
for a high expansion arca nozzle for efficient high-speed
performance. The installed propulsion configuration
presented here is a result of a synergistic optimization
of several design parameters. These are (1) achieving a
prescribed inlet-to-exit area ratio, (2) integration of an
external expansion nozzle with an optimum expansion
ratio, (3) the minimization of aft body base area for
transonic efficiency, and (4) a desire to efficiently
capture the conical inlet flow while utilizing highly
efficient, easily optimized 2-D (right rectangular cross-
section) inlets and nozzles.

In an auempt to reduce the complexity of the design as

much as possible, an over/under turboramjet (the Pratt
& Whitney STRJ-1011) with a subsonic splitter was
selected. This choice simplifies the analysis process as
well as reduces mechanical complexity. Future
iterations of this design may incorporate more advanced
propulsion concepts if the benefit potential is great
enough to offset the risk.

Inlet Design. Theoretically, the conical shock
waverider forebody provides a near-perfect flowfield for
ingestion into a propulsion system. Unfortunately, the
realities of propulsion design create a disconnect
between the 3-D conical flowfield and the convex cross
section of the waverider forebody and the probability
that only 2-D variable geometry inlets can be built
within reasonablc weight limitations. Figure 8
indicates the complexity (potential weight gain) of a 2-
D inlet is extensive. The increasc in complexity and
weight required for a 3-D inlet system, however, would
add unacceplable risk to the design. A practical solution
to this problem was devised that allows the use of 2-D
modules to capture the 3-D flow from the waverider
without a significant sacrificc in performance.

Preliminary analysis of the inlet flow(ield indicated a
need for compression beyond what was provided by the
waverider flowfield. This additional compression
requires an external inlet ramp system to be devised that
not only provides the needed compression ratio but
transitions the inlct flowficld from 3-D to 2-D. Inlet
strakes are incorporated 1o isolate cach inlet in casc of
an unstart or engine-out condition in onc module. The
outboard strakes arc extended forward to the first
auxiliary inlet ramp to control side spillage. The cowl
is fixed so flow control in the inlet is to bc
accomplished by the variable ramp system. A spliuer
‘that controls the capturc flow division between the
turbojet and ramjet is located behind the inlet throat.

A boundary-layer diverter was integrated just forward of
the first external inlet ramp to remove the low energy
boundary-layer flow during turbojet operation only.
This may not preclude the need for bleed internal to the
inlet but will minimize the volume required, thus,
simplifying the bleed system. Installed engine
performance includes penalties for the forward bleed
system and for eight percent internal inlet bleed even
though no internal system is shown at this time.

To better optimize the inlet system on this vehicle, the
inlets conform to the 3-D flowfield and convex cross-
sectional shape of the waverider body at the inlet
station. However, it was found desirable to use a
completely 2-D (horizontal cross-section) external
nozzle design. A way of integrating these seemingly
incompatible design drivers was devised which benefited
other aspects of the vehicle optimization. A long
subsonic diffuser was used to transition the flow from
the wrap-around arrangement of the inlet modules to the
2-D horizontal nozzle arrangement. The long diffuser
also brought the inlet further forward on the waverider
forebody, thus, pulling the engine and nozzle up. This
reduced both the maximum cross-sectional area and the
aft base area of the vehicle, significantly improving the
transonic performance of the design.

Nozzle Design. The turbojet, turbojet augmenter,
turbojet nozzle, rambumner, ramjet-nozzle, and external
expansion nozzle were aligned in a 2-D arrangement,
resulting in a simplified nozzle design, as well as
structural design. The external nozzle is designed as a
single, large expansion surface with a 15:1 expansion
ratio. Sidewalls were incorporated only on the outer
cdges of the nozzle with no inter-module separators used
beyond the internal ramjet nozzle.

For low-spced operation, the design incorporates some
features 10 maximize the turbojet nozzle efficiency and
decrease the boat-tail drag. As seen in figurc 8, a door
opens 1o allow the turbojet nozzle flow to exit to the
external nozzle just above the ramjet nozzle. The low-
pressure diverter air is dumped into the external nozzle
just above the wurbojet exit, and high-pressure air,
taken off the wrbojet, is injecied between the turbojet
exit and diverter flow (o creale a slip stream between
thesc flows. As conceived, the ramjet will be started at
approximatcly Mach 2.0. When the turbojet shuts
down at Mach 2.5, the turbojet nozzle exit doors seal
shut, leaving a large, unobstructed expansion surface.

PROPULSION SYSTEM INSTALLED
PERFORMANCE

The choice of the over/under turboramjet propulsion
system, with the accompanying variable geometry inlet
and internal flow divider, allows proper airflow control



(airflow split, ctc.) for the turboramjet combination.
Assuming this airflow control capability, LeRC
generated the installed performance (including engine
flowpath moments) for the Mach 0 10 2.5 flight region
using uninstalled turboramjet performance data furnished
by P&W. No anglc-of-attack cffects were calculated for
this data. For the ascent, the turbojets arc operating at
maximum throttle until they are shut off at about Mach
2.5. The inlet/engine system size was controlled by the
Mach 1.0 to 1.2 vehicle drag levels which produced a
turbojet enginc with 34,000 pounds of installed sea-
level static thrust at maximum afterburner. Turbojet
engine performance was also gencrated for idle power
settings for the descent portion of the trajectory. The
ramjet performance (including engine flowpath
moments) from Mach 2.5 to 5.0 was generated at LaRC
using a version of the SRGULL code (Ref. 9). This
code was used to gencrate the airflow values for the
conical flowfield of the on-design Mach 5.0 waverider.
For the Mach 2.5 to 5.0 ramjet performance, the off-
design effects of angle-of-attack and Mach number were
estimated assuming a conical forebody to approximatc
the flow distribution entering the 2-D ramp system.
The minimum Mach number and maximum fuel
cquivalence ratio at which the ramjet can operate is
controlled by the available combustor arca ratio.
Within these limits, ramjet operation is assumed Lo
begin about Mach 2.0 with the ramjet side of the flow
being used essentially for wrbojet [low control below
Mach 2.0 and to minimize capture {low spillage. For
the ascent, the ramjet is opecrating at maximum fucl
cquivalence ratio and enthalpy level of the capture flow.

The maximum-thrust ascent produces minimum time to
Mach 5.0, but the acceleration rate of the vehicle is too
low for elficient performance. Values of thrust and
specific impulse for the optimized trajectory. are shown
in figures 9 and 10. Thrust and specific impulsc
computations, when both the turbojet and ramjet arc

operating simultancously, arc problematic becausc it is

difficult to decide how much of the inlet and nozzle
losses to bookkeep to cach system,

THERMAL CONTROL AND FUELS

Endothermic fuels are nceded to provide the necessary
heat sink for cruisc at Mach 5.0 and dcceleration.
Methylcyclohexane (MCH) and an advanced paraffin fuel
were considercd. The paraffin fuel was chosen because
it had a much higher flash-point temperature.

Both direct and indirect fucl cooling were uscd in the
design. In either case, a catalyst is needed to promote
the endothermic chemical rcaction of the fuel. The
thermal management system is shown in figurc 11.
Dircct fuel cooling is used in the ramburner and nozzle
where the heat load i1s highest. For these arcas, the
catalyst is installed on the inside of the superalloy

cooling panels. The location of panels with direct fuel
cooling is shown in figure 12. Indirect cooling is used
for the inlet, avionics, and turbojet cngine bay, and a
catalytic heat exchanger reactor (CHER) is employed to
transfer heat from the secondary fluid to the fuel and
promote the chemical reaction. The secondary fluid is
Syltherm 800, a low viscosity, heat-transfer liquid and
is described in reference 10. The inlet has integral
titanium alloy cooling panels with insulation and a
cobalt L-605 heat shield. The inlet cooling concept is
shown in figure 13.

A schematic of the cooling system, as modeled in the
thermal management system, is shown in figure 14,
Power for the fuel pump and other aircraft systems
requirements are derived from the turbine shaft while the
turbojet is operating and from a fuel expansion turbine
when the ramjet is operating. Both sources are
availablc during transition. Analysis has shown that
the power generated by the fuel turbine is much greater
than the power nceded to drive the fuel pump during
Mach 5.0 cruise. Engine start and engine-out power
will be obtained from an auxiliary power unit (APU).
Results of the weight optimization study of the inlet
cooling concept are shown in figure 15. The ramjet
combustor and nozzle cooling circuit was analyzed
using a computer program called NASP/SINDA (Ref.
11). Fuel properties werc obtained from the Supertrapp
fluid properties softwarc (Ref. 12).

Onc of the most difficult problems for the thermal
management system is cooling of the aircralt during
high-speed deceleration. Thrust must be reduced which
results in less fuel needed for combustion, whilc the
heat loads remain high. The hcat load to the combustor
is reduccd by turning off the outer fuel injectors. A
layer of air would act as film cooling ncar the wall with
combustion taking place in the center core of the ramjet
combustor.

AIRFRAME STRUCTURE
ANALYSIS

DESIGN AND

Structural Concept and Materials. Thc Mach 5
cruisc aircralt was designed as a hot structure with
integral tanks lined with insulation and containing
flexible fucl cells. This concept was sclected by GD for
its simplicity, high structural cfficiency, light weight
and lcak-free fuel containment.

Honcycomb sandwich pancls were sclected for airframe
skins because they provide a hightweight structural
solution rcquiring only modest ringframes between the
major frames and bulkhcads. This concept uses skin
pancls typically 42 inches wide by several feet in length
that arc welded to intermediate frames to create large
panc! assemblics. This approach provides lighter joints
and improved vehicle smoothness which should reduce



drag and local heating. Figure 16 illustrates the
structural wall concept for the airframe.

Maiterial choice for the airframe structure was driven by
the maximum structural temperatures resulting from
aerodynamic heating (mostly 800-900°F). This allowed
the use of a monolithic titanium alloy, Ti 6242, which
provides reasonable strength and modulus of elasticity.
Wing and tail leading edges are more severely heated
(1,300-1,500°F), so a metal matrix material is used
which has silicon carbide fibers in a titanium-aluminide
alloy matrix with a maximum temperature capability to
1,500°F.

Fuel Tank Concept and Materials. The chosen
design uses flexible fuel cells within the integral tank.
This allows the airframe to be completely assembled
before installing the fuel cells, simplifying
construction. Also, these tanks will be lighter than an
equivalent, conformal graphite epoxy tank. Finally,
since standard fuel cell materials can be used at the
desired operating temperature (<250°F), their use will
further reduce cost and weight. Rigid insulation will be
used to protect the fuel cells from the hot airframe. The
insulation scheme selected is depicted conceptually in
figure 17.

Structural Analysis. Structural analysis of the
Mach 5 cruise aircraft was accomplished using the
finite-element structural analysis code,
MSC/NASTRAN. The finite-element model (FEM)
described here was developed from the configuration
surface geomelry with additional features for the intemal
structure obtained from the structural design layout
within the CAD database. The resulting FEM surface
definition also provided the model for use in developing
inertial and acrodynamic load data.

The aircraft mass distribution was applied to the entire
vehicle model as a function of cross-sectional area
versus length., The distributed mass included all of the
initially predicted dry weight. The fucl masses werc
applicd in the location of the fucl tanks as a function of
the volume of cach tank. Fuel was assumed to bc
burned uniformly from all tanks.

Loads analysis was donc with the objective of
reasonably bounding the required vehicle design
envelope. Simplifying assumptions were made to limit
the cxtent of analysis to a level consistent with
advanced conceptual design. Therefore, twelve load
conditions were selected from taxi through Mach 5.0 to
represent the design envelope. The structural FEM, as
shown in figure 18, consisted of 2,291 elements with
4,446 degrees of freedom (D.O.F.).

Structural panel sizing was accomplished using GD
proprictary computer codes, which work with the

NASTRAN FEM data and force output, to size each
structural element. The panel sizing code uscs
temperature dependant material properties and generates
panel forces due to the applied thru-thickness
temperature gradients. Initially, the 0.020 inch
minimum faccsheet thickness of the Ti 6242
honeycomb sandwich panels appeared thick, but the
combination of heavy biaxial loads and tank
pressurization resulted in reasonable utilization of the
material and the costly practice of chemical milling to
get thinner gages was thereby avoided. Additionally,
the extensive use of welded-in-place frames reduced the
amount of parasitic panel close-out material normally
associatcd with joints in mechanically fastened
honeycomb sandwich-panel construction.

Finally, a study was made to determine optimum frame
spacing. This study evaluated the weights for the
honcycomb skin, as well as the frame, based on
strength and global buckling checks at frame spacings
of 36, 42, and 48 inches. It was determined that a
spacing of 42 inches was optimum.

Aeroheating. Analysis. Aerothermal analysis of
the vehicle consisted of two primary lasks: Providing
local heat transfer data at specific locations on the
fuselage and generating acreage heating data over the
majority of the external vehicle surface for the entirc
design mission. Initial aerothermal analysis centered
around providing preliminary heating data to allow
determination of forward, middle, and aft tank bulk fuel
tcmperatures. For most of this analysis, the GD
ASHAB code was used to determine heating to the
midpoint of each fuel tank on both the upper and lower
fuselage surfaces. All predictions for the lower forcbody
portion of the preliminary fuel tank insulation analysis,
the detailed thermal modeling, and the global heating
analysis were performed using the new GD BART
engineering code. BART is similar in concept to the
NASA MINIVER code (Ref. 13) but provides additional
flexibility in input and output.

A number of assumptions were required in performing
the aerohcating analysis. Air was assumed to behave as
a perfect gas in all flowficld calculations. The
boundary-layer transition criterion was based on flow
over a cone under thc assumption that transition starts
when momentum-thickness Reynolds number divided
by local Mach number cquals 150. The length of
transition was assumed to be 1.5 times the Reynolds
numbecr based on the length from the nosc at transition.
The Eckert reference enthalpy-turbulent heating method
was used for turbulent acreage regions. For leading edge
heating calculations, the laminar heating method of Fay
& Riddell was employed. Radiation equilibrium wall
temperatures (RETSs) were calculated assuming a surface
emissivity of 0.80. Calculations were made for 880
body locations at cach time step in the trajectory.



Conical flow Mangler transformation factors were uscd
over the entire geometry and raised peak RETs by
approximately 30°F in rbulent regions, and by almost
300°F in the laminar regions compared to the flat plate
assumption. Tangent cone pressures were used for all
locations. Initially, discrete conical shocks were
employed for each of the compression ramps in the
inlet, but due to the reduction in local Mach number
through the series of shock waves off each ramp, it was
discovered that.the resulting surface pressurcs were
actually lower than if the shocks werc ignored. For
conservatism, the inlet ramps were treated simply as
body panels without additional treatment for ramp
shocks.

Preliminary heating analyses for discrete geometric
locations were performed on both the upper and lower
fuselage. Figure 19 shows peak RETs for the upper and
lower centerlines of the vehicle. Boundary-layer
transition occurred relatively early for both centerlines,
near fuselage station (FS)135. The propulsion flowpath
compression ramps were considered part of the inlet
structure and were aclively cooled, so the RETs shown
in that region were not used to size insulation. The
upper centerline showed an initial peak of 1,022°F as
the flow became turbulent on the face of the cockpit
bulge, but as the flow expanded over the top, the RETs
decreascd to approximately 5S90°F at the end of the
bulge. By FS 906, a recompression had taken place
which increases RETs to approximately 750°F on the
aft upper fuselage. A final expansion occured at the
trailing edge of the vehicle, dropping RETs sharply.
Heating was reasonably uniform on the lower forebody,
with a drop in RETs inboard of the leading edge where
the boundary layer remained laminar.

Figure 20 shows representative equilibrium temperature
time histories for four spanwise locations at or near FS
500. Of primary intercst in this figure arc the rapid
heat-up and cool-down ratcs near the beginning and end
of thc mission and the very long cruise time during
which the vehicle is exposed 10 near-maximum heating,.
The slow decreasc in lower-surface RETs and increase in
upper-surface RETs during the cruise phase was due to a
steady drop in angle-of-attack as the vehicle fuel load
was consumcd.

Thermal Analysis. The thermal modeling cffort
consisted of two tasks. The first was a preliminary
cvaluation of insulation requirements to maintain fuel
temperatures below vaporization levels for the tank
pressurization schedule. The second focused on dctailed
thermal modeling of the proposed structural concept to
cnsure that internal structural temperature Limits for the
fuel tank bladder were not exceeded and to determine
temperaturc gradients in the honcycomb structurc for
vehicle structural analysis.

A preliminary analysis was conducted to determine
insulation requirements to limit fuel temperatures to the
lowest saturation temperature consistent with the in-
flight tank pressurization scheme. The insulation
selected was Manville Min-K (Type 1301). The lowest
saturation temperature corresponded to 280F which
would occur at a minimum tank pressurization of 4
psia.

A one-dimensional, transient SINDA model was
formulated for each of the three regions of the tank:
forward, middle and aft. The decrease of fuel mass in
the tanks duc to fuel consumption was considered in the
analysis. The lower fuel cell surfaces of the tanks were
assumed 1o be completely wetted by the fuel for the
duration of the mission. The upper fuel cell surfaces of
the tanks were assumed to be uncovered by the fuel and
could only radiate to the lower surface and subsequently
to the fuel. The final results indicated an insulation
thickness of 0.75 inches for the bottom surfaces of the
vehicle and 0.50 inches for the top surfaces. The
resulting fuel temperatures did not exceed 260°F, except
marginally in the nozzle region late in the flight.

The second thermal analysis task was to calculate the
outer honevcomb facesheet temperatures, the inner
honeycomb facesheet temperatures and the average
lemperatures for the joint/frame members. A primary
concern was the variation in honeycomb core height
throughout the vehicle. The variation was required to
meel local structural requirements. To predict the
required temperatures and gradients, a thermal/structural
analysis was performed.

The structural wall concept is shown in figure 16. A
major concern was the choice of insulation for use
between the honeycomb panel and the fuel tank. The
purpose of this insulation was to minimize the heat
absorbed by the fuel and to maintain the flexible fuel
cell under its temperature limit.  Structurally the
insulation must be capable of compressive loading from
fucl weight and tank pressure, which focused attention
away from conventional blanket insulations to moldable
insulations. A moldable form of Min-K 1301 was
chosen for usc as the primary insulation. It is suitable
for continuous usc at temperatures up to 1,300°F. To
protect the moldable insulation from mechanical
abrasion or erosion, the insulation was wrapped with
quartz fiber bagging to minimize direct contact between
the insulation and the vehicle structure. Additionally,
1/4 inch of Pyropel MD-12 insulation was substituted
unmediately next to the flexible fuel cell. This material
1s a rigidized polyimide fiber felt and will assist in
cvenly distributing the compressive loading on the Min-
K. MD-12 is usable up to 550°F for continuous
operation.



A review of external heating conditions and honeycomb
panel requircments identified five locations on the
vehicle which bounded the range of heating conditions
and the thru-thickness gradients due to the heating. They
were FS 435 (upper surface), FS 514 (lower surface),
FS 559 (lower surface), FS 900 (upper surface) and FS
1,400 (upper surface). These locations were thermally
modelled and analyzed considering honeycomb core
heights of 0.5 inches, 1.0 inches and 1.5 inches. A two
dimensional SINDA thermal model was constructed of
the joint/frame area of the vehicle. The model had
approximately 300 nodes and 550 conductors.

Heat transfer through the honeycomb core was modeled
utilizing an effective thermal conductivity which
accounts for combined conduction and radiation effects.
Modeling the fuel presence was necessary because it
moderates the bladder temperature response. It was
assumed that the upper portion of a fuel cell could only
radiate to the fuel mass or through the fuel to the
bladder portion of the tank underneath it. For the lower
portion of the bladder, a convection coefficient of 25
BTU/hr*sq.ft.* °F was used to thermally connect the
bladder to the fuel temperature.

The detailed thermal modeling confirmed the results of
the earlier insulation sizing. An insulation thickness of
0.5" was used in modeling the upper portions of the
fuel tanks. This thickness maintained fuel cell
temperatures below their limit. Likewise, an insulation
thickness of 0.75" was found (o be adequate for the
lower surface. Substitution of MD-12 insulation for a
portion of the Min-K insulation had no significant
impact on overall structural temperatures.

Results of the detailed thermal analysis indicate that the
previously calculated RETs were only about 20°F to
50°F higher than the predicted surface temperatures from
the thermal model. Therefore, the RETs could be
conscrvatively used for outer facesheetl temperatures at
all locations on the vchicle. Analysis results from the
run matrix werc tabulatcd as honcycomb core gradients
versus outer facesheet lemperature. A ncarly ideal linear
variation of thru-thickness gradicnt with outer facesheet
temperature was observed for any given core height.
Figure 21 shows a typical set of thosc plots. These
relationships were utilized to define the structural
temperature gradients as a function of core hcight for
usc in the structural analysis. In a similar manner, a
gradient was defined between the outer surface
temperature and a point located at the center of the
splice/(rame support.

PROPULSION STRUCTURE DESIGN AND
ANALYSIS

Figurc 8 shows thc two-dimensional fayout of the
propulsion geometry. The propulsion structurc must

provide intcgrated loadpaths and must also be designed
to accommodate the kinematics and react the loads of
the variable geometry. In order to compute internal
forces and moments used for structural design, a
complex finite-element model (FEM) of this geometry
was created as shown in figure 22, except for turbojet
inlet and afterbumer ducts which are addressed in a
following section. The completed FEM consisting of
2,205 elements and 6,000 D.O.F. was loaded and
analyzed for Mach 2.5 and 5.0 flight conditions and
every structural panel was loaded with the appropriate
operating pressure and temperature. The temperature of
the structure was set equal to the backside temperature
of the cooling panel which was calculated in the thermal
management system analysis.

The MSC/NASTRAN model was used to compute
internal forces and moments for each load case. These
loads were utilized in ST-SIZE, a LaRC developed code
(Ref. 14), 10 perform the structural sizing of every
clement in the FEM. Resulting element sizes were
used to create new FEM properties and the analysis
repcated in an iterating fashion until the structural
weight converged. All analysis was performed using
temperature-dependent material properties (from Mil
Handbook 5) for the titanium alloy material, Ti 6242.

Final structural weights are determined by estimating
those wcights not directly addressed by the structural
model. These weights include such components as
actuators, insulation, hcat exchanger panels, and
manifolds and plumbing. Actuator weights werc
estimated based on current technology ball-screw
actuators.

The turbojet inlet and afterburner ducts were not
included in the main FEM bcecause they were each
designed of different materials and required statically
determinate, independent mounting schemes 1o allow for
the differential thermal growth. These ducts were sized
with independcnt FEM's. With the duct pressures
cncountered, the minimum weight design is a ringframe
stiffened honeycomb. The inlet duct was chosen to be
unprotected graphite polyimide with a 20 inch nominal
ringframe spacing,.

The afterburner pressure case was constructed of Inconel
718 with a 10 inch ringframc spacing. Inconcl 718 has
cxcellent propertics to about 1,200°F so the afterburner
will be cooled with fuel to keep it below  this limit.
The resulting afterburner design required ringframes on a
10 inch spacing to contain the maximum internal
pressurc of approximately 60 psi.

WEIGHTS

The weight input for the aircraft is shown below in
cquations 1-6.



Dry weight,

Wp = Wer + Wpp + W + W M

where Wqr, Wpp, W, p.andWg,, are the weights for

the structure, propulsion system, landing gear, and
subsystems, respectively.

Empty weight, Wg = Wp + Wy 2

where Wy, is the useful load and is composed of the

crew weight of 250 pounds, the payload of 10,000
pounds and trapped fuel.

Gross flight weight, Wg = W + Wieop 3)

where Wy, is the propellant weight.

The structural analysis performed on the aircraft
provides the basis for calculated structural weights;
propulsion weights were provided by P&W. Empirical
weight relationships are used on other areas such as
subsystems, landing gear and trapped fuel. These
weight algorithms were taken, in part, from reference 15
and are given below as:

Wipg =055 W;; )

Wous = ths 5)
s

- Wy = 3.66W; ©6)

Table 2 provides a summary of the individual weights
for the aircraft (with inlct bleed) with a gross weight of
551,052 pounds. This yields a gross propellant weight
of 408,946 pounds. An assumed ullage factor of 4
percent gives a uscable propellant load of 392,588
pounds and a propellant fuel fraction of 71.2 percent.

PERFORMANCE

To facilitate the analysis, the tanker-1o-tanker mission
was broken into three main segments: ascent, cruise and
descent. The simulation was run using the NASA
LaRC dcveloped CSOTAV code. This breakdown
facilitated the use of an encrgy method for ascent, a
Breguet method for cruise and a reverse cnergy method
for descent. A prescribed Mach-altitude profile was
input for ascent obscrving the transonic dynamic
pressure and the ramjet duct pressure limits. The cruise
leg was to be flown at optimum altitude for maximum

specific range, closely approximating a traditional
Breguet cruise-climb profile. However, the ramjet duct
pressure limit forced the vehicle to fly at altitudes
higher than optlimum initially, but as vehicle weight
decreased, the optimum altitude eventually rose above
this constraint. Descent was flown, upon a brief pull-
up maneuver to lower dynamic pressure, from end of
cruise to Mach 0.8 at 30,000 feet using minimum
power settings. The vehicle was trimmed during the
entire mission using elevons.

Start of mission gross weight and empty weight used in
the performance analysis was 551,052 pounds and
142,106 pounds, respectively. Total useable fuel
quantity for this design has been calculated at 392,588
pounds. Inlet boundary-layer bleed of 8 percent was
assumed for the ramjet mode. This turns out to have a
significant impact on range and will be discussed later.

Propulsive moments for the turbojet and turboramjet
combinations were provided by LeRC up to Mach 3.0.
The SRGULL code was used to generate moments for
the ramjet mode from Mach 3.0 to 5.0. Basic
untrimmed aerodynamic moments were provided by GD
from Mach 0.8 to 3.0 and by in-house analysis from
Mach 3.0 t0 5.0.

Figure 23 shows the Mach-altitude schedule for this
mission. Angle-of-atlack and elevon deflection histories
for ascent are shown in figure 24. Maximum elevon
deflection during cruisc was -5.9 degrees (trailing edge
up) which was well within acceptable limits. Net
thrust and drag histories and installed Isp and effective
Isp histories can be seen in figures 25 and 26.

Maximum cruise range was achicved by operating at
conditions where specific range (Rsp=V*L/D/sfc) was
maximum. This entailed continuously adjusting the
altitude as the vehicle weight decreased and resulted in a
climbing cruise flight profile. As noted earlier
however, the intial part of the cruise was done at
constant altitude. Throttle scttings were therefore a
fallout for cruise by setting thrust equal to drag, where
throttle sctting is the fuel equivalence ratio (phi) for the
ramjct. Equivalence ratio and altitude histories for
cruise are shown in figure 27. Minimum phi at which
burning can be sustained for the ramjet is .3.

Descent was performed by throttling back o minimze
power sctting. Due to the fact that the engines were
sized to provide adequate thrust during acceleration, their
minimum thrust levels were relatively high, resulting
in low deceleration rates, and in turn led to a significant
range for descent. It may be more efficient, however, to
generale range during cruise using some of this descent
fucl. This would require rcducing minimum thrust
somechow, thereby increasing deccleration rate and
reducing deceleration Lime,



Total mission range for the case with ramjet inlet bleed
is 5,905 nm where 740 nm is accrued during ascent,
3,769 nm is accrued during cruise and 1,396 nm is
accumulated during descent as shown in figurc 28. Fuel
usage breakdown can be seen in figure 29. The mission
was also flown assuming no inlet boundary layer blced
for the ramjet mode. The 1otal range for this casc is
7,600 nm. This, of course, is unrcalistic because the
inlet would have serious operability problems without
blecd and oniy represents a limiting case. Shown in
figurc 30 arc mission ranges for partially filled "as-
drawn" vehicles for both ramjet bleed and no-bleed cascs
and are represented by the solid lines. This was a crudc
attempt at determining the range for smaller sized
vehicles. The lines represent a lower limit sincc these
vchicles carry excess weight and drag lo contain the
cmpty volume. The shaded area above these lincs
represent potential range improvements {or down-sized
vehicles.

A preliminary (akeoff and landing analysis was
performed 1o sce if the vchicle meets the gencral
rcquirements of MIL-C5011A. An empirical approach
was uscd to determine the "balanced field length”
distance (Ref. 16). This showed that for a gross takcoff
weight of 400,000 pounds and a takcoff lift coefficient
of .58, a takeoff distance to clear a 50-foot obstaclc was
7,500 feet. The takeoff speed was calculated to be 209
knots which is well within the present tire design
capability. A landing speed was calculated assuming a
landing weight S percent greater than the cmpty weight
and a 10° angle-of-attack. This resulted in an approach
speed of 181 knots over a 50-foot obstacle clcarance.
Although this preliminary analysis docs not include
stability and control cffects at high angles-of-attack, it
docs indicatc a vehicle which has normal takeoll and
landing characteristics.

CONCLUDING REMARKS

This clfort represents the first iteration of a waverider-
derived Mach 5 airplane design using fuselage
intcgrated-underslung over/under turboramjcls with
endothermic fucl. This design study is comprehensive
in that all major disciplines arc considered and coupled,
at least to first order. The niual results are promising
in that a maximum tanker-to-tanker range (without inlet
blecd) of approximately 7,600 nm was achicved for a
gross weight of 550,000 pounds, an cmpty weight of
141,000 pounds and a vehicle length of 135 feet. The
focus of this study was on an "as drawn" vchicle. No
attlempt has yet been made o scale down the aircraft 10
find the optimum range. Initial cxamination of range
potential with reduced fucl load indicates downsizing
may be desireable.
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Much optimization is yct required to establish the full
potential of this class of aircraft. The shape cvolved
mainly through acrodynamic considcrations.
Acrodynamic prediction methods that fully capture the
waverider lift at the design point must be utilized.
Also, the engine integration and engine sizing rmust be
more influcntial 1n designing the vehicle in the next
iteratuon, and overall vehicle sizing must be put into
"play.”

The impact of advanced technologics on the design must
also be considered. For instance, the transonic drag,
which sizes the turbojets, could be reduced dramatically
if external burning of the endothermic fuel is a viable
option. The cngine weight and complexity could also
be rcduced with more advanced combined cycle
propulsion concepts which would have higher thrust-to-
weight potential. Redesigning the inlet to spread the
shocks and thus eliminate or reducc the bleed would be a
tremendous asscl.

The airframe structural design/weight was based on
monolithic, statc-of-the-art, titanium material.
Advanccd composite titanium-aluminide materials being
developed by the National Acro-Space Plane program
would reduce the airframe structural weight
substantially.
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Overall Dimensions

134.73 ft.

Body, planform

5744.0 ft2

Aspect ratio

Table 1. Basic aircraft dimensions

W/TBLs M5 WGHT|Pegg
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Table 2. Weight
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October 21, 1993

Remarks by Mr. Lionel S. Johns to the National Capital Section of the ATAA
Associate Director for Technology
Office of Science and Technology Policy
Thank you for the opportunity to share with you the Administration's

policies and strategy for space and aeronautics. It is always a pleasure to

address a distinguished group such as this.

I'd like to begin by noting that upon taking office, one of President
Clinton's first actions was to formulate a major new technology initiative as part
of his plan to strengthen our country's economy. This initiative is contained in

the Administration's publication, Technology for America's Economic Growth,

Why did the President put such an immediate and dramatic emphasis on

technology policy in his administration?

It's simple.

Technology drives economic growth. Advances in technology created

two-thirds of the productivity growth in the United States over the past 60 years.



The knowledge-based, growth industries of the future depend on continuous
generation of new technological innovations and rapid transformation of those

innovations into marketable products.

The technology strategy outlined by President Clinton and Vice President

Gore offers a comprehensive blueprint to focus American technology on 3

central goals:

-- Long-term economic growth that creates jobs and protects the

environment;

-- Making government more efficient and more responsive; and

-- World leadership in basic science, mathematics, and engineering.

With this initiative, we take a critical step toward ensuring that the federal

investment in science and technology becomes a key instrument for promoting

U.S. economic growth and for satisfying other national goals.



All of this leads to the question, I want to focus on: How do our

aeronautics and space programs fit into this technology strategy?

I will start with the role of OSTP. The President directed Dr. Gibbons to
take the lead role for the Administration in terms of coordinating space policy.
The approach we propose to take is to handle this responsibility through a new
council, the National Science and Technology Council, that will absorb the
functions of the Federal Coordinating Council for Science, Engineering, and
Technology, the National Space Council, and the National Critical Materials
Council. NSTC will be chaired by the President, and the Vice President in his
absence, Dr. Gibbons will manage the council's day-to-day affairs. This council
was recommended in the report from the National Performance Review, and we
believe there is wide support for it within the White House and in other
Executive Branch agencies and departments..

We are in the process of obtaining views from Executive Departments and
Agencies, the Congress, and the private sector on the NSTC. Obviouslygf\;ill
be working closely with the National Security Adviser on those occasions when

national security concerns properly dominate the policy development process.



As we move forward to put the NSTC in place, we have also begun a
U\/N{ﬁwxl
series of interagency/\reviews of specific space programs,leading;—tn-the-new—
>
year, to_a-general reassessment of US-space-poliey. The ﬁrst)\of these reviews -dAL

in aeronautics, weather satellite convergence, and space transportation --~are—

-already-tmderway. -

Through the aeronautics review the Administrations will develop its
priorities for investing in a new generation of aeronautics technologies. In
developing these priorities we will be working closely with the ajrcraft

e Condufont”
manufacturers to ensure that our priorities mateh those of industry. The second
review, focuseq on the convergence of DOD/NOAA weather systems, is a
critical element of the Vice Presidents "Reinventing government initiative. At
present, NOAA and DOD operated separate weather systems. OSTP is working
with NOAA and DOD to see how we can safely and cost effectively eliminate
this redundancy, E%»‘,"{ﬁe United States relies, for its critical civil and national
security space missions and_space systems that cost too much and take to long

to prepare. The United States needs to chart a new course in space

transportation. This review will be an important first step on this new course.



vote of confidence in a budggt that is focused on deficit-cutting

This investment does not signal a "business as usual" approach to running
this Nation's space program. The resources dedicated to the civilian space
program must be focused on issues critical to the nation. Let me articulate the
five principal ways this country's investment in civil space exploration and
technology development can and should contribute to the long term security and

well-being of this nation.

First, the aeronautics and space program will create new_knowledge and

enhance our understanding of the environment here on earth and of our place in

the universe. Space systems and advanced high altitude aircraft provide

indispensable tools for understanding how human actions influence the complex



workings of our planet. Similarly, space science and robotic planetary
exploration can provide us with otherwise unobtainable knowledge and insights
regarding our home planet and the universe in which we live. Insights gained
from these technologies can enrich our lives and provide an essential type of

wealth for this Nation.

Second, aeronautics and space investments must make important
contributions to the U.S. economy. I refer not just to serendipitous "spin-offs,"
but to prudent, industry-led investments, such as the government/industry
cooperation in aeronautics and in satellite communications that helped to achieve

and sustain U.S. leadership in these critical areas.
Although the economic health of this nation is the uppermost
consideration for the Administration, it is not the only guiding principle in our

aeronautics and space activities.

Third, research in aeronautics and space can help build good international

relations.



Research in aeronautics and space i 1 1 M

complement our foreign policy objectives, not only in terms of our access to

global markets but also in terms of recognizing the new opportunities that exist

in the p@st Cold War era. Working with our traditional partners in Europe,

Japan, and Canada, and soon with Russia and other parts of the emerging

democratic world, we can forge additional relationships that contribute to global
Ay weld o

peace and prosperity/ International cooperation in space science, exploration,

and commerce can provide an important lesson on how nations, working

together, define challenges and solve problems that no one nation alone could

accomplish.

Fourth, the space program is important because it generates and sustains

interest in math and science education. The excitement generated by the space
program can be used to interest young people in math and science education.
Enthusiasm for the space program yields scientists, engineers, and educators who
are the key to the future economic competitiveness of our nation, and increases
the understanding of science and technology in the general population -- a

critical need for the continued strength of our democracy.



Finally, human space flight is and will continue to be a significant
element of our domestic and international space program. Humans can make a
unique contribution, as part of a balanced program efsrebottc-and-human 7
exploration, to our scientific and technical knowledge, as well as our
understanding of the benefits and limitations of humans living and working in

space.

I believe that these principles will guide development and implementation

of the aeronautics and space programs of this Administration.

The increased funding for aeronautics in the FY '94 budget will be used to
work with industry to develop the technologies that will improve U.S.
competitiveness in civil aviation and enhance the safety and capacity of our
National Aviation System. Today the aeronautics industry is one of the biggest
in the country, employing nearly one million people, generating almost a
hundred billion dollars in annual sales, and tens of billions of dollars in exports.
It is one of our lastsurviving.crown jewels of high technology, and one of the

few areas where we still enjoy a positive balance of trade.



ramping up its

facilities, e~

intend-to_have-a-strong-and-growing aeronautical industry-in-this-eeuntry ome—=

Qaganr—

The technology we produce in aeronautics can not only help our
competitive posture with this critical industry, it can spin off into other areas of
the economy as well. The advanced composite structures we are working on

provide an example.

For 20 years now, we have been steadily advancing the state of the art in

composite materials. The goal at first was just to learn how to fabricate these
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new lightweight materials and take advantage of the fuel savings. Now-ourgoal,

s _to-make-semposite materials 25% cheaper-than-aluminum.

How? ctually weaving the structures; just

by-ply, we woul gether in the desired shape

very promising, bot ronautics and the textile Thdustries.

Another high priority in the Clinton Administration' space policy is
NASA's Mission to Planet Earth. I think in many ways it may well be the most
important space science program we have ever done. And it sould represent one

of NASA's greategt contributions to society.

Humans have kegun+to change the face of the planet at an ever increasing

rate, and that change is not always healthy. We must use our technology to

a
study the e&sg@s% to understand the effects humans are having on the

atmosphere and the land and the water. The goal of NASA's Mission to Planet
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W?‘o«&%/%

Earth program is to provide definitive scientific data so that policy makers,llO or

20 years from now can make the right decisions in safeguarding the health of

our heme-planet.
With these core programs, and with a new determination to make our

investments in air and space payoft of the American people, we have a bright

and promising future ahead.

Let me now turn my attention to a subject that has received a considerable

amount of attention recently -- the space station.

In March ofthis year, the President requested a review of the Space

Station Freedom Prog in order to examine whether the program's

development, operations, ang utilization costs could be significantly reduced
while still achieving our scientifjc research goals and fulfilling our international
commitments. On June 17, following a review of NASA's study by an
independent panel of experts headed Yy Dr. Ch Vest, President of MIT,

President Clinton announced his support for/a scaled-down, modular version of
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As you know, the Alpha space station program is the result of an

intensive review and redesign of the Space Station Freedom conducted over the
last six months. Alpha is a streamlined version of the original Space Station
Freedom. It is designed to accommodate much of the Space Station Freedom
hardware, will have power, scientific laboratory space, and microgravity levels
comparable or better than Space Station Freedom, and incorporates the interests
of our international partners. It will cost significantly less than Space Station
Freedom. At the direction of the White House, NASA is currently finalizing the

Alpha Station baseline program design.

The Administration has requested a total of $2.1 billion in FY94 to be
used to continue development of the reduced cost Alpha Station program as an

international facility to be built and operated by the United States, Canada,
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Japan, and the European Space Agency. I believe strenghy that this is an

important science and technology investment for the United States.

While the Alpha Station has been designed to be built and operated by the
United States and its current international partners, it has been configured to
accommodate significant Russian participation in the event that becomes
possible. Since the President's commitment in June to explore increased
international participation in the space station, U.S. and Russian teams have
been working together to develop pesstble options for Russian involvement in
the Alpha Station program. While significant progress has been achieved, it will

be necessary for the U.S. and Russia to continue to work together and with our

international partners to develop teehnical options,fer-posstbleRussiar

partieipation. Until these planning ex@f¢ises conclude imearly Novembes, it will

be impossible to finalize plans for Russian participation.
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program.

A crucial element of the redesigned space station program is the
implementation of management changes at NASA to reduce overhead, increase
efficiency, and streamline the bureaucracy. NASA has taken significant steps to
implement these reforms, including selecting a single prime contractor to oversee

program development and a single host facility to consolidate the program.

M, il ot i e ¢ =
Beyond t , NASA has a

broader role to play in the President's technology initiative, including areas such
as High Performance Computing and Communications, space science and

exploration, and environmental monitoring and earth observation.
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We believe that the President's technology initiative -- fer-space and

aergnautics,-as-weh-as-ether Scienee.and teehnalogy programs, for NASA and

the other Federal agencies -- constitutes a major, positive departure from the

-
programs of the past. Qrganized~around-broad natrenahgeals, bt abandons the

notion t}‘]l‘at we can depend on "spin-offs" and "trickle down from space and
ML
defense/ R&D for future well-being and instead adopts an ambitious, integrated

approach to civil and defense R&D spending in order to ensure national,

economic, and environmental security.

I hope these comments have given you a brief picture of the direction we

are headed and have illuminated the priorities we are pursuing.
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Mr. Lionel Johns
Associate Director, 0OSTP
The White House

a8
17th & Pennsylvania Ave, N.W.
Washington, DC 20500
Dear Mr. Johns:
The National Capital Section of the American Institute of
Aeronautics and Astronautics (AIRAY is the largest of this
national professional association. As part of our annual

program, the Section hosts monthly luncheons featuring prominent
speakers on topics of significant importance to our membership in

the Washington, DC Metropolitan areas. Our initial luncheon
guest speaker for September is the NASA Administrator, Daniel
Galdin.

Under the present Clinton Administration it
to afford the local membership the
remarks from the Office of Science, Technology, and Policy.
Section representatives are most interested in directives
emanating from the Chief Executive's Office on new praograms and
initiatives, especially those activities dealing with the
aerospace industry.

is certainly timely
opportunity to listen to

With this thought in mind, I invite you to address the Section's

lunch meeting on Thursday, October 21, 1993. The luncheon will
be conducted at the Pier 7 Restaurant, Chanel Inn, 650 Water
Street, SW., Washingtaon, Depending on your schedule and
availability, we do have some flexibility in working with you

around this date.

Our luncheon meetings begin at 11:30am with a short reception and

cash bar, followed by lunch at 12:15pm. Your talk would begin
about 1:00pm, last approximately 15-20 minutes, followed by a
short question and answer period. We try to complete our

luncheon activities no later than 1:30pm.
accommodate vyou or modify this format
constraints you might have.

We are most willing to
to meet any time

NORTHERN VIRGINIA CHAPTER

Chaiumnun

ROBERT H. GODDARD CHAPTER

Chamman
Don Woods
Goddard Space Flight Center

National Capital Section - American Institute of Aeronautics and Astronautics
11529 Montgomery Road - Beltsville, MD 20705 - (301) 595-4177 » Fax (301) 937-5423

Hughes Aliied Information Systems
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I trust that your schedule permits vyou to be our October
luncheon speaker. I assure you that your remarks will be well
received by gur membership and of great interest to the
Washington, DC aerospace community. To provide adequate time for
planning and publicity, i1t is essential that our Section finalize
arrangements for the October luncheon as soon as possible. The
Section's Vice President for Programs is Jack Koletty. Jack will
contact your staff within the next couple of days regarding your
availability. If vyou have any questions or concerns, please
cantact either Jack Koletty (301-306-7861), or our Executive
Secretary, Alberta Moran (301-3953-4177).

Thank you 1in advance for your time and favorable consideration
regarding this invitation to address the National Capital

Section.

Sincerely,

Dan Kennedy
Chairman



