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Foreword

ince its inception 24 years ago, the

National Aeronautics and Space
Administration has vigorously
pursued the goal, set forth by the
Congress, of realizing ''the potential
benefits to be gained from
aeronautical and space activities."
The results have been impressive.

Much of NASA's effort has centered
on development of space systems that
produce benefits here on Earth, for
example the communications and
weather satellites now in operational
service. While continuing to advance
technology in these areas, the agency
is now investigating awhole new
range of practical space applications.
Already in development or planned
for future years are orbital sensing
systems for better management of
Earth's resources; for life-saving
improvements in search and rescue
techniques; for studying the causes
of earthquakes and other natural
disasters toward mitigating
their effects; for protecting our
environment through better
understanding of how itis affected by
human activities; and for processing
materials in space to create a new
range of products that cannot be
manufactured on Earth.

Concurrently, NASA has conducted
aspace science program of
extraordinary scope whose
underlying aim is acquisition of more
knowledge about our own planet
Earth and the complex forces that
govern it, toward the possibility that
we may learn how to control or modify
these forces for sweeping benefit to
mankind. For the nearer term,
this wealth of scientific knowledge
provides a broadened base for
expanding our national technological
capability, a key factorin our
competitive position in the world
and our standard of living.

Through its aeronautical research,
NASA has contributed to the
advancement of flight, with attendant
benefit to national security and the
U.S. economy, to airlines and aircraft

manufacturers, to passengers and
private plane operators, and to the
public at large through improvement
ofthe airplane. This research enables
Americato remain at the forefront
of technology in the increasingly
competitive world of aeronautics.
This year, NASA will mark a major
milestone with the introduction of the
Space Shuttle to regular operational
service. The versatile Shuttle will
make it possible to perform traditional
space tasks more efficiently and to
accomplish many types of operations
never before undertaken. Thus, it
offers asignificantly elevated
capability for doing useful work in
space, heralding an era of even
greater opportunity for benefit.

James M. Beggs
Administrator

National Aeronautics and
Space Administration
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Introduction

Techno!ogy isasignificantand
productive aspect of 20th century
life. Itis a key ingredient for increased
national productivity, a generator of
new conveniences and necessities,
and ameans of attacking some of
mankind's most pressing problems.
By definition, technology is simply
knowledge, or technical "know-how."
Like other forms of knowledge,
itisusable by many people and
organizations. There is no better
example of technology utilization
than the wheel, a Bronze Age
invention that has been readapted
countless times over the millenia. It
served as the departure point for such

ancient innovations as the grindstone,

the pulley, the spinning wheel and the
windlass;itisthe cornerstone of such
modern transportation components
as gears, rotating shafts, propellers
and turbines; it has found utilityin a
great range of minor conveniences
from casters to doorknobs.

Few inventions offer such sweeping
potential, but contemporary
technology cansimilarly be applied to
many uses different from the original
application. NASA programs, by their
challenging nature, are particularly
demanding of technological advance
and the technologies they generate
are exceptionally diverse. Thus, the
large storehouse of technology built
overalmost a quarter-century of
space and more than half a century of
aeronautical research constitutes a
national resource, a bank of
knowledge available for new uses.

By Congressional mandate, NASA
is charged with stimulating the widest
possible use of this valuable resource.
The agency's Technology Utilization
Program provides a link between the
technologists, the technology and
those who might be able to apply
the technology productively. The
program's aimis to broaden and
accelerate the technology transfer
process to create new products, new
processes and new jobs, and thus
gain substantial dividends on the

fundsinvested in aerospace research.
It must be stressed that technology
transfer is a two-way street; the
potential user/beneficiary must be

as aggressive as the originatorin
seeking to accomplish other uses.

This publication is intended to
heighten public awareness of the
technology available for utilization
and its potential foreconomic and
social benefit to the nation.

Section 1 outlines NASA's mainline
effort, the major programs that
generate new technology potentially
applicable to other possibilities.

Section 2, the focal point of this
volume, contains a representative
selection of products and processes
that have emerged from secondary
application of NASA technology.

Section 3 describes the various
mechanisms NASA employs to
encourage technology utilization and
lists, in an appendix, contact sources
for further information about the
Technology Utilization Program.

Ronald J. Philips
Director, Technology Utilization and
Industry Affairs Division

Office of External Relations

National Aeronautics and
Space Administration
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An illustrated summary of
NASA’s major aeronautical
and space programs, their
goals and directions, their
contributions to American
technological growth, and
the many ways in which
they are producing benefits
to Earth’s people



he April 1981 orbital flight debut
of the Space Shuttle was a major
milestone in space progress for a
number of reasons, principally that it
was the first time a spacecraft had
returned to Earth in a controlled,
airplane-like approach and landing.
But STS-2, the Shuttle's second
flight in November, was equally
significant. It marked the first time
that a spacecraft—the Orbiter
Columbia—had ever returned to
orbit after its initial use. STS-2 thus
underlined the most important
feature of the Space Shuttle, the fact
that the Orbiter and the solid rockets
that boost it are reusable. Repetitive
use of these two main components
of the Shuttle allows large-scale
savings in costly equipment formerly
used just once. It also permits a
degree of operational regularity that
makes access to space a matter of
routine and significantly elevates
NASA's ability to pursue the
opportunities for practical Earth
benefit that space promises.
Eventually, the Oribiter will fly into
space for stays of up to 30 days and
open the door to many operations
never before accomplished. For
example, it will be able to deliver to
orbit fully-equipped modules which
would be docked together to form a
manned space station. Alternatively,
it can serve as a space construction
base for erecting such large
structures as unmanned
multipayload platforms or a
habitable facility for manufacture of
certain items better produced in the
gravity-free environment of space.
Those operations are some years
down the line. The next three years
will be a "breaking in"' period for the
Shuttle, principal element of NASA's
Space Transportation System. It will
be a time for learning more about
the system's capabilities and
limitations, and for developing
technology to make possible the
advanced missions contemplated.
During this period, the Shuttle will

Space Operations
in the Eighties

The capabilities of the versatile

Space Shuttle, coupled with technology
being developed for advanced
missions, afford broader opportunity
for exploiting the promise of space

“wings" of flame, as the Space
Shuttle roared off the launch pad on
its historic maiden flight.

A remote camera at Kennedy Space
Center captured this symbolic photo
contrasting wings of feathers and



begin regular operational service at
modest frequencies, averaging about
10 flights a year. For the most part.
its assignments will be deliveries of
Earth-orbiting payloads, sometimes
multiple payloads on a single flight.
Other than NASA, payload sponsors
include the Department of Defense,
the European Space Agency, a
number of foreign nations and the
operators of several communications
satellite systems.

The first three years will see the
initial flights of the Spacelab, the
human-staffed orbiting laboratory
that fits into the Orbiter's cargo bay.
On one of the earliest missions,
NASA will conduct the first
experiment in retrieving a payload
from orbit, a capability that will later
permit repair of satellites in space or
returning them to Earth for rework,
extending their useful lives and
saving replacement costs. Late in
the three-year span, the Shuttle will
launch an interplanetary spacecraft.
The original Orbiter Columbia will
bejoined by the other three Orbiters
of the initial fleet—Challenger,
Discovery and Atlantis, in order of
service debut.

Beginning in the mid-eighties,
Orbiter turnaround time will be
substantially reduced and mission
frequencies will increase.

Improvements in the Shuttle will
boost its weightlifting capacity and
its stay-time in space. To accomplish
the advanced space operations
planned for the latter eighties

and beyond, NASA contemplates
such additions to the Space
Transportation System as orbiting
power stations for large-scale
electrical supply, orbital transfer
vehicles to move astronauts and
cargo from low to high Earth orbit,
robot systems for in-space
construction and maintenance tasks,
and a heavy lift vehicle for delivering
payloads larger or heavier than the
Shuttle can accommodate.

The Space Shuttle program
involves the work of many
cooperating organizations,
principally NASA and the
Department of Defense, which will
operate a West Coast Shuttle base
beginning in the mid-1980s. The
European Space Agency is
developing the Spacelab component
and the National Research Council
of Canada is contributing the
Orbiter's remote manipulator system.

Rockwell International
Corporation heads a list of several
hundred industrial contractors;
Rockwell builds the Orbiter and is
also prime contractor for integration
of the overall Shuttle system. Both

Orbiter and integration contracts are
managed by Johnson Space Center.
Thiokol Corporation produces the
solid rocket boosters and Martin
Marietta Corporation supplies the
large external fuel tank that feeds
the Orbiter's main engines; these
contracts are managed by Marshall
Space Flight Center. United Space
Boosters, Inc. handles launch,
recovery and refurbishment of the
solid rockets under contract with
Kennedy Space Center.

Touching down at Dryden Flight
Research Facility on completion
of its second flight, the Orbiter
Columbia became the first
spacecraft to fly twice.




Recovery and Refurbishment

At left, the crew of UTC Freedom is attaching a line
to a recovered solid rocket booster. On a Shuttle flight,
the two boosters provide launch thrust for two minutes,
then descend by parachute to an ocean rendezvous
with Freedom and its sister ship UTC Liberty. Water is
pumped out of the spent rockets so they will float and
they are towed back to the launch vicinity. At Cape
Canaveral Air Force Station, the rocket casings undergo
high pressure cleaning, then are shipped to the
manufacturer’'s plant for reloading with propellants,
enabling their reuse in future missions. Booster recovery
and refurbishment is expected to be accomplished for
about 30 percent the cost of a new pair of rockets
United Space Boosters, Inc., a subsidiary of United
Technologies Corporation, operates the recovery ships
and handles refurbishment.

The manned Orbiter is similarly refurbished. After a
landing, its propellant feedlines are drained and purged
for safety, then the spacecraft is moved to the Orbiter
Processing Facility (below) at Kennedy Space Center.
There it is given a thorough inspection, serviced and
repaired as necessary, then fitted with a new payload for
the next flight.

Rockwell International



Payload Manipulator

Shown undergoing checkout aboard the Orbiter
Columbia is the Remote Manipulator System (RMS).
used to deposit payloads in space or to retrieve them
from orbit. A robot counterpart of the human arm, it has
shoulder, elbow and wrist joints, plus a series of electric
motors which serve as “muscles;” its "hand " is a
cylindrical grappling fixture which grasps a metal prong
on the payload to be maneuvered. Controlled by an
operator on the Orbiter's flight deck, the RMS lifts a
payload out of the Orbiter's cargo bay, positions it in
space a safe distance from the Orbiter, then releases it;
the process is reversed on payload retrieval missions

The operator is aided by a number of sensors in the
robot arm which send control information to a flight
deck computer display. The system is capable of
handling any payload the Orbiter can accommodate; in
later years, it will also serve as a tool for space assembly
and construction tasks. The RMS was developed by the
National Research Council of Canada; prime contractor
is Spar Aerospace Limited of Toronto. Ontario.




Upper Stages

The Space Shuttle Orbiter operates at altitudes
below 700 miles, but many payloads have to go higher to
perform their design functions. For example, commercial
communications satellites and other applications
spacecraft must have line-of-sight contact with large
segments of Earth. They are sent to an altitude of 22.300
miles in what is known as a ""geosynchronous’ orbit:
at that altitude, the spacecraft's orbital velocity is
synchronized with Earth's speed of rotation, so that the
satellite figuratively remains stationary with respect
to a point on Earth.

Delivery of geosynchronous and other high altitude
payloads is a two-step process in which the Orbiter
serves as a "first stage’ launch vehicle. The secondary
boost is provided by a non-reusable "'upper stage”
rocket propulsion system affixed to the payload in the
Orbiter’'s cargo bay. The Orbiter's crew deposits the
combined payload/upper stage in low Earth orbit, then
the upper stage rocket is ignited to boost the spacecraft
to higher altitude or, in the case of interplanetary
explorers, to deep space trajectory.

The initial Space Transportation System includes two
types of solid propellant upper stages. At right, being
prepared for mating to a communications satellite (left),
is the Payload Assist Module, also known as the
Spinning Solid Upper Stage (SSUS) because it spins
like a gyroscope to maintain stability. Developed by
McDonnell Douglas Corporation, the SSUS is built in two
versions for different sizes of small-to-medium payloads.
For larger payloads, NASA will use the Inertial Upper
Stage (below) developed by the Department of Defense.
This system is built by Boeing Aerospace Company
under contract with the Air Force Space Division.




Tracking and Data Relay

The next step in upgrading the capability of
the Space Transportation System is provision of an
advanced communications relay system exemplified by
the Tracking and Data Relay Satellite (TDRS) pictured.
In the past, spacecraft tracking and Earth/space
communications were handled by ground stations and
tracking ships, but there were “'blind spots —periods
when spacecraft were not within range of a receiving
station. The new Tracking and Data Relay Satellite
System will obviate almost all such communications
interruptions. It consists of two TDRS relay stations
operating in geosynchronous orbit (22,300 miles) and a
ground terminal at White Sands, New Mexico. 'Visible

to orbiting spacecraft nearly full time, the TDRS satellites

will relay voice, video, commands and data to and from
Earth control centers. The relay satellites are built by
TRW Inc.; the two NASA satellites, along with a backup
in orbit and another intended for commercial use, will
be operated by Space Communications, a subsidiary of
Western Union, Fairchild Industries and Continental
Telephone.
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Spacelab

At right, Kennedy Space Center technicians are
lowering a test version of a Spacelab segment into a
mockup of the Shuttle Orbiter cargo bay. Begun in 1981,
mockup tests are intended to check out procedures for
installing flight versions of Spacelab (below) in the
Orbiter. A complete laboratory that remains within the
Orbiter throughout a flight, Spacelab will make
possible—beginning in 1983—a variety of
human-directed experiments in the space environment
Its main elements are a two-segment pressurized
laboratory module, where non-astronaut investigators
can work in shirtsleeve conditions, and a
non-pressurized instrument pallet. mounted in the open
cargo bay for experiments that require direct exposure
to space. These elements can be flown in a number of
different combinations, for example. the manned
laboratory with one or two pallets, or as many as five
pallets without the laboratory module; in the latter
instance, experiments are controlled from the Orbiter's
flight deck. Spacelab is being developed by the
European Space Agency, whose activities are
coordinated by Marshall Space Flight Center




Space Power Systems

Electrical power for the Space Shuttle Orbiter's
equipment and experiments is provided by fuel cell
powerplants which produce electricity by chemical
reaction. Three such powerplants generate sufficient
power for seven days normal operation. But for some
planned missions, on-board equipment will demand
greater power and longer stay-time in space will be
required. To meet electricity needs for such missions,
NASA is developing the Power Extension Package (PEP)
shown, a large array of solar cells which convert sunlight
into electrical energy. Compactly folded during the trip
to orbit, the PEP will be unfurled in space to serve as a
12.5 kilowatt supplementary power station. PEP is the
first step in contemplated development of even larger
space power systems for such future requirements as a
manned space station, a space manufacturing facility, or
giant antennas for advanced communications services
These systems, to be constructed in space, would
provide electrical power of 200 to 500 kilowatts.




Rockwell International

Space Exposure Facility

In the 1973—-74 Skylab program, American

astronauts remained in space as long as 85 days
and provided an information base on the effects of
protracted weightlessness and space radiation. Looking
toward possible future missions of much longer
duration, scientists want to know a great deal more
about long-term exposure to the space environment
They are interested not only in the biological aspects, but
also in how space radiations affect materials, structures
and on-board equipment over extended periods.

Toward that end, NASA is developing the Long
Duration Exposure Facility (LDEF), a 30-foot-long
cylindrical structure containing 47 separate scientific
and technical experiments arranged in trays around its
outer circumference. Shown in the Shuttle Orbiter’s
cargo bay, the LDEF will be launched in 1984 and
deposited in an orbit more than 300 miles high. A diverse
variety of samples, including materials, coatings. solar
cells, electronic parts and biological specimens, will be
passively exposed to the space environment for about
one year. The Shuttle Orbiter will then retrieve the LDEF
and return it to Earth for detailed examination of the
specimens, which is expected to provide information
important to the design of future spacecraft and
on-board equipment. Managed by Langley Research
Center, the LDEF program involves about 100
investigators from government agencies, private
companies, universities and eight foreign nations.



Space Construction

At left, technicians at Langley Research Center are
simulating erection of a space structural segment by
joining tubes made of composite material. They are
using a ground-test version of a Langley-developed
mobile work station, forerunner of a system that would
allow a pair of pressure-suited astronauts, operating
from the Space Shuttle Orbiter, to assemble large
structures in orbit without expending great amounts of
energy. they would be attached by foot restraints to the
work station, freeing their hands for assembly tasks. The
experimental station is designed to uncover difficulties
that might be encountered and to identify additional aids
for improving astronaut efficiency in construction jobs

The mobile work station is one example of a number
of study and technology development projects aimed at
exploiting the Space Transportation System’s capability
for construction work. In one approach, structural
components would be pre-assembled on Earth,
collapsed into compact packages for Shuttle delivery,
then expanded to original form in orbit. For erection of
habitable structures, a technique being studied involves
Shuttle delivery of fully-equipped modules which would
be docked together to form a space station. A third
approach involves in-space fabrication and joining of
lightweight beams. The artist's conception below depicts
a space facility assembled by these techniques.




Space Station

Since the inception of the space program,
a major goal has been establishment of a permanent
manned station in orbit. Now considered
the next logical step in American space development,
the station—an initial version capable of later
expansion—could be in orbit by 1990. The advent of
the Space Transportation System makes the station
possible by providing routine access to orbit. In fact, the
Space Shuttle was conceived with a space station in
mind. The Shuttle enables the facility to be built in
modular fashion by delivering the various elements for
assembly in orbit. With the aid of industry contractors,
NASA is conducting studies on how the contemplated
station might be deployed, expanded and resupplied,
and how it would increase the efficiency of space
operations planned for the latter years of the century.

A permanently orbiting station offers a number of
advantages in operational flexibility. It would provide a
stable, long-duration platform for either unmanned or
human-directed scientific experiments; for investigating
commercial applications of space, particularly in the field
of materials processing; for demonstrating and
validating new technologies for Earth or space use; and
for orbital assembly, checkout, launch and recovery of
increasingly large and complex payloads. It would also
provide a manned space presence from which the
Department of Defense can develop capabilities and
experience essential for the nation's security.




NASA has not yet determined what form the station
might take. but is examining two reference concepts
for a facility tended by the Space Shuttle. One. under
study by Marshall Space Flight Center (MFSC]), is the
Space Platform concept: the other approach. being
investigated by Johnson Space Center (JSC), is called
the Space Operations Center (see page 18). Both
concepts envision a step-by-step modular approach
beginning with a basic facility to which additional units
could be attached to increase the utility and versatility of
the station

The accompanying artwork illustrates the MFSC Space
Platform concept. The upper left photo on the opposite
page shows an early step, an unmanned platform for
long duration sc e and applications experiments. The
core of the design is a rectangular main body (center)
containing attitude control, data management and other
systems for support of the payloads. Appended to the
main body are the large solar arrays for electric power,
an extendable radiator to dissipate heat generated by
payloads, and a ''reboost’” propulsion system for
changing altitude. The main body has five berthing ports,
one of which permits docking the Shuttle Orbiter for
maintenance operations; the others accommodate
payload pallets. Three of the berthing ports have
provisions for rotating the pallets to get the best viewing
position for the payload. At lower left is an evolutionary
step containing additional payload pallets and a larger
solar array for increased power supply. At left, the
platform becomes a manned station by addition of a
habitable module and supplies for a crew of four. The
photo below shows how the facility might evolve into a
multi-pallet, multi-module space station handling several
types of space operations.




Space Station (continued)

Where the Space Platform (page 16) would begin
as an unmanned facility and evolve into a multipurpose
station, the Space Operations Center (SOC) is
designed for manned presence at the outset
of orbital operations. Under study by Johnson Space
Center, the SOC would be a base for science and
applications experiments; for servicing unmanned
satellites; for boosting payloads to higher orbit or
sending them into interplanetary trajectories; for

assembly and deployment of large payloads that might
otherwise require multiple Shuttle missions; or for
erection of large space structures.

The illustrations show one possible evolutionary
sequence, beginning with a basic Shuttle-deployed
structure (above) consisting of a central berthing core in
which Shuttle-delivered modules could dock; solar
panels for electric power; a pair of antennas; and a set of
radiators for thermal control. At left, a habitable module
with living and working quarters for a crew of four is
added; it has berthing ports for docking other modules.



The above photo shows the next step, connection of a
hangar for storing and servicing a reusable Orbital
Transfer Vehicle (OTV). Permanently space-based, the
OTV would propel payloads to high-altitude orbits or
start them on interplanetary missions, then return to its
hangar to await another assignment; this would aliow
the Shuttle Orbiter to deliver only the payload on
missions that would otherwise require it to bring along
an upper stage launch vehicle. Shown below is a later
growth version of the station, which might include
such facilities as a scientific laboratory, a materials
processing factory, a module for servicing payloads
and another for fabrication of large space systems.
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Toward Future
Flight

Last year, the U.S. airlines burned
some 10 billion gallons of jet fuel
at an average cost of well above one
dollar per gallon. If fuel consumption
had been only five percent lower, the
airlines could have converted a $300
million loss to a substantial profit.
This underlines the importance of
NASA's Aircraft Energy Efficiency
(ACEE) program, which aims at

developing advanced technologies
that could cut fuel consumption of
new transports not just by five
percent but perhaps as much as 50
percent. Many of the fuel-efficiency
improvements already developed or
contemplated are also applicable to

the fleet of military transport aircraft.

The ACEE program thus offers
enormous potential for U.S. aviation

NASA aeronautical research
is providing new technology
for coming generations

of better performing, more
efficient aircraft

energy conservation, with attendant
benefit to the national economy in
reduced oil imports, savings in
defense operations, strengthening of
the financially-buffeted airline
industry, and enhanced
attractiveness of U.S.-built aircraft in
the international marketplace.

Instituted at Congressional
request, the ACEE program is
intended to provide U.S. transport
manufacturers an inventory of
fuel-saving technologies for
improving current aircraft and
developing advanced jetliner
designs. ACEE is a comprehensive
effort which addresses all of the
major considerations in aircraft fuel
expenditure—not only the
propulsion system but also
aerodynamics, structures, guidance
and control. Some ACEE-developed
technologies have already been
incorporated in production aircraft,
some are undergoing in-service
evaluation aboard operational
jetliners. In other instances,
researchers have established
promising approaches.

Much of the ACEE effort focuses
on propulsion systems. One phase of
the work deals with analysis of
engine components to find out why
parts deteriorate—causing reduced
thrust and higher fuel
consumption—and how components
may be redesigned for longer
effective life. Another phase is
concerned with development of
advanced component technology for
a new generation of fuel-efficient
turbofan engines. An area of
propulsion research which offers
particular promise is the advanced

This is a wind tunnel test model of an
advanced turboprop featuring
multiple swept-tip propeller blades.
Research indicates that redesigned
turboprops can drive transport
aircraft at jetlike speeds with sharply
reduced fuel consumption.



turboprop engine. The turbine-driven
propeller has inherently better fuel
consumption than the jet or turbofan
engine but—in the days when fuel
was a negligible factor—it lost favor
in commercial aircraft design
because it could not match the jet
engine's ability to drive airliners at
high subsonic speed. Research now
indicates that new, multibladed,
swept-tip turbine-driven propellers
can provide jetliner speeds—with
fuel savings of about 20 percent.

Aside from engine efficiency,
another way of cutting fuel
consumption is through
aerodynamic improvements which
reduce air resistance, hence ease the
engine's workload. One example is
the NASA-developed "'supercritical
wing—actually a family of wings for
different aircraft types—which is
designed to delay the buildup of air
drag that occurs at high speeds.
Winglets, near-vertical extensions of
the wing, also reduce air drag by
lessening the effect of vortices.
swirls of air that form at the wingtips.

Obviously, a lighter airplane also
eases engine workload. One part of
the ACEE program seeks weight
reductions by substitution of
composite materials for conventional
aircraft metal alloys. Composites are
matrices of graphite, glass or
man-made fibers: lighter but
stronger than the metals they
replace, they can reduce aircraft
structural weight by 25 percent or
more. Also under investigation are
“active” controls, computerized
systems which automatically smooth
an airplane's flight, thus making it
possible to design lighter structures
without sacrificing safety.

Although ACEE's primary goal is
reduced fuel consumption, the
program offers a number of ancillary
bonuses. For example, propulsion
research is contributing to noise
abatement and cleaner engine
exhausts; composites research
offers possible savings in the cost of

fabricating structural components;
and active control research holds
promise for improved passenger
comfort during flight through
turbulent air.

ACEE exemplifies one of two main
avenues of NASA aeronautical
research: generating technology for
the solution of current and
predictable aviation problems. Other
examples include efforts to improve
the air transportation system by
finding ways to alleviate airport
congestion and improve bad weather
operations. Additionally, NASA
conducts continuing investigations
toward making airplanes safer. for
example, research on atmospheric
phenomena that affect flight.
fire-resistant materials. collision
avoidance, and improved structures
for better passenger protection.

In the other avenue of research,
NASA anticipates the longer range
needs of future flight and develops
applicable technology. This involves,
on the one hand, research of a
general nature aimed at advancing
aerodynamics, propulsion, materials
and structures, aviation electronics
and knowledge of the human factors
in flight operations. Additionally, it

Shown undergoing evaluation
aboard a McDonnell Douglas DC-10,
NASA-developed winglets reduce
drag and save fuel by smoothing air
turbulence that builds up at the
wingtips of a high speed airplane.

includes technology development for
specific types of flight vehicles. such
as tomorrow's general aviation
planes; advanced rotorcraft and
V/STOL (Vertical/Short TakeOff and
Landing) aircraft; large cargo
aircraft; high-performance military
aircraft; and the better-performing.
more economically viable, more
environmentally acceptable
commercial airliners that will be
operating in the 1990s and beyond.

Lightweight composite materials offer
fuel savings through reduced aircraft
structural weight. The Boeing 767,
which will enter airline service this
year, is the first commercial jetliner to
make extensive use of composites,
their substitution for aluminum and
fiberglassin 19 components saves an
impressive 1,250 pounds per airplane.
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Tilt Rotor Aircraft

A promising candidate for future civil and military
applications is the tilt rotor transport. which combines
the vertical lift, hover and maneuverability advantages of
the helicopter with the greater forward speed of the
fixed-wing airplane. Bell Helicopter Textron built two
experimental XV-15 Tilt Rotor Research Aircraft for a
NASA/Army program intended to prove the concept and
provide design information for later operational aircraft
of this type. The XV-15 has helicopter-like rotors for
vertical takeoff and landing (above); once airborne, the
rotors tilt forward to become propellers for cruise
flight (right).

The XV-15 can fly roughly twice as fast and twice as far
as a helicopter on an equal amount of fuel; it has
achieved a top speed of 346 miles per hour and reached
115 miles per hour in the helicopter mode. One of the
two XV-15s has been returned to the manufacturer’s
plant for modifications; the other is undergoing a
comprehensive flight test program jointly managed by
Ames Research Center and the Army Aviation Research
and Development Command.

Bell Helicopter Textron is studying advanced versions
which would have three or four engines instead of the
two engines in the experimental craft. Possibilities for
civil air transportation include a 16-passenger corporate
airplane and a 40-passenger commuter airliner capable
of operating from small airports; the latter design would
also have utility as a delivery aircraft for offshore oil
facilities. Among military possibilities are a gunship with
greater speed and endurance than the helicopters which
now fill that role, and a troop transport which could
shuttle from ships to forward combat areas where there
are no runways.




Quiet Short-haul Jet

The airplane pictured is the Quiet Short-haul
Research Aircraft (QSRA). an experimental craft which is
demonstrating technology applicable to solution of two
major aviation problems—airport congestion and aircraft
noise. Built by Boeing Commercial Airplane Company
and managed by Ames Research Center, the QSRA
features an innovation known as "'propulsive lift,”" in
which engine exhaust is deflected downward over the
wing surface to increase aircraft lift. This permits the
QSRA to climb and descend at steep angles, fly safely at
very low speeds, and operate from runways measuring
only 1,500 to 4,000 feet, compared with the mile or more
needed by conventional long-haul jetliners. These
capabilities open up the possibility of flying advanced
STOL (Short TakeOff and Landing) aircraft from
separate, small, close-to-city airports, alleviating
congestion at major "hub" terminals.

Since low noise levels would be essential to such
operations, the QSRA project also addresses that

consideration. The engines are soundproofed to muffle
internal noise. External noise is also reduced by the fact
that the engines are mounted above the wing; engine
noise is thus blocked by the wing and diverted upward,
away from the “eardrum’ zone below. These factors,
together with the plane's steep climb and descent
characteristics, combine to demonstrate the potential for
quiet, short-haul aircraft of the future.

A 1981 highlight of the QSRA program was a series of
evaluation flights by 22 pilots from NASA, the Federal
Aviation Administration, the military services. airlines and
transport manufacturing companies. NASA conducted
the pilot evaluation program to acquaint potential users
with the technology and to get an independent critique
of the QSRA's capabilities.
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HiMAT

An important military aviation objective is
development of high performance, highly maneuverable
fighter aircraft which are smaller, lighter and less costly
than currently operational types. A research effort aimed
toward that objective is a NASA Air Force
program—called HiMAT, for Highly Maneuverable
Aircraft Technology—involving demonstration of a
number of advancements such as new aerodynamic
shapes. lightweight composite materials in the structure,
and "active’ electronic controls which allow greater
flexibility in designing future aircraft configurations

The HIMAT test craft shown, one of two built by
Rockwell International, is an unmanned remotely piloted
research vehicle which is air-launched from a B-52
carrier plane and “flown” by a pilot on the ground. This
concept allows high-risk testing without risk to human
life and also reduces vehicle costs normally asscciated
with provisions for pilot occupancy and safety. Designed
in modular fashion, HIMAT can be readily modified to
incorporate new technologies as they come along.

The uniguely-shaped HIMAT pictured has a primary
wing with tip-mounted winglets and a small forward
“canard’ wing. an airfoil combination that offers
significantly increased maneuverability. The craft is
approximately a half-scale model of a potential
lightweight, low-cost future fighter




Pivoting Wing

The AD-1 research airplane, whose wing can be
pivoted in flight, was successfully flown during 1981 at
various wing angles up to the maximum 60 degrees. This
marked the culmination of a two-year program ot testing
the “oblique wing'' concept that offers potentially
greater aerodynamic efficiency at supersonic speeds
with good efficiency and flying qualities at lower speeds.
Future oblique wing aircraft would fly with the wing
perpendicular to the fuselage to get maximum lift for
takeoff, landing and low speed flight. At transonic and

low supersonic speeds, the wing would be obliquely
angled to decrease aerodynamic drag. or air resistance.
Thus, compared with a fixed-wing airplane, the oblique
wing craft could potentially fly faster or farther for the
same fuel expenditure.

In its 38-flight program, the AD-1 flew only at low
speeds: it was not designed for transonic/supersonic
flight since it was intended only to demonstrate the
pivoting-wing capability and to study the handling
qualities of an oblique wing aircraft. The "AD" stands for
Ames/Dryden; Ames Research Center performed
analytical and wind tunnel studies and the ARC Dryden
Flight Research Facility conducted the flight tests.
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Energy Absorption Tests

A goal of NASA/Federal Aviation Administration
(FAA) safety research is to give occupants of light,
general aviation aircraft a better chance of survival if the
plane crashes. One aspect of that work, illustrated by the
accompanying photos. involves tests at Langley
Research Center of a "crushable” aircraft subfloor
designed to absorb some of the energy of a crash impact
and thereby reduce the crash forces transmitted
to passengers.

The test article at upper left simulates the interior floor
and subfloor of a lightplane before an impact test: the
lead-weighted red structures represent the equivalent
mass of two seats and their occupants. The lower photo
shows the test rig after it had been hoisted to a height of
nine feet and dropped to simulate crash impact. The
subfloor, made of collapsible parts, is crushed, but the
“crush zone' it provided absorbed sufficient impact
energy to leave the floor and seats undamaged.

In future tests at Langley, energy-absorbing subfloor
designs will be tested in full-scale crashes of lightplanes
dropped from 200 feet to impact at 75-80 miles per hour.
Related work under way is aimed at improving the
energy absorption characteristics of aircraft seats and
restraint systems. Various seat concepts are being
studied at Langley and at the FAA's Civil Air Medical
Institute, Oklahoma City, Oklahoma.



Lightning Research

Lightning can strike the same object twice—or
maore—researchers from Langley Research Center have
found. In tests at the National Severe Storms Laboratory
in Oklahoma, the airplane pictured was struck three
times as it was intentionally flown through severe
thunderstorms. The airplane is a General Dynamics
F-106B military fighter modified for research work; it
carries within its fuselage a package of instruments for

recording lightning strikes and acquiring other
atmospheric chemistry data. There exists considerable
information about lightning, but most of it resulted from
ground level studies. The Langley work focuses on
how lightning affects aircraft in flight and how future
aircraft may be protected from lightning effect. The
F-106B flights are part of a broader program of storm
hazard research, which includes studies of air
turbulence, wind shear—sudden changes in wind
velocity or direction—and other safety aspects of flight
in severe storms.
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his year marks the 10th

anniversary of a NASA program
for collecting voluminous
information about Earth’'s resources
by means of remote sensing
instruments on a platform in space.
The first such platform was the
Landsat 1 satellite, launched July 23,
1972; it was followed into orbit by
Landsat 2 (1975) and Landsat 3
(1978), both still in service. These
satellites have provided a foundation
for what will someday be a global
Earth survey system of enormous
value in more effective management
of the planet's resources.

Over the decade, the Landsat
system has matured considerably as
regards spacecraft instrumentation
and ground processing techniques
for extracting useful information
from the satellites’ signals. Many
demonstrations of its potential have
attracted a widening circle of users
in the U.S. and abroad. About a
dozen nations now have their own
capabilities for receiving and
processing data directly from the
satellites, and more than 100 nations
are using Landsat imagery for such
purposes as agricultural inventory,
oil and mineral exploration, water
management, land use planning,
forestry operations, mapmaking and
a broad variety of other applications.

NASA will observe the 10th
anniversary by sending into orbit a
new and more advanced member
of the Landsat family. Known as
Landsat-D—Landsat 4 after it is
launched—it incorporates many
improvements based on a decade’s
experience with its predecessors
and will significantly upgrade the
system'’s capability.

The Landsat system offers several
major advantages as a tool for Earth
resources monitoring. The individual
satellite scans the entire Earth—
except for the polar regions—
every 16 to 18 days, and a single
Landsat view embraces an area
larger than the state of Maryland,

NASA's applications
program employs aerospace
science and technology to
provide direct public benefit




making it possible to observe great
Earth features, such as geologic
faults, that are impossible to see
from near-Earth. Repetitive coverage
allows monitoring of Earth
processes that change with time,
such as crop growing or land use
patterns. And Landsat acquires
information not only in the visible
wavelengths, but in parts of the
spectrum that are invisible to the
human eye or to ordinary cameras
In the first three Landsats,
the principal instrument is the
multispectral scanner (MSS), which
employs an Earth-viewing telescope
and bands of radiation detectors
to pick up light and heat waves
emanating from Earth objects. Since
each type of object has its own
unique radiation “'signature,’
Landsat offers a means of producing
electronic pictures of Earth in which
specific features of importance to
resources managers are identified.
The MSS detectors separate the
radiations reflected from Earth into
four spectral bands, two in visible
light and two in the invisible
near-infrared; the light in each band
is further classified according to
brightness. All this information
is converted to digital signals,

transmitted to ground stations at the
rate of 15 million "'bits'" per second,
and there computer-processed

into highly informative tapes and
images which show, for example,
color-coded differences between
one type of vegetation and another,
between healthy and diseased crops,
clear and polluted water, urban or
farmland or wilderness areas, and
scores of other classifications.

What makes Landsat-D important
is that it is equipped not only with
the MSS and other instruments
aboard the earlier Landsats, it also
has a new and highly advanced
scanning system called the Thematic
Mapper (TM). The TM operates in
much the same manner as the MSS,
with the very significant differences
that it collects data in seven spectral
bands (compared with the MSS’
four) and provides resolution, or
clarity of detail, almost three times
better than the MSS. These and
other advantages will open up a new
range of applications that could be
accomplished only marginally or not
at all with the predecessor Landsats.

Built by General Electric
Company's Space Systems Division,
Valley Forge, Pennsylvania,
Landsat-D is slated for launch late

this year. In the wings is a
companion spacecraft, known as
Landsat-D Prime, which could be
sent into orbit next year if needed
but will probably be maintained
as a backup until mid-decade. The
Landsat program is managed by
Goddard Space Flight Center.
Landsat is one of the major
elements of what NASA calls its
Applications Program, which has
the aim of generating public benefit
through direct application of
aerospace technology to societal
needs. Other types of applications
spacecraft include systems for
weather, climate, air quality and
other environmental observations;
advanced communications systems;
and satellites for geodynamics
research and for study of ocean
processes. A relatively new
applications area is investigation of
processing materials in orbit, a step
toward future manufacture of items
better produced in the weightless
environment or not at all producible
under conditions of Earth gravity.
NASA also conducts applications
projects of a non-space nature,
employing ground-based or airborne
systems to solve major problems or
meet important civil needs.

On the opposite page, the Landsat-D
satellite is undergoing tests in a
clean room facility at General
Electric Company's Space Systems
Division. Weighing more than two
tons, it is an advanced member

of the Landsat family of Earth
resources monitoring satellites

in service for a decade. At left,
Landsat-D is pictured as it will look
in orbit, with its antenna and solar
cell array extended.
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Earth Crustal Study

Earth's crust is composed of a series of large land
masses known as "tectonic plates’ that are constantly in
motion, often grinding against each other, sometimes
causing surface deformations and earthquakes. Current
knowledge, largely theoretical, estimates relative motion
of the tectonic plates at one to 20 centimeters (eight
inches) a year. A NASA Crustal Dynamics Project
involving 56 U.S. and foreign investigators seeks more
precise information about plate movement, crustal
deformation and other aspects of Earth's dynamic
behavior—which, in turn, is expected to provide better
understanding of the mechanisms that produce
earthquakes. The program is managed by Goddard
Space Flight Center, with participation by Jet Propulsion
Laboratory; it will continue through 1986.

As a means of monitoring crustal motion, NASA has
developed two different techniques for making precise
measurements between two points on Earth thousands
of miles apart. One, called laser ranging, employs
the Lageos satellite pictured. Lageos has 426 optical
reflectors which “bounce’'’ back to the source a
laser pulse beamed from an Earth station. Repeated
measurement of the time it takes the pulse to travel
to the satellite and return allows high-accuracy
determination of the ground station's position. When
similar measurements are made from a second station,
the distance between the two stations can be determined
within two inches.

The second technique, called Very Long Baseline
Interferometry (VLBI), involves analysis of signals emitted
by quasars or other celestial sources, picked up and
recorded by two or more Earth-based radiotelescopes
Comparison of the times the signals reached each
telescope enables measurement of the distance between
them with an accuracy better than an inch and a half. By
making repeated measurements over a period of years,
using either the laser ranging or VLBI technigue,
scientists can tell how far the Earth stations moved from
each other, hence determine average crustal motions as
small as one centimeter a year

Plate movement causes buildup of crustal strain near
plate boundaries; earthquakes occur when the resulting
stress exceeds the strength of the underlying materials.
A major project objective is measurement of strain
accumulation along major plate boundaries, which may
lead to development of a reliable earthquake prediction
model. Since measurements must be made at a great
many sites, NASA has developed mobile systems—for
either laser ranging or VLBI—that can be relocated in a
matter of days.



Search and Rescue System

Ships and aircraft carry radio beacons to signal
an emergency and provide a homing beam for locating
the position of the craft in distress. These beacons are
often useful in search and rescue operations, but their
effectiveness is limited by lack of continuous signal
monitoring and by frequently-encountered difficulties in
tracing the signal source. To meet the need for a better
means of detecting and locating signals from downed
aircraft or troubled ships—and thereby greatly increase
the probability of saving lives—the United States.
Canada, France and the Soviet Union have embarked
on development of a global satellite-based search and
rescue system.

In collaboration with French and Canadian agencies
and the U.S. Air Force, Coast Guard and National
Oceanic and Atmospheric Administration (NOAA), NASA
is developing an equipment package to be carried
aboard operational satellites of the NOAA environment
monitoring network (below). Called SARSAT—for

Satellite-aided Search and Rescue System—it will
monitor distress signals from either existing types of
beacons or a new, specially-designed beacon being
developed. The Soviet Union is working independently
on a similar system called COSPAS, which is compatible
with SARSAT.

SARSAT/COSPAS satellites will “'listen continuously
on emergency frequencies used by ships and aircraft
When the spaceborne equipment package picks up a
beacon alert, it will relay the signal to a ground-based
Local User Terminal. Within minutes, a computer will
produce a position "fix," locating the emergency site
within three miles if the troubled craft is equipped with
the special beacon, 12 miles if it has an existing beacon.
Rescue coordination centers will be notified that
an emergency has occurred and advised of the
whereabouts for guidance of search and rescue craft. A
demonstration of the experimental system will begin this
year; iIf successful, it could lead to establishment of an
international operational system which. in addition to its
life-saving potential, could allow substantial reduction in
the costs of search and rescue operations
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Radiation Measurement

Some parts of Earth absorb more energy from the
Sun than do others, and some parts radiate more heat
energy back to space than do others; thus, Earth's
surface is unevenly heated. Since air and water tend
to move from warmer to cooler areas, this heating
differential sets wind and ocean currents in motion;
therefore, Earth's "'radiation budget,” as the differential
is known, is a driving force for weather. Some basic
information about the radiation budget has been
provided by instruments aboard experimental satellites.
However, more comprehensive data is needed to
improve weather prediction and to anticipate climate
trends which have major influence on planning in
such areas as agriculture, energy, natural resources,
transportation and construction.

For better understanding of the Sun/Earth radiation
balance, NASA and the National Oceanic and
Atmospheric Administration (NOAA) are planning an
extensive investigation involving three spacecraft
equipped with radiometers, instruments capable of
measuring the amounts of radiation received and the
amounts given up by different regions of Earth. NASA
is developing an Earth Radiation Budget Experiment
satellite (above), which is being designed and built by
Ball Aerospace Systems Division of Ball Corporation.
Boulder, Colorado. To be launched in 1984, the satellite
will make possible the first global, ‘round-the-clock
radiation budget measurements. Its findings will be
complemented by NOAA-F and NOAA-G, two new
satellites of NOAA's operational space meteorological
network, which will be equipped with radiometers
in addition to their regular environment-sensing
instrumentation. NOAA-F will be launched next year:
NOAA-G is scheduled for orbital service in 1985



Upper Atmosphere Research

Earth is continually bombarded by radiation from
the Sun. However, much of this radiation is absorbed by
Earth's upper atmosphere, where the radiation energy
drives a complex chain of chemical reactions that both
creates and destroys ozone. In recent years, man has
become much more aware of the vital importance of
the layer of ozone and much more concerned about
the impact of human activities on atmospheric ozone;
scientists believe that deterioration of the protective
ozone "'screen’’ might release a rain of harmful solar rays
and energetic particles that could prove lethal to plants
and animals and cause global climatic changes.

For more than a decade, in sounding rockets, balloons
and satellites, NASA has been conducting an Upper
Atmosphere Research program aimed toward a more
thorough understanding of the atmospheric changes
that influence Earth's environment and, in particular, the
various factors involved in the formation and destruction
of ozone. A wealth of data has been acquired, but the
information simply underlines the extraordinary

complexity of the upper atmosphere and emphasizes a
requirement for a more comprehensive investigation.
There is little concrete knowledge of how the various
constituents of the atmosphere are transported, how
they interact with each other, and what limits the results
of these interactions. Also, there is some uncertainty
as to the extent that human activities affect the ozone
layer, hence a need for much more information so that
scientists can ultimately predict with confidence the
effects of man's actions on this vital component of

the atmosphere.

An interim step in studying ozone concentrations is
the Solar Mesosphere Explorer launched last year (see
page44). The next major step contemplated is an
advanced satellite system capable of simultaneous
collection of data regarding the Sun's energy input, the
chemistry and the dynamics of the upper atmosphere.
NASA is developing experiments and instrumentation for
a planned Upper Atmosphere Research Satellite (below),
which could be available for orbital service in the late
1980s. The plan calls for development of two satellites, to
be launched about a year apart to prevent long gaps in
taking global ozone measurements
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Space Materials Processing

Earth's gravity exerts a number of adverse
influences in manufacturing operations, for example,
it prevents mixing of certain metallic combinations,
induces impurities and limits output in preparation
of pharmaceuticals. In the near-zero gravity of
space— " ‘microgravity,” it is called—these and other
adverse influences can be greatly reduced or eliminated.
Thus, the advent of the Space Shuttle, whose Spacelab
component—provided by the European Space
Agency—offers utility as an experimental space materials
processing facility, opens up possibilities for a new
range of products that cannot be processed on
Earth—superior metal alloys for construction and
manufacturing use: pure glass, free of container
contamination, for laser and optical use: flawless crystals
for improved electronic systems; and an entirely new
class of high-purity pharmaceuticals for more effective
treatment of disease. A Materials Experiment Assembly
being developed for use aboard the Shuttle Orbiter will
allow microgravity experiment time of several hours,
where earlier research—in ground-based drop tubes,
aircraft or sounding rockets—was limited to periods
ranging from a few seconds to five minutes.

NASA plans a number of materials processing
experiments separately and in conjunction with industry
under a "joint endeavor'’ program, in which NASA and
the industrial firm each provide funding for their own
portions of a cooperative project. In the first such
experiment, McDonnell Douglas Astronautics Company,
St. Louis, Missouri will conduct Shuttleborne
investigations involving separation of materials in
solution under microgravity, an initial step toward
development of a space-based system for producing
high-purity pharmaceuticals in large quantities; the
experimental unit is shown at right. In another project,
NASA will cooperate with GTI Corporation, San Diego,
California in testing the behavior of various metal alloys
under the weightless conditions of orbital flight; GTI will
develop an alloy solidification furnace system to be flown
aboard the Space Shuttle.

NASA has also signed an agreement with Deere and
Company, Moline, lllinois for a similar study of alloy
processing in microgravity. Under the agreement,
Marshall Space Flight Center will use non-orbiting
facilities—drop tubes and aircraft, possibly sounding
rockets—for experiments in which Deere-provided alloy
samples will be melted and solidified under reduced
gravity conditions. These experiments could lead to
Deere's later participation in orbital tests. Several other
commercial firms are discussing agreements with NASA.




Farm Drainage Study

Using California's Imperial Valley as a test site,
researchers from NASA and the U.S. Department of
Agriculture conducted 1980-81 aerial photography
experiments in an effort to develop techniques for
spotting clogged underground drainage lines. An effective
method for detecting clogging would be of great value in
improving farm productivity, not only in the U.S. but also
in Europe, where farmers rely on similar drainage systems.

In Imperial Valley, drainage lines six feet below the
surface control the water table at root level and also
flush away salts deposited by evaporated water. When
the lines become clogged, the resulting salt buildup
can damage crops. Drains can be unclogged by high
pressure jet cleaning devices, but the problem is
pinpointing the location of a clogged line early enough
to save the crop.

The NASA/USDA experimental technique involves use
of color infrared photography to find clog spots. Over a

period of nine months, Ames Research Center aircraft
photographed the same drainage area on a number
of occasions at various times in the crop-growing
cycle—bare soil, early growth and maximum growth. By
comparing the photographs, scientists can detect a
pattern of evidence, exemplified by the series of farm
images below. Note that the middle left field has dried in
an even pattern of white streaks after irrigation, while
the one at bottom right dried unevenly. The latter photo
suggests clogging and the field should be inspected.
Since last fall, project scientists have been analyzing
data from the photographic flights to resolve such
questions as how often should an aerial survey be
conducted, at what period in the growing cycle should
the survey be made, what time of day and what altitude
is best for surveying, and whether infrared photography
or some alternative system is the best sensing method.
When these questions are answered, NASA and the
USDA will turn the technique and related information
over to private aerial photography firms that can be
commissioned by local farm groups.
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Our nearest planetary neighbor.
cloud-shrouded Venus
approximates Earth in age, size,
mass, density and orbital distance
from the Sun. Yet in water content,
atmosphere, temperature, pressure
and many other aspects the two
planets are markedly different.

Why, scientists want to know. did
two similar planets evolve in such
dissimilar fashion? Their interest
stems from more than academic
curiosity. They feel that the answers
hold clues to greater understanding
of the many factors that influence
Earth's complex environment

They don't yet have the answers,
but they have moved closer to the
goal, thanks to the Pioneer Venus
project managed by Ames Research
Center. For more than three years,
the Pioneer Venus Orbiter has been
circling Venus, studying its
atmosphere, taking hundreds of
ultraviolet pictures of its dense
clouds, and radar-mapping its
never-seen surface. Meanwhile,
scientists have been analyzing
complementary data from five
Pioneer Venus probes, which
descended by parachute through the
planet’s atmosphere. Although they
operated for only an hour, they
provided volumes of information,
such as temperatures and pressures
at various levels, atmospheric
composition, wind forces and other
elements of Venus' weather system.

From the findings of Pioneer
Venus and earlier spacecraft.
scientists have assembled a
fascinating picture of mysterious
Venus. The planet’s atmosphere is
almost entirely carbon dioxide and it
exerts a pressure at the surface 100
times greater than Earth's. Surface
temperature is about 900 degrees
Fahrenheit, hot enough to melt lead.
Surface temperature and pressure
are about the same everywhere—at
the equator, at the poles, on the day
side and the night side. This is due
to the “mixed’ atmosphere. which

Exploring the Universe

Space scientists are learning more
about Earth by probing the solar system

and the distant galaxies beyond

not only circulates around the
planet—as on Earth—but also from
the equator to the poles. The planet
rotates "'backward —east to west,
the reverse of Earth's rotation: thus,
the winds blow east to west and at
velocities far greater than on Earth,
up to 225 miles per hour at

high altitudes.

Pioneer Venus provided the first
real look at Venus topography. Prior
to Pioneer, less than one percent of
the surface had been measured; the
spacecraft's radar has covered 93
percent. Maps prepared by the U.S
Geological Survey from Pioneer data
show that 60 percent of the surface
is relatively flat, rolling plain, varying
in height by only about 300 feet.

Stripped of its permanent cloud
cover, Venus might look like this
computer-processed false color
image in which blue represents
lowlands, green medium elevations
and yellow highlands. The global
representation was prepared from
data acquired by the Pioneer Venus
Orbiter spacecraft.



Venus has no oceans, but some 16
percent of its surface is below a
reference point that corresponds to
Earth's sea level. The remaining 24
percent is highland area. The largest
of the highland regions is half as
large as Africa, another is about the
size of the continental U.S. The latter
has a mountain massif whose
highest point is more than a mile
higher than Earth's Everest.

A particularly important Pioneer
Venus contribution was confirmation
that Venus’ searing surface
temperature is due to a
"greenhouse' effect. in which the
Sun’s heat and infrared light easily
penetrate the atmosphere but cannot
easily escape; trapped by the
carbon dioxide, they cause rising
temperatures. This is an area of
Earth/Venus comparison of
particular interest and concern.
because 20th century burning of
fossil fuels has raised Earth's own
atmospheric carbon dioxide by 15
percent. Predictions hold that it
could double in 50 years, with
possible severe adverse impact
on agriculture and food supply.

Although scientists can now study
Venus from a new informational
plateau, much remains to be learned.
The Pioneer Venus Orbiter will
contribute further: it will continue to
report data through 1985, changing
its orbital path to observe the planet
from many new vantage points. In
planning status is a new Venus
explorer with advanced scientific
instruments and a radar mapper that
will provide resolution—clarity of
detail—20 times better than
Pioneer Venus.

Venus studies exemplify one

aspect of NASA's four-pronged
space science program: solar system
exploration, ar investigation of

the planets, moons and other
phenomena within our solar system.
The other areas of activity include
astrophysics, or the study of distant
stars and galaxies; solar terrestrial
research, study of the Sun's energy
processes and their interactions
with Earth's environment; and life
sciences research, aimed at
understanding the origin and
distribution of life in the universe.
and at utilizing the space

The contour map of Venus at left,
based on data from the Pioneer
Venus radar mapper, covers about
80 percent of the planet's surface,
most of which (shown in blue and
light blue} is flat plainiand; highlands
are shown in yellow. At top center

is the highest of the highlands, a
region known as Ishtar Terra which
is about the size of the continental
United States. At bottom right is an
artist's conception of Ishtar Terra; at
far right is Venus' tallest mountain
peak, a mile higher than Everest.

environment to improve knowledge
in medicine and biology.

The essential goal of this
comprehensive effort is fitting Earth
into the cosmic picture—the origin,
history and structure of the
universe—and thus learning more
about our own planet and the
complex forces that control it. The
end product is knowledge. a base for
tomorrow’s technology and a step
toward the day when mankind may
learn enough about nature's forces
to manage them for sweeping
benefits not imaginable today.
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Voyager at Saturn

In 1981, NASA concluded a two-part
reconnaissance of Saturn with the August visit to the
ringed planet of the Voyager 2 spacecraft. Flying a
different trajectory than did Voyager 1 on its 1980 Saturn
encounter, Voyager 2 confirmed many of its
predecessor’s findings and provided volumes of new
data. A major Voyager 2 discovery was a region
surrounding Saturn that contains the hottest gas yet
found in the solar system; the spacecraft's instruments
indicated that temperatures range from 600 million to
more than one billion degrees Fahrenheit, about 330
times hotter than the Sun'’s corona.

Like Voyager 1, Voyager 2 concentrated much of its
imaging work on the Saturnian rings. In the image at left,
taken from a distance of eight million miles, the rings
appear to be a single solid band. The image below, taken
from 5.5 million miles, clearly shows several ring systems
composed of hundreds of individual ““ringlets™; in this
computer-enhanced view, the different colors represent
variations in the chemical composition of the rings. At
right is a close view of one of the ribbonlike white bands
that girdle the planet; a high speed jetstream within the
ribbon is moving at more than 300 miles per hour.
Moving still closer to Saturn, Voyager 2 took the image
at bottom right from a range of 393,000 miles. It is a view
of the north polar region; the two oval “eyes” at right
center are storm systems, each measuring about 150
miles across.

Voyager 2 also produced a great amount of new
information about Saturn's moons. Of particular interest
are the observations of Phoebe and Hyperion. Images
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and instrument data indicate that Phoebe, the smallest
and most distant moon, is rotating in the opposite
direction from the other 16 known moons; some
scientists believe it is a comet trapped by Saturn's great
gravitational pull. Hyperion (upper right) is not
ball-shaped like the other moons; images taken from
different angles show slightly different shapes. A
possible explanation is that Hyperion is wobbling in its
orbit, still staggering from the impact of a long-ago
collision that took away a big part of the moon and left it
shaped like a potato.

Voyager 2 added more than 18,000 Saturn photos to a
similar number taken by Voyager 1. With the conclusion
of its Saturn investigation, Voyager 2 continued on a
path that will take it to a 1986 encounter with Uranus, the
seventh planet from the Sun, and a 1989 rendezvous with
Neptune, the eighth planet. Neither has been visited by
spacecraft. NASA's manager for the Voyager project is
Jet Propulsion Laboratory.
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Advanced Jupiter Exploration

The giant gas planet Jupiter has been visited four
times by survey spacecraft—Pioneers 10 and 11 in
1973-74 and Voyagers 1 and 2 in 1979. These missions
enormously expanded knowledge of Jupiter and
understanding of the solar system. But the information
they provided was obtained during relatively brief fly-by
encounters. There remains a need for long-term detailed
studies of the entire Jupiter system. NASA plans to meet
that need with the Galileo mission, which includes a
Jupiter-orbiting observatory (below) and the first entry
probe into the planet's atmosphere (bottom right).

To be launched in 1985, Galileo will reach Jupiter
some 30 months later. The probe, designed by Ames
Research Center and built by General Electric
Company's Space Division, will descend into the Jovian
atmosphere, protected by a heat shield from
temperatures expected to reach 14,000 degrees
Fahrenheit. Its seven instruments, lowered by parachute,
will investigate the composition of the atmosphere for
about one hour. The orbiter spacecraft will become a
man-made moon of Jupiter, providing long-term imaging
and remote sensing measurements of the planet and its
moons. Galileo is a cooperative project with the Federal
Republic of Germany. Jet Propulsion Laboratory is
project manager and builder of the orbiter.




Infrared Observatory

Some celestial bodies glow only in the infrared
portion of the spectrum, hence are largely invisible to
ground observatories because most infrared radiation
never reaches Earth; it is absorbed by water vapor in the
atmosphere. Limited observations have been made from
high altitude aircraft, bailoons, sounding rockets and
some spacecraft, but the infrared region remains one of
the least explored areas of the spectrum. With the
midsummer 1982 launch of the Infrared Astronomical
Satellite (IRAS), scientists will have an instrument that
will chart the universe in a new and important perspective.

Astronomical theory holds that stars being born do not
“shine" in visible light, nor do stars in their death throes.
In either instance, however, the stars’ heat is emitted as
infrared radiation. Thus, IRAS" array of 100 infrared
detectors will be able to observe stars in all stages of
their lifetimes—forming, aging and dying. That is
perhaps the most exciting example, but it is only a part
of IRAS' potential. The telescope will map as many as a
million new infrared sources for future study and
perhaps answer many fundamental questions about
energy radiations from distant galaxies.

IRAS is a three-nation project in which the U.S. (NASA)
is providing the telescope and launch services, The
Netherlands the spacecraft and the United Kingdom the
control center. Development of the 24-inch telescope is
managed by Ames Research Center; Ball Aerospace
Systems built the instrument. Jet Propulsion Laboratory
is overall manager for the U.S. portion of the project. 41
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Space Telescope

Scheduled for launch in 1985. the Space Telescope
(above) will peer seven times farther into space than
the largest ground-based telescopes. Operating above
Earth's veil of atmosphere that blurs observations from
the ground, the telescope will expand our view of
galactic space 350 times and may enable scientists to
see to the edge of the observable universe.

In 1981, the Space Telescope passed a major
developmental milestone with completion of its
94-inch-diameter primary mirror. shown undergoing
inspection (right) by technicians of Perkin-Elmer
Corporation, which is producing the Optical Telescope
Assembly. It took Perkin-Elmer more than two years to
grind and polish the mirror to the exquisitely-accurate
surface fineness essential to the telescope's
performance. The company is now installing and
aligning the various elements of the Optical Telescope
Assembly preparatory to its integration with the Support
Systems Module being built by Lockheed Missiles &
Space Company. The European Space Agency Is
furnishing the solar panels and one of the system's five
major instruments.

Forty-three feet long, the Space Telescope will be the
largest astronomical system ever sent into orbit. Its
development is being managed by Marshall Space Flight
Center; Goddard Space Flight Center will manage the
operational system. Images “seen’ by the telescope will
be instrument-analyzed, converted to electronic signals
and beamed to Goddard, where the data will be
computer-processed and the images reconstructed.
Goddard will be tied electronically to the Space Science
Telescope Institute on the campus of Johns Hopkins
University in Baltimore, Maryland. where astronomers
will view the images and get visual and printed
readouts of the data. The Institute will be operated by a
16-university consortium known as the Association of
Universities for Research in Astronomy




Dynamics Explorers

The spacecraft pictured, shown undergoing
preflight checkout, is Dynamics Explorer DE-1. DE-1 and
its sister satellite DE-2 were launched last August into
separate polar orbits. They are the latest in a series of
Explorer satellites intended to provide an understanding
of how energy from the Sun is transferred to a boundary
region between Earth and space, and how this energy
affects Earth's atmosphere, auroral displays, radio
transmissions, perhaps weather and climate.

The boundary region the satellites are studying
extends from the limits of the upper atmosphere
to distances thousands of miles from Earth in the
magnetosphere, the area controlled by Earth’s magnetic
field. Solar energy, in the form of light waves and matter,
enters the magnetosphere, flows into the ionosphere—a
region characterized by electrically charged
particles—and eventually is deposited in the upper
atmosphere. The Dynamics Explorer program, managed
by Goddard Space Flight Center, is designed to provide
new knowledge about the exchange of energy, electric
currents, electric fields and charged particles in the
magnetosphere, ionosphere and atmosphere.

Built by Ball Aerospace Systems, DE-1 and DE-2 are
operating in the same orbital plane but in somewhat
different paths. DE-1 is in a highly elliptical orbit with a
peak altitude of about 14,000 miles; DE-2 is in a more
nearly circular orbit with a top altitude of 800 miles. The
different orbits allow the spacecraft to work as a team,
one acquiring data in the magnetosphere while the other
makes simultaneous measurements in the ionosphere
and the upper atmosphere. DE-1 carries video cameras
for an experiment of special interest: photographing the
changing patterns of the “northern lights," which are
evidences of the transfer of massive amounts of energy
from the magnetosphere to the upper atmosphere.
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Ozone Study

Launched last October, the Solar Mesosphere
Explorer (SME) is an atmospheric research satellite
whose findings are important to a matter of world
concern: how natural influences or man-made
contaminants impact Earth's protective layer of ozone.
Created by complex chemical reactions in the
atmosphere, the ozone layer effectively absorbs
ultraviolet radiation from the Sun. Reduced ozone
concentration, with conseguent increase in the amount
of ultraviolet radiation that reaches Earth, could
adversely affect Earth’s climate and agriculture, possibly
human health.

The SME study focuses on the ozone-rich mesosphere,
a region of Earth's atmosphere above the stratosphere
and below the ionosphere extending from roughly
20 to 50 miles altitude. Equipped with five scientific
instruments, SME is monitoring the reactions between
sunlight, ozone and other chemicals in the atmosphere
in an effort to determine how ozone is created and
destroyed; the role each atmospheric constituent plays
in ozone production and distribution; what changes
in ozone levels result from changes in incoming solar
radiation; and what factors other than sunlight cause
changes in ozone abundance. Data from the mission will
help develop models for ozone production and depletion
on a global scale.

Jet Propulsion Laboratory (JPL) is manager of the
SME project. Under contract to JPL, the University of
Colorado's Laboratory for Atmospheric and Space
Physics is responsible for the scientific instruments,
mission operations and data evaluation. The spacecraft
was built by Ball Aerospace Systems.



Much of the technology
generated by NASA's
mainline programs is being
adapted by private firms and
public sector organizations
for use in a broad range of
new products and processes,
providing economic and
social benefits of significant
magnitude

Spinoff developments highlighted in this section are based on information provided by
secondary users of aerospace technology, individuals and manufacturers who acknowledge
that aerospace technology contributed wholly or in part to development of the product or
process described. Publication herein does not therefore constitute NASA endorsement of
the product or process, nor confirmation of manufacturers' performance claims related to
particular spinoff developments.



Spinoff from Space Fuel

Expanding civil use of liquid hydrogen, in applications
ranging from fertilizer production to food processing,
typifies the aerospace technology transfer process

n a Space Shuttle launch, the

Orbiter's three main engines burn
for about eight minutes and in that
brief time consume some 380,000
gallons of fuel. The fuel is liquid
hydrogen, which was also used in
the Saturn V launch vehicle that
sent Apollo astronauts to the moon.
NASA selected hydrogen for these
heavy-lift space vehicles because it
is very light yet produces far more
energy per pound than other rocket
propellants. The company that
supplied liquid hydrogen for Apollo
and continues to produce it for
the Space Shuttle program is Air
Products and Chemicals, Inc.,
Allentown, Pennsylvania.

Last October, Air Products opened
a new plant in Sarnia, Ontario, a
landmark development in that it is
the company'’s first liquid hydrogen
facility dedicated solely to supplying

the needs of non-government users.
Sarnia produces 15 tons of liquid
hydrogen daily and the plant is
designed for double that output, an
indication of mounting growth in
commercial usage. Air Products’
experience in government research,
development and production of
liquid hydrogen served as the
springboard for a broad variety of
practical, Earth-use applications.
Today, liquid hydrogen is widely
used by petroleum refineries in
sulfur-removal processes and in
gasoline production; by chemical
and pharmaceutical firms in
manufacture of fertilizers and drugs;
by food processors, who use it to
make margarine and to keep oils
fresh; by metals industries for
heat-treating operations which
harden and strengthen metal alloys;
by electronics companies in growing

crystals for electronic systems; by
electric utilities for cooling large
generators, motors and frequency
changers. And new commercial
applications are growing at the rate
of about 10 percent a year.

“These applications would not
exist today," says Edward Donley,
Air Products’ chairman, ""had it not
been for our government experience.
Our work on government contracts
gave us the technological know-how
for large-scale production of liquid

Opened last October, Air Products’
Sarnia, Ontario plant is the
company'’s first facility for
production of liquid hydrogen
dedicated solely to the needs of
non-government customers, an
indication of growing civil use of the
same substance that fuels Space
Shuttle engines.




hydrogen, enabling cost reductions
through economies of scale. That
paved the way for expanded private
sector use.”

Air Products entered the picture in
the mid-1950s when liquid hydrogen
was little more than a laboratory
experiment. NASA did not then exist,
but the U.S. Air Force was studying
hydrogen for both missile and
space applications. Hydrogen's
high-energy characteristics were
known, but in gaseous form the
element was not suitable for use in
flight vehicles because of the very
large volume of gas required. USAF
research resulted in a process for
liquefying hydrogen to reduce
the volume, but another problem
remained: liquid hydrogen was
available only in laboratory-use
amounts measured in hundreds
of pounds per day, but extensive
ground testing of rocket engines
would demand production in tens
of tons daily. Air Products, then
an established producer of liquid
oxygen, liquid nitrogen and other
industrial gases and chemicals,
was assigned the difficult job of
pioneering tonnage production of
liquid hydrogen.

Under USAF contract, the
company built three plants from
1957 to 1959, the largest turning
out 30 tons a day. About that time,
a new and even larger requirement
appeared when NASA began
development of the Saturn V
moonbooster, whose upper stages
were powered by a high-thrust,
hydrogen-burning rocket engine
called the J-2. Years of exhaustive
J-2 ground testing, coupled with
the fuel needs for Apollo missions,
created soaring demand for liquid
hydrogen. In 1963, under contract
with NASA, Air Products built a 32"
ton-a-day plant at Long Beach,
California to supply West Coast
rocket test facilities. In 1966, the
company completed another 30
ton-a-day plant near New Orleans,
Louisiana to serve NASA's Kennedy
Space Center, Marshall Space Flight
Center and the Mississippi Test
Facility, where large rocket engines
are test-fired. The advent of the
Space Shuttle program further
boosted NASA's liquid hydrogen
needs; in 1977, Air Products added
a 30 ton-a-day plant at the New
Orleans site.

Over a quarter-century of
government contract work, Air
Products has acquired an enormous
amount of technological know-how
in all fields related to liquid
hydrogen. The company pioneered
safety measures for handling the
potentially volatile substance and

Edward Donley, chairman of Air
Products and Chemicals, Inc.: "Our
work on government contracts gave
us the technological know-how for
large-scale production of liquid
hydrogen . . . that paved the way
for expanded private sector use.”

disseminated its information to other
producers. It developed design
and construction techniques for
high-quantity production, storage
and transfer, including the world's
only transfer system for loading
barges from liquid hydrogen storage
tanks. For overland distribution
of the product, which must be
maintained at the supercold
temperature of minus 400 degrees
Fahrenheit, the company built a fleet
of specially-designed semitrailer
tankers which boasts an impressive
record in many million miles of
road hauling. Most importantly, Air
Products developed a number of
processes for producing liquid
hydrogen more efficiently, effecting
cost reductions that inspired
broader commercial use. Input from
government research, Air Products’
own technology development,
and the large space program
requirement combined to make the
company the prime manufacturer of
liquid hydrogen; its four plants turn
out more than the total output of all
other producers in the free world.
The Air Products story exemplifies

the aerospace spinoff process. In
this case, space needs created a
large market for a new product;
the NASA requirement, and the
technology development necessary
to its fulfillment, provided a base
for company expansion into many
non-government applications, with
attendant benefit to the nation’s
Gross National Product and job
creation. In other instances, the
spinoff is government-developed
technology rather than the growth
and advancement spurred by a
government requirement; once
developed, technology can be
reapplied in many avenues of
everyday existence, often in ways
surprisingly remote from the original
application. Spinoff benefits valued
in many millions of dollars are not
unusual; in other spinoffs, the
economic gain is only of moderate
order, but the public benefits in
other ways—from the introduction of
new processes and products ranging
from simple conveniences to
significant developments in
industrial and medical technology.
Through its Technology Utilization
Program, NASA has actively
promoted the secondary use of
aerospace technology for two
decades, during which thousands of
aerospace-originated spinoffs have
emerged. Collectively, they represent
a substantial return on the
aerospace investment. 47



48

Above, a Space Shuttle engine is
being tested at NASA's Mississippi
Test Facility, Bay St. Louis,
Mississippi. The Shuttle's main
engines burn liquid hydrogen fuel
supplied by Air Products and
Chemicals, Inc. On a full-duration
test, the engines may consume
hundreds of tons of liquid hydrogen.
High volume production for NASA
and other government requirements
gave Air Products a technology base
for expansion into a variety of civil
applications of liquid hydrogen.

Liquid hydrogen is a “‘cryogenic’
fuel, meaning that it must be
maintained at extremely low
temperatures. To distribute the
product from plants to users, Air
Products built its own fleet of
specially-designed cryogenic
transport trailers, one of which is
shown at left.



At its chemical complex near New
Orleans, Louisiana, Air Products
operates two plants which supply
liquid hydrogen to NASA's
Mississippi Test Facility and Kennedy
Space Center. The plants have a
combined output of 60 tons daily.
The original plant was built in 1966
to meet the fuel needs of the Apolio
program; the second facility was
added in 1977 when Space Shuttle
engine testing began. In addition to
the New Orleans complex, Air
Products operates liquid hydrogen
plants at Long Beach, California and
Sarnia, Ontario.
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Owens-Corning Fiberglas

A mammoth Saudi Arabian air terminal’s
roof, made of aerospace-originated
fabric, highlights spinoffs in transportation

Designed to look like a tent city,
Saudi Arabia’s Haj Terminal in
Jeddah is a rest stop for
Mecca-bound pilgrims, or hajjis.
Made of spinoff material, it is the
world's largest fabric structure.

Although temperatures outside
sometimes reach 130 degrees, it is a
comfortable 80 under the "'big top;”
the coated fabric roof reflects 75
percent of the Sun's radiation and a
unique open-sided, open-top tent
design promotes cooling air
circulation.

Owens-Corning Fiberglas

Hostel
for the

In Islamic teaching, the holiest of
all places is Mecca, the birthplace
of the Prophet Muhammad in Saudi
Arabia's Hejaz region bordering the
Red Sea. Some 800 million Muslims
turn toward Mecca five times daily to
pray to Allah. Each of them hopes
some day to make the ultimate act of
devotion—the haj, the pilgrimage

to Mecca.

This year, more than a million
hajjis from all over the world will
realize that ambition. Most will make
the journey by air, arriving at the new
King Abdulaziz International Airport
(KAIA) in the gateway city of Jeddah,
a Red Sea port 45 miles from Mecca.
There they will sojourn briefly at
KAIA's Haj Terminal, a colossal
facility built by the host nation to
ease entry formalities for the massive
influx of hajjis and to provide them a
place of rest before they embark on
the final lap of the pilgrimage.

Other air travelers are processed
elsewhere at KAIA, but the Haj
Terminal is reserved for Muslim
pilgrims. A broad expanse of fabric
cones, it is designed to suggest the
tent cities in which hajjis have
sheltered themselves during
centuries of pilgrimages. The
terminal consists of two identical
structures separated by a
landscaped mall. Each structure has
a multi-tented fabric roof spanning
more than 50 acres. Together, the
structures contain 210 individual tent
units and cover an area roughly
equivalent to 80 football fields. That
makes the Haj Terminal the world's
largest fabric structure.

The roof covering is Fiberglas®
fabric coated with Teflon®
fluorocarbon resin. The fabric
is supplied by Owens-Corning
Fiberglas Corporation, Toledo, Ohio;
Teflon is a product of Du Pont
Company, Wilmington, Delaware.

f Fiberglas and Beta are registered trademarks of
Owens-Corning Fiberglas Corporation

A Teflon is a registered trademark of
Du Pont Company



The material is an aerospace spinoff
whose origin dates to 1967, when
NASA was looking for a new fabric
for astronaut space suits.
Owens-Corning had been
experimenting with an ultrafine pure
glass fiber yarn called Beta® that
seemed to meet all requirements.
The yarn was woven into a fabric,
coated with Teflon and tailored for
astronaut wear. The material thus
produced provided the basis for
heavier, construction-use
adaptations which have found
wide acceptance as permanent
architectural fabrics for structures
allover the world.

Use of the fabric was an answer to
a design question pondered by the
New York/Chicago firm of Skidmore,
Owings & Merrill (SOM), architects
and engineers for the Haj Terminal
project, and the Saudi Ministry of
Defense and Aviation. There was a
problem in that the great annual
influx of hajjis occurs in a short time

frame, the 70-day pilgrimage season,

thus greatly increasing the daily rate
of entries. It was necessary to plan
for processing as many as 5,000
persons an hour and for sheltering
up to 100,000 at a time—in an area
where the temperature may reach

Owens-Corning Fiberglas

After entry formalities and a day's
rest, the hajjis board buses for the
final leg of the journey, to the holy
cities of Mecca and Medina.

130 degrees Fahrenheit. It would
have been next to impossible to
build, maintain and air-condition a
single conventional, fully-enclosed
structure to meet both processing
and shelter requirements.

SOM, therefore, decided to
provide two kinds of covered space.
For customs, immigration, baggage
handling and other processing
operations, where people would be
working 24 hours a day, the firm
designed a pair of two-story
enclosed air-conditioned buildings.
For the shelter area, SOM decided
upon the open-sided, tented-roof
structure. In lieu of air conditioning,
the white Fiberglas fabric, coated
with Teflon on both sides, reflects 75
percent of the solar radiation
reaching the roof, thus helping to
curb under-roof heat. Additionally,
the conical tents are open at top and
sides, creating a natural venturi
effect that promotes a cooling
upward flow of air. The fabric's
reflectivity, coupled with the air
circulation stimulated by the
constant desert wind, keeps terminal
temperatures in the 80 degree
Fahrenheit range even when outside
temperatures reach 130.

Each of the 210 tents measures

150 by 150 feet at the bottom and
stands 66 feet above the terminal
floor. The tents are suspended by
steel cables attached to 150-foot
steel pylons; the cables support,
strengthen and shape the fabric. In
addition to its reflectivity, the fabric
offers a number of other advantages.
It is translucent and permits
shadowless natural light to filter to
the under-roof area, creating a softly
shaded environment that eliminates
the need for artificial daytime
lighting. It resists the corroding
effect of salt air generated by the
Red Sea. It also plays a part—along
with the conical tent design and the
roof height—in diminishing the
acoustical problems created by
many thousands of pilgrims in the
terminal. Very strong and durable,
the Teflon-coated Fiberglas fabric
gives the roof a life expectancy of
more than 30 years.

Fabric structures as temporary
shelters date back to 1948, but their
use as permanent alternatives to
conventional buildings has grown
markedly in the past decade, spurred
by the availability of advanced
materials. Some examples of other
structures that incorporate Fiberglas
fabric are pictured on the
following pages.

The many colorful souks, selling
modern and traditional wares, need
no artificial daytime lighting, the
translucent fabric admits natural
light. In addition to the souks, the
huge terminal has facilities for
processing passengers, many
restaurants, lavatories, travel service
counters, banks and rest areas.
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Other Fabric Structures

Architects, engineers and building owners are
turning increasingly to fabric structures because of their
aesthetic appeal, relatively low initial cost, low
maintenance outlays, energy efficiency and good space
utilization. On these pages are examples of U.S.
structures whose roof coverings are made of
Teflon-coated Fiberglas fabric. Some, like the Haj
Terminal, are tension structures supported by a network
of cables and pylons; others are supported by air
pressure within an enclosed, inflated fabric envelope.

Above is Bullock's Department Store, San Jose,
California, which has an 18,000 square foot
light-transmitting fabric roof covering the center third of




the store's upper level. At center on the opposite page is
Sea World's Florida Festival in Orlando, a showcase for
Florida's natural and man-made products. Below it is the
University of South Dakota's DakotaDome at Vermillion,
a physical education and student recreation center.
Above is a similar facility—called the Sun Dome—at the
University of South Florida, Tampa. Perhaps the best
known of all fabric structures, by virtue of its television

exposure, is the Pontiac, Michigan, home of the National
Football League's Detroit Lions, the Silverdome (below).




Airline Wheelchair

Some 700,000 people in the United States rely on
wheelchairs for mobility. Few of them travel by air
because of difficulties encountered at airports, in
boarding airliners, and particularly in mobility within the
airplane. For several years, the Rehabilitation
International Commission and its American
affiliate—Rehabilitation International U.S.A.
(RIUSA)—have been studying the matter and seeking to
remove air travel barriers for the mobility impaired. A
multi-organizational cooperative program has provided a
major first step: a wheelchair capable of passage
through narrow airliner aisles to move passengers to
their seats and to give them access to lavatories.
Participants include RIUSA, the designers and producers
of several prototype chairs, a number of domestic and
foreign airlines, and Aerospace Industries Association,
representing the three major U.S. jetliner manufacturers
(Boeing, Lockheed and McDonnell Douglas). The
prototype chairs have been undergoing evaluation
aboard commercial airlines since mid-year 1981. Each
participating airline will select its own design from
among the prototypes. The wheelchairs are expected to
enter airline service next year.

Pictured at right is one of the prototypes, which
incorporates NASA technology. The chair was designed
by the University of Virginia (UVa) Rehabilitation
Engineering Center with support from the National
Institute of Handicapped Research and from Langley
Research Center, which applied aerospace technologies
in structural analysis and materials enginnering. NASA's
Research Triangle Institute Biomedical Applications
Team, Research Triangle Park, North Carolina

coordinated the UVa/Langley teamwork. The
UVa/Langley chair was the first of the competing
prototypes to be ordered by an airline; United Air Lines
contracted for 15 units, to be built by Accutron Tool and
Instrument Company, Hampton, Virginia.

Since weight is a factor in any item of equipment
aboard a commercial airliner, the wheelchair had to be
much lighter than conventional wheelchairs; it also had
to be stable, durable, comfortable and easy to handle.
The UVa/Langley prototype is made of Langley-furnished
composite materials and weighs only 17 pounds, about
one-third the weight of a standard wheelchair. It fits
airliner aisles (below) and can support a 200-pound
person. Called the "'Stowaway, "' it can be folded and
stowed when not in use (left).




Cruise Missile Engines

Beginning this year, the Department of Defense
plans to deploy two types of cruise missiles. One, shown
above, is the Navy-sponsored Tomahawk, developed by
General Dynamics Corporation; the Tomahawk can be
launched from submarines and surface ships or from
land bases. The other is the Air Force AGM-86B Air
Launched Cruise Missile (ALCM), developed and
manufactured by The Boeing Company. Cruise missiles
are necessarily small, so they need a small but highly
efficient engine to propel them over long distances at
relatively high speeds. The Tomahawk and the ALCM are
powered by the same type of engine, a Williams F107
fanjet (left) that produces about 600 pounds thrust, is
one foot in diameter and weighs only 141 pounds. The
engine is manufactured by Williams International, Walled
Lake, Michigan, one of the world's largest producers of
small gas turbines for aircraft, automotive, industrial and
marine applications.

In developing the F107 engine, the Williams
International design engineering staff used a computer
program from the inventory of NASA's Computer
Software Management and Information Center
(COSMIC) ® which routinely supplies such programs as a
service to industry (see page 66). The COSMIC program
was used in calculating airflows in the engine's internal
ducting; flow analysis is a design step toward assuring
optimum flow rate, which results in a more efficient
engine with increased thrust and reduced fuel
consumption. The company also uses the COSMIC
software on an ongoing basis as new projects
are initiated.

" COSMIC is a registered trademark of thie National Aeronautics and
Space Administration
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Helicopter Design Analysis

The helicopters pictured are the Model 214ST, an
18-place craft developed primarily for the offshore
petroleum and construction industries, and the Model
412 executive transport (bottom). They are two of a
line of civil and military helicopters produced by Bell
Helicopter Textron, Fort Worth, Texas. In designing the
helicopters shown and other craft, Bell makes use of a
NASA/COSMIC computer program known as VASP. The
program is employed in analysis of helicopter hardware
and as a guide for postulating new designs for autopilot
equipment. The company reports that use of VASP
enables performance of more accurate analyses to
insure product safety; the COSMIC program also aids
improved production efficiency.




Methane-powered Vehicles

In the continuing quest for energy alternatives to
expensive oil, liquid methane is beginning to make
inroads as a power source for automotive vehicles. The
principal component of natural gas, methane costs less
than half as much as gasoline, according to a study by
the American Gas Association, and its emissions are
considerably cleaner than those from gasoline or diesel
engines. In a development based on aerospace
technology, Beech Aircraft Corporation’s Boulder
(Colorado) Division has designed and is now producing
a system for converting cars and trucks to liquid
methane operation.

The accompanying photos show the company's
methane-powered demonstration car and, in the trunk,
an 18-gallon fuel tank. Liquid methane (LM) is a
“cryogenic” fuel which must be stored at a temperature
of 260 degrees below zero Fahrenheit. In designing the
LM tank, Boulder Division drew upon space technology
acquired in producing cryogenic storage systems for
NASA's Apollo and Skylab spacecraft and for the Space
Shuttle. In addition to the tank, the LM system includes
simple “under the hood" carburetor conversion
equipment (top right). An optional twin-fuel system
enables the vehicle operator to use either LM or
gasoline fuel.

Last year, Beech received its first substantial contract
for the system from Northwest Natural Gas Company,
Portland, Oregon. Boulder Division has started deliveries
on an order for 25 vehicle conversions and is furnishing
a liqguid methane refueling station. Beech is also
providing instruction for Northwest Natural Gas
personnel. The latter company has its own large natural
gas supply and a facility for converting methane to
liguefied state.

FOR LIQUID

~ METHANE ONLY
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A Two-Way Spinoff

This NASA-developed wind turbine
generator in Hawaii provides enough
electricity for 100 homes. Its wood
composite blades were made by
Gougeon Brothers Inc., a Michigan
sailboat builder which has also
become a leading firm in commercial
wind turbine manufacture.

This cross-section view of a 60-foot
wind turbine blade illustrates the
Gougeon technique of laminating
multiple layers of wood, bonded by a
plastic substance, to produce a light,
strong and very stable structure.

An unusual technology
transfer, involving sailboats
and commercial wind
energy systems, highlights
spinoffs for home, consumer
and recreational use

ougeon Brothers Inc, Bay City,

Michigan is a small business
producer of high-performance
sailboats, iceboats and wind turbine
rotor blades. That may sound like an
oddly mixed product line but, in this
instance at least, there is a direct
connection between boatbuilding
and bladebuilding; the
Gougeons—Meade, Jan and
Joe—got into the blade fabrication
business as a result of their boat
construction expertise. It's an
unusual spinoff story, because the
technology initially transferred
did not flow from NASA to the
Gougeons—it was the other way
around. The Gougeons successfully
applied their boatbuilding know-how
to a NASA problem in wind turbine
development and eventually the
spinoff benefits came full-cycle: as
a result of their NASA involvement
Gougeon Brothers not only acquired
a whole new product line but
also expanded its engineering
competence and improved its
boatbuilding techniques.

It started several years ago when
NASA and the Department of Energy,
looking for energy alternatives to
fossil fuels, began experimenting
with large wind turbine machines.

A wind turbine is simple in principle;
a modern counterpart of the age-old
windmill, it harnesses the power

of the wind to spin a bladed

rotor, which in turn drives an
electricity-generating turbine.
However, the wind turbine loses
some of its simplicity as it gets
bigger. To generate electricity on a
large scale requires supersize rotor
blades, and with increasing size
comes increasing stress and strain
on the spinning blades. That was
the problem Lewis Research

Center faced in developing a first
generation wind turbine generator
known as MOD-OA, a 200,000-watt
system with a rotor diameter of 125
feet, including two 60-foot blades
affixed to the turbine-driving rotor



hub. Produced by a leading
aerospace firm, the metal blades
kept failing under stress. Lewis
researchers were exploring every
avenue in search of an answer.

The Gougeons, it turned out, had
an answer. At Bay City, on Lake
Huron's Saginaw Bay, they were
turning out high quality boats based
on techniques they had developed
for fabricating wood composite
structures. Their composites were
multiple laminated layers of various
woods bonded together by epoxy
resin adhesive. They used a high
percentage of adhesive to get a
composite with a ratio of about 75
percent wood to 25 percent plastic,
which resulted in a structure lighter
yet stronger and far more stable than
solid wood.

At a boatbuilding seminar in
Cleveland, Ohio, Gougeon Brothers
chairman Meade Gougeon described
his company's special techniques
to an audience that included a very
interested Lewis Research Center
engineer. This, thought the man
from Lewis, could be the answer
to the MOD-OA wind turbine's
problems—strong and highly stable
wooden blades that might stand up
better under stress than metal.

To brief a story that took a couple
of years to unfold, the Gougeons
were interested in trying their hand
at building a wind turbine blade,
NASA officials visited the Bay
city facility to check out their
competence, a contract was
awarded to study the feasibility of
wood blades in wind turbines, and
Gougeon Brothers went on to
build several sets of blades for
the MOD-OA system; all worked
successfully. The basic blade was
made of multiple laminates, as many
as 76 layers in some places, mostly
of fir with some spruce and birch; it
turned out to be not only better than
its metal predecessor, but cheaper.
One set of blades is still going
strong, after several thousand hours

of operation, in a wind turbine in
Oahu, Hawaii; NASA fatigue tests
indicate the blades could last

30 years.

The NASA assignment involved
extensive research by Gougeon
Brothers and led to the company’s
development of new manufacturing
processes for producing high-quality
wood composite structures at low
cost. One result is that the company
has become a leading blade
producer in the small but growing
industry which manufactures wind
energy systems. For Enertech, a
Norwich, Vermont manufacturer of
small wind machines, Gougeon
Brothers produces a 10-foot and a
22'/>-foot blade used in a 4,000-watt
generator designed for home use.
Gougeon supplies blades of 22!
and 26" feet to Energy Sciences,
Inc., Boulder, Colorado for wind
turbines generating power for farms,
apartment complexes and small
utilities. Gougeon Brothers
has also been selected as blade
subcontractor in a General Electric
Company project involving the
largest wind turbine yet designed—a
400-foot diameter system capable of
feeding utility companies 6-7 million
watts of electricity per hour.

In the course of studying rotor
blade aerodynamics, Gougeon
Brothers also acquired new
know-how applicable to
boatbuilding, for example, the
company's innovative "‘aerodynamic
mast’ for sailboats. Large boat
masts are generally supported by
rigging and held in a fixed position.
The Gougeons have developed a
strong, lightweight wood composite
mast which needs no supporting
rigging and is free to rotate with the
wind. The mast becomes, in effect,
the leading edge of a mast/sail airfoil
which operates like a highly efficient
airplane wing. This provides a
sailboat a new degree of propulsive
efficiency and it could, says Meade
Gougeon, make commercial sailing

The large blade in the picture is a
60-footer developed for NASA;
the smaller blades are Gougeon
products manufactured for
commercial wind turbines that
provide electricity for homes,
farms, apartment complexes and
small utilities.

feasible; used as an auxiliary power
source, the rotating mast/sail could
cut a ship’s fuel cost by as much as
40 percent.

Company chairman Meade Gougeon
(in red) displays the innovative
“aerodynamic mast”, an efficiency
improvement for sailboats inspired
by Gougeon Brothers' work on
NASA wind turbines.



Cool Sportswear

Last year's New York Marathon (below) offered an
appropriate setting for introducing a new line of athletic
wear and Techni-Clothes Inc. of New York City was
on hand to demonstrate its space-spinoff apparel.
Techni-Clothes is headed by Dr. Lawrence H. Kuznetz,
who is also a bioengineer and physiologist at Johnson
Space Center (JSC), working in the Space Shuttle
program. With the help of some JSC colleagues, Kuznetz
has developed a number of commercial products based
on his space expertise, in particular his experience
in designing circulating liquid cooling systems for
astronauts' space suits.

Techni-Clothes’ initial line is a series of items for
cooling athletes, allowing them to perform more
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strenuous activity without becoming overheated. Like the
space suit, the apparel is designed to remove heat by the
circulating liquid method, which would have been too
cumbersome for sports use. Instead, Techni-Clothes’
gear incorporates packets containing a heat-absorbing
gel, a more efficient version of the “blue-ice” sold

for use in picnic coolers. The gel packet slips into an
insulated pocket of the athletic garment (left) and is
positioned near parts of the body where heat transfer is
most efficient—for example, the forehead, neck or

wrist. A gel packet is good for about an hour; it can be
replaced from a supply of spares in an insulated
container worn on the belt.

At top right, a pair of New York marathoners run
through warmup exercises, each wearing a cooling
headband; in the bottom right photo, marathoners
display other Techni-Clothes headgear. The company's



line also includes wrist bands and running shorts with
gel-pack pockets. The products are targeted primarily for
the estimated 25 million runners and joggers in the U.S.,
but they can be used by any athlete whose performance
may be affected by hot weather.

The photo at left illustrates still another Kuznetz
product, also a space spinoff but based on somewhat
different technology. In this application, Kuznetz
employed materials technology and systems engineering
techniques to design a bra for female runners and
joggers. Called the Support-Her Bra, it is manufactured
by Protogs Inc., Hicksville, New York. The halter-like
garment is not just a modesty aid to curb embarassing
“mammary bounce:" made of a knit interlining and
a nylon mesh outer shell, it is a carefully engineered
restraint and support device intended to prevent
shoulder and back strains, abrasions and other problems
encountered by women runners, particularly those with
large breasts. The items pictured are the first to become
commercially available, but Kuznetz and his associates
have designed several other space spinoff products,
including special purpose clothing, survival gear and
medical rehabilitation devices.
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High-intensity Lighting

At right is a nighttime view of the Space Shuttle
at Kennedy Space Center's (KSC) Launch Complex 39,
illuminated by the world's most intense floodlighting
system. The system consists of 50 searchlights, each
containing a 20,000-watt xenon lamp. one of which is
shown in closeup below; the lamp was developed by
Duro-Test Corporation, North Bergen, New Jersey.
Nighttime illumination is an important part of
round-the-clock pre-launch preparations because NASA
uses TV and film cameras to monitor each step of the
preliminaries and at times to identify the cause of
malfunction during countdown. Generating a one billion
candlepower beam visible 50 miles away, the lamps
provide daylight quality light that eliminates color
distortion in film and TV coverage. The lighting system
was first used at KSC for the 1968 launch of Apollo 8 and
has been employed for all subsequent launches.

Modified versions of this system have found utility

in a wide range of spinoff applications. For example, a
battery of spotlights with colored filters (bottom) lights up
Niagara Falls (right). This system employs a 4.500-watt
lamp manufactured by the same techniques perfected
in fabrication of the NASA lamp. The 4,500-watt lamps
are used extensively in projection systems for outdoor
theatres; the increased intensity allows larger screens,




hence greater theatre capacity.

At right, a Smithsonian Institution projectionist at the
National Air and Space Museum, Washington, D.C. sets
up a 70-millimeter Imax projector for a presentation of
the show "'Living Planet’ on a 48 by 75 foot screen in the
museum’'s auditorium (center). Duro-Test teamed with
the projector designer—Imax Entertainment Limited,
Canada—to build a 12,000-watt xenon lamp for the
system, again based on Duro-Test's work for NASA. The
projectors are used at indoor theatres with supersized
screens; there are 15 installations in North, South,
Central America and Japan. The 20,000-watt version
is used in solar simulators operated by several NASA
centers, aerospace manufaciurers and other research
organizations in the U.S. and abroad.

Duro-Test xenon lamps operate on the principle of
passing a a high electric current between two tungsten
electrodes centered in a quartz bulb filled with xenon
gas, which radiates light closely comparable to natural
sunlight. The electric current heats the gas to a
temperature of about 6,000 degrees Centigrade, thus
creating the high intensity radiation. Duro-Test initially
developed the 20,000-watt lamp for the Army and refined
it under NASA contract to meet demanding specifications
required by KSC for its use in launch lighting and in solar
simulators. The company is working on advanced lamp
designs to meet a demand for solar panel testing and for
improving the product line in general.
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Advanced Welding Tool

Whitewater canoeing is a growing sport and one
that sometimes poses a problem for its devotees: canoe
gashes are frequent but very difficult to repair. The
reason is that many canoes are made of plastics and
there are few means of repairing these materials.
Canoeists who live in the Potomac River area of Virginia
are lucky—they have Dave Brown, whose Great Falls
Canoe and Kayak Repair, Vienna, Virginia is one of only
two canoe repair facilities in the eastern U.S. Brown has
developed special repair techniques based on operation
of the Inductron Toroid Welder he is using at right.
Canoe repair is only one of a great many applications for
this versatile spinoff device, which is produced under
NASA license by Inductron Corporation.,

Grafton, Virginia.

The welder was originally developed by Langley
Research Center as a tool that could be used in any
atmosphere, including the airless environment of space.
It was developed specifically for joining parts made of
plastic or composite materials, which are difficult to
join by conventional methods. Adhesive bonding is not
reliable in a vacuum, riveting techniques often deform
the plastic, and mechanical fasteners require hole
preparation and special hardware. So the Langley
developers decided on induction, or magnetic heating,
which causes little or no deformation and can be used
with almost any type of thermoplastic material. An
induction coil transfers magnetic flux through the plastic
to a metal screen, which is sandwiched between the
sheets of plastic to be joined. When the welder is
energized, the alternating current produces inductive
heating on the screen, causing the adjacent plastic
surfaces to melt and flow into the mesh. This creates a
bond of the total surface area, where conventional hot
gas welding produces only a peripheral bond.

The commercial Inductron model is a self-contained,
portable welding gun with a switch on the handle to
regulate the temperature of the plastic-melting screen.
Capable of joining dissimilar materials, which may be
thermoplastic or non-thermoplastic, the welder has a
broad range of applications in the automobile, appliance,
aerospace and construction industries.




Water Filter

When Ray Ward moved from Utah to Arizona,
he didn't like the taste of the water, so he decided to
develop his own water filter. Today, only five years
later, he is president and board chairman of Bon Del
Manufacturing Company, Mesa, Arizona, whose filters
are sold worldwide by some 20,000 distributors.

During extensive research on various types of filtering
systems, Ward learned of a NASA unit designed to
purify water supplied aboard the Space Shuttle Orbiter.
Developed by Chemtric, Inc. Rosemont, lllinois. A
compact, lightweight electrolytic water sterilizer, it
generates silver ions—in concentrations of 50 to 100
parts per billion—in the water flow system, The silver
ions serve as an effective bactericide/deodorizer. Ward
received technical information from NASA on the
sterilizer and used it as the basis for his own

development, which is known as the Bon Del
Bacteriostatic Water Filter. Ward had originally not
planned to manufacture the unit, simply to build a filter
for person