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$12 Million Facility
Approved for Center
for Energy Studies

Construction will start early in
1983 on a $12.65-million building to
house the UT Center for Energy
Studies and Center for Elec-
tromechanics. The director of the
Center for Energy Studies, Dr. Her-
bert H. Woodson, said that the new
building represents a milestone for
the center.

"Until now, the Center for Energy
Studies has concentrated on
stimulating research by faculty
members and students within the
traditional academic departments.
Now research will be carried on by
faculty and students augmented by
full-time researchers," he said.

The center's new emphasis will
be on technical, scientific, and engi-
neering research rather than on en-
ergy policy research. "We will
continue to encourage and support
policy research, but that will con-
tinue on campus," Dr. Woodson
said.

The Center for Energy Studies
has never had its own building nor
its own laboratory space. At present
its central offices are housed on
two floors of the Engineering-Sci-
ence Building on the main UT cam-
pus.

To be located at the UT Balcones
Research Center (BRC) seven
miles north of the main campus,
the research building is scheduled
for completion and occupancy in
late 1984.

Final plans for the building were

approved by the UT System Board
of Regents October 8. Bids on con-
struction will be let, subject to the
availability of funds from the sale of
Permanent University Fund bonds,
said Dr. Hugh Walls, director of the
UT Office of Planning Services.

The BRC building will be spa-
cious-145,160 square feet, accord-
ing to project architect Ralph
Linares, of the firm Page Souther-
land Page. One-story offices and
laboratories will occupy the front
part of the building, with a five-
story, open experimental bay, more
labs, and a machine shop at the
rear. Offices will take up approxi-
mately one-third of the floor space,
and labs and bay, two-thirds,
Mr. Linares said.

The building will be divided into
two parts, the Center for Energy
Studies on the south and the Cen-
ter for Electromechanics on the
north. The Energy information Ser-
vice will be located in the middle,
near the main entrance and recep-
tion area.

The Energy Information Service
of the Center for Energy Studies
will become a joint facility serving
researchers of both centers and the
general public, Dr. Woodson said.
The service currently contains more
than 36,000 energy-related docu-
ments.

Because of easier parking, "it
may be more accessible, in fact, for

(Continued on page 2)
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to begin in early 1983 on the Center for Energy Studies/Center for Electromechanics research building.

the general public than its present
location is," Dr. Woodson said.

The three main research activities
for the Center for Energy Studies in
its new facility will be:

Chemical process applications-
research aimed at improving the
energy efficiency and lowering the
production costs in chemical pro-
cesses used by industry, particularly
by petrochemical plants and re-
fineries.

Comfort conditioning in homes
and offices-research aimed at im-
proving the energy efficiency and
lowering the cost of heating, ven-
tilating, and air-conditioning (HVAC)
systems and of the structures them-
selves.

Industrial use of electricity-re-

search aimed at improving the pro-
ductivity and reducing costs of
industrial processes by shifting from
other energy forms to electricity.

Dr. Woodson said research is be-
ing considered in several other
areas, among them, lignite con-
sumption and conversion, nuclear
fission technologies, environmental
technologies, and systems for
generating methane from wastes.

The Center for Electromechanics
is planning research in five major
areas, said Dr. Woodson, who is
associate director of that organiza-
tion as well:

Development of pulsed power
supplies-research on improving
machines that produce intense
pulses of electricity
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Industrial applications of pulsed
power

Military applications of pulsed
power

Research and development of
conventional electromechanical sys-
tems

Robotics
The initial activities of a UT fu-

sion engineering center will be
housed in the building also, Dr.
Woodson said.

The building, an all-steel structure
with a concrete and metal skin, will
be located in the north quarter of
the 475-acre Balcones Research
Center tract, near the new front en-
trance at Braker Lane, and across
from another new BRC facility, the
commons building (see related

Construction is



MAR 1o 1983

Ill! ~f tff? In l .

' ,, , I! I II II I-

4 I t I I_ i .T i I i _ .i l l

I 4f k 'I

Drawing courtesy of Page Southerland Page

story, page 4).
Flexibility, energy efficiency, and

safety received much attention
in the design of the building,
Mr. Linares said. The experimental
bay, about the length of a football
field, 60 feet wide, and five stories
high, will contain two 25-ton bridge
cranes. Two hangar doors, 32 by
50 feet, will allow large pieces of
equipment to be moved to and from
an outdoor test slab area.

The size and design of the ex-
perimental bay will allow "research
and development up to the pilot-
plant scale, something we cannot
do on campus," Dr. Woodson said.

Several features of the building
are designed to save energy,
Mr. Linares said: polystyrene roof

insulation; foam-insulated walls;
double-pane windows; energy-effi-
cient light fixtures; natural lighting;
vestibule entry; multizoned HVAC
system; and automatic, pro-
grammable temperature controls.

To protect against fire, the entire
building will be outfitted with fire
alarms, fire walls in key locations, a
sprinkler system in offices and cor-
ridors, and chemical fire protection
systems in the labs. A second po-
tential hazard, chemical fumes, will
be guarded against by ventilating
the laboratories with fresh air only
(full exhaust of inside air).

The staffs of the two centers are
now planning research, test, and
computer equipment for the build-
ing.
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"The op-
portunities
ahead at
Balcones
challenge
us greatly.
by Herbert H. Woodson
Director, Center for
Energy Studies

1983 marks a change for the
Center for Energy Studies. When
the center was established in 1974,
its charter was to contribute to the
energy education, research, and
public service missions of the uni-
versity, through its own activities,
with other research units, and with
academic departments. CES has
carried on these activities mostly by
supporting faculty and graduate stu-
dents in the traditional academic
departments. To support experimen-
tal energy research in departmental
laboratories, the center has pro-
vided program development funds
for equipment purchases, faculty
and student salaries, and operating
expenses.

Under this mode of operation, in
which CES has had no research
laboratories of its own and has sup-
ported very few full-time research
staff, significant accomplishments

(Continued on page 4)



have been made in areas such as
geopressured-geothermal energy,
solar-powered air conditioning sys-
tems, sulfur dioxide removal from
fossil-fuel combustion products,
measurement and characterization
of acidity in rainfall, production of
synthetic fuels, and many others.

Now, as it approaches the end
of its first decade of operation,
the Center for Energy Studies is
making a fundamental change.
The University of Texas at Austin
has decided to build new
facilities at its Balcones Research
Center and equip itself for a
markedly increased level of en-
ergy-related research there. The
Center for Energy Studies will be
moving off campus to occupy part
of those new facilities.

The CES Balcones activities
will be different in operating phi-

Many Changes
in the Works
for UT's Balcones

The concept of developing The
University of Texas Balcones Re-
search Center into one of the na-
tion's major energy research
centers was presented and ap-
proved at the July 1980 meeting
of the UT Board of Regents. In
his presentation, UT-Austin Presi-
dent Peter T. Flawn said:

"The University proposes to de-
velop a highly visible, identifiable
research community at the Bal-
cones Research Center site. The
initial phase of the proposed de-
velopment program would include
the construction of a prominent
and functional public entrance to
the center site and buildings to
house several major energy-re-
lated research units operated by
the University for the education of
students and for service to the
state of Texas."

Currently, about twenty-five sci-
ence and engineering laboratories
are located at Balcones, most of
them in structures that were part
of a magnesium plant that
operated during World War II.

In the first phase of expansion,
six structures are planned to be
constructed: the CES-CEM re-
search center (see related article,
page 1), two Bureau of Economic

losophy from the CES activities
that will continue on campus.
The facilities at Balcones will
provide CES, for the first time,
the opportunity to perform con-
tract research up to the pilot-
scale level. The quality, pace, and
continuity of such activities will re-
quire the full attention of the high-
est quality research staff, with
participation as appropriate by fac-
ulty and students.

With the expansion into laboratory
facilities, the useful research results
coming from CES activities should
increase dramatically. Moreover, this
research expansion should have
significant impacts on the educa-
tional programs of the university.
Center for Energy Studies ac-
tivities can be expected to pro-
vIde many research problems for
theses and dissertations by grad-

Geology facilities, a services cen-
ter, a commons building, and a
chilling station. (A Lower Colorado
River Authority electric power sub-
station is also to be built.) The
population at Balcones, now 900,
is projected to reach 1,750 by
1987.

The planners intend to create a
campus-type atmosphere and to
provide new amenities for the in-
creased Balcones population, Dr.
Woodson said. Road improve-
ments, enhanced communication
systems, and more convenient and
frequent shuttle service between
Balcones and the main campus
are planned.

According to principal architect
Horace Wilson, of the firm Wilson
Stoeltje Martin, the new Balcones
commons building will contain a
number of amenities, such as:

Q Cafeteria
Q Conference facilities and ex-

hibit space
E Branches of the UT purchas-

ing, personnel, and mail of-
fices

Q A remote site for the UT
Computation Center

Q A branch of the UT General
Libraries system, to be
located near the campus
shuttle stop

Q Classrooms
L Multipurpose room large

enough for banquets, exhibits,
volleyball, or basketball

Q Exercise and dressing rooms
Q An outdoor terrace

uate students and a means for
faculty to participate in programs
that are truly on the frontier of
energy research.

During the transition period be-
tween now and the time we occupy
the new facilities at BRC, efforts will
be made to recruit full-time re-
search staff and to assist them in
establishing their research programs
as soon as possible. The first step
in this process has been to recruit
Dr. Jimmy L. Humphrey, a chemical
engineer with fourteen years of in-
dustrial experience. Dr. Humphrey is
working with UT faculty members in
chemical engineering and chemistry
to build a research program in
chemical process applications of
energy.

In cooperation with Dr. James R.
Fair, who holds the Ernest and Vir-
ginia Cockrell Chair in Engineering
at UT, Dr. Humphrey has identified
the area of chemical separations as
one for fruitful research activities.
The goals of this research will be
to improve the energy efficiency of
chemical separation processes and
to develop lower-cost substitute pro-
cesses. Drs. Fair and Humphrey
are exploring the potential interest
of a number of companies in partic-
ipating in a separations research
program and supporting it finan-
cially.

A second area being explored for
future research is that of ways to
increase the use of electricity in in-
dustry to reduce the cost of produc-
tion. For example, many industrial
processes involve evaporation of
solvents and drying of products.
The costs of these processes can
sometimes be reduced by the use
of electricity directly-for instance,
in the form of microwaves-or in-
directly through electric motor drives
for heat pump compressors and
mechanical vapor recompression
systems.

Yet another area for research,
and one important to the state and
region, is lower-cost comfort condi-
tioning for homes and offices. In-
creased efficiency and potentially
lower cost can be achieved through
building design and through im-
provements in comfort-conditioning
equipment (air conditioning, heating,
humidity control, lighting, etc.).

A final area is that of elec-
tromechanics. The Center for En-
ergy Studies will share the new

4



building at Balcones with another
UT research organization, the Cen-
ter for Electromechanics. We expect
the CES staff to participate in joint
projects with CEM, specifically its
research program on industrial uses
of pulsed electric power in such ap-
plications as resistance welding, bil-
let heating for rolling and forging,

C0-EzoSt UpdLa t:
Office of Director

The Center for Energy Studies is
supporting the following research
projects in electric power distribu-
tion, photoelectrochemistry, and
flammability of plastic building
materials.

Q Electrical engineering research-
ers are developing a computer
technique to simulate electric power
distribution systems, in particular to
evaluate what are known as reac-
tive compensation schemes. This
simulation is expected to be more
realistic because it models the de-
mand loads along a main power
line as randomly varying rather than
as fixed. City of Austin power data
are being used. Researchers: Dr.
David R. Brown, assistant professor,
and Mr. Hoyong Kim, graduate stu-
dent, electrical engineering.

Q In these experiments chemistry
researchers are looking at how
elevated temperatures and pres-
sures (in the range of 375 C and
3,200 pounds per square inch) will
affect the electrochemical reactions
of water solutions. Such solutions
may have potential as inexpensive
media for electrosynthesis and may
lead to ways of generating energy
chemically from sunlight. Research-
ers: Dr. Allen J. Bard, professor,
and Dr. Alex McDonald, post-doc-
toral fellow, chemistry.

E Plastics, which are more and
more displacing wood and steel in
buildings, have been evaluated for
their fire hazard in several different
ways: burning rate, extinguishability,
and smoke production. However, no
detailed information has been
gathered on the ignition energies of
plastics-the point at which they
catch fire. Mechanical engineering
researchers are using a carbon
dioxide laser and fiber optics to
take ignition measurements under

controlled conditions for five plas-
tics: Plexiglas, polyoxymethylene,
high-molecular-weight polyethylene,
and two chemically inhibited forms
of Plexiglas. Researchers: Dr.
Ronald D. Matthews, assistant pro-
fessor, and Mr. Stephen Beckel,
graduate student, mechanical engi-
neering.

Chemical
Process
Applications

Pour a jigger of alcohol into a
glass of water and it mixes easily.
You don't even have to stir.

"But now try to separate that al-
cohol and that water," said Dr.
James R. Fair, UT professor of
chemical engineering. "It takes a lot
of equipment and a lot of energy."

Distillation is the primary technol-
ogy worldwide for performing such
separations. Today another technol-
ogy, liquid-liquid extraction, is be-
ing studied by researchers in the
CES Chemical Process Applications
Division and the Department of
Chemical Engineering. Its promise
is in two areas: lowering the energy
and thus the cost of many separa-
tion processes and performing cer-
tain separations in the biotechnol-
ogy field.

In distillation a mixture is heated
until one or more vapors are given
off, captured, and condensed back
into unmixed liquids. Distillation is
the primary way of separating and
purifying crude oil into different pe-
troleum products.

Liquid-liquid extraction works in a
different way, on the principle that
when two liquids that don't mix are
combined, a third substance will of-
ten dissolve more easily in one liq-
uid than in the other, Dr. Fair said.
Thus, for example, if salad oil were
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sintering of powdered metals, and
spraying of metals. The object of
this work is to improve productivity
and reduce production costs in in-
dustrial processes.

The new facilities at Balcones
will mark a milestone in the life
of the Center for Energy Studies.
We feel our accomplishments of the

a good solvent for alcohol (which it
is not, unfortunately), some salad
oil could be stirred up in that glass
of water and alcohol.

Of course, the oil never would
mix with the water, but it could ab-
sorb the alcohol. When the mixture
settled and the alcohol-oil was
siphoned off, the water would be
pure again.

It can be a very energy efficient
process, Dr. Fair pointed out. He,
Dr. Jimmy Humphrey, head of the
Chemical Process Applications Divi-
sion, and graduate student Frank
Seibert are studying several aspects
of liquid-liquid extraction.

Working with a device called a
controlled-cycle liquid-liquid extrac-
tion column, manufactured by Arti-
san Industries of Waltham, Massa-
chusetts, the researchers are taking
data to characterize the system and
will soon run a series of experi-
ments. The goals are to understand
liquid-liquid extraction on a chemical
level and to identify new applica-
tions for it, Dr. Fair said.

Liquid-liquid extraction is used
today to remove phenol, a
contaminant, from the wastewater
streams of refineries, as well as to
extract acetic acid from water in
chemical plants, Dr. Humphrey said.
One of the main attractions of the
process is the energy savings it
makes possible.

Every liquid-liquid extraction de-
vice is designed to cause tiny drop-
lets of one fluid to flow through a
volume of another fluid, Dr. Hum-
phrey said. The controlled-cycle de-
vice accomplishes this process by
forcing fluid through a sieve, which
forms the droplets. The mixing is
increased because two sieve inlets
(one for each fluid) are used, and
droplets are flowing into the column
alternately from the two inlets.

Applications of liquid-liquid extrac-
tion are likely to deal with removing

(Continued on page 6)

past have been worthwhile and sig-
nificant, and the opportunities ahead
at Balcones challenge us greatly.
We in the Center for Energy
Studies look forward enthusiastically
to the move in 1984 to the Bal-
cones facilities, and we will report
on our new and expanded activities
in future issues of this newsletter.



contaminants, recovering heat-sensi-
tive specialty chemicals such as
pharmaceuticals, and recovering valu-
able organics from industrial pro-
cess chemicals.

Energy Policy
Studies

"Shale oil has the potential to
become the energy savior of the
United States; it also has the po-
tential to be a social, ecological,
and economic disaster," a CES en-
ergy policy researcher has con-
cluded in a study of the prospects
for shale oil development in Col-
orado.

Shale oil has "a long history of
seeming to be on the verge of prof-
itability, only to founder on
economic shoals," according to Dr.
David F. Prindle, UT associate pro-
fessor of government.

In his study Dr. Prindle examined
primarily the water-related issues of
shale oil development, documenting
ambiguities, unanswered questions,
and conflicts surrounding this en-
ergy resource. Shale oil devel-
opment, as proposed, could
become "the largest industrial effort
in history." The results of his re-
search will be published in Shale
Oil, Water, and the Politics of Ambi-
guity, a forthcoming Center for En-
ergy Studies policy study.

Water demand and water pollu-
tion are important considerations in
shale oil development. How much
water will be required in shale oil
processing cannot be calculated
precisely, because at least half a
dozen technologies exist, some re-
quiring substantial amounts of wa-
ter, some requiring almost none.

How much water will be available
is another uncertainty. The possibil-
ity of drought makes the Colorado
River system "an unreliable source
for an industry requiring a large,
stable water supply." Reservoirs
created by dams and pipelines are
of course effective ways to increase
the reliability of a water supply, but
they are expensive, politically dif-
ficult to obtain, and opposed by en-
vironmental factions.

"For these reasons, many political
observers in both Colorado and
Washington are doubtful that a sig-
nificant number of new federal res-
ervoirs can be started, let alone fin-

ished, on the White River or else-
where, in time to supply the needs
of an emerging shale industry."

Turning to issues of water pollu-
tion, Dr. Prindle said, "Shale is a
cornucopia of toxic chemicals and
carcinogens, many of which have
been identified, some of which, ap-
parently, have not. Given the fact
that several million tons of retorted
[processed] shale will be discarded
daily by a mature industry, there is
considerable concern that rainwater,
percolating through the spent shale
piles, could leach out dangerous
chemicals and transport them to the
river."

Industry has proposed giant im-
pounding basins to hold the spent
shale. Small-scale tests of these
basins have worked well over short
periods, but whether large basins
used over long periods would be
successful is not known. Another
pollution issue is salinity. Shale oil
development could work in several
ways to either increase or decrease
the salinity of the Colorado River.

Whatever else is uncertain about
shale oil development, one thing is
obvious: the future of shale oil will
be full of red tape. In order to mine
and process shale oil, a company
will have to "satisfy 175 regulatory
requirements, processed through
some 20 government agencies, in
addition to obtaining roughly 25
mining variances. . . . Furthermore,
when all the permits have been ac-
quired and all the regulations satis-
fied, citizens' groups can file
lawsuits to force the whole process
to a halt."

Dr. Prindle's conclusion is that the
government's responses, particularly
those of Colorado's state govern-
ment, are characteristic of "in-
crementalism."

"Policymakers have a traditional
method of dealing with pervasive
ambiguity. They normally avoid
great changes or radical innova-
tions. Except under conditions of
crisis they make only small deci-
sions. Policy typically grows by slow
accretions: a few more dollars
spent here, a change of a rule or
two there. Political scientists who
have studied policymaking have
concluded that this 'incrementalism,'
as it is called, is the usual govern-
ing style in America."

"The incrementalist model of deci-
sion-making," concludes Dr. Prindle,
"applies perfectly to the politics of
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shale oil. Development, if it occurs
at all, will be slow, halting, and
complex."

Dr. David Prindle received the V.
0. Key Award for the best book on
southern politics published in 1981.

The Southern Political Science
Association selected Dr. Prindle's
book, Petroleum Politics and the
Texas Railroad Commission (UT
Press), for its major prize, which is
named for the late political scientist
V. O. Key, Jr. The award was made
October 28. Dr. Prindle's Study of
the seven key episodes in the com-
mission's history developed out of
an energy policy study sponsored
by the Center for Energy Studies.

Nuclear Studies
Fusion and fission reactors of

the future might cost less if they
were set up to be symbiotic-that
is, to feed each other with nuclear
fuel. Researchers in the Nuclear
Studies Division have created a
computer model to discover how
such interdependent systems might
behave.

This modeling project, funded by
the Texas Atomic Energy Research
Foundation, is the PhD topic of me-
chanical engineering student Yuki
Kunimoto. Two other participants
are Dr. Nolan Hertel, UT assistant
professor of mechanical engineer-
ing, and Dr. Wiley Davidson, Nu-
clear Studies Division researcher.

One remarkable trait that hybrid
fusion-fission reactors are expected
to share with conventional breeder
reactors is their ability to breed
their own fuel, which in the case of
hybrids is tritium; hybrids also pro-
duce uranium-233, a fission-type
fuel. In a hybrid, breeding occurs
inside the blanket surrounding the
plasma, while in a fission reactor it
occurs in fuel rods surrounding the
core. The intense neutron bombard-
ment of that environment trans-
mutes the fertile nuclear material
into forms of nuclear fuel that can
be recovered chemically.

The CES researchers sought to
model the fuel flow in symbiotic fis-
sion-fusion systems of the future.
The model they developed, a core
inventory model, makes use of ex-
isting modeling but is largely orig-



inal, Dr. Davidson said. The model's
inputs are conditions like the
operating and processing character-
istics of the reactors, the fuel-burn-
ing and -breeding rates, and an
assumption that the fuel is being
continuously reinvested in new
reactors rather than accumulating in
surplus stockpiles.

With these inputs and others, the
CES model computes a detailed
pattern of fuel flow through the sys-
tem over time, as well as the over-
all system growth rate. The
resulting data show the transient
behavior period (the time the sys-
tem takes to reach full fuel produc-
tion) and the equilibrium doubling
time (the time the system takes to

double in size after reaching equi-
librium).

In a scenario used to illustrate
the model, a leading hybrid de-
sign-a fission-suppressed tandem
mirror hybrid reactor-is paired with
a high-temperature gas-cooled fis-
sion reactor. Fueled by a minimum
stockpile of tritium, the hybrid
reactor starts up first. It gen-
erates useful energy that is con-
verted to electricity and also pro-
duces two byproducts: uranium-233
and tritium.

The tritium is processed and re-
turned as a fuel to the hybrid's
core; the uranium-233 is processed
and sent as startup fuel for the
client fission reactor. The fission

reactor then gets under way,
generating electricity and a by-
product of tritium, which is pro-
cessed and shipped back to the
hybrid reactor to be used there.

In this scenario, the transient be-
havior was found to disappear after
ten years, and the doubling time af-
ter that is rapid, about 4.26 years.
This configuration yields high rates
for fuel production, and a doubling
time of 4.26 years is indeed rapid
growth, Dr. Davidson said. However,
the model shows that a trade-off
occurs: a substantial fraction of the
total power is generated at a higher
cost (i.e., in the more expensive
reactor, the fusion hybrid), when
tritium production is large.

UT-Austin Energy
Electromechanics Group
Pursues World Velocity
Record with Electric Railgun

(Part 2 of a two-part series)

The railgun-a device that may
some day point at the sky and
launch loads of raw materials into
space, or sit in the heart of a nu-
clear fusion power plant, smashing
deuterium-tritium pellets into a
target-is being developed and
tested at the UT Center for Elec-
tromechanics (CEM).

Instead of relying upon gunpow-
der, as a conventional gun does, a
railgun relies upon a powerful elec-
tric arc to do the pushing. The con-
cept of a railgun (also called an
electric gun or an electromagnetic
accelerator) has existed in the
imaginations of scientists for sev-
enty years, but feasible versions
are just now being built.

The Center for Electromechanics
researchers are attempting to over-
come the technical problems that
have long kept the railgun from be-
coming practical. They are in the
process of building a prototype and
hope to achieve a world's record
with it.

The present world's record is held
by a two-stage light gas gun, at 12
kilometers per second. In conven-
tional guns the maximum speed of
the projectile is limited to the veloc-
ity of sound within the gas doing
the propelling. A railgun does not
have this limitation. Its comparable

theoretical limit is the speed of light
(although factors such as the resist-
ance of the rails cause practical
limits).

Simple in concept, a railgun's
main elements are an electric
source to deliver high current, a
switch, two parallel metal rails, and
a small armature between the rails.

To perform a shot, energy is first
built up in the power source, then
transferred by the switch into the

$

Photo by Jennifer Evans

Researcher Leo Holland loads a test projec-
tile, a plastic cube, into a railgun that may
soon break the world velocity record.
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rails. The tremendous surge of
electricity vaporizes the armature
and creates a plasma arc in its
place. The arc shoots down the
rails, propelling the projectile in
front of it.

The notion of using the force of
an electric arc directly, rather than
in a wire, for instance, is a novel
idea, never incorporated in a pro-
pulsion technology before, according
to Dr. Herbert H. Woodson, as-
sociate director of the Center for
Electromechanics.

The main reason the railgun has
proved unfeasible to build is, in a
word, current.

Because of power source and
switching limitations, railgun experi-
ments have been sized at a few
hundred thousand amperes. (A 100-
watt light bulb draws about 1 amp.)
The largest electric power switches
widely available today, the switches
that interrupt faults (as when light-
ning strikes a line), are sized up to
only 50,000 amps. But most useful
applications of the railgun require
currents on the order of 1 million
amps.

The development of homopolar
generators has brought the achieve-
ment of these higher power require-
ments much closer. Electromagnetic
propulsion expert Dr. Harry D. Fair,
Jr., of the Department of Defense,
has called the design and perfor-
mance of the CEM 5-megajoule
homopolar generator "an enormous
step toward proving the promise of

(Continued on page 8)
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homopolars," which he termed "the
energy store with the greatest near-
term potential" for railguns.

The Center for Electromechanics
experiment, Dr. Woodson said, will
be a discharge of 1 million amps
from an inductor in less than a
thousandth of a second. He pre-
dicted that "to the extent that the
switching problem is solvable, we
will be making spectacular shots in
one to two years."

Another important goal is to de-
velop an opening switch that can
repeatedly transfer a million amps
without damage. In a study funded
by the National Aeronautics and
Space Administration, CEM re-
searchers are studying switch de-
signs, among them, arc switches,
liquid metal switches, and flux com-
pressors. Research scientist-en-
gineer Ray Zowarka said that a
prototype switch for an earth-to-
space rail launcher will be designed
and tested.

The earth-to-space rail system
would require long rails, perhaps 2
kilometers, to launch payloads on
the scale of 2,000 kilograms into
earth orbit. Human beings and even
many vehicles and machines could
not survive the accelerations of a
rail launch-on the order of 10,000
g's to reach escape velocity of 11
kilometers per second. Payloads of
building materials could be de-
signed to withstand such forces,
however.

A rail launcher would be one way
of getting around the load limitation

of rockets: 99 percent of a rocket's
weight is fuel, only 1 percent, pay-
load. A rail-launched object would
require no fuel on board at all.

Because of the length of the
rails, if a single power source were
used, "you'd use up the energy in
electrical heating of the rails," said
John Gully, also a CEM research
scientist-engineer. So the concept of
a distributed energy store system is
being pursued, a design that con-
tains not one power source but
several, located at intervals along
the length of the rails. These power
sources, homopolar generators,
would be synchronized to add
bursts of electricity to the main
plasma arc as it flashes by.

The first two stages of a ten-
stage rail launch of this type have
been built and tested, the project of
PhD candidate Leo Holland, super-
vised by Dr. Woodson. It is in this
machine that the world velocity rec-
ord may be achieved within a year,
Dr. Woodson said.

The distributed energy store rail
launcher will require a masterpiece
of synchronization. The acceleration
pattern of the test projectile (a
small plastic cube) cannot be pre-
dicted accurately enough, so in-
strumentation will be required to
sense the position of the arc and
the projectile and set off the
booster power stages, Mr. Gully
said.

If the kinetic energy of the projec-
tile can be converted into heat and
pressure, the enormous possibility
of impact nuclear fusion presents
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itself: "In order to make fusion,
you have to get the reactants,
deuterium and tritium, up to a high
enough temperature and keep them
together until they react," Dr. Wood-
son said. Propelling a chunk of
deuterium and tritium into a target
at high enough velocity might meet
those two conditions. Under the
heat and pressure of the moment
of impact, the two materials would
vaporize, mix, and fuse.

Impact fusion is considered a
type of inertial confinement fusion,
completely untried and unproven. It
may hold promise as an economical
neutron source for breeding nuclear
fuel. The guesses about how fast
the pellet must be traveling range
from 20 to 100 kilometers per sec-
ond.

"Making the high velocity is a
nontrivial problem," Dr. Woodson
said, as are designing and building
a target and a projectile "so that
when the impact occurs, the whole
thing doesn't spatter."

The railgun's kinetic energy, rapid
flight, and high force/low mass may
be applied in another area: military.
The railgun may eventually become
the basis for a superior armor
penetrator, an artillery device, or a
jet-airplane launcher.

The railgun is a powerful new
technology, on the brink of engi-
neering feasibility, and the CEM re-
searchers think it stands a chance
of making a big contribution to fu-
ture space exploration, energy sup-
plies, and defense. Said John Gully,
"It's quite a gun."


