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Washington, DC
Oct. 10, 1949

It began with J. Carlton Ward Jr.
World War II was over, the aviation
industry was about to lose its govern-
ment contracts, and Ward was on
Capital Hill to testify on behalf of
those acres of draftsmen with no more
bombers to draw. He was the president
of Fairchild Engine & Airplane Corp.,
a tall man with a patrician air and a
voice that commanded attention, espe-
cially when he digressed from his testi-
mony about procurement policy and
happened to mention building an atom-
ic-powered plane. "It was an inadver-
tent remark," he remembers, a notion
inspired by a report on the atomic
bomb that he had just finished reading.
Senator Homer Ferguson immediately
interrupted "You see a future for atom-
ic power in an airplane?" "I think so,"
replied Ward, going on to predict that it
would be just as revolutionary as the
jetengine. "The whole tactical concept
of war will change to the nation that
first solves that problem." "Would you
go so far as to say," asked Senator
Hugh Mitchell, "that almost any
amount of money spent by the govern-
ment in well-conceived experimental
programs in the development of the
utilization of atomic energy as a
propulsion force would be justified?"
"l think our nation can't afford to do
otherwise if it wants to be first," said
Ward. "In other words," said Ferguson,
"we have really got to keep out in front
in science?" "If we want to keep out in
front in international affairs."

Science 1982
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Dreaming

Depictions of nuclear-

TODAY, SCIENTISTS HAVE FOUND
THE SOURCE OF THE SUN'S STRANGE
. AND WONDERFUL ENERGY LOCKED IN
. THE HEART OF THE ATOM... ARE RE-
LEASING THAT ATOMIC ENERGY TO
SERVE US ALL IN THE FUTURE AS A
SOURCE OF ALMOST UNLIMITED POWER.
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ing the gap between pulp
science fiction spaceships
and the world of visionary
technology. For instance,
the January 1941 issue of
Popular Mechanics showed
this concept for a U-235-
powered wing. Other con-
cepts envisioned winglike
aircraft propelled by beams
of incandescent metal heat-
ed by nuclear fission.

By 1948 the dreaded Mushroom
cloud and all its associated fear
was being replaced by
"Nucleomania". As we can see
below the uses seemed endless.
Could atomic bombs be detonated SEY ERAL munths ago
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*_..AND WE EXPECT TO USE ITS TREMENDCUS HEAT-ENERGY
TO GENERATE ELECTRICAL POWER —PERHAPS, LIKE THIS...”
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In its August 25, 1945 issue,
Newsweek published this
image of a futuristic "atomic-
powered" flying-wing. The
amount of fuel needed to pro-
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The Early Years

As early as 1943, American scientists were thinking
about the possibility of propelling large aircraft with
nuclear- powered jet engines. However, US
Government officials advised these scientists to defer
such futuristic applications because all efforts during
the War were to be directed towards the urgent devel-

opment of a nuclear bomb.

Interest in atomic energy climbed into high gear after
World War II ended. The very scientists who had
raced to produce a bomb had also developed theories
for a number of possible alternative uses for nuclear
energy. These ideas included: electric power genera-
tion. nuclear excavation of large land masses, and
propulsion systems to power vehicles on the land
(trains), sea, and the air. The military were particular-
Iv interested in a nuclear-powered aircraft. This is the
very story that will unfold in “NX-2".

Soon after the Hiroshima and Nagasaki nuclear
explosions in August of 1945, Gordon Simmons, a
voung engineer involved in the construction of the Oak
Ridge plant, prepared a letter to the Fairchild Aircraft
Company stating that he would like to be associated
with a company interested in designing nuclear- pow-
ered aircraft. His thoughts had been stimulated by J.
Carlton Ward, president of the Fairchild Co. Mr.
Ward had eloquently expressed the strategic advan-
tages to be gained by harnessing nuclear energy to
power large aircraft. Before the end of October
1945 Fairchild decided to make presentations to the
LS. military services for sponsorship of such a proj-
ect. After numerous conferences, the Army Air Corps
decided to sponsor a unified project with the National
Advisory Committee for Aeronautics (NACA) partici-

pating.

In January 1946, the U.S. Air Force (USAF) asked
industry members to select one of their companies to
e the single manager of the group effort, and prime
contractor to the USAF. Fairchild Engine and
Airplane Company was selected as the leader. The
program would be known as NEPA, Nuclear Energy
tor the Propulsion of Aircraft. The team of contrac-
tors included: Allison, United Aircraft, Wright
Acronautical, General Electric, Westinghouse,
Continental Aviation, Lycoming, Northrop, Flader, and

Menasco Mfg. Member companies were to have a
voice in technical phases of the NEPA Program,
and could assign personnel to the working organi-
zation. Contracts were signed authorizing funding
of $5.25 million. Late in 1946, the NEPA
Program office moved to Oak Ridge, Tennessee.
That same year, Johns Hopkins University studied
the potential as well as the problems of using
nuclear power in aircraft. Chief amongst the prob-
lems at the time was the lack of data on the effects
of radiation on materials in general. Another basic
problem was the release of radioactive products
during an accident. Also, shielding the crew and
ground personnel from high levels of radiation
was a serious problem that needed further study.

After considerable thought, the NEPA Program
office recommended that the major effort be con-
centrated on a direct air-cooled ceramic reactor,
powering a turbojet engine. The team and
Government agencies agreed. Later, the Defense
Department became involved and recommended
that NEPA proceed on a priority basis as a coordi-
nating project with the Atomic Energy Commission
(AEC). InJanuary 1948, the Finletter Report rec-
ommended intensifying research efforts on a
nuclear plane. Two months later, Congress urged
that NEPA be given the highest priority in atomic
energy research.  Later that year, an MIT report
predicted that a nuclear- powered aircraft was fea-
sible, and could be produced within 15 to 20 years,
at a cost of $1 + billion. Total NEPA personnel
were now up to 444,

By February of 1949, the NEPA Program became
a joint effort of the US Air Force, US Navy, the
AEC, and NACA. During that year, many studies
and breakthroughs were achieved. These includ-
ed: improved shielding for the crew compartment,
improvements in turbojet cycling, fabrication of
beryllium bodies, circulating fuel type reactors
were studied, and the testing of liquid metals han-
dling was undertaken. Also, a small- scale air
cycle powerplant was constructed using a turbojet
engine and an electrical heat source. (It was said
by some that the electric heat source experiment
was to prove to the skeptics that one did not
need to burn fuel to turn turbine blades.)



This was an attempt to simulate a nuclear reactor. A
survey of jet engine manufacturers was made to estab-
lish limitations on engine size and characteristics.

In 1950, the concept of a water-moderated reactor
was patented. This made operation of a reactor in an
aircraft feasible. Also, that year, the AEC created an
Aircraft Reactors Branch, absorbing the AEC portion
of NEPA. NEPA personnel peaked at 676 (including
195 scientists and engineers). Average salary of engi-
neers with 10 years experience was $475 per month.
Starting salary for new hires was $300 per month.
That November, Fairchild entered into a contract with
the AEC for work related to the nuclear aircraft pro-
gram. Almost simultaneously, the US Air Force
advised Fairchild that the first phase of the Aircraft
Nuclear Program was at an end. Recall that the
Korean War began in June 1950.

Hardware Development Phase

As January 1951 began, the USAF decided that the
program had advanced for work to begin on "hardware
development,” and the stage of feasibility studies
should be closed. The mission of the NEPA Project
had been accomplished. The hardware development
phase would now be carried out by General Electric
Company, and development of the aircraft was placed
with Consolidated Vultee Aircraft Company (Convair).
During the five- year life of the Fairchild NEPA pro-
gram, total funding was $24 million. The high quality
of NEPA employees resulted in many scientific studies
and tests to evaluate possibilities. Most of the best
technical people had numerous job offers in the future
program.

However, the design of the reactor had not been
fully established. Two methods were under consider-
ation: the liquid coolant (sodium) cycle and the direct
air cycle.

Starting in May 1951, General Electric initiated an
Aircraft Nuclear Propulsion (ANP) in its Aircraft Gas

Logo for the “Aircraft Nuclear Propulsion™ program
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Turbine Division at Evendale, Ohio. Eighty-
seven veteran NEPA Program personnel joined GE,
and continued to work at Oak Ridge, TN while
facilities at Evendale were prepared for the nuclear
research. D.R. (Roy) Shoults was selected as the
program manager, and M.C. Leverett was the
Engineering Manager. The first six months were
devoted to the evaluation of the two possible
power cycles. By October, the direct air cycle was
selected for development, and work on liquid met-
als was phased out at GE. Also that year, the
configuration for the nuclear reactor was success-
fully fabricated. This consisted of fuel elements of
uranium dioxide cores, with a stainless steel
cladding. This approach was used throughout the
program, including the High Temperature Reactor
Experiments later conducted in Idaho. Total per-
sonnel in the GEANP was up to 450.

HTRE-1
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Crossection of the direct cycle testrig.
“High Temperature Reactor Experiment”
Later called “Heat Transfer Reactor Experiment”

In 1952, the Government made two key pro-
nouncements: First, AEC approved the use of the
National Reactor Test Station (NRTS) at Arco,
Idaho, as the flight test base. Also, the AEC and
the Department of Defense determined that plans
needed to be made for flight test of a nuclear reac-
tor system in the 1956-1958 time period, utilizing a
modified B-36 strategic bomber as the test bed
(Non-propulsion system). Program plans were also
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Facilities available to the Aircraft Nuclear Propulsion Office.

made to use a Globemaster cargo aircraft as a full scale
test aircraft, beginning in the late 1950's.

In December 1952, the Office for Aircraft Nuclear
Program was established to coordinate AEC and USAF
participation. Major General Donald Keirn was
named director. He was an early champion of
nuclear flight. General Keirn first was involved in jet
engine work as the coordinator between the USAF and
General Electric during development of the first US jet
engine. This was the GE1-A engine, which powered
the Bell XP-59A Airocomet, which first flew in 1942,
During this time, the general became acquainted with
Roy Shoults, then an engineering manager with GE.
Keirn and Shoults spent time together during the
1940's, discussing linking the jet engine with nuclear
power for the propulsion of aircraft.

Early in January 1953, the Eisenhower
Administration began. Three months later, the
National Security Council ordered the AEC and the
Department of Defense (DoD) to cancel the ANP
Program on the grounds of budget savings, and that the
program was not in the national interest. Secretary of
Defense Charles Wilson ordered the program canceled.
Mr. Wilson had headed the General Motors Co. before
being named as Defense Secretary. Within a month,
the USAF and other members of the DoD succeeded in
re-opening the project with a major reorganization.
The ANP was re-directed toward applied research and
development on a limited funds basis. A series of
high temperature reactor experiments (HTRE) were
scheduled to develop and prove out the reactor power
plant. That year, at GE, the ANP became the Aircraft
Nuclear Propulsion Department (ANPD). This was
established under the GE Atomic Products Division.

In December, the USAF informed the AEC of its
renewed interest in manned nuclear aircraft, and asked

the AEC to expedite experimental work.  This
political in-fighting would continue throughout the
program.

In April 1954, the USAF director, General Keirn,
advised the Joint Committee that a nuclear- pow-
ered aircraft could be in operation in half the sched-
uled time if given a high priority. The Joint
Committee approved a report calling for a "crash"
program. This report was forwarded to President
Eisenhower, the DoD secretary, and the AEC chair-
man. In July, the AEC decided to fund a second
development program, with Pratt & Whitney. This
was to study the indirect liquid metal cycle propul-
sion system. During 1954, a GE- developed con-
centric- ring fuel element design for the reactor
core was proven successful. Fabrication techniques
were also developed establishing hydrided zirconi-
um as a practical solid moderator material. This
design was used in the final GE reactor design.
Meanwhile, in Evendale Ohio, critical experiments
were being initiated to provide data for design of
the first actual reactor, the HTRE-1. Late that

year, the USAF outfitted a C-46 transport with pas-
senger seats and other amenities for transporting
GE Evendale personnel to the Idaho Test Station.
This USAF operated "Site Flight" service required
an eight- hour flight from Ohio to Idaho.

HTRE-2 as seen today at Arco, Idaho site. Actually a
rebuild of HTRE-1. Total weight over 600,000 Ibs.
INEEL photo



By February 1955, the AEC reported that progress
on the direct cycle reactor exceeded expectations, and
authorized additional funds to be spent in FY 1955.
Two months later, the US Air Force issued require-
ments for a Weapon System 125-A high performance
nuclear powered aircraft, and initiated a Program
Office at Wright-Patterson in Dayton, Ohio.

In June, the AEC and the DoD agreed to accelerate
the ANP Program with the objective of testing a proto-
type by 1959-1960. In September, Pratt & Whitney
was authorized to begin work on the indirect cycle
reactor, using liquid metals. Construction of CANEL
(Connecticut Aircraft Nuclear Engine Laboratory) was
started that year. Progress was much slower on the

B-36H

PW Radial
Piston Engine (6)

Standard Nose

P1 Test Reactor

1. GAMMA MONITOR

GRID
S ?a?ssune VESSEL LEAD CASE
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8. LEAD RINGS AND DISKS
9. FORWARD SHIELD TANKS
10. ION CHAMBER

Test reactor, shown in cutaway view above, weighs more
than 20 tons. Airborne reactor can be operated at power
levels as high as 1,000 kw. at altitudes up to 40,000 ft.

indirect cycle approach. P&W never ran a practi-
cal test system, whereas, the GE reactors and jet
engine tests were successful. The P&W work was
limited to component testing. In the long run, the
indirect cycle showed more promise, but it also
required a lot more development work.

In September 1955, the NB-36 bomber with a 1
megawatt reactor had its first test flight. This reac-
tor was not used for propulsion, but to test the
effects of a nuclear reactor in a flying aircraft. A
total of 47 flights were made in two years from
Carswell AFB, Texas. The reactors were powered
up over the New Mexico desert.

Radiation Symbol on tail

(4) GE J47 Jets

NB-36 Test Program

When it became evident that flight tests would
be necessary to get adequate shielding and nuclear
processing data, the mighty B-36 was chosen
because of its huge fuselage (162 feet long) and
great payload capacity. The nose section was
removed from a B-36H, and was replaced with a
nose that would accommodate the shielded crew
compartment.



40,000 pounds of bombs. In these tests,
the reactor was not producing any
propulsive output. Reactor heat was
carried off through heat exchangers,
cooled by ram air from a scoop on each
side of the fuselage.

Left photo of the B-36H built by Convair
Division of General Dynamics Corp. Ft.
Worth, Texas. It carried the nuclear test
reactors during 47 flights from Carswell
AFB, Texas over a two year span. Actual
power up of the reactors was accomplished
when the aircraft was over the New Mexico

Desert.
Air Intake on aft section of modified N-36H leads to heat exchanger section
Localized beefing of the fuselage was adequate to 1000KW, 20 Ton Test Reactor, Below
accept the 12 ton crew capsule. The shielded com- Built by Convair to test reactors in flight
partment had room for five crew members. d

"‘!:TXY‘ Tt ,fl?fl-.'-‘.‘.

Shielding consisted of layers of lead and rubber.
Lead thickness varied from 1/4 inch to 2 1/2 inch-
es, and the rubber thickness ranged from 7 to 17
inches. Only the pilots could see outside, and visi-
bility was provided with a combination of leaded
glass and Plexiglas about 10 inches thick. The
compartment was pressurized and air conditioned.
The main entrance hatch was a hydraulically
closed 500- pound door that would fall open when
unlatched in an emergency. In addition to the
crew shielding compartment, an 8,000 pound lead
disk was installed in the center of the fuselage in
front of the nuclear reactor. This would block
most direct radiation in the direction of the crew
cabin. In addition to the lead, the reactor had
water shields as added protection. Each of the
nine water shields could be drained or filled,
depending on the mission.

The massive 35,000- pound nuclear reactor was
hung in the aft bomb bay, by a single hook, which
could be opened to jettison the reactor in an emer-
gency. What a thought a nuclear reactor plunging

to Earth! Look out below! Of course, this never Reactor is installed in bomb bay (top) during "cold" prac-
happened. No mid section beefing up was neces- tice insertion. During insertions, all personnel were sta-
sary, since the bomb bay was designed to carry tioned in shielded control room (note men at rear).

7
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AIRCRAFT SHIELD
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CAPSULE
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MODERATOR WATER
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Airborne reactor is located in B-36H fuselage just aft of the

wing. Television cameras were installed for engine scanning;

note extensive shielding around crew compartment.

Data was recorded in an instrument capsule in the for-
ward bomb bay. The main test data were the opera-
tional parameters of the reactor, plus the many radia-
tion monitors throughout the aircraft. 27,000 data
points could be captured in a 12 flight.

The reactor itself was designed by Convair. It was
flexible enough to operate on the ground and at alti-
tudes of 40,000 feet. It was water-cooled, and its core

was made up of fuel rods containing enriched uranium.

The reactor had three control rods to moderate the
power output. Designed solely as a radiation source
for working on shielding and handling problems, the
reactor had no output as an actual aircraft propulsion
system. Its power level was minimal compared to
what would be required to operate as a power plant for
an aircraft this size.

Maintenance and operation of the reactor was care-
fully planned and carried out in an isolated area in

West Texas. Facilities and procedures used by Convair

would be quite valuable if the program went into pro-
duction. The reactor was loaded and unloaded for
each flight. The reactor was kept in the bottom of a
handling tank that could be filled with water to protect
personnel. It rested on a rotatable cradle which could
be tilted to access each side of the reactor. All work
was done by remote handling tools. The roof of the
building holding the handling tank could be rolled
back, and a gantry crane would pick up the reactor.
The gantry crane operator sat in a shielded cab, and
moved the reactor to the loading pit near the aircraft.
The reactor was installed on a hydraulic lift platform.
The nuclear aircraft was towed to the loading pit by a
shielded tow vehicle.

One wheel was chocked on a turntable, and the aircraft
was towed around until it lined up with the lift plat-
form. Then, all personnel moved to a shielded area
during the 20 minute loading operation.

The NB-36 nuclear test aircraft made its first
flight with an operating nuclear reactor in
September 1955. Several hours elapsed between
loading of the reactor and takeoff. Final checkout
of the airplane, reactor, and nuclear instruments
was made during this period. The NB-36H was
taxied from the reactor isolation area, the crew
checked for flight readiness. The NB-36H then
took off for its historic mission at a maximum
take-off weight of 367,000 pounds. The test air-
craft had to fly a prescribed course around West
Texas and New Mexico. During this time, the
reactor engineer prepared the reactor and auxiliary
systems for operation, while the flight test engineer
prepared the data- gathering gear. Flights were
monitored from a Boeing B-50 (improved B-29)
chase plane, which could observe the NB-36 in
flight. The B-50 also carried nuclear instrumenta-
tion for mapping radiation fields around the

- nuclear reactor aircraft. An Air Force transport

also accompanied the aircraft on its test flights,
carrying a team of paramedics who could para-
chute to the ground to isolate and monitor any area
where the reactor might have to be jettisoned in an
emergency.

When the aircraft arrived over the test area, the
core of the reactor was filled with water, and the
control rods were withdrawn to start it operating.
Data was taken at several configurations. One
flight was made outside the normal test corridor. A
low level run was made over the Gulf of Mexico.
Alr scattering data was taken at an altitude near sea
level, yet the aircraft was high enough to avoid
ground scattering effects. Air scatter data was
obtained by the trailing B-50 aircraft. B-50 pilots
found they could maintain range between the air-
craft by watching a radiation monitoring instru-
ment, which showed changes in radiation activity.
When a data run was complete, the reactor was
shut down by inserting the control rods. Cooling
water was circulated during the return trip to
remove some of the heat built up by the reactor's
power.

During a program of 47 flights, the aircraft
explored the effects of air scatter and radiation pat-
ters produced by the aircraft in flight. The last
flight was made in March 1957. Convair's suc-
cessful flight test program showed that the aircraft
posed no threat, even if flying low. The principal
concerns would be: (a) accidents which cause the
release of fission products from the reactors, and
(b) the dosage to crew and ground personnel from
exposure to leaking radiation.



In 1958, the aircraft was towed away to be stored,
after it was apparent that no more USAF money would
be supplied to support more NB-36 testing.

In addition to the NB-36 test program, the US Air
Force contracted for broad, basic investigations of
materials and components in relation to performance in
a nuclear flight environment. These included the
Nuclear Aircraft Research Facility (NARF), built and
operated by Convair at Fort Worth, Texas. An exten-
sive radiation testing program was conducted to find
materials and components particularly suited to the
new environment of the nuclear aircraft. A major test-
ing device at NARF was the ground-test reactor, capa-
ble of dynamically testing small aircraft components in
a nuclear radiation field. Shielding experiments were
also carried out. Handbooks were written to consoli-
date the data gathered.

Of course, the GE-ANP Department was also con-
ducting extensive tests, especially at the Arco Test
Station, on materials to be used in the reactor.

Another facility was the Tower Shield Facility at
the AEC's Oak Ridge Plant. This consisted of four
324-foot towers, with steel-cable assemblies capa-
ble of lifting large weights. The purpose of this
facility was to simulate reactor radiation patterns
during flight. At the same time, numerous mock-
ups of different crew shields and shield materials
were evaluated, by raising them up in the vicinity
of the reactor. Radiation dose rates for different
power levels at various heights above ground were
recorded.

In Georgia, the USAF contracted Lockheed
Aircraft Corp. to construct a radiation effects facil-
ity to supplement the NARF. This facility would
irradiate large aircraft structures and major subsys-
tems. It was capable of irradiating items as large
as 10 by 15 by 8 feet. In addition, the USAF built
a nuclear radiation facility at Wright-Patterson
AFB, in Ohio. This facility contained a 10-
megawatt research reactor and two remotely oper-
ated test cells, for further nuclear effects research.

1950's photo of NB-36H test reactor being lowered into rampit by crane. The ramp pit shielded the flight test reactor between flights.
9



G E Nuclear Reactor

First, a primer on the "direct cycle" concept. This is
the approach that General Electric took, and major
contracts were provided by the US Government to
develop this concept. In this approach, air enters the

jet engine and is compressed by a standard compressor.

Behind the compressor is a valve which channels the
compressed air into the nuclear reactor core. This air
is rapidly heated by the nuclear heat from a controlled
chain reaction. Then, the highly pressurized hot gas is
channeled back into the jet engine to drive the turbine,
and also produce thrust. The reactor has simply
replaced the chemical burning in the standard combus-
tion system. The air that passes through the reactor
core also "cools" off the heat from the nuclear reactor.
This is in addition to the moderator in the reactor (usu-
ally water) to cool the reactor.

Nuclear Heat
Compressor Reactor Exchanger
| \ / Turbine

Direct Cycle Nuclear Turbojet Engine

The ducts to flow the air into the reactor core were
composed of thick castings. The "in-direct cycle" sys-
tem, pursued by Pratt & Whitney, was similar.
However, air does not pass through the reactor itself.
It passes through a heat exchanger. The heat exchang-
er contains water or other fluids that circulate through
the reactor core. In any event, the air is rapidly heat-
ed as it passes through the heat exchanger. Same
result - thrust generated by the turbojet from the
nuclear reaction.

COOLANT
/- PUMPS

Indirect Cycle Nuclear Turbojet Engine
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EXCHANGER

Above is a General Electric proposal engine (X-310)
circa 1959, for an indirect cycle engine using a circular
heat exchanger. Note the Triple Annular Combustor

GEAE Drawing

The characteristics peculiar to aircraft nuclear
reactors might be listed as follows: high power,
small size, low weight, high temperatures, and
operational reliability. It is estimated that an oper-
ational nuclear powered aircraft would weigh about
500,000 pounds. For such an aircraft to fly at
Mach 0.9 at 35,000 feet, the reactor power is calcu-
lated to be in the neighborhood of 300 megawatts.

Reactor size is an important consideration for
aircraft use. The reactor, including shielding, must
be of a size that can be incorporated within a
streamlined airframe. Reactor size is in large
measure the governing factor in nuclear aircraft
weight. The larger the reactor, the larger and
heavier the shield must be that protects the crew
from radiation. The tremendous weight of reactor
shielding is one of the main considerations in the
successful development of the nuclear aircraft. An
aircraft reactor must be a high temperature reactor.
For a given size and weight, the higher the temper-
ature, the greater will be the power output. In the
conventional jet engine design. we have continual-
ly striven for the highest possible combustion
chamber exhaust temperatures to produce the high-
est efficiency. So too in nuclear reactors, we must
strive for the highest output for a given size. This
is why material properties and design criteria are
SO important.



At the beginning of the program, there were no
materials available that would: (1) stand up to the
high-intensity nuclear radiation which necessarily
existed throughout the interior of the nuclear reactor,
(2) resist corrosion by the very hot air which passed
through the core of the reactor at great speed, (3) be
guaranteed not to leak any of the highly radioactive
fission products into the exhaust air-stream.

The Convair X-6 and the GE XJ53

In early 1951, plans were in place to modify a B-36
bomber into a proof of concept aircraft. It should be
noted that at no time was the X-6, as the Modified B-
36 was to be called, considered a contender for an
operational configuration. No tactical requirements
were imposed on the X-6 during the design phase. It
was optimized for test bed use only. The original
engine concept was to use a liquid indirect reactor to
engine lashup. The proposed engine was an engine
called the GE XJ53 Turbojet that produced 17,950 Ibs.
thrust.

In the late 1940s and early 1950s, with the J47 well
into development and production, Aircraft Gas Turbine
division management ordered a study of future military
and civil aircraft planning and the powerplants
required. Four completely different approaches
evolved from this study.

In 1947 the Air Force had funded Pratt & Whitney
for an engine study that eventually resulted in the J57
turbojet. At the same time the USAF planners and
Power Plant Lab also began to look for a very high
thrust engine. From this interest came GE's XJ53, a
1948-originated design calling for a thrust output of
nearly 17,000 pounds-double the thrust of most
engines in existence at that time.

Projected weight of the engine was 6,000 pounds-
3.500 pounds more than the J47. Both the thrust and
engine weight made it by far the most powerful and
largest jet engine of its time. It was, of course, an
axial flow design.

When the first design was completed and projected
weight indicated a total of more than 8,300 pounds, the
engineers knew they had a problem. By the time the
first engine ran on test in March, 1951, a combination
of Lynn and Schenectady engineering experts had suc-
ceeded in reducing the weight to 7,950 pounds with
the engine delivering the unprecedented power of
17.950 pounds of thrust. However, it was painfully
apparent to both GE and the USAF that the engine was
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entirely too large-no airframe then contemplated
called for an engine of that size-and that further
efforts to reduce weight would result in unsatisfac-
tory performance characteristics. The XJ53 engine
development was discontinued in September, 1953.

By June of 1951 the laidout plans called for a
test stand powerplant by 1954 and a nuclear flying
test bed (The X-6) by 1956 under an AEC contract
dated April 30, 1951. Later in 1951 GE proposed
that its powerplant design be changed from the pro-
posed liquid metal cooling cycle reactor design to a
direct air cycle system. Formal approval was
endorsed by the Airforce during October 1951.

General Electric assumed throughout the summer
of 1951 that a direct cycle, aircooled reactor would
require fuel elements operating at some 2,500°F in
order to produce a respectable amount of thrust.
Since no known materials could long sustain such
temperatures, a design change to 1,800°F for fuel
elements was suggested (even though take off
would have to be on conventional turbojet power)
for the first nuclear powerplant. The lash up of
Reactor R-1 and the Turbojets (4) became the P-1
Powerplant.

R-1 Powerplant Reactor

Forward Shiekd \

Instrument Wells

At Inket Gamma Shield

P-1 Powerplant
with reactor on top

.-)'
The plan was to use 4 GE modified Turbojets (J47 or XJ53)



Additional studies soon indicated that existing
General Electric J47 engines (4) connected to a direct
cycle aircooled water-moderated reactor with 1800°F
fuel elements would most likely propel the X-6. The
four J47 (now designated X39) would have to produce a
total of 26,000 1Ib Th at 15,000 ft. using reactor heat
alone, but would have additional combusters for chemi-
cal fuel for take off use. Max speed was to be 300 to
390 mph for the X-6.

The design for the reactor was to deliver 150
megawatts of power. The design called for the reactor
to be contained within the aircraft, with the propulsion P1 Contender Engine., The GE XJ53 Turbojet produced
engines slung below. Total weight for the system 17,951 Ibs of thrust in 1951 at a weight of 7950 Ibs.
woildbe: GEAE Photo

reactor core 10,000 Ibs.
four engines 18,000 Ibs.
air ducting 40,000 Ibs.
shielding 60,000 Ibs.
crew shielding 37,000 Ibs.

Total weight was 165,000 pounds. The reactor core
was 68 inches in diameter. It was to be manufactured
of stainless steel, with uranium oxide fuel. The fuel
cartridges were constructed in rings, with the compres-
sor air flowing between the rings. The shielding was 10
feet in diameter and 20 feet long.

P-1 and R-1 mockup for the Convair X-6. This assem-
bly would fit into the belly with the reactor inside the
aircraft and the engines slung underneath.

Below is a model of the Convair X-6
Note: The four nuclear powered jets slung under the belly. The R1 reactor was inside the bomb bay.

ey

For additional thrust GE was in a study phase to use PW J57 to replace the GE J39 to be called the X40.
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Unfortunately, the P1 program was canceled by the
incoming Eisenhower administration in 1953. When
the NB-36H did fly in 1955, with a non- GE nuclear
reactor on board, there were no jet engines installed.
The only information gathered concerned the effects
of radiation and aircraft/reactor handling. The eleven
X39 engines were later used at the Idaho Test Station
for testing with the follow-on HTRE series of GE-pro-
duced reactors.

The Program Moves Forward

The HTRE series of GE- designed reactors

HTRE now stands for Heat Transfer Reactor
Experiment. There were three configurations, each
more advanced than the previous one. Work began
on HTRE-1 in September 1953. It consisted of a
nuclear reactor, a radiation shield, two jet engines on
twin railroad tracks, ducting, control components, a
chemical (jet fuel) combustion system, accessories, an
after-heat removal system, and necessary instrumenta-
tion to capture the test results. A mock-up was com-

HTRE-1 (circa 1955) Full power achieved Jan 31, 1956 at Idaho test site.
13
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R war EWN
X-39 (J47) Tested with Remote Burners
pleted in August1954, followed by drawing
release for manufacturing in September, and manu-
facturing was complete by August, 1955. These
reactors were all built up and tested at the Idaho
Test Facility. In November 1955, the HTRE-1
first went critical: that is, produced power from its
nuclear reactor. Full power was achieved in

January 1956, and initial tests were completed by
January 1957. Contracts signed in 1951 called for
jet power using a nuclear reactor by January, 1956.
On January 31, 1956, GE succeeded - the HTRE-1
reactor powered the twin X39 jet engines.

INEEL Photo



The engines were always started on chemical fuel.
As the reactor heat increased, the jet fuel was
decreased to maintain a constant temperature in the
jet's turbine. Finally, when the reactor's heat was suffi-
cient, the jet fuel was stopped. The reactor operated
for 5004 hours, producing up to 20.2 megawatts of
power. Full -power runs totaled 151 hours; the goal
was for 100 hours at full power. The output of the
reactor was channeled through two J47 engines, modi-
fied to the X39 configuration. This was the first
known jet engine operated by nuclear power.

Thirty-seven fuel cartridges of uranium U-235 pro-
duced the power using a nicrome clad fuel element of
concentric ring design. There were also control rods
to moderate or stop the reaction. Water to a maxi-
mum of 160 F moderated the nuclear reaction.
Moderators are used to slow down the nuclear reac-
tion. Water, beryllium, zirconium, and carbon were
typical moderators. The operating temperature in the
reactor was 1700°F. No attempt was made to restrict
the size and weight of this equipment to approximate a
flight test version. Rather, the assembly was made
large for ease of access.

The rebuilt HTRE-1 reactor was called the HTRE-2 Above is the HTRE-3 “Gut” Engine less shielding, etc.
reactor design. Work began on it in early 1956. Note: The X39 (J47) Twin lash up. This is much like
Testing commenced in December, 1956, and the reac- the P 3 engine system envisioned for the X-6 A/C.
tor operated until the 1961 program cancellation. It Except it-called for 4 engines for the Corvair X-6 A/C.
was also water- moderated, with 30 fuel cartridges. GEAE Ph
Same fuel uranium U235. A thicker reflector was
added for insulation. These reactor cores were rela-
tively small - 30 inches in diameter, with fuel car-
tridges that were 30 inches long. The reactor core
contained, a hexagonal center section, which could
accept modified fuel configurations . The objective
was to produce maximum power, while developing
fuel cartridges configurations which would survive
over many hours of testing (or later military flights).
Nine different configurations of fuel rod cartridges
were developed. These had varied materials (zirconi-
um, ceramic, beryllium, steel); some had coatings
applied to the inner and outer surfaces; different
shapes and configurations were tried out. The results
were not always encouraging. Some configurations
developed meltdown, or fuel tube burning, or tube
blistering, or just not enough power. Finally, a con-

figuration (cartridge design L2E6) worked. It operat- . - :
ed for over 300 hours at temps appr()achjng 2000°F. Ab.OVCI The .Gene_ral Electric Evandale Ohio Plant.
The fuel elements looked good after the tests. Built by Curtis Wright A/C Company during WWII.

Photo Circa 1955. It was at this plant that all nuclear
engines were designed and tested with chemical fuels

only. All “Hot” testing was done at the Idaho Test Site.

4 GEAE Phote



The follow-on HTRE-3 reactor was to evaluate and
confirm performance tests - this was to be a production
configuration design. Two X39 jet engines were oper-
ated with the reactor. The engine set-up was so large
that it was pushed to the reactor site on a duel set of
railroad tracks. GE had to develop methods to remove
all of the engine components by remote control. This
was after they were “hot” having run near the nuclear
reactor. This reactor contained hydrided zirconium as
an inside moderator (prior reactors used water). A
new- design inlet plenum was to carefully meter air
from the jet engine through the reactor, and back again
to the engine. The core configuration was the con-
centric ring design using nicrome clad fuel sheets fab-
ricated into tube like cartridges and reflected the best
of the HTRE-2 designs, but was modified to improve
performance. The reactor was 51 inches in diameter,
34.7 inches in core length and 43.5 inches in over all
length with the beryllium reflector, all made up of 151
hex-shaped moderator cells of unclad hydrided zirconi-
um with 3 inch bores for the fuel elements.The fuel
clements cartridges were of the concentric ring
design,19 stages each 1.5 inches long .The fuel ele-
ment sheet rings used 80Ni-20Cr alloy cladding over
93% fully enriched uranium cores.(this is over 15
times the enrichment used in a nuclear powered gen-
erating reactor) The reactor control system consisted of:
control rods to moderate power; a temperature control

system to moderate the airflow, and a "scram" mode
for immediate reactor shutdown during emergencies.

Testing of this final HTRE series was begun in
April 1958. These were low power tests to prove
the design concept. By November 1958, overall
power plant testing began. Shortly thereafter, an
over-temperature condition occurred which melted
some of the Uranium fuel rods. It turns out that
erroneous test equipment and not the reactor
design, was the cause. However, it took six
months to repair the reactor core. In June 1959,
testing resumed. By October, a power level of 10
megawatts was achieved, with no problems being
encountered. By December 1959 , a 166 hour
endurance run was accomplished, followed by a
full power run of 30 megawatts. A subsequent run
of 66 additional hours at full power was accom-
plished. The program was quite successful.
Much new operating data were obtained. Tests
continued into 1960.

The overall objective had been achieved. This
reactor / jet engine configuration would work for
nuclear -powered aircraft flights. The engineer-
ing team was filled with pride and satisfaction in
achieving the design goals set years earlier. This
concept proved that nuclear- powered flight was
possible at last!

Photo below shows HTRE-2 (left) and HTRE-3 (right) as they sit at Arco Idaho.
Note the size difference and also the two J39 (J47) engines protruding to the left on HTRE-2
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DEVELOPMENT OF THE X211
JET ENGINE

GE's Evendale Ohio plant produced most of the
components for the jet engines and the nuclear reac-
tors. Reactor components were flown to Idaho for
assembly. The Evendale shops included: standard
machine shops, a graphite shop, a special metals shop
(with filtering for removal of hazardous materials), a
high bay (for assembly), and a clean room (with work-
ers wearing nylon outer garments). Machines includ-
ed: Electron beam welding, electrical discharge
machining, TIG welding (with welds X-rayed), preci-
sion jig borers, temperature- controlled inspection
areas, and a 12 foot by 12 foot by 20 foot high temper-
ature furnace.

Up to that time, all calculations were made using
office calculators - the hand cranked variety. It would
take hours to produce a calculation that can be done
today in nanoseconds. A new tool, during the late
1950's, for compressor testing was the "ICPAC" pro-
gram, using an analog computer, which instantaneous-
ly depicted compressor performance trends.

The General Electric jet engine developed for the
Convair NX-2 bomber prototype was the X211 (mili-
tary designation was the J87). German- born Bruno
Bruckmann was manager of the engine program.
Start-up of the design phase was in June, 1955.

The GE task force looked at two configurations. An
"in-line" version consisting of a single- engine
arrangement with the engine inline with the nuclear
reactor. Also, a twin version consisting of a two -
engine arrangement. with the reactor between the two
engines. In this version, two large ducts or scrolls
connected each of the two engines to the reactor, one

conveying the compressor discharge air into the
reactor, and the other returning the hot gases to the
engine. Both versions had an annular combustion
system. The other major components of the sys-
tem were similar to a conventional jet engine.

The selection was for the twin engine design, with
the nuclear reactor fit between the two jet engines.
Manpower - A total of 33, including 18 engineer-
ing people worked in this project at the end of
1955. By the end of April 1956, the personal had
increased to 52 people. By the end of 1956, the
total was 89. By January of 1958, the number had
increased to 120 people.

In early 1956, the configuration was finalized
and layout studies were completed. During early
1956, comprehensive design reviews were con-
ducted for the purpose of identifying and reducing
design complexity and risk. In late 1956, draw-
ings were released for the first full scale mock-up.
In early 1957, the detailed mechanical design for
the first block of factory test engines was complet-
ed, and all parts for this block were ordered.

Early in the third quarter of 1957, the first individ-
ual component tests were run on actual engine
parts. Initial component testing was begun in
October, with the compressor rotor. Considerable
engineering effort was expended in 1957 in manu-
facturing and assembly preparations. As parts
were received and assembled however, several
design and/or manufacturing deficiencies became
apparent.

X211 Twin Nuclear Turbojet

Key sub assemblies of the GE-X211 41 FT. long - 54,000 Ibs of Thrust
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The general configuration of the X211 engine was
established, differing from conventional turbojet prac-
tice through the use of exhaust collectors, a by-pass
combustion system, and an external compressor-tur-

bine coupling shaft.  There were 16compressor
stages, with variable compressor vanes. The first
design had six variable stages, later engines had all 16
stages variable. Three gearboxes: inlet, transfer, and
rear. The turbine rotor contained three stages, with
two structural frames, connected by a 17foot long tur-
bine shaft. The exhaust section contained a variable
exhaust nozzle (convergent/divergent). In front of the
compressor was an air turbine starter. There was a
compressor exhaust collector, a unique feature. This
supported the compressor and ducted the airflow to
either the chemical (jet fuel) combustion system or to
the heat exchanger (nuclear reactor). The design also
allowed use with the nuclear reactor. In this instance,
there were to be just 12 jet fuel burners (on the outside
of the engine - away from the reactor). This was for
takeoff power and other chemical power during flight.
Nuclear start-up was to take place during cruise. The
inboard burner cans were replaced by the nuclear reac-
tor, which supplied power in flight. The valve
between the compressor and combustion sections
diverted airflow to the six jet fuel burners and/or the
reactor. Power would be diverted from the jet fuel to
the reactor as it powered up. There were actuators on
top and below the engine to divert the airflow.
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Above: Is the GE-X211 Nuclear engine in build up phase.
Note missing external combustors. See sketch to left. In
this buildup only one compressor was working. The unit to

the right was a dummy.

Engine Statistics

Airflow
Compression Ratio
Shaft Speed (max..)
No. of main bearings
Weight (guarantee)
Length

Inlet diameter

Nozzle discharge diameter

Compressor discharge temp.

Compressor discharge press.

Fuel type
Turbine inlet temp.

Design life

GEAE Photo

425 pounds/sec
14:1

5,000 rpm

SIX

15,745 pounds
510 inches

55 inches

80 inches max.
1200 degrees F
245 psi

JP4

1800 degrees F
1000 hours



New problems were associated with the X211. The the engine was 42 feet (huge), and maximum com-

dominating design considerations established for this pressor diameter was 54 © inches. Key structures
nuclear engine. in order of important, were as follows: consisted of: a front frame, compressor casing, rear
1. reliability compressor frame, a mixer valve, combustion sec-
2. thermodynamic performance tion, turbine front frame, turbine casing, and

3. frontal area exhaust nozzle assembly. Maximum weight was
4. weight 15,745 pounds. The number of engine builds test-

ed was six. A new test cell, X-1, was built in
Engine size was also a problem. The X211 engine Evendale in Building D, for the X211 engine. This

would be the largest known aircraft gas turbine in the was the world's largest test cell at the time. Only
1960's world. It would be almost twice the diameter, jet fuel tests were done in Evendale. The Idaho
and two times the length of its predecessors. This Test Station was the site of nuclear reactor pow-
great size, determined by the heat exchanger (reactor) ered tests. Many component tests were run
requirements, has magnified the usual turbojet design between 1955 and 1957, to test components - the
requirements. Many new material developments and compressor, the combustion system, turbine, and
applications were required in the solution of these exhaust nozzle. Tests were performed for com-
problems. pressor and variable vane icing.

First Engine To Test (FETT) for this concept was at
the Evendale plant in January of 1958. This consisted
of one engine only. (The twin configuration was test-
ed later in January 1960). Airflow was 425 pounds
per second. Maximum power was 27,370 pounds
thrust using jet fuel - a GE record to that point. The
turbine inlet temperature was 1,700 F. The length of

Below is a mode of operation diagram for the X211.
Note: Gates for diverting the compressor all into the
outside combustors or into the reactor.

X211 Modes of Operation

EXHAUST

EXHAUST

N0, 2 OPERATION - CHEMICAL

SHUT-OFF DOORS

EXHAUST

NO. 3 OPEHATION - EMERGENCY
|ONE ENGINE - HEAT EXCHANGER]

X211 1/10th scale mockup.
Note: Control rods between the two compressors.
GEAE Photo 18
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X211 Compressor Testing

Testing was performed at GE’s mammoth
Riverworks Plant in Lynn Ma. on the X211 compres-
sor during 1957-58. Obviously, problems were uncov-
ered and resolved as the program progressed. Here
are some of the problems uncovered and solutions
devised.

Build-up One occurred in 1957. Severe mechanical
difficulties were encountered during the test program.
Failure of the 16th stage air seal resulted in the eventu-
al termination of the testing. However, this first pro-
gram resulted in the determination of starting vane
schedules and aerodynamic performance up to 80% of
design speed. A total of 20 variable stator schedules
were investigated.

Build-up Two: The 16th stage air seal was re-
designed. In the mechanical check-out, an interfer-
ence noise was heard. and recorded on the second
stage rotor strain gauges. This was determined to be
caused by a slip ring spline fit. However, tests were
ended by a stall in which several sets of blades and
vanes were damaged. During this series of tests. 12
vane schedules were investigated, and design speed
approached 90%. Although weight flow and compres-
sor efficiency approximated design planning. the pres-

sure ratio was low. Results did allow for further
refinement of the design.

Build-up Three: Testing was spent in trying to
determine the optimum stator vane schedules up to
100% speed. High stresses occurred., however.
This was alleviated somewhat by the detection of a
disconnected 9th stage stator vane. This test
phase was also ended by a major stall which pro-
duced high stresses. However, research data was
obtained between 40% and 100% speed. Air flow
was as expected, but efficiencies were still lower
than planned. It was possible. however, to attain
100% speed with the most advanced compressor
yet tested. This allowed the operation of the full
jet engine to proceed.

Build-up Four:  After initial test runs, the vane
angle actuation system was balky. Otherwise.
mechanical operations were completely successful.
Thirty-one vane schedules were investigated dur-
ing this phase. Design pressure ratio and efficien-
cy were somewhat lower than cxpected. while air
flow was OK. Overall, the X211 compressor set
new records with multiple variable vanes. and a
pressure ratio exceeding 20 to one.

16 Stages of Vanes shown above in this Vane test Rig Sketch.
The X211 set a record for multiple variable vanes, and a pressure ratio exceeding 20 to 1.
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To give a sense of the size, this photo shows the exit from the reactor on the X211. Note: The men below. This

engine had 42,000 engine parts (not including piping and wiring), as compared to a J79 which had 12,000.
GEAE Photo



Nuclear Reactor / Jet Engine Combination process. Then, it was channeled back through the
engine turbine to produce compressor power. The

The XMA-1A was the designation for the reactor residual power from this prototype reactor engine
and the twin GE X211 jet engines. The reactor was combination produced almost 55,000 pounds thrust
sandwiched closely between the two jet engines. It (from the two engines). Two of these XMA-1A
consisted of a core section (where the nuclear reaction reactor jet engine combinations were to power the
took place). The prototype core was 38 inches long, Convair NX-2 bomber prototype, a 450,000~ pound
with a diameter of 62 inches. It weighed 11,900 aircraft. Speed was “high sub-sonic,” The contract
pounds. Output power was 192 megawatts. It was called for 1000 hours of powered flight - this is
wrapped around with a side shield (of lead and water), ~ equivalent to a distance of 500,000 miles! It was
a front plug, and a rear plug (also lead and water). supposed to fly in 1963, with nuclear -powered

The core consisted of 151 zirconium hydrided fuel ele-  flight by 1965.
ments, using enriched uranium-235 as a nuclear heat
source. There were also 129 control rods - seven
dynamic rods and 122 shim rods.
The air from the compressor would pass through the
reactor to absorb heat. It also cooled the reactor in the

Convair NX-2 (About the size of a B-52)
450,000 Ibs.
(Estimated Weight)

Booster Jets

Set of two GE X211
Nuclear Jet Engines

Canards

Proposed Convair NX-2 powered by the GE
X211 Nuclear Twin pack in the tail with an
additional set of two booster jets on the wings.
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Additional engines of the X211 series were in planning stages thru the mid to late
1950s. One such engine was the X310. Seen in cross-section below.

3738 g EXCHANGER

3435(
Detail of indirect nuclear heat
C - R exchanger for the X310.
c » :
0 3 15l 385 | 5 7
2 33 15 4 6 8
O FREE STREAM 5  TURBINE OUTLET

1 ANY POINT OF PARTICULAR IN- 5.1 POINT WHERE TURBINE COOLING AIR
TEREST FORNARD OF COMPRESSOR HAS REENTERED MAIN STREAM

2  COMPRESSOR INLET 6 TAILPIPE INLET (UPSTREAM OF
3 COMPRESSOR OUTLET AFTERBURNER FLAMEHOLDERS
3.3 DIFFUSER SPLITTER SECTION INLET 7  TAILPIPE OUTLET ( JEV NOZZLE
3.4 DIFFUSER OUTLET INLET)

35 HEAT EXCHANGER INLET 8  JETNOZZLE OUTLET
3.7 HEAT EXCHANGER OUTLET 15 HEAT EXCHANGER FLUID INLET

3.8 INNERBURNER INLET 16 HEAT EXCHANGER FLUID OUTLET
385 POINT AT INNERBURNER DOMES
4  TURBINE INLET FIG. 2

The X310 planned to use only one compressor taken from the X211 program.
It can be assumed its output thrust would have been about 20,000 Ibs.
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XNJ].40: A single compressor version of the X211. This engine would have been

the most likely flight engine if the the program had not been cancelled in 1961.
The NX-2 would have used three XNJ140’s.

CONTROL ROD
ACTUATOR

INSTRUMENTATION WELL
SIDE SHEILD

FRONT CONTROL RO
SHIELD L ROD
COMPRESSOR /INTERBURNER
| \/ TURBINE
I
I//__ ) —~
EL L] , ‘ :
7 M COUPLING |
STARTER | |l | SHAFT
|
|
NO. 1 BRG NO. 2 BRG NO. 3BRG

Right: The XNJ140 in full build at
the General Electric Plant in
Evendale Ohio.

(See page 17 for a comparison to
the dual compressor X211.)
Note that the reactor is in direct
line with the compressor and tur-
bine. The XNJ140 used the same
reactor as the X211.

3 '

GEAE Photo
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Side View NX-2

Top View Bottom View

Rear View NX-2




VARIABLE
EXHAUST CONE

MPRESSOR TURBIN

SUPERHEATED
COMPRESSED AIR

TURBINE SHAFT

HEAT EXCHANGE

i —= LIQUID METAL

COMPRESSED Al

COMPRESSOR

n

REAQ!‘4 : uamhm FUEL B T

LAYERS OF
SHISLDING

POWER DRIVE
FOR PLANE'S
ELECTRICAL 5YSTEN

AIR INTAKES

BOME BAY

Life ran this drawing of a pro-
posed nuclear engine using
the indirect cycle in late 1958.
The article went on to
describe the workings of the
proposed engine.

Atomic Power Plant consists
of reactor between twin jet
engines at roots of plane's
wings. Air (dark arrows) is
scooped from outside through
vents. it is first compressed,
the superheated in heat
exchanger where it expands
violently, blasting from
exhaust ducts and driving
plane forward. Exchanger is
kept hot by flow of liquid
metal (white arrows), heated
to over 1,200°F. in reactor and
circulated by a steam-driven
pump which uses metal's heat
to make steam. Turbine,
placed in path of hot air
stream and turned by it, oper-
ates compressor and plane's
electric generator. Plane's
speed 1s controlled by control
rods which lower temperature
when thrust into reactor and
by movable exhaust cone
which varies size of exhaust
opening (dotted line shows its
retracted position for top
speed) letting more air escape
when greater speed is

required.
LIFE 1958

Life Magazine depiction of an Indirect cycle nuclear jet engine.

26



By the late 1950s all sorts of ideas came to the popular press
as can be seen below from a Life Magazine article.

Last week General Nathan F. Twining, Air Force Chief of Staff, an-
nounced that the Air Foree is rushing tl evelog nt of o m-driven
airplane, a plane which could fiv anywhere on earth witl
Present werk on the A-plane must r 1 secret. But using only
sificd material, two experts have des for Livk a feasible

shown on the

strip with a B. v). Another A-plane lands, using a drag
parachute, Sull an T I ‘ a slit in a thick concrete wall (fefr)
wher gar shown on the 1‘--[!1-‘\1”:,! I




DRAIN FOR
LIQUID METAL

REACTOR
COMPARTMENT

A-PLANE OF THE FUTURE WOULD BE SERVIGED

General Twining’s historie announcement came onlv a short while after
the atom-powered submarine US.S. Nautilus came up from its first sue-
cessful dive (Lwvg, Jan, 31). Like the Nautilus an atomic airplane eould
travel enormous distances powered by a lump of uranium no bigger than
a man’s fist. During the past year the Air Force and the AEC signed
.contracts with several airplane companies for work on nuclear aireraft.
But work on the A-plane has been slower than on the atomie submarine
because of the vastly greater problems involved in atom-powered flight,

106
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The greatest challenge confronting nuclear physicists and engineers
has been to design a nuclear power reactor which would be light encugh
to be hurled under its own power through the stratosphere at supersonie
speed, vet heavy enough with shielding to protect the erew from radia-
tion. This need determines the plane’s wild-goose shape shown on the
preceding page. Instead of having its wings toward the front like a B-47,
the atomic bomber would have its delta wing at the rear to carry the load
of a massive nuclear power plant. In front of the wing would stretch




TRAVELING CRANE

PERISCOPE

TY ANTENNA

VIEWING PORT

IGMZATION CHAMBER —— Lo
B

IN A HILLSIDE HANGAR

the hundred-foot-long Tuselage whose only purpose is o remove the
three-man crew as far as possible from the reactor’s radiation.

Danger from the ravs would alse make it necessary to service the plane
in a radiation-proof hangar, in this case a vast chamber {above) carved
out of a hillside. Here the atom plane’s harmless nose would poke into
an inmer chamber where servicing could be done by hand. The dangerous
task of unlocking and replacing the reactor would be earried out in a spe-
cial “hot”" chamber by intricate machinery sperated by remote control.

CONTROL ROOM

TV CONTROL PANEL

b crew TuNNEL

ATOM-PLANE'S HANGAR is an underground chamber in which atomic jet is
serviced after its mission. Mounted on a railway flat car, the bomber has been
rolled into service area of hangar through slit outer wall {iefi). Unee inside, it
plugs a hole piercing a second shielding wall {right) which protects safe inner
area of hangar. In foreground, work on reactor 1= done by remete control by
technicians in control room. They wateh through a thick viewing port, a periscope
and TV as crane, which has lifted off reactor compartment cover, now lifts out
the egg-shaped reactor. which has been automatically uncoupled from jet engines,
Ionization chambers measure the reactor’s radicactivity. Crane carries the reac-
tor to a pool and immerses it in water which blocks radioactivity. In the inner
service area, maintenance men check cockpit instruments, After the reactor has
been immersed, crew can safely enter the “hot” chamber to supervise, from
bebind lead shickls, the underwater reloading of the reactor with uranium. After
this the reactor is replaced in the plane which is then ready for another mission.

coNTINUED ON NEXT pace 107
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ATOMIC ENGINES FOR AIRCRAFT
“More Dreaming”

C.P LenT
1851

(.

The atomic aeroplane of the Future. The atom motor will be located
far to the rear to prevent exposure to radiation. Mercury vapors might
be used to operate turbines to turn propellers or operate jets.
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All the ideas on this page came
from a book written in 1952 by
C.P. Lent.

The ATOMIC ROCKET OF THE FUTURE. The drawing above shows a pro-
posed design for an Atomic Rocket. The rocket is driven through the reaction of
bolts of high voltage electric current discharged from the rear. The fuel. in this
case, Uranium-235, is housed in elongated tubes which are located within the
high pressure boiler N. Heavy water G is made to circulate around the tubes to
absorb the heat generated by U-235. The resultant high pressure steam drives ths
turbine Z which turns the generator O. Bolts of high voltage current produced b
the generator are discharged continuously to drive the rocket. The turbine
exhaust is condensed while it circulates in tubes A around the outside of the
rocket where temperatures are extremely low. and then it is returned back to the
boiler N to be used all over again. The turbine can also be driven through mer-
cury vapors or some other liquid.

The atom car of the future. The atom motor will be located far to the rear
and will be shielded by a heavy lead screen from its occupants. Mercury
vapors might turn turbines which will be located within the frame of the
rear wheels.



X211 Flight Test Program
August 1959 Edward Test Center

PROPOSAL

Modify a Douglas C-133 “Cargomaster” to serve as a Test Bed for
the X211 twin unit.
_ Provide for operating the right engine only.
Flight envelope maximum Mach number0.62
maximum altitude 35,000 feet.

Fly 1 year from go-ahead.
Test 75 hours first year

100 hours second and subsequent.
Cost: of modification $1.50 mil.

of instrument operation .....$1.25 mil./year.

A RSO

) ”mymm

i),

pfza/zo,da/.. .o

C-133 = X-211
JEST BED-

GENERAL ELECTRIC FLIGHT TEST
EDWARDS, CALIF,

31




It can be assumed that
the Atomic Jet would
"carry" fighters to pro-
tect itself. Left from a
Northrop proposal
Circa 1952.

Note:
Six parasite fighters for
defense that would be
launched as required
during tactical situa-
tions.

-,
Two early stage proposals for Nuclear Jet Propulsion Circa 1950s.

NUCLEAR REACTOR

COCLANT PUMPS

HEAT EXCHANGERS —

NUCLEAR DIVISION
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Proposed Convair NX-2 with Indirect cycle engines

Canard configuration was chosen for the first nuclear-powered aircraft because it allowed the crew's compart-
ment to be located a maximum distance (over 100 ft.) from the reactor and the aircraft's center of gravity.

First Nuclear Plane Details Shown in Convair Design
First U.S. nuclear-powered aircraft, to be built for the
Air Force by Convair Ft. Worth, will have a subsonic,
canard configuration and will be about the same size
as late model B-52’s, weighing around 450,000 Ibs.
Model on these pages shows the general arrangement
of the aircraft, which can accommodate either General
Electric direct-cycle or Pratt & Whitney indirect-cycle
nuclear engines without major modifications. Present
Air Force schedule calls for extensive flight test using
conventional engines with hydrocarbon fuels before
the first flight on nuclear power late in 1965. This
schedule is based on continuation of the current expen-
diture rate of about &150 million per year and no
major, unforeseen technical difficulties.

Convair press release (1959)

To the right is the NX-2 direct-cycle design for the GE

Series of nuclear propulsion engines. 34

Smithsonian National Air and Space Museum Photo 00-21135

Note: This configuration above of the NX-2 is dif-
ferent from the A/C on this books cover. This
design would use an indirect cycle atomic engine.

NX.-2 for direct-cycle engines.
Smithsonian National Air and Space Museum Photo 00-21085



Developments during latter years

During 1956, the GE HTRE -1 reactor was successful-
ly tested in Idaho. (See chapter on Design of the
Reactor / Engine). This direct- cycle, water- moder-
ated reactor with Nichrome- clad fuel elements was
used successfully to power a J47 turbojet engine. GE-
ANP Department personnel were now at 1,700. In
June, USAF General Curtis LeMay told the Joint
Committee that he was interested in achieving nuclear
flight at the earliest practical date. General Keirn said
ground tests were possible in 1959, and first flight of a
prototype in 1960.

However, revised Fiscal Year 1957 funding resulted
in an 18 month slippage. A policy decision cut back
funding for the Aircraft Nuclear Program.

In December 1956, GE's HTRE-2 test reactor operat-
ed successfully at the Idaho Test Station. In the fol-
lowing two months of testing, over 150 hours of
nuclear -powered turbojet engine operations were com-
pleted. A meeting of the President, DoD. and Budget
Bureau in December planned to eliminated the P&W
indirect cycle program.This was not accomplished,
however. They also reduced the effort on the more
mature GE direct cycle program.

In January of 1957 a USAF Scientific Advisory
Board recommended less emphasis on engine and
airframe development, and more on research and
development. In February, the Littlewood
Committee of the DoD. began a review of the
Aircraft Nuclear Program . They urged efforts to
achieve an early flight for the prototype nuclear
system. Defense Deputy Secretary Quarles said
no flight date would be set until the propulsion sys-
tem was developed adequately for a military
bomber. The Joint Committee expressed concern
about the lack of firm program objectives and
direction. The DoD then appointed a panel of
generals to review the program and missions con-
templated. The Joint Committee urged the DoD.
to proceed with a vigorous ANP. They met again
with Secretary Quarles to emphasize their concern.
He agreed and proposed a plan for first flight in
1960.

To the right is HTRE-3. Looking into the reactor core.
Note: The fueled cartridges in the center. The reactor
was 51 inches in diameter with a 35-inch core length.
Total weight was 20 tons. It produced up to 30
megawatts of power.

Above is a fuel cartridge, one of 37 in the reactor core. Each cartridge consisted of many sub inserts stacked together.
Compressor air would flow thru the multi concentric ring arrangement. Picking up additional energy from the reactor

process.
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HTRE-3 Reactor Core weight: 20 Tons output: exceeding 30 megawatts

GEAE Photo
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Meanwhile, GE-ANP Department personnel were
now at 2,900. A test of ceramic tubular fuel ele-
ments in the GE HTRE-2 reactor showed that water
vapor corrosion of beryllium oxide in the fuel elements
was a major problem. Note: this problem was later
solved by a process of co-extruding the fuel elements
with a coating of yttrium oxide and zirconium oxide.

In May of 1957, the Budget Bureau sent a directive
to executive agencies requiring that the FY 1959 budg-
et be held the same as or lower than in FY 1958. A
congressional committee recommended early fabrica-
tion and flight testing of a prototype system in the
1960's. Budgetary ceilings cause a slippage in the
time schedule for ground test of the direct cycle sys-
tem. P&W efforts on the indirect cycle are reduced to
a low level.

On October 4, 1957, the USSR launched Sputnik,
the world's first satellite. Congress sent a letter to the
president recommending a speed-up in the Nuclear
Aircraft Program. In December, the Hunsaker
Committee expresses concern over potential hazards of
nuclear flight over land. They recommended flight
tests be made from an island or coastal base.

In 1958, President Eisenhower requested his science
advisor, Dr. Killiam, to review the Aircraft Nuclear
Program. The recommendation was for greater
emphasis on advanced materials capable of producing
a higher- performance reactor. The early flight pro-
posal of the USAF was postponed. By December,
GE's HTRE-3 reactor began tests in Idaho. The
HTRE-3 was a development test assembly consisting
of controls, shielding, a direct cycle reactor and two
modified J47 jet engines with dual combustion cham-
bers. All this was mounted on a railroad car for quick
access into and out of the test cell. The reactor was
51 inches in diameter, with a 35- inch core length.
Total weight of the reactor assembly was 20 tons.
During the shakedown test run, a power excursion
melted some fuel elements. This resulted in a six-
month delay while repairs were made.

In December, Aviation Week Magazine broke the
news that the Soviet Union had successfully tested a
nuclear- powered bomber. Drawings were included in
the article. Newspaper editorials criticized the admin-
istration for foot-dragging. and Congress called for
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U.S.
Intelligence agencies were highly skeptical, and
Eisenhower said there was no reliable evidence of
the Soviet flights. He was correct - the Soviets
had not flown a prototype nuclear- powered
bomber. To our knowledge, they never even built
one much less flew one.

more funds to meet the Soviet threat.

In February, 1959, Secretary Quarles briefed a
congressional committee and stated the Aircraft
Nuclear Program had to remain oriented toward
development of a nuclear propulsion system, rather
than production of an aircraft, until the material
problems had been solved. That same month,
Convair was selected as the prototype airframe
contractor. In April, Secretary Quarles took con-
gressmen on the Armed Services Committee to
GE's Evendale, Ohio, plant for a briefing on the
program. Congressmen believed that Quarles was
influenced positively by what he saw.
Unfortunately, Secretary Quarles died of a heart
attack in May. Congressional hearings were post-
poned indefinitely. Thomas Gates succeeded
Quarles, but since he had no knowledge of the
ANP, he turned over management to Dr. Herbert
York, a high DoD official. York prepared a new
report on the ANP. In June of 1959, York stated
that the ANP should be re-oriented toward develop-
ment of more advanced materials, and that greater
emphasis should be placed on the indirect cycle.
All target dates for nuclear flight were eliminated.
Another change of strategy !

In August 1959, General. Keirn retired from his
role as chief of the ANP Office. D.R. Shoults left
the GE ANP Program, and was replaced by Sam
Levine. The following month, the GE HTRE-3
reactor became critical at the Idaho station and ini-
tially operated at ten megawatts, meeting or
exceeding all expectations. By December, the
HTRE-3 was endurance tested at full power (31.8
megawatts) for 126 hours. Maximum fuel element
temperature was 2030 F. All components were in
excellent condition. Both the reactor and jet
engine performed in accordance with all design
specifications.



In 1960, Dave Shaw became manager of the GE-
ANP Department. In May, the Flight Engine Test
Facility was completed at the Idaho Test Station. This
rwo- acre building provided for operation of prototype
flight worthy nuclear power plants mounted in an air
frame mock-up. Also included in this facility were a
“hot shop™ with remote master-slave manipulators, and
a2 radioactive materials laboratory.

In November, Dr. York, Director of Defense R & D,
concluded that the nuclear- powered flight Program
did not measure up in competition for money and man-
power. There was no longer a need for nuclear pow-
zred aircraft in view of the development of ICBM's,
nuclear submarines (with ballistic missiles), mid-air
refueling of SAC bombers, and the many air bases sur-
rounding the Soviet Union.

In January of 1961, President Kennedy's adminis-
tration began. Robert McNamara was appointed
Secretary of Defense. The Aircraft Nuclear
Program received his personal attention, and with
the advice of Dr. York, he concluded that one of
the budgetary items that could be trimmed at no
cost to the nation’s security was the nuclear air-
plane. In March, the AEC directed all contractors
to discontinue any work related to the nuclear-
powered aircraft in view of President Kennedy's
decision to cancel the development program for a
nuclear powered military bomber. In May of
1961, the Aircraft Nuclear Program was terminat-
ed. In 15 years, over one billion of 1950s dollars
was spent on research and development.

This is a photo of the information board that was placed in front of the two nuclear test
rigs in 1985 at the Arco, Idaho test site.
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The Idaho Nuclear Test Station

In the southern part of Idaho, there is a vast open
landscape that once was a lava flow region. This
harsh land is very dry and barren. In 1953, the
Atomic Energy Commission began to develop this
area, 35 miles west of Idaho Falls.

The first two buildings constructed were the Cold
Shop, a traditional machine shop. Next to it was the
Hot Shop, a building that would handle radioactive
materials. Operators worked behind seven- foot -thick
concrete walls, and six inch foot- thick windows, oper-
ating with remote-control manipulators, slings, and
tools to handle the "hot" materials. An engine test

facility was constructed to test jet engines using chem-
icals (jet fuel) for power. Also constructed were a
Low Power Test facility, and a Shield Test facility.
One and a half miles away, the Reactor Core Test
facility was built. The GE- designed HTRE series reac-
tors were tested here. This building would be the site
of nuclear power testing, with the jet engines brought

to the building on railroad tracks. They brought
the jet engines from other on-site facilities. A
shielded locomotive delivered the engines, on their
own platform, to the Core Test facility, then
backed away. An underground control room was
nearby, containing engineers and test equipment, to
obtain 500 pieces of data per run. It was "state of
the art" for the 1950's. The control room was
entered through a 450- foot tunnel. A huge
smokestack was used to expel the hot gases from
the engine. This effluent contained radioactive
materials, so the testing could only be done when
wind conditions permitted.

A later building was the Flight Engine Test facil-
ity. This was a huge building that could hold a
nuclear- powered aircraft. The size was 300 by 320
feet, and it contained shielded walls to accommo-
date a "hot" aircraft. It was to be used during the
bomber prototype phase that never came to be. A
15,000 foot long runway was also planned within
the complex but never built,

Below is the remote test site at Arco, Idaho as seen today. Because of the nature of nuclear testing this site pro-
vided containment to any possible radioactive emissions.
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A member of the GE ANP team returned to the Idaho  they have been moved about ten miles, at a remote

Test Site recently. The “hot” shop is still being used location. Descriptive information panels tell the
by the AEC, and remote manipulator devices are still story of how the GE reactors produced the first jet
in use. The test stand structures housing the HTRE-2 engines powered by nuclear power.

and HTRE-3 nuclear reactors are still on site, although
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Bu;ldmo the fieestandmo hanger for the NX-2 320x300 ft. 1953.

INEEL Photo

Completed hanger. The 15,000 runway was never built.

INEEL Photo
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Front view of the NX-2 hanger. 320x320 ft. Note: Man standing in center.

Special shielded locomotive built by GE to move the HTRE series reactors into and out of the test site.
Note the thick glass viewing port to protect the driver from radiation hazards.

INEEL Photo
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Note: Twin rail system to distribute the weight of the reactor/engine assembly which exceeded 600,000 Ibs.
INEEL Photo

Inside the newly completed "hot" shop at the Idaho
Test Facility.
Note: Turntable bottom left Progress in the field of atomic energy depends, to a great extent

upon man's ability to handle materials "'hot" with radioactivity
Shown here is the world’'s largest mechanical hand designed fzr

41 such work. It can lift, with equal ease, a 7000-1b load or g fragile
egg, "lending a hand" where no man could possibly survive

INEEL Photo



Sheet metal test building for HTRE series testing.
Note: Exhaust tube leading to exhaust stack. The sheet metal building could be moved back and forth depending on
weather conditions. Wind conditions could sometime limit the days that testing could be allowed.

INEEL Photo
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The fission reaction of uranium-235, which is the source of heat and radiation that pow-
ered the X211 series of engines.
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Right. The "Beetle." This
manned, shielded vehicle was
designed for use in the hangar.
Its purpose was to remove the
reactor power plant from the air-
craft, and eventually, from an
actual aircraft. It was never
used in Idaho, but moved to the
nuclear rocket program.

43

- \“‘;9;5%6 °
W{f S
e "/';.\..\ S

Nisr oo

+120°
3

INEEL Photo



Beetle
pursuing
other
interests !
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The Russian Nuclear Program

As early as 1950, the Soviet Union had “plans™ to
construct a nuclear- powered aircraft. One design was
a flying boat, with a weight of two million pounds.
Four nuclear-powered turboprop engines would power
this huge machine. Wing span was proposed to be 400
feet. Five layers of shielding were proposed to protect
the crew and passengers this aircraft was proposed as a
1,000 - passenger commercial liner. The Russians
studied both the direct cycle and indirect cycle meth-
ods of obtaining power for their jet turbines. The
Soviet studies envisioned about 160,000 pound of
shielding to protect the crew. This was very similar to
the weight required for the P1 reactor / power plant
that GE had designed for the NB-36H. These devel-
opments, as far as we know, never were pursued into
hardware for flight.

In 1957, the launch of Sputnik not only started a race
for space, but also a technology battle between the free
world and the Communist world. Congressmen wrote
to President Eisenhower urging him to speed up work
on the Nuclear Aircraft Program. USAF General
Keirn, who headed up the ANP Office. Said: "I"m sure
each of you is aware of and appreciates the seriousness
of any potential threat to our seacoast military installa-
tions, plus industrial and population centers, posed by
a large enemy submarine fleet. Imagine in addition to
this a fleet of enemy high speed aircraft continuously
patrolling the airspace just outside the early-warning
net, capable of air-launching a devastating missile
attack, followed by high-speed penetration or attack of
our hardened installations.”

A year later, Aviation Week Magazine published an

article stating that the Soviet Union had test flown
a nuclear- powered aircraft. Quote: "A nuclear
powered bomber is being flight tested in the Soviet
Union. Completed about six months ago, this air-
craft has been flying in the Moscow area for at
least two months. It has been observed both in
flight and on the ground by a wide variety of for-
eign observers, from Communist and non-
Communist countries.” Drawings were included,
with dimensions (195 feet long), weights (300,000
pounds), and powerplant details. The aircraft was
said to have contained two large turbojets powered
by nuclear reactors, plus two conventional turbo-
jets in separate pods.

Senator Russell of Georgia said in a TV inter-
"The report that the Russians have test
flown an atomic powered aircraft is an ominous
new threat to world peace, and yet another blow to
the prestige and security of our nation and the free
world. Tt follows in tragic sequence to the Russian

view:

success of last Fall in launching the world's first
artificial satellite. If the report is true, it means
that we are today faced with a new weapon of ter-
rifying consequence.”

Today it is obvious that no such nuclear aircraft
ever existed in the Soviet Union. According to
Doctor Herbert York: “Stories to that effect were
simply one more clear and very obvious attempt at
what may be called self-serving intelligence.
Those of us who had all the facts in the matter and
who knew there was no real basis for any of these
claims were hamstrung in any attempts we made
by the secrecy which always surrounds real intelli-
gence information™.

On the following several pages are period reports from 1958-1959. These reports give
insight into what industry and government knew regarding the Soviet Unions plans-
progress and dreams for nuclear powered flight. The first article from (Aircraft
Missiles, December 1959) came out after the December 1, 1958 Aviation Week report

but appears to have been a basis for the article. An additional report (date unclear)
called (Soviet Nuclear Propulsion by R.G. Perelman) is not published here. However,

it is by in large the same as published here.




Russia’s nu

many configurations studiedj,E
design now beyond theoretic:
prototype construction underwa

This article is a condensed version of a Russian
manuseript entitled, “Atomic Energy in Awviation.” Au-
thor is Yu. N. Sushkov. Trenslation was done by General
Electric Co., Aircraft Nuclear Propulsion Dept.

Aircraft and Missiles ¢ December 1959

When discussing the application of atomic If the piece of uranium is of sufficient size, each
energy in aviation, several questions arise: of the secondary neutrons can impact another
. ® Are atomic aircraft engines necessary uranium nucleus and cause new fission. This proe-
at all? ; ess continues, and under controlled conditions the
® Do they have any advantages over or- fission reaction can be self-sustained. Reactions
dinary engines? of this type are called chain reactions.
® Is it possible to build reliable and non- Speed of the fission fragments, immedi-
hazardous atomic engines for aircraft? ately after fracture, is equal to 10,000 to 15,000
Only by using nuclear fuel can the prob- km/sec. The fragments impart energy to the sur-
lem of long flight-range at supersonic speeds be rounding atoms, increasing the speed of their
solved. random movement. This increases the tempera-
Nuclear fuel consumption would be 2 mil- ture and nuclear energy is released in the form
lion times smaller than the consumption of kero- of thermal energy.

sene in conventional aircraft. An aircraft weigh-
ing 100 to 150 tons would consume only 500
grams of uranium-235 in a round-the-world flight
at 2000 km/hr.

The Basis of Nuclear Power
Nuclear power is obtained by fission of Fig. 1. General view and schematic of an aircraft with two

soa s . atomic turbojet engines: (1) inlet cone, (2) compressor,
nuclei in isotopes of some heavy elements. These (3) reactor, (4) control rod, (5) turbine, (6) jet nozzle.

isotopes are: uranium-235 found in natural ura-
nium in the amount of 0.7 per cent; artificially-
produced uranium-233; and plutonium-239.

This is how the fission reaction proceeds
in uranium-235. A free or so-called “wandering”
neutron impacts a nucleus of uranium-235 and
imparts energy to it. The nucleus becomes ex-
cited and unstable. In most cases it fractures. At
the moment of fracture 2 to 3 new neutrons are
released. These are called secondary neutrons.
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Therefore, all contemporary atomic-power
installations utilize heat engines—steam or gas
turbines.

The Direct Cycle System

Fig. 1 shows a schematic of an airplane
with two atomic turbojet engines operating on
the direct-cycle principle. The reactor replaces
the combustion chamber. The air which is heated
in the reactor is returned to the turbines. After
passing through the turbines, the air is ejected
out through the jet nozzle at high speed to cre-
ate thrust.

Inlet cones, shown on the schematic, are
placed in front of the engine to decrease the in-
tensity of the shock waves which occur at super-
sonic speeds; shock waves decrease propulsive
efficiency.

Supplying air to the reactor requires tre-
mendous ducts and makes the arrangement of
atomic powerplants on an aircraft inescapably
difficult. In order to heat the air in the reactor,
a large heat-exchange surface area is required:
about 800 to 1000 sq meters for an aircraft with
a flying weight of 100 to 120 tons. Thus, the
reactor is forced to large dimensions. This of
course, results in an increase of aircraft weight
and a decrease in its flying speed for a given
power.

Indirect Cycle

Heating the air in an atomic turbojet en-
gine may also be accomplished indirectly in a
heat exchanger, with the aid of a metallic heat-
transfer agent (Fig. 2). The heat-transfer sur-
face required to heat the liquid metal is many
times smaller than the surface required to heat
the air directly. The reactor can therefore be
smaller and lighter. But the weight of the heat
exchanger and the heat-transfer medium add to
the weight of the engine. Whether an engine with

Fig. 2. Schematic of an atomic turbojet engine
with liquid-metal heat-exchanger: (1) reactor, (2) control
rod, (3) liquid-metal pump, (4) heat exchanger,
(5) inlet cone, (6) compressor, (7) jet nozzle.

the air heated directly in the reactor, or with the
air heated indirectly in a heat exchanger, is more
advantageous depends on the flying weight of the
aircraft and its designed flight speed. The indi-
rect system is especially favorable in multi-engine
aircraft, since the operation of more than one
engine is possible from a single reactor.

Increasing Thrust

Part of the energy of the heated air is
lost in the turbine; therefore, the air temperature
behind the turbine is 150 to 200°C lower than in
front of the turbine. The air exit speed from the
jet nozzle, and accordingly the thrust, depends
on the air temperature in front of the nozzle.
The higher the air temperature in front of the
nozzle, the higher is the propulsive thrust. There-~
fore, it is advantageous to heat the air addition-
ally behind the turbine.

The simplest way to do this is to place an
additional heat-exchanger between the turbine
and the jet nozzle. The heat-transfer medium
from the reactor first passes into the additional
heat-exchanger, gives up some of its energy to the
air flowing into the nozzle, then returns to the
original heat-exchanger to heat the air just being
directed towards the turbine.

In this system the coefficient of useful tur-
bine action is lowered and the nuclear-fuel con-
sumption is increased. But, since consumption of
nuclear fuel is very small, lowering the turbine
efficiency is made up by an increase in propulsive
thrust.

Another way to increase the air tempera-
ture in front of the jet nozzle is to use a steam
or gas turbine instead of a compressor. This
turbine would not use the thermal energy from
the air heat exchanger; therefore, the velocity of
the air exhaust from the nozzle and consequently
the propulsive thrust would increase.

Fig. 3. Schematic and general view of an aircraft with two
atomic compressor-drive engines: (1) inlet cone, (2) air
compressor, (3) gas turbine, (4) gas compressor, (5) heat
exchanger, (6) jet nozzle, (7) nuclear reactor, (8) control rod.




Russia’s nuclear aircraft . . . continued

Fig. 4. Schematic of an atomic turboprop engine with
mercury turbine: (1) propellers, (2) reduction gear, (3) air
compressor, (4) mercury turbine, (5) reactor, (6) control

rod, (7) mercury pump, (8) condenser, (9) jet nozzle.
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Fig. 3 is a schematic of an aircraft having
two atomic engines with the air compressor
driven by a helium turbine.

The power ratio is approximately as fol-
lows: If the power of the helium turbine is
150,000 hp, then 100,000 hp is used by the helium
compressor and 50,000 hp by the air compressor.
The efficiency of such an arrangement is not high.
Mercury-Vapor Turbine

Power requirements are less when the air
compressor is operated by a mercury-vapor tur-
bine. Mercury is changed into vapor in the re-
actor, then is directed to the turbine which is
connected to the air compressor by means of a
shaft. The vapor flows from the turbine to the
condenser-heat-exchanger. Upon condensing into
the liquid mercury, the vapor heats the air. Be-
cause of the low temperature of condensation of
mercury, even at the increased pressure in the
condenser, the propulsive thrust will be somewhat
less than in the case of a helium turbine. How-
ever, the nuclear-fuel requirements will be lower,
because, instead of the 150,000-hp turbine, a tur-
bine of only 55,000 hp will be required. As be-
fore, 50,000 hp will be used by the air compressor,
but only 5000 hp will be used by the mercury
pump. If the coefficient of useful action of the
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steam turbine is the same as for the gas turbine,
then the decrease in steam-turbine power-require-
ments will also result in a decrease in reactor
power, for the same propulsive thrust. But as a
rule, the coefficient of useful action of a gas tur-
bine is much greater than for a steam turbine.
Therefore, the economic gain from the decrease
of steam-turbine power is lost to a significant de-
gree, and the resulting reactor-power for both
engines is about the same. When comparing the
drive of an air compressor by gas and mercury
turbines, it should be kept in mind that it is much
more complicated to build a reliable reactor where
mercury is changed into vapor than it is to build
a gas-cooled reactor.

The Turbine Bypass

There is one more way of increasing the
air temperature in front of the nozzle. The idea
is to pass only a part of the air of the atomic
turbojet engine through the turbine. By doing
this, the thermal energy of the air flowing
through the turbine will be considerably lowered,
and it will not be able to play an effective role
in the creation of propulsive thrust. However,
that part of the air which enters the exhaust
nozzle after by-passing the turbine will have
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Fig. 5. Schematic of an aircraft with a boiling-water
reactor and steam-turbine engines: (1) boiling-water
reactor, (2) control rod, (3) steam turbine,

(4) condenser, (5) water pump, (&) propellers,

(7) reduction gear, (8) air compressor, (9) jet nozzle.

the same temperature as air in the reactor or the
heat exchanger. Therefore, the velocity of the
exhaust from the jet nozzle will be greater than
in the case where all the air flows through the
turbine. Thus, the propulsive thrust will increase.

The Turboprop

An atomic turboprop-engine differs from
an atomic turbojet only by the presence of a pro-
peller and reduction gears. Since the turbine of
such an engine must be much more powerful than
the turbine of a turbojet, it should be multistage.
It is possible to utilize steam or gas turbines in
the atomic turboprop. An air compressor is re-
quired only to force air through the condenser
heat-exchanger. Fig. 4 shows the schematic con-
struction of an atomic turboprop engine with a
mercury turbine,

A “boiling water”-type reactor is shown on
an aircraft which has steam-turbine atomie turbo-
prop engines in Fig. 5. This type reactor con-
sists of a thick-walled pressure-vessel containing
ordinary water. A grid of enriched uranium rods,
encased in zirconium, is placed in the water. The
evolved heat converts the water into steam. A
steam separator is located either in the upper
part of the reactor or above the reactor. It sepa-
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rates small water-particles from the steam and
returns them to the reactor. The steam is ducted
to the engines’ steam turbines. After being used,
the steam passes into a condenser, is cooled by a
stream of air, is condensed to water, and is again
pumped into the reactor. The turbine drives the
propellers through reduction gears.

The Ramijet

The application of atomic energy in other
kinds of aircraft engines is also possible. Fig. 6
is a schematic of an airplane having two atomic
ramjets located above the fuselage, and one
atomic rocket-engine located in the fuselage. The
ramjet engine is essentially a “flying reactor” to
which an inlet diffuser, which directs a supply
of air to the reactor, is attached at the front. Be-
hind, there is a jet nozzle through which hot air
is discharged at a greater velocity than the ve-
locity of the airplane. Propulsive thrust is cre-
ated because of the difference between the inlet
and exhaust velocities of the air. The fault of a
ramjet engine, either atomic or ordinary, is that
it can increase its propulsive thrust only at high
speeds. Therefore, an aircraft must have some
other engine besides the ramjet in order to take
off and accelerate.



Russia’s nuclear aircraft. ..

continued

Fig. 6. General configuration and schematic of an

aircraft with two atomic ramjet and one atomic
rocket-engine: (1) inlet cone, (2) reactor for ramjet

engine, (3) control rod, (4) jet nozzle, (5) reactor for
rocket engine, (6) pump, (7) hydrogen tank, (8) ducts for
gaseous nuclear fuel, (9) moderator, (10) reactor coolant.

If an atomic ramjet engine should operate
on gaseous nuclear fuel, the air which is mixed
with this gaseous fuel is directed into the reactor
cavity. There, the nuclear reaction takes place
and as a result the air is heated. Then the air
passes on out through the nozzle, The reactor in
this engine is a powerful source of neutrons.
Naturally, this is accompanied by the liberation
of heat. This heat must be removed from the re-
actor and can be used for the operation of the
turbine on any other engine installed on the air-
craft. The possibility of using this type engine
depends on the quantity of gaseous nuclear fuel
that is consumed. Calculations show that at neu-
tron flux densities in the reactor which are pos-
sible at the present time, the probability of neu-
tron collision with the gaseous nuclear fuel nuclei
is very small. To achieve the required heating
of the air in the engine, the consumption of
gaseous nuclear-fuel would be very large. There-
fore, it is not practical to build such an engine.

Development Status

Schemes for aircraft atomic-engines de-
scribed here, of course, do not cover all variations
possible; however, they show some of the pos-
sible design concepts.
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It is possible to build an atomic powered
airplane. The atomic engines, the reactor, and
protective shield would not weigh more than cer-
tain conventional aircraft with full fuel. Minimum
flying-weight of an aircraft for which these con-
ditions hold, would probably be 90 to 100 tons.
The payload would be 5 to 10 tons, and the air-
craft would thus be able to transport 50 to 100
passengers.

When should the first flight of an atomic
airplane be expected. What are the practical
achievements in the areas of application of atomic
engines in aviation?

Progress on the construction of an atomic
airplane is beyond purely theoretical boundaries
and has passed into the experimental phase, con-
struction development, and experimentation with
separate components. We are at the threshold of
the next phase—the construction of an experi-
mental prototype.

.‘.
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AVIATION WEEK ARTIST'S conception of how Soviet nuclear-powered bomber prototype looks in three-view. Note bicycle main land-
ing gear with outriggers folding up into wing from wingtip and tin high-speed airfoil. Nuclear powerplant air intakes are approximately

6-ft. in diameter.

nuclear powerplants and additional shielding protecting crew compartments.

Radiation shielding details are not available, but divided shielding concept is used with heavy shielding around

Soviets Flight Testing Nuclear Bomber

Atomic powerplants producing 70,000 lb. thrust
are combined with turbojets for initial operations.

Washington—A nuclear-powered bomber is being ﬂi;ght tested in the

Soviet Union.

Completed about six months ago, this aircraft has been flying in the

Moscow area fot at least two months.

It has been observed both in flight

and on the ground by a wide variety of foreign observers from Communist

and non-Communist countries.

In its initial flight testing, the new aircraft is powered by a combination
of nuclear and conventional turbojet engines. Two direct air cycle nuclear
powerplants are housed in 36-ft.long nacelles slung on short pylons about

midway out on each wing.

These nuclear powerplants, with 6-ft.-diameter

air intakes and using small but high power reactors to replace the combustion
chambers in the turbojet cycle, produce about 70,000 1b. thrust each.

They are supplemented by two con-
ventional turbojets installed in wingtip
pods ftted with short afterburners to
provide about 35,000 1b. thrust each
for takeoff performance. The conven-
tional, chemically fueled turbojets are
used primarily for safety purposes dur-
ing the early flight test program of the
nuclear powerplants. In later versions
of the aircraft, they may be retained
for high-speed 'dash performance or re-
placed by two more nuclear powerplants
after their reliability has been proved
in flight.

The Russian nuclear-powered bomber
is not a flying test bed in the sense
that earlier U. S. Air Force and Navy
programs had called for installing a
nuclear powerplant in a conventional
airframe such as the B-36 or Saunders-
Roe Princess flying boat solely for test
purposes. The Soviet aircraft is proto-
type of a design to perform a military
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mission as a continuous airborne alert
warning system and missile launching
platform similar to the USAF CAMAL
project for which Convair and Lock-
heed are now making design studies
(AW Nov. 10, p. 37). The CAMAL
mission was recently described in detail
by Maj. Gen. Donald Keirn (see box
page 28).

In its present configuration with both
nuclear and conventional turbojets, the
Soviet aircraft has a performance capa-
bility in the high subsonic and low
supersonic speed ranges with its range
limited only by engine component life
and crew endurance.

The Soviet nuclear-powered plane has
a fuselage about 195 ft. long and a 78
ft. wingspan. The delta-type wing is
sweptback on both leading and trailing
edges. From an initial angle of 60 deg.
sweepback at the wing root, the leading
edge changes to about 55 deg. sweep
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at the inboard engine pylon mounts
and beyond to the wingtips to produce
a “cranked” effect familiar on British
bombers such as the Handley Page Vic-
tor and Avro Vulcan. Trailing edge of
the wing is swept about 15 deg. This
delta-type wing uses a relatively thin,
high-speed airfoil .confirming eventual
performance goals for this design in the
Mach 2 speed area.

Vertical tail rises about 22 ft. above
the fuselage. It is a typical “sail” type
fin used by Soviet designers to ensure
good directional stability. Horizontal
tail surfaces have a span of 30 ft. and
are swept back at about the same angle
as the outboard wing panels. They
apparently are kept well clear of the
nuclear powerplant efflux both by place-
ment high on the fuselage and by span
length.

Aircraft has a gross weight of about
300,000 1b., and a wing loading of
about 118 Ib. per sq. ft.

The direct air cycle nuclear power-
plant has been described in some de-
tail in Soviet technical publications (see
diagram on page 28). In a text pub-
lished last year by the Military Press
of the Soviet Defense Ministry entitled *
“Application of Atomic Engines in
Aviation,” the direct air cycle power-
plant is described as follows:

“The simplest is a design that differs
from the ordinary turbojet engine only
in that the combustion chamber is re-
placed by a reactor . . .

“This simplest design permlts ob-
taining the highest specific performance
parameters. In this case, the air duct
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NUCLEAR REACTOR

TAILPIPE

SCHEMATIC DIAGRAMS from Soviet technical source on a direct air cycle atomic turbojet.
Nuclear reactor is used in place of normal chemical fuel combustion chamber with air and
compressor shaft passing directly through reactor.

becomes a uniflow duct where the air-
flow through the engine is at all times
parallel to the engine axis in a straight
line so that hydraulic resistance is at a
minimum.

“The air is heated directly in the
reactor without an intermediate heat
transfer agent. This simplifies the de-
sign and eliminates excessive heat loss.
However, this design which is simple in
principle, is exceedingly difficult to
realize. The shaft connecting the tur-
bine with the compressor has to pass
through the reactor. Cooling the shaft
under these conditions becomes a difh-
cult, and actually the key, problem.

“The point is that the shaft not
only becomes heated as a result of heat
transfer from the hot reactor parts but
considerable liberation of heat occurs
within the shaft itself due to scattering
and absorption of neutrons and gamma
rays by the shaft material. So much
heat is liberated in the shaft that
cooling of the shaft changes from a
simple engineering matter to a complex
problem whose solution will govern
the very possibility of developing an
atomic turbojet engine on the basis of
this ‘simplest’ design.”

This direct air cycle nuclear power-
plant re%resents the same approach
pursued by the Aircraft Nuclear Pro-
pulsion Department of General Electric
Co. under USAF and Atomic Energyv
Commission sponsorship since 1951 at
facilities in Evendale, Ohio, and Arco,
Idaho.

D. R. Shoults, general manager of
the GE nuclear propulsion program,
reported that actual operational tests
at the ARCO facility had “proved the
feasibility of a direct air cycle aircraft
propulsion system and demonstrated its
performance.” The Shoults report was
made in a paper prepared for the
Second United Nations International
Conference on Peaceful Uses of Atomic
Energy held last September in Geneva,
Switzerland (AW Sept. 22, p. 55).

He described the results of operating
heat transfer reactor experiment No. 1
(HTRE-1) during more than 100 hr. of
turbojet running on nuclear power with-
out “any failures of any sort”.
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Shoults also reported that HTRE-1
determined the following:

e Integrated performance of the reactor
and turbojet engine in the powerplant
svstem.

e That overheating in portions of the
reactor would not lead to local flow
starvation and progressive overheating.
e Integrity and life of key components
of the svstem.

e Ability to carry out extensive remote
handling of radioactive components.

e Control response of the reactor and
its relationship to turbojet engine con-
trol.

® Unanticipated problems and their
possible solutions.

The approach to flight testing nu-
clear-powered aircraft “ both in this
countrv and in the Soviet Union calls
for initial operations on conventional
chemical fuels to prove out aircraft
svstems and familiarize the crew with
operational techniques. However, even
in operational use of a nuclear-powered
military aircraft, nuclear powerplants
may be operated initially on chemical

fuel until the reactor temperatures are
sufficiently high for full power opera-
tion. Then c%lemical fuel combustion
can be phased out and the turbojet per-
mitted to operate on nuclear power
alone. Similarly, on return from a mis-
sion the reactors would be shut down
some distance from destination, with
the return to base and landing again
made on chemical fuels. For this type
of operation, a chemical combustion
svstem also must be incorporated in the
nuclear powerplant package.

Powerplants Flight Tested

Although much of the early flight
testing of the Soviet nuclear aircraft has
been conducted on conventional fuel
the nuclear powerplants have definitely
been tested in the air. Fission of one
pound of uranium 235—most frequently
mentioned in Soviet technical literature
along with plutonium 239 as an air-
borne reactor fuel—will liberate about
the same amount of energy as the burn-
ing of 1,700,000 Ib. of gasoline.

There is no specific information avail-
able on the types of shielding employved
on the new nuclear-powered aircraft but
recent Soviet technical literature has
been studded with brief but positive
references to a major “breakthrough” in
shielding techniques. Soviet technical
literature emphasizes the concept of di-
vided shielding with heavy use of stain-
less steel in the engine and aircraft
structure to provide containment shield-
ing for neutron radiation and another
tvpe of shielding protecting the crew
quarters from gamma radiation. The ex-
treme length of the aircraft fuselage also
would be aimed at maximum separation
of crew from the radioactive engines.

The podded installation is best suited

becomes apparent. . . .

permit attack by long-range missiles.

of nuclear propulsion. .

Nuclear Plane’s Military Mission

Washington—"“Imagine a fleet of ‘enemy’ high speed aircraft continuously patrol-
ling the airspace just outside our early warning net capable of air launching a
devastating missile attack against our hardened installations. Through a consideration
of these capabilities, combined with those possessed by the intercontinental range
ballistic missile, the degree of possible future threat of surprise attack immediately

“An ideal airborne alert manned aircraft system must carry a large payload and
remain on nomadic patrol for extended periods of time in various areas of the
world, It must maintain continuous communication with appropriate headquarters
and be capable of instantaneous reaction with air launched missiles. When required,
the system should be capable of following up the missile launching phase with a
low-level high-speed penetration of the enemy’s heartland in order to seek out and
destroy hardened targets or targets whose locations are not sufficiently well known to

“The combination of these features can best be achieved through the application
. . Such a system may be similar in weight and size to the
B-52 and be capable of carrying a heavy payload on extended endurance mission.
Because of its endurance, varying armament load and high speed capability at
minimum altitudes, its operational versatility would be outstanding. . . . But perhaps
even more important is its inherent operational flexibility for meeting various limited
war and peacetime situations.”—Maj. Gen. Donald J. Keirn USAF deputy chief of
staff for development for nuclear weapons.
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U.S. Nuclear Powered Aircraft Program

® 1946—Nuclear Energy Propulsion for Aircraft program
(NEPA) organized under Air Force contract with Fairchild
Engine & Aircraft Co. project manager at Atomic Energy
Commission’s Oak Ridge, Tenn., laboratory. Purpose is to
study feasibility of applying nuclear power to aircraft and
develop components for such a system. Consultants from air-
craft engine manufacturers and universities particpate.

® 1948—Lexington committee, primarily Massachusetts Institute
of Technology professors, called in by AEC to study NEPA
program. Recommend continuance of project.

® 1949—Oak Ridge AEC laboratory establishes nuclear aircraft
propulsion research program.

® 1949—Technical Advisory Board reviews NEPA program,
recommends continuance.

® 1950—Fairchild top management change and company is
relieved of NEPA project.

® 1950—Divided shielding concept developed and NEPA
project again approved by a review technical committee.

® 1951-USAF concludes NEPA had demonstrated feasibility
of nuclear propulsion of aircraft.

® 1951—May, General Electric organizes aircraft nuclear propul-
sion program as part of its Aircraft Gas Turbine Division under
USAF and AEC contract.

© 1951—May, Pratt & Whitney gets USAF contract to explore
closed cycle nuclear powerplant.

e 1951—Fall, GE gets approval for development of direct air
cvele type nuclear powerplant.

® 1952—Spring, GE begins work to develop experimental nu-
clear powerplant to be tested in B-36 with flight date projected
for 1956. GE aircraft nuclear propulsion project becomes a
separate department and begins work on six-day week.

@ 1953—Spring, Convair makes first test aircraft equipment in
radiation environment.

® 1953—May, Pratt & Whitney Aircraft gets AEC backup con-
tract on USAF closed cycle work,

® 1953—Spring, Charles E. Wilson, Secretarv of Defense, de-
cides to cancel Convair-GE aircraft nuclear propulsion program,
GE program retained by USAF Secretary Harold Talbott’s diver-
sion of unallocated funds to project.

® 1953—Fall, ground test reactor, first of its tvpe outside AEC,
designed and built by Convair and put into operation.

® 1954—USAF cancels B-36 nuclear engine test program. AEC
continues support of GE program on limited scale. GE program
with HTRE-1 goes back to system development with X-39
engine aimed at high-performance nuclear powerplant system
to be operational in 1956.

® 1954—Fall, aircraft shielding test reactor, first flying reactor
built and designed by Convair, put into operation,

® 1954—USAF develops WS-125A nuclear bomber program

aimed at high subsonic cruise bomber with supersonic dash capa-
bility. Pratt & Whitney and General Electric are engine con-
tractors and Convair and Lockheed airframe contractors.

® 1955—Navy begins nuclear-powered seaplane studies.

® 1955—September, first operation of a reactor in the air
aboard a B-36 modified by Convair.

® 1955—October, engine-airframe company teams for system
WS-125A selected by Air Force. GE and Convair as one team,
Pratt & Whitney and Lockheed the other.

® 1956—January, GE successfully rates X39 turbojet engine
with nuclear reacter in HTRE-1 for successful operation on
nuclear power.

® 1956—Spring, USAF plans construction of 10 kilowatt test
reactor for aircraft materiels testing at Wright Field, Ohio.

® 1956—September, National Advisory Committee for Aero-
nautics begins construction of nuclear test reactor at Lewis
Flight Propulsion Laboratory, Cleveland.

® 1956—September to January, 1957, GE operates HTRE-1
with turbojet engine running 100 hr. on nuclear power without
failure of any kind.

e 1956—Fall, USAF cancels WS-125A program. Powerplant
development continued with no specific aircraft goals.

® 1957—May, Pratt & Whitney completes Connecticut Aircraft
Nuclear Engineering Laboratory (CANEL) at Middletown,
Conn., under AEC contract.

® 1957—June, Soviet Union ground tests nuclear aircraft power-
plant system.

® 1957—August, USAF cancels Pratt & Whitney closed cycle
engine development contract. CANEL cuts operations to greatly
reduced scale. AEC continues support of P&WA program on
small scale.

® 1957—Fall, General Electric proposes accelerated program
aimed at getting flying test bed with nuclear powerplant into
air as soon as possible,

® 1958—March, President Eisenhower informs Congress there
is no urgency in nuclear aircraft propulsion program, rejects
accelerated program and authorizes continued low budget devel-
opment program.

® 1958—June, USAF proposes CAMAL nuclear-powered aircraft
program to develop continuous airborne alert, missile launching
and low-level penetration mission.

® 1958—July, Navy gets funds to conduct feasibility study
of a nuclear-powered aircraft using Pratt & Whitney engines.
® 1958—August, first flights of Soviet nuclear-powered bomber
prototype are observed in Moscow region.

® 1958—December, Air Research and Development Command
scheduled to analyze Lockheed and Convair CAMAL design
studies preliminary to possible award of prototype construction
contract.

to the direct air cvcle tvpe nuclear
powerplant since its operation makes
the entire turbojet engine radioactive.
The pod would facilitate engine removal
by remote control for ground radiologi-
cal safety and make replacement of the
powerplants relatively simple.

Taking a nuclear-powered military
aircraft from the early flight test stage,
through which the Soviet aircraft is now
passing, to a fully operational capability
for both airborne early warning and
missile launching capability probably
will require at least 18-to-24 months.
A nuclear powered aircraft requires ex-
tensive testing for other flight opera-
tional subsystems other than the power-
plants and their operation under varying
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degrees and different tvpes of radio-
activity.

The current Soviet milestone in test-
ing nuclear powerplants in flight in a
military prototvpe is the result of a
high-prioritv and financially well sup-
ported program stretching back through
nearly eight vears of research and de-
velopment.

High priority for the nuclear aircraft
program was assigned during the cur-
rent Sixth five-vear program which be-
gan in 1956 and will end in 1960. Dur-
ing the past few vears, Soviet technical
and popular publications began a steady
crescendo in their coverage of atomic
aircraft powerplant developments in ad-
dition to marine atomic powerplants for
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icebreakers, submarines and surface ves-
sels. '

This similar type of publication
build-up has preceded every new major
Soviet technical achievement, includ-
ing the intercontinental ballistic missile
and the Sputniks.

As long as a vear ago, there were brief
but specific mentions in the Soviet tech-
nical press of successful ground testing
of atomic aircraft powerplants. Recent
speculative stories i the Soviet popular
press suggest conditioning the Russian
people to an announcement of a spec-
tacular achievement by an atomic-
powered aircraft in the near future,
probably a nonstop, non-refueled flight

-around the world.
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AVIATION WEEK ARTIST'S conception of Sovict nuclear-powered bomber shows large nuclear powerpiants suspended from pods mid-
way under delta wing; conventional turbojets with short takcoff afterburners on wingtips, and 195-ft. fuselage to aid in radiation protection.
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EDITORIAL

From Aviation Week
Dec. 1, 1958

The Soviet Nuclear-Powered Bomber

On page 27 of this issue we are publishing the first
account of the Soviet nuclear-powered bomber prototype
along with engineering sketches in as much detail as avail-
able data permits.

Appearance of this nuclear-powered military prototype
comes as a sickening shock to the many dedicated U.S. Air
Force and naval aviation officers, Atomic Energy Commis-
sion technicians and industry engineers who have been
working doggedly on our own nuclear aircraft propulsion
program despite financial starvation, scientific scoffing and
top-level indifference. For, once again, the Soviets have
beaten us needlessly to a significant technical punch.

While this Soviet achievement is a truly remarkable feat,
it is not beyond the technical state of the art in our own
nuclear aircraft propulsion program. The difference lies
rather in the top priority and steadfast support accorded
the Soviet program by its top political leadership and the
technical timidity, penny-pinching and lack of vision that
have characterized our own political leaders’ attitude toward
the goal of nuclear-powered aircraft for both military and
civil purposes.

This is a story that has become all too familiar to Ameri-
cans in recent years, punctuated by the Soviet triumphs
with the first medium-range ballistic missile in production
and military deployment; the first successful ICBM firings
followed by an ICBM production rate that is now more
than 15 per month, and the trio of Sputniks. This also
could be the epitaph carved on the tombstone of this
country’s genuine technical development capability if we
continue much longer on this course.

We are sure that there will be the usual chorus of good
gray voices from high official places attempting to “pooh
pooh” the existence of a Soviet nuclear-powered bomber
prototype and coining smooth weasel-worded phrases to
deprecate its significance even if its existence is finally
admitted, as finally it must be. For the basic facts on
this Soviet aircraft are known in official circles both here
and abroad.

The credibility of the same “gray voices” has, of course,
diminished in recent years because they used the same tone
and phrases to soothe the country before the appearance of
Soviet nuclear weapons, intercontinental bombers, super-
sonic fighters, medium-range missiles, the ICBM and the
Sputnik.

Maj. Gen. Donald Keirn, chief of the USAF-AEC aircraft
nuclear propulsion program, virtually let the cat out of the
official bag in the question period after a speech in Wash-
ington last month by admitting that it would not surprise
him if the Soviets flew a nuclear-powered aircraft before the
end of 1958. This was like placing a bet on a horse race
after you have watched it finish through binoculars and
have found a bookmaker who doesn’t have a phone.

With an acute awareness that the first world-wide demon-
stration of the Soviet nuclear plane would generate a major
political blast, Gen. Keirn also pointed the finger of respon-
sibility for our own slow progress at the sources who are
really at fault. These are the anonymous scientists headed
by James Killian, scientific advisor to the President, who
operate under a heavy veil of official secrecy and only last
spring vetoed a military-industry proposal to accelerate nu-
clear aircraft development on the basis of promising tech-
nical achievement.

Although not mentioned by Gen. Keirn, former Secretary
of Defense Charles E. Wilson also must answer for his
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jeering characterization in 1957 of an atomic-powered plane
as a “shitepoke,” a bird that has a long neck, big body
and can fly, but not very fast, and for his 1953 attempt to
wipe out the entire aircraft nuclear propulsion program by
cutting off its development funds. The late Harold Talbott,
then Secretary of the Air Force, circumvented this Wilson
order by diverting some “hidden” USAF funds to the pro-
gram. AEC also maintained its support.

Since word of the Soviet nuclear-powered aircraft began
filtering through the Iron Curtain, the pentagon has hastily
revived an active program aimed at a nuclear-powered mili-
tary aircraft known as the CAMAL project. Mission of
this aircraft is described by Gen. Keirn on page 28. Think
of the political and military significance of even a small
fleet of nuclear-powered military aircraft that, as Gen. Keirn
described, can cruise indefinitely off the territorial limits of
the U. S. maintaining a continuous airborne alert and warn-
ing system combined with the capability of quick launching
of missiles with sufficient range to penetrate 1,000 mi. or
more and following up this attack with a high-speed, low-
level penetration well under and around radar defenses to
obliterate key targets missiles cannot locate. It takes no
military expert to appreciate the value of this apparatus
in the hands of an aggressive, ambitious political dictator-
ship bent on world conquest. :

The development of a nuclear-powered military aircraft
involves much more than just producing a satisfactory power-
plant, and this is a phase in which we lag even farther
behind than in engine development. Every time the finan-
cial pinch was applied to the nuclear aircraft program, those
in charge, of necessity, starved aircraft systems development
to keep the powerplant research alive.

Thus, with the Soviets now in the initial flight testing
of a nuclear-powered military prototype and the Air Re-
search and Development Command scheduled only this
month to make a decision on prototype construction of
a similar USAF weapon system, it is clear to even the most
conservative technical analysts that we are at least four
years behind the Russians in this critical area. Develop-
ment of such a new and technically radical weapon system
to full military capability is a long, painstaking and failure-
studded process on both sides of the Iron Curtain. But
with such a clear-cut lead, we can expect the Soviets to
exploit their nuclear-powered aircraft for political warfare
long before it has developed a sound military capability.
There already are indications that a nonstop, non-refueled
flight several times around the world is being planned by
the Soviets with this type aircraft. And, how much political
force will an event such as this impact on our allies, the
neutrals and our enemies?

During the past few years, we have heard much from
our political leaders on how much we can or cannot “afford”
for the defense of this country.

These were the same years that we have been belabored
with vigorous efforts to cut the strength of our military
forces in being and jeopardize our military future by sabre
slashes through the research and development budget.

These were the same years the Soviets appeared first with
their huge turbojet and turboprop gas turbines, their
medium-range ballistic missiles, ICBM and Sputniks.

In view of these Soviet technical achievements, it is more
pertinent to ask:

How much longer can we “afford” this kind of leadership
and still survive as a free nation? —Robert Hotz



The Human Element
(USAF Study. from 1960)

In space cabin simulator studies performed at the
School of Aviation Medicine, a number of seven day
flights have been conducted, using highly trained,
carefully selected US Air Force subjects. These pilot
subjects were committed as an integral component of a
man-machine system, and have been exposed to rele-
vant conditions of a closed environment of a nuclear
crew compartment. These conditions include a simu-
lated altitude of one half an atmosphere with a gaseous
environment equivalent to that of ground level; an
extreme degree of physical confinement, including
restricted mobility; isolation and sensory deprivation;
an abnormal schedule of work and rest - four hours on,
and four hours off during the entire seven days; high
noise level; and limited facilities for personal hygiene.
It is interesting to note that these experienced pilots
did adjust to their work schedule, and that they main-
tained an extremely high level of proficiency for the
entire period. In two instances, they could have con-
tinued beyond the seven days of flight. These results
strongly suggest that problems of work schedule, day-
night cycling, boredom, isolation, nutrition, and limit-
ed hygiene can all be satisfactorily controlled.

A difficulty in the development of a nuclear powered
aircraft is in providing crew compartment space con-
sistent with crew needs. The aircraft will not provide
the space provided in a nuclear submarine, for exam-
ple. In the work area, the crew members are integrat-
ed into a highly coordinated arrangement. The air-
craft commander and flight engineer are located side-
by-side, as are the navigator and defense director. The
co-pilot is forward of the flight engineer, across the
aisle from the aircraft commander. This layout pro-
vides the commander direct visual and verbal commu-
nications with all other crew members. It also mini-
mize interruption of flight continuity when crew mem-
bers shift duties.

The leisure area is equipped to satisfy every personal
need, and requiring very little effort to maintain. In
approximately 36 square feet of floor space, it provides
clothing storage, hygiene facilities, and sleeping
accommodations, as well as an integrated food prepa-
ration area, and small mess table. A two cubit foot
freezer stores 35 pre-cooked frozen meals. Non frozen
foods, such as canned juices and other meals, are
stored within the drawer spaces assigned to each crew
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member. Meal preparation equipment consists of @
warming oven, a sandwich grill, and fresh water
taps.

Superimposed on these long term flight stresses
will be the effect of exposure to ionizing radiation.
Fission effects from the nuclear reactor in the aft
part of the aircraft are intensely radioactive. This
radiation, having a wide range of energy, can and
do penetrate matter. They can penetrate the human
body without being sensed. By a process of ion-
1zation they affect living cells, and can produce
serious illness and death. Many radio-biologists in
the nuclear aircraft project feel that these levels of
radiation exposure may be the prime limiting factor
in the operation of an aircraft. It is important,
therefore, that the biological hazard of dose-effect
and the response to various radiation sources be
well understood. This will permit levels of expo-
sure, and thereby limits of operation, on the crew
members.

In the design of a nuclear powered aircraft, the
engineers, because of weight and cost considera-
tions, desires the minimum of radiation shielding.
The radio-biologist, on the other hand, desires to
have the minimum radiation hazard, which means
maximum shielding between the reactor and the
crew. The question is: How much shielding is
necessary for adequate protection of the crew?
How often can an individual be exposed to this
radiation without significant detrimental effects?

In answering these questions, it is extremely impor-
tant to determine the maximum level of radiation
exposure to the crew. Further testing and experi-
ments will be defined so that maximum aircraft uti-
lization along with maximum personnel protection.
(See menu for five day flight)

Ground Support for Nuclear Aircraft
(HS Hutchins, Convair 1960)

With full shielding around a nuclear reactor it is
possible to completely contain the primary radia-
tion. But for military aircraft this would impose
impractical shield weights and unacceptable per-
formance. Most designs for military nuclear air-
craft reflect a compromise between reactor shield
weight, flight performance, and personnel factors.
The resulting limitations on the reactor shield bring



about the radiation environment that must be
contended with in ground maintenance proce-
dures and equipment. The airframe and sys-
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A second method was ground “safing” the reac-
tor through shield augmentation - that is, the
placing of additional shielding around the reac-
tor on the ground to attenuate its radiation.
This method was rejected because of the size
and weight penalties it imposes on aircraft
design. The third, and accepted method,
involves removal of the reactor as the initial
step after each flight. Also, its reinstallation is
the final step before take-off. With the reactor
removed, the high level radiation environment
around the aircraft is eliminated, and the bulk

cocoa

coffee, teq, cocoa

of the maintenance and support activities can
be accomplished under safe conditions. This
approach was verified during the 1955-1957 B-
36H Nuclear Test Aircraft flight program.
Ground handling by mobile equipment and
maintenance under nearly normal conditions is
not only possible but entirely practical.

An artist’s sketch of the crew compartment design and arrange-
ment the instrumented Nuclear Aircraft Simulation shows th air-
craft commander capsule on the far side of the compartment and
immediately aft the internal feeding system. Across the aisle is
the nuclear engineer, with the bombardier seated behind him.
The defense director is seated back-to-back with the craft com-
mander, and the copilot is off duty in the forward leisure.
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Reasons that the ANP Program failed

In 1963, the General Accounting Office of Congress
did a study of the defunct Aircraft Nuclear Program.
The general consensus was that the Program was
doomed to failure by the continuing reviews and re-
orientations that kept it in a state of flux. Seven basic
re-orientations of the program occurred during it's 10
year period an average of one every eighteen months..
The GAO did not comment on the validity of the re-
orientations, which varied from a research program, to
an accelerated program to develop a weapon system
for the military. The GAO did not question whether
the ANP Program could have resulted in a successful
military program.

“Although it was outside our scope to examine the
reasonableness for the frequent changes in the pro-
gram objectives,” the GAO said, “we do not believe
that a research and development effort of the complex-
ity and magnitude of the ANP Program can reach its
goal in an effective and efficient manner unless a cer-
tain degree of stability in objectives is accorded the
program”.

The GAO counted 13broad reviews of ANP in the
last six years of the program. These were to evaluate
past accomplishments and to set future objectives. Of
the 13 reviews, seven were by the US Air Force, five
by the Defense Department, and one by the AEC.

The GAO reported that frequent reviews of the ANP
Program were made by temporary groupings. The
reviews were based on brief visits to contractor plants,
plus discussions in Washington DC. “Little continu-
ity could be found among the review groups.”

The GAO highlighted eight different ANP Programs
during the 1950's:

Flight Demonstration Program - between April 1952
and May 1953

Applied Research & Component Phase - between May
1953 and November, 1954

Weapon System 125-A Program - November. 1954 to
December 1956.

Experimental Program - no flights - January to March
1957

Experimental Development Program -

April, 1957 to February, 1958

Development Program (military bomber) - March,
1958 to October, 1958

CAMAL Program - (airborne missile launcher) -
October 1958 to July 1959
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Research & Development Program - July 1959 to
program end.

President Kennedy, in announcing the cancella-
tion of the program in a message to Congress in
March of 1961, said that “the possibility of achiev-
ing a militarily useful aircraft in the foreseeable
future is very remote,” The cancellation,
Kennedy added, will avoid a future expenditure of
$1 billion just to achieve first prototype flights.

Other Weapons Systems also a factor

The US Air Force desired to keep the Aircraft
Nuclear Program going, because they wanted to
continue the development of manned bombers.
Most Air Force officers did not want to become
“silo sitters” - tending underground intercontinental
ballistic missiles (ICBM). In the late 1950's, the
Thor, Atlas, and Titan missiles were flying, and
were proving their worth. They could carry a ther-
monuclear weapon and hit within lethal range over
intercontinental distances. The Air Force set a
higher priority for the ANP aircraft, rather than the
ICBM. General LeMay, head of the Strategic Air
Command, set top priorities for the B-52 bomber,
then the ANP, with long-range missiles at the bot-
tom of the list.

In 1957, with the advent of the Russian Sputnik,
a technology race began with the Soviet Union.
Missile progress was high on the list, and so was
the Aircraft Nuclear Program. In December of
1958, Aviation Week Magazine incorrectly report-
ed the flight of a Soviet nuclear aircraft. This only
heightened tensions. Senator Russell of Georgia
stated: “the reports that the Russians have test
flown an atomic powered aircraft is an ominous
new threat to world peace, and yet another blow to
the prestige and security of our nation”.

President Eisenhower, who of course had all
intelligence information available to him, said in
December 1958, “There is absolutely no intelli-
gence to back up a report that Russia is flight-test-
ing an atomic-powered aircraft.”

By the early 1960's, there were four choices for
weapon system development. These included:
atomic subs with Polaris missiles, land-based
ICBM's, manned bombers (either conventionally
powered or nuclear -powered, and tactical bombers
and short- range missiles (based in Europe). The



['.S. Government had choices to make they chose to
cancel the nuclear bomber option.

Political reasons

The danger to the public was sited as a reason for
cancellation. Accident experiences from other devel-
opment and production programs was considered.
Crashes would result in a major concern with the pub-
lic. Then, the danger of radioactive contamination
from a crash might isolate areas of the countryside (or
a city) for years to come. A physicist stated that he did
not think that the program can be made to work safely
at any reasonable cost. The proper selection of bases
and flight routes was considered to offset these con-
cerns. But one advantage of the ANP that was a major
driver was the ability to roam the world, without con-
cern about distances or routes. Allocating only certain
routes that the nuclear- powered aircraft could fly
would defeat one of the drivers for the program.
Another problem involved the crew and ground sup-
port personnel. One suggestion was that only older
pilots and ground crews be employed to minimize the
radiation concern. Older people are considered more
resistant to radiation than younger people are. Would
these people be exposed to radiation levels higher than
was safe for them? The concern for future lawsuits
was a factor here. Another concern was the possibili-
ty of terrorists focusing on a nuclear powered aircraft.
Bringing down a nuclear powered aircraft near a city
would be a disaster.  Prior to President Kennedy
coming into office in 1961, Dr. York and his staff
again reviewed the program. Doctor York had previ-
ously been the director of the Livermore Nuclear
Research Laboratory., and was well versed with aspects
of nuclear technology. The decision was negative.
He reviewed this finding with the incoming Kennedy
administration. Their opinions were more negative
than his. And so, the program was canceled. Low
level work did continue for a time on the P & W indi-
rect cycle reactor / jet engine.

According to Dr. York. the history of the Aircraft
Nuclear Program provides a classic illustration of
some of the forces that drive the arms race. Congress
was controlled by the Democrats and the White House
by the Republicans. Pressure to put a plane in flight as
soon as possible also doomed the program. The part
of the program to develop reactor materials capable of
reliable operation over years of operation was not yet
successful.

The scientists and engineers working on this
project did make significant progress on the tech-
nology of nuclear power plants for flight. The fail-
ure for this program cannot rest with the technolo-
gists.

The engineers who worked on the nuclear pro-
gram at GE and elsewhere, moved to other high
technology programs: the nuclear- powered ramjet
and rocket programs that were still being devel-
oped; nuclear submarine construction; and com-
mercial electric generating power plants. The AEC
explained why ANP had been successful in advanc-
ing technology. “the Aircraft Nuclear Program was
starting at the upper limits of nuclear technology.
These required many so-called breakthroughs in
materials, reactor concepts, instrumentation, shield-
ing. and controls. These improvements provided a
tremendous acceleration in the advancement of
nuclear reactor technology.” The people who

worked at GE-ANP Department were highly
trained, disciplined, and eager to produce excellent
work in other technology fields. (i.e. Space/Apollo
Programs)

Moving the HTRE-2 to its final resting place for display
in 1985. Arco Idaho
INEEL Photo
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Above. Gas-core nuclear rocket concept. Uranium-235 gas is in the center like a bubble. Hydrogen flows around the

uranium, heats up, and exits the core through a small opening, providing thrust.

Unique follow on work at the Idaho test site included the above concept. To quote Jay

Eventually, we got into
space electric power and
worked on a thermionic
reactor, in which the fuel
elements were thermionic
cells. The fuel gave off elec-
trons to supply heat. Then
Phillips experimented with
the “710,” a high-tempera-
ture reactor for rocket
propulsion. The concept
never went into operation.

Later, we investigated anoth-
er concept for NASA rocket
propulsion. This was for a

manned mission to Mars.
NASA hoped that a one-year

mission to Mars using chemical

fuel could be reduced to three

months on nuclear fuel. it was
a cavity reactor, a sphere about

twelve inches in diameter. In
the center was the fuel, urani-
um hexafluoride, which above
room tfemperature, is a gas.
Hydrogen would flow around
the chain reaction in the fuel,
heat up to temperatures up to
20,000 degrees F. and exit

through a small nozzle, provid-

ing thrust.
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Konze a GE ANP physicist and engineer.

Thus, some replacement research
came to Idaho. The new work made
some use of TAN's empire of build-
ings. The hangar had never been
used. The government had poured
over $41 million into the Idaho ANP
buildings and facilities through
1961. NASA put on hold its plans
for a manned mission to Mars, so the
Cavity Reactor and the other space-
related reactors were shut down in
the early 1970s. The vacant TAN
facilities went up for rent, a testimo-
nial that the NRTS, no matter how
brilliant its scientists and engineers,
could not control its destiny when
the political winds of Washington
blew across the desert.
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On the right hand side of the fllustration we have another possible
cycle, where the reactor heat is transferred to a mediun which in turn transfers
its heat to the engine air (similar to the radiator in your car). One of the
advantages is the use of a dense heat transfer medium resulting in smaller re-
actor heat transfer surfaces and therefore smaller reactor, and also smaller
holes through the shielding. A disadvantage is the plumbing involved and the
loss of heat because of two transfers.

Either of these cycles can use normal aviation fuel in addition to or
in place of nuclear power as shown in the central figure.

The pext few illustrations will indicate some of the problems associated
with designing nuclear aireraft. The problem that designers and physicists have
been battling for years is the shielding problem, is previously discussed we in-
dicated the necessity for heavy lead and water shielding to capture the neutron
and gamma ray radiation. Fig. ] shows two methods of shielding: on the right the
unit shield where all the shielding is at the reactor, resulting in low rediation
throughout the aircraft as indicated by the light color. On the left we see the
divided ghield concept where the shielding is distributed arcund the resctor and
also around the crew, This latter method is lighter (provided the crew iz emll
enough - usually the case in combat type aircraft); however, it has the disadvan-
tage of allowing a higher doss to escape from the reactor and therefore the air-
eraft structure and components are in a higher radiation field. Aleo this makes
it diffienlt to handle the airplame.

The curve shows the divided shield being lighter and also the trend of
getting more power per unit of shield weight as the power is inecreassd. This, of
course, tends toward larger airplanes, tut other factors, such as handling, cost,
ete., prevent us from taking full advantage of this.

Radiation of the aircraft componentz and structure alsc causes damage,
Fig. li shows some of the more common materials used in airframes and components
and their approximate life under normal estimeted radiation fields associated
with the divided shield type eirersft. It is obvious that no structural problem
exists; however, olls, lubricants and rubbers will require some development.
Electrenic systems are not shown because of the security involved, but many pro-
blems exist; however, programs are underway to solve thesa problems.

Another problem to contend with is the aircraft activation., Neutrom
bombardment of the airframe components and structure causes them to become radio-
active. Wnen the activating source is removed the activated part continues to
radiate but there is a reduction of radiation per time. This is indicated by
Fig. 5. Thiz illustration shows typical airframe activation per time after re-
actor shut-dewn, and with the power plant removed from the airframs, The arrows
indicate areas outside of which a man can work under normal laberatory tolerances
as set up by ARC. This does not mean there is any danger inside these areas; it
enly means the men would work a shorter time than the usual L0 hour week and res-
sonable personnel rotation could handle this problem. It must be remembered that
this would vary greatly depsnding upen the amountof shielding used. A unit
shielded airplans could be designed to have no suzh activation problem.
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Opening Ferarks

The phrase "Huclear Powsred Aireraft" has changed over the years, from
s phrase that sounded intriguing, intensely interesting, and excitingly romantic -
to a phrase ringing of stupid polities, bloed and guts engineering, and just plain
old hard work.

I have had the pleasure of being a part of the "Neclear Powered Adr-
eraft" Program for the past 5-1/2 years, with all of its ups and downs - and
there have been many downs.

I have watched, and had a part in, the hiring into the large aircraft
companies, of the young brilliant nuclear physicist, with the fate of the world
resting squarely on his intelligent forehead, only to watch him grow unhappy, dis-
gruntled, and finally guit because of the slow progress, or many program cut-backa,

Today, the program is limping aleng, licking its wounds, and making slow
but steady prog . In this p tion I will give, within the limits of
security, some data on the different types of problems encountered and some idea
of the types of aircraft being considered.

We will first take a lock at schematics of the proposed power plants.
Fig. ! shows an over-simplified schematic diagram of a reactor. It is mada up of
a central core where ths fuel (uranium) is located, and where the heat producing
fission process takes place. Heat is removed from this core by a coolant such as
air, water or liquid metal. This core is surrounded by a moderator, whose basic
function is to moderate (slow down) and reflsct the neutrons back into the core
at the correct velocity to the fission pr . DBecause thers is a large
leakage of neutrons and gamma rays from the core through the moderator, it is
necessary to shield the reactor and moderator. The shielding of gamma rays re-
quires a very dense material, like lead, and therefore it iz located close in to
save weight. The neutron shielding is lighter (water as an example) and is located
farther out.

Fig. ? shows some of the proposed propulsion cycles for airereft. In
the upper left cormer we See the mest direct application: that of heating the pro-
pulsive air by directing it through the reactor. Air enters the jet engine, is
compressed by a compressor in the usval manner, then passes through tha reactor
whare the heat of fission is transferred directly to the air; then expanded
through a normal turbine and expelled through the tail pipe producing thrust. This
jet engine can have the usual afterbumer burning ordinary aviation fuels, if de-
sired,

The turboprop version of this cycle is shown in the lower left hand
corner, the only difference being the transfer of power through a gear box and
thence to the propellar.

Shielding is difficult for this cycle because of the large air passages
required through the shielding.

Al

Having discussed the nuelear power plants and the major nuclear problema
in broad general terms, mow let us be a little more specific and see what types of
aireraft might result. Fig. & shows a typical attack type aireraft. It is a delta
wing airplane utiliming a direct air cycle type power plant as shown schematically
in Fig, 2. This type aircraft requires a highly divided shield resulting in high
dose rates throughout the aireraft; however, the crew is housed in the crew shield
and is subjected to reascnable dose rates. These dose rates are classified; how-
ever, they can be given in allowable pilot nuclear cruise hours per year as indi-
cated. The next illustration will discuss this in more detail.

This airplane is designed to either penetrate at high subscmic speed at
sea lavel or supersonic speed at high altitede. The low altitude mission can be
performed on nuclear pewer only; however, the high altituds superscnic mission re=- '
quires chemical fusl tion. This iz reflected in the increased weight when
this fuel is added. This brings us to cne of the undesirable present day limita-
tions of nuclear power - that is, maxioum cperating temperature. At present, and
for some years to come, reactors have & muximum cperating temperature resulting
frem metallurgical limitaticns. The turbo jet engines being coupled with the re-
actors de not have this temperature restriction, and can thersfore use chemical
fuel to develop higher thrust when desired.

The radius of §000 n.mi. and 500 n.mi. - as shown - are for broad
ganeral range indicaticns eonly, and could be easily extanded with a small in-
crease in dose rate to the crew.

Fig. 7 indicates the dose to the pilot of the aircreft described on the
last illustration. After locking at the career of the average naval aviater We
concluded that with this dose limit it is reasonable to stay within Naticnal
Academy of Sciences and Naticnal Bureau of Standards radiation limits. The lower
of the two (National Academy of Sciences) is indicated on this illustration. By
rotating the pllot'= duty between shore duty and active nuclear aireraft cpavation,
total dose for his csreer will be 50 BEM. This leaves at least 10 REM margin for
backgrownd radiation, X-Rays, ete. It should be noted that the aystem of duty
rotation is not unusual. It is deme as a normal procedure.

The number of hours of muclear flight per year that the pilot would be
permitted to fly, with and without augmented shields, is shown in the lower right
hand corner of the illustration. The augmented shield would bo increased in .
wnight by the amount of payleoad, for pilot training on muclear power, These
numbars are considered reascnable in light of the fact that present day nmon-
nuclear aircraft of this category rarely exceed 300 hours psr juar.

The nuclear turbojet powered attack aircraft uses a divided shield -
part of the shield material is cn the reactor and part arcund the crew compartment
- in order to avold excessive weight penalties. As a result, the radiation dose
rates are quite high outside of the ocrew compartment during reacter operation.

Fig. § shows the estimated service life of various materials at several
locations in the hull. Many materials offer no problem, of course, but others may
either reguire further development to increase their resistance to radiation or
special effort may be required by the designer Lo see that the sensitive materials
are not used in high dose areas.



o e Turbojet

1. The turbojet powerplant is now under development

pulsion n and For the attack aircraft us- but needs an advance in technclogy over the turbo-

ing the yele turbojet considerable gamma radiation results from fissicn prop powarplant.

product decay in the reactor after shut-down. The table on Fig., 9 shows the after-

shutdewn activity from the airframe only in millivem/hr. Laboratory tolerance is 2. The cperating and handling procedures necessary to

presently established at 300 millirem/week, The power plant has besn removed from obtain optimum use of the turbojet aircraft nesd

this aircraft in order to perform service and maintenance within practical time investigation and development which can be accom-

limits, With the engine installed this is impossible. In actual practice some plished in part with the turboprop aircraft,

functions such as servicing for rapid turnaround would probably be done by remote

procedures while other functions such as pericdic inspections would ba done with If only our politicians, military leaders, and mumercus Department of

the power plant removed, Tefanse committees would realize that even with our first crude power plants we

can show useful nuclear pewered aircraft - and if they would cnly remember the

Fig. 10 shows a muclear turboprop powered airplane which might be used utterly useless Wright Bros. airplane - and if they would only remamber the low

for a number of missions such as ASW, ASW, barrier patrol, or stand-off attack. performance of our first jet powered aireraft - and if they would realise that

This aircraft has a unit shielded direct air cycle reactor made possible by these embryo beginnings are developing a knowledge of almost unlimited peossi-

separating the resctor from the engines. The dese to the crew is low enougn that bilities - then maybe they would get off their broad backsides and help this

the endurance of the aircraft is limited only by the physical endurance of the country to be first with the Muclear Powered Aircraft.
crew. Also, there would be no radiation activation or damage resulting from such
a low dose.

This aircraft weighs greater than L0O,000 1b., but it should be emphasized
that it has not been optimized to &n optimum power plant. Instesd it was designed
to uee what is considered the earliest nuclear power plant which could be made
available. The aireraft could have been considerably smaller with an optimum power
plant.

This power plant consists of (L) existing turboprop engines modified for
nuclear power by removing the bumers and installing scrolls to pipe the en
from the compressor to the reactor and back to the turbine. The reactor it
@ low temperature adaptation of current state-of-the-art development of the direct
air cycle,

This aircraft can also take advantage of reactor cevelopment advances
and higher temperatures without becoming chsolete. By using higher temperatures, CORE FU ELJ_

smaller reactors can be used thus increasing the payload,

In summary, two possible programs can be pursued toward development of
nuclear powered aircraft. p;hey ara: ‘ = seveter MODERATOR

Turboprop
1. The fastest, sasiest program would be a subsecnie MMA

turboprop aireraft because it would use existing SH[ELD]NG

components and technology.

2. Low radiation from the unit shielded reactor would

eliminate radiatien activation a damage thus NEUTRON

minimizing the cperating and handling problems. SH]ELD'NG e

It is also importent to note that this would be a
x4l development program. Advanced data on

g techniques, servicing

raintenance problems and gensral operating g lema

associated with a muclear reactor can be investigated

at low risk to persormel and equipment.

.
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Let us see 1f we can get sguarely in mind just what are we
trying to de in the overall atomic enerey effort? HNot with
respect to apecific technical projects, but what are the things
we have to do in a broad sense? These are, I would say:

First: To maintsin undisputed leadershlp ln technical
knowledge end facilities for the United States
in all ereas of the atomic enerpy field, either
for war or peace.

Second: To establish a trained corps of personnel
familiar with all sreas of atomlic research and
in particular with nuclear radiation and its
hazards. This corps 13 our standine army of
the modern ape, and would have to be maintained
to serve in time of war, even if not organized
to contribute in time of peace.

Third: We want organized task forces sufficiently

competent to explore, and sufficlently alert

to exploit any technical advance, which has
promize for elther peace or war.

Fourth: We want the wisdom to =ee that the effort
expended in the above sctivities 1s somshow
kept proportionsl to the probable returns,

A=z part of the sbove, some kind of a reactor proeram is
an easentlal part of the overall effort, Reactors are the
machines for pivine us the controlled relemse of nuelear
ener*y, and as such, certainly have promlse both for peace
and for war. Thourh the spectacular espects of nucleer energy

has been overscld in the popular press, the stubborn fact
remains thet one pound of Urenium can be persusded to release
an emount of energy equivalent to 2,000,000 pounds of coal.
When =11 i3 said and done, stomlc energy iz certainly not the
maglc perpetual motion machine which has been publiclized, but
1t has the inherent possibilities of providing sn incredibly
compact storame battery.

Let's look at this analosy & 1ittle closer. Our ordinary
automoblile battery delivers 6 volts end has & capacity of
about 100 ampere hours, or a total pover storage therefore of
very roughly, one horsepower hour. A weight of Uranium equal
to thet of an automobile battery would be capable of dellvering
about 300,000,000 horsepover hours. Edison was & grest lnventor,
but the famous Edison cell, produced after years of effort
brought forth an improvement of only 30 percent over the con-
ventional lead cell compared to & conceivable 300,000,000 percent
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DIRECTOR OF REACTCR DEVELOPMENT
UNITED STATES ATOMIC ENERGY CUI‘W‘JISSIOE,
BEFORE THE INSTITUTE OF AERONAUTICAL SCIENCES
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ATCMIC POWER AND ITS IMPLICATIONS FOR AIRCRAFT PROPULSICN

3 fcular group
It is indeed & privilege to meet with this part .
tonight to present my impressions of the problems involved in
the (ieve.lup:nent of nuclear reactors, !‘ir_sh in the general sense,
and second, for the specific purpose of use in gireraft.

This proup is especially qualified to appreclate the nature

of the problems involved, both from a technical and from a
poliey point of view. HReactor projects have much in C‘JTE‘R’);
with eircraft development projecta. Both are expeﬁalv?—un be
risky. In both flelds, one must obey the praceEt Be Lold,
bold and ever more ba bold, but be not too bold”, Fﬂl;.\-‘in!!n
that advice takes more than technical knowledge. It requires
wisdom.

This report tonight 1s timely, too, for since.I havcibeen
with the Commission just long enough to lesrn the ropes,
should bs eble to plve you the impressions of en sutslder who
has had the privilege of setting & zood, hard inside lask at
the Commission's Reactor Program.

o ourse, thia sssumes that I will be skillful enoush to
hend‘l.&rt‘:e security guesticns involved, Portunately, I do nat
thinl this will be too difficult. What our competlitor wents
to know is, "What solutions or promiali:nq spproaches have we ]
found to specific technical problems?’ What you mntlcmen are
probably most interested in 1s: "Is tha objective we na\:e sat
for ourzslives worth attaining and are we moing about it the y
right way?" These are questionsa pesuliar to our own situstl ? .
and our own frame of refersnce. The ansvers we get are certalnly
not those which are applleable to our competitor. In this area,
thersfore, we can afford to be frenk without elvine aid and

comfort to the competitor.

(mors)

for the Uranium energy source,
difficultl
Tob

I will return to the many
later, but this analogy shows the challenge of
em, the conceivable rewards, the "ple in the sky."

would sesm thet the possibility of nuclear reactors for
power productlon must st least be explored. The '49ars had
much less incentive,

What else cen rescters be used for?
energy, reactors produce neutrons. These in turn can be used
to produce radicactive isotopes, or to produce more, or other,
fisslonable materizl. So long as concentrated energy sources
ble, fissionsble material will be an "economic good."

of fissioneble material would certainly be more
than the gold et Fort Knox. In war, it could be used
bs end might be used for propulsive power. In peace,
te available for ¢ivilian pover insofar as the supply,
economics: of the situation would permit. It would
appear, therefore, that a stockpile of Tissionable material
is indeed desirable. Accepting thls, then considersble effort
L appeer te be justified on 2 special type of reactor
ralled & "treeder,” which shows promise of helping to maintaln,
If not aven sugmenting, our supply of fissionable material.

In addition to

Te describe s breeder we must digress for Jjust a moment to
& technical detall. As most of yeu know, the selement Uranium,
a3 1t occurs in nature, is composed of two kinds, one variety
slightly heavisr than the other. The [issionable varieiy from
which ve can pet enersy has a mess of 235 units. The other,
unfissionable, has a mass of 238 units. The U-238 form is 139
times &s prevalent as the U-235 form. The trlck in & "breeder”
type of reactor is this: With a proper cholce and arrancement
of materials, the neutrons which are preduced in the initial
natural U-235 fission processes can be captured--after they
have relezsed their enersy--by the atoms of unfissichable U-238
and as & by-product used to convert the U-238 into a fissionable
form of material, Thus it is conceivable, not only that enerpy
can be extracted from U-235, but that as a by-product we acquire
a potential stockplle of fissionable meterial 139 times ms great
a3 we had when we started! With such a stockplle we might have
& chance for diversions to power for civilien uses. Apain we
have & challenging goal and unless we have lost our zest for
adventure, it i1a a gosl from which we will be deterred only
by & convincing demonstration of its seientific impossibilitcy.

If reactors ere so desirable, why don't we go shead and

bulld some? Now we come to the difficultiss! Here are s
Tfew of them:

(more)
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1) That for any reasaonsble thermodynemic effliciency
in utilizing the great energies avellable, it 1is necessary
to operate &t temperaturss well ahove the conventiocnal
englneering ranece.

2) The compactness of reactors which is an important
inherent adventeme proves troublesome in resard to the
heat transfer problems which involve heat transfer rates
far transcending previous experience.

} The materials chosen for the reactor must with-
stend not only high temperatures but alsc high nuclear
radiation densities, with unpredictable chanmes in the
physical properties of the materials concerned. The
seriousneas of this problem can perhaps be visuslized by
this kind of a comparison. How would you like, for
example, to desipn airplanes or ensines if, in use, the
properties of the aluminum and steel would eraduslly
change to those of cast iren or lead?

4) If we finally find a structural material for
reactors which appears sultable so far as physical
properties are concerned, we mist now add still another
requirement. The nuclear properties must be such that
the structural materisl will not capture neutrons and
thus deplete the supply and reduce the power. This
requirement drives us to consider strange new elemsats,
and ralses a whole array of procurement problems.

5) Even after we have our reactor workine we find
that the fisslon products produced as an essentlal part
of the resction "poison" the reaction itself. The
ashes amother the fire. Now you gentlemen are well
aware of the enormous maintenance problems for alrcraft
ennines., Every 800 hours they must be disassembled,
inspected, have defective parts replaced, and then
reaasembled and tested. The work is stapeering. However,
how would you like it, if instead of merely disazsembling,
the entire englne would have to be dissolved in nitric
acid, and the retuilding of the engine started with
getting a solution of certified chemically pure iron?
This i3 the fuel reprocessing problem!

6) Pilnally, assuming we have solved the structural
problems listed above, we have a vhole new catepory of
problems in connection with ths werking fluid or heat
transfer medium used to convert the hest into power.
The nature of these problems can be supgested by the
fast that from rough comparisons of the volumes of

(more)
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to 3t. Louls. To complete our comparison we might put civilisn
power in Caelifornia and military power in Oregon. These are the
things we dream sbout. At the moment we are really only
approaching Heperatown, and our worries and our plans are a1l
concerned with surviving the hazards of the journey to St. Louls.

I don't need to stress befors this proup the importance of
the incentive miven to technical developments by military needs.
This group is well avars, I might even say, psinfully aware, of
the vielssitudes of the development of the airplane to the
highly perfected state in which we have 1t today. Similarly
in the atomic pover fleld it appears that military needs will
have to provide the incentive to carry through difficulties,

for propgress even though ultimate dividends may be expscted
in the civilian economy.

Going further back into history, we can cite the difficulties
of cenverting ships from wood to steel. Again, the lncentive was
militery, but note this gquotation:

"Early experiences with iron as the material for hull
construction were far from resssuring. In England
where several iron warshlps had been completed by
1846, firing trlsls conducted in 1845 and in 1850
indicated thet 32-pounder and 68-pounder shot striking
iron plating were likely to bresk up and form more
splinters from the shot themselves and the iron of
the target than were caused by the impact of the
same shot upon wooden targets. Accordingly, the
British Navy pronounced iron to be &n unfit

material for hull construction."

Only if both the opportunities and the diffliculties in the
field of atemic energy are fully appreciated can the history of
the stomic developments over the last several years be under-
atood. This 1a & field in which the experts disagree. The
more distingulshed they are the more violently do they disagree.
/At this point, I want to disqualify myself as an expert.
Selentists live and work in laboratories, not in marble
bulldings in Washineton! I am an ex-sclentist now. My job
1s to be a good listener and an accurate Interpreter.7 When
experts disagree, a mlddle of the road course of sction is
indicated and this indeed 1s vhat we have in the Commission's
Reactor Development Proeram.

As has been announced, and &s presented in Budgpet hearings
before Congress, so thers are no securlty questions inveolved,
the Commisslon program consists of two main parts. The first
13 a strons applied research program seelking to establish the

(more)
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reactors and the present highly perfected alircraft
enpines, the rates of hest transfer must be more than
an order of megnitude greater for nuclear reactors
than for conventicnal engines. Orthodox advances
will not be sufficient. The problems invelve the use
of 1lguld metals with all the asacclated corrosion,
erosion, purification and pumping troubles which we
can readily imagine as belng sssociated with those
elements vhich appear to have sultably lov melting
polnts.

When one considers the host of difficulties and troubles
which 1lle in the road ahead in the development of atomic pover

the problem deoss lock formidable. I am reminded of & statement

oiide a little cver 8 hundred years ago by the great chemist,
Wohler, in repard to the status of organic chemlistry at that
time. Wohler wrote to Berzelius as follows:

"Orpanic chemlstry Just novw 1s enough to drive ome
mad. It pives me the impression of & primeval
tropical forest, full of the most remarkable thines,
& monstrous and boundless thicket, with no way of
escape, into which one may well dread to enter.”

That's an excellent description of the atomlc energy fleld
right now, in 19%9! In the meantime, however, what hss happened

to orpanic chemistry? Well, newspaper headlines pive the
answver. Miracle drugs are practically tallor-mede thess days
DOT and 2-4-D are taken for pranted by the farmer. Synthetic
rubber threatens to displace the natural product. A hundred
years from nov what wlll be the status of stomic enerpy? Who
now has the wisdem to predlct either fallure or success?

We can all hope for the era of free power end effortless

living uaually essoclated with the Atomic Ape. This implies the

succeasful development of laree, land based, electric power
producing resctors. We have also heard discussed the military

advantages which might be geined by nuclear propulsion of ships

and aircraft. I will dlscuss these in more detail later but
the point I want to make now 1s that whereas the technical
problema would be least in the lend based power reactor, and
progressively more difficult in the ship snd alrcraft reactors,
the present urgencles or priorities are just the other wey
around. Perhaps fortunately, however, the same ground must be
covered in the inltial stasges whether the ultimate purposs is
for civilian or military use. We might take as an analogy, a
transcontinental journey, starting from Washington in the
frontier days. Whether the ultimate posl was Oregon or Callf-
ornie, the route was the same through Cumberlend Gap snd on

(more)
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basie facts, the handbeook date if you like, which will ultimately
be needed in solvineg the reactor dealgn problems. For the rsactor
program the center of this type of suthority is at the great
Argonne Laboratory st Chicago.

Due to the foresight of the Manhettan District and lta
advisors, and to the continuing genercus support by the Com-
mission and Congress, the natlon has an exceptionally well
supported predominantly non-military applied research program
in the atomlc energy field. In the large national laboratories
we have thousands of people working on and becomine scgualnted
with atomic energy problems. In our atomic energy production
plants we have thousands more. These people are our standing
army, mentioned above as requiremesnt Humber 2, and our prepara-
tion for any eventuslity of the so-called Atomic Ace.

But it will take more than the accumulation of & library
full of knowledge to met power-producing reactors. We have
50,000,000 automoblles on the roads of the United States but
we still do not "underatand” the mechanism of combustion. It
1s for this reason that the second part of the Commission's
program is the engineering development and construction of a
serles of definltely experimental prototype reactors. These
represent asaignments to specific task forces as menticoned in
requirement Number 3.

Of course, the nation has hed reactors of various lkinda,
from almost the beginning of its atomic eneragy program The
famous chain reacting pile at Chicage was the first of such
reactora. A series of reactors was bullt during the war
culminating in the huge single purpose production reactors
at Henford. Other reactors have since been built but these
are by and large, research type of reactors, small in size,
and none of them capable of producing useful power in appreciable
amounta. The next phase in the historic development of reactors
calls for desienine and constructing of reactors which are
larger, more complicated, and more difficult to build than any
we have produced thus far. As in any new technlcal development,
there are many uncertainties and many risks involved., It is
here that the experts disapres on details of designs of reactors
which will do the jobs that need to be done. Larpely, for this
reason, in the four yeers since the end of the var, no really
new or greatly improved versions of reactors have been built
in this country. The resctor of most sdvenced desicn and
performance is in Canada.

The proposed reactor development program of the Commission
crystallized out of the four years of discussion and arsument
as well as from new knowledge pained from the applied resesrch

(more)
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program since the end of the war., Reactors can concelvably be
used for a wide varlety of purposes. Speclal reactors of many
types have been proposed by responaible people for purposes
varying from small compect units for propelling euided misailes,
to huge statlonary power plants for providing cheap electric
power for supplying our ereat cilties and distilling ocean water
for irrigating our deserts. To the people most fully informed,
1t 1s clear that the difficulties of building any reactor are
20 great that only a very few projects can be edequately
supported with money and particulerly with competent technical
manpover at the present time. It 1z for this reason that it is
essgentlal from the multitude of possible reactors, only a few
carefully selected projects should be chosen and very strona
technical support should be focused on these few.

Getting back to the fundamentals, a reactor can be mede to
produce tvo things: First, a large number of neutrons, and
second, & large amount of heat or power. At Hanford, in the
productlon reactors, the neutron supply is utilized for the
converslon of the non-fissionable uranium-238 into fissionsble
Plutonium for use in atom bombs. In the existine Osk Ridge
reactor, again the neutrons are used for the production of
isotopes for poacetime research purpozes. In both cases, the
heat penerated 1s wasted--it is lost in water coslant et
Hanford, in air coolant at Oak Ridge. At the present time,
there ere no reactors in existence so designed that the hest
produced can be made to serve useful purposes.

An obvious forvard step would be the deslen of a reactor
in which the neutrons produce fiasslonable materiales sz in the
existing preduction reactors, but in addition, the heast menerated
is put to work. Unfortunately, sclentists and englneers st
present do not have enough basic knowledge to desipgn such
obvlously desirable reactors. Thelr first step would appear to
be to produce a reactor specifically for the sincle purpose of
penerating large amounts of heat at temperature wvhich will
permit conversion to power. So extensive 1s oup ignorance,
however, thet even such & simplified desien 1s forcing us into
ploneering activities beyond the present boundaries of human
knowledpe, Before any reactor can be buillt with & performance
appreciably better than those we now have, a large amount of
applied ressarch in very speclalized fields is necessery, This
is the activity with which our laboratories have been preoccupled
for the last four years.

We are nov at the stape where if we intend to progress
further, 1t will be necessary to find the courese to build a
few reactors, to test what we think we know. The reactors in
the Commission's program are eazentlally exverimental prototypes,

{more)

- 10 -

complex device since its desipn represents a compromise
between the demands for power production and for breedins.
If successful, howsver, this reactor would represent a

ma jor step forward in the direction of the praduction of
useful power without depleting, and perhaps even increasing
our natlonal supply of fissloneble material for any purpose.

Whether by accident or by design, this program is a
reesonable middle of the road program. It represents s balance
between resctora contrbuting to the solution of military and
civilian problems, a balance between reactora which use up
fissionable materisl and reactors which promise to replenish
or increase our national supply of fisslonable material, &
balance between a bold attempt to solve immediate problems
by the englneering approach &s In the Navy reactor and the
intermediate breeder, and the more long-term Tesesrch spprosch
of paining more information about the behevior of materials
under novel, but controllable conditions as in the materials
teating reactor, and the experimental fast neutron breeder.

I would 1like now to comment on the fourth regquirement
which I mentioned above and which was concerned with getting
value received for money invesated. How does cne put a money
value on any new developments particularly on one of a military
nature? What, for example, would have been the value of the
"Merrimac” to the South had not the "Monitor" come along” What
was the value of the "Monitor" to the North in 1862 dollars?
If we want to be modern, what was the value of the "Sptfire"
in the Battle of Britain, or what ia the current value of an
atomic bomb?

We have heard mich discussion recently of the cost of
producing atom bombs but what are they really worth to us--in
dollars? It would be helpful to have at least a rough estimate
of the present value of an A-bomb, either in dellars or in
equivalent divisions or battleships or air-proups. While this
may scund difficult, order of megnitude englneering estimetes
to keep cur thinkine straight, are not too hard to meke.

We know, for example, that et the end of the war, our
dally war expenses wers approaching $300 millton per day, If
the A-bombs shortened the war by even 10 days, the entire
$2,500,000,000, cost of the Manhattan effort cean be written
off, and recorded, as a spectacular success, and a value, =3
contrasted to cost, of at least $1,500,000,000 easch to set on
the Hiroshims and Nagasaki bomba.

Since warfare seems to be mainly a competitive destruction,
we can pet another estimete in an entirely different way.
Taking the redius of destruction for s bombasfrom e totwomilss, the

(more)
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Hone of them can be described as an "end-1tem" which will drive
an airplsne or a ship, or power and light a eity. Further
generations of reactors will be required before such desirable
gosls can be atteined. It is this fact which sets & time scale
of ten to twenty years before useful end economicel civilian
applications of etomic power can be expected. However, if the
ultimate goal 1s ever to be ettained, the first steps must sconer
or later be taken, and it 1is these first steps with which ve
are concerned in the present resctor program.

As described by Dr. Robert F. Bacher, former Commissioner,
and & moving force in reactor development work, the current
program conaista of four reactors:

8. The firat of these has been dealgnated &=z a

materials testing reactor. We cell it "MTR." While

1t is itself an experimental reactor, &s its name implies,
it is intended also to gilve informstion on the behavior
of materials in reactors so that larger and more powerful
apecial purpose reactors may ultimately be built. Thia
reactor is of particular interest to the Air Force since
it represents the boldest step inte the unknown which we
now dare to take, moving in the direction of compact,
high redlation density resctors which must u!.timatelar

te developed If the Air Force needs are to be satisfied.

b. The second reactor is a land based prototype
of & reactor for use in propelling naval vessels. It
would be a simple, single purpose reactor desipned
specifically and seolely for the purpose of producling
lerge amounts of heat, under conditions which will
permlt conversion to propulsive pover.

¢. The third reactor i3 & sinele purpose

experimental reactor designed specifically to glve ua
information about the breeding process. This reactor
at the present time 1z the most likely to demonstrate
the actual breeding of new fissionable material. It
i3, however, nelther a high power reactoer nor deslgned
for the purposze of demonstrating appreclisble amounts
of useful power though an incldental amount of power
mey be produced by a by-product.

d. The fourth reactor 1s the more ambltious project--
the Knolls Atomle Power Laboratory Reactor. This reactar
i3 intended to produce a reslly significant emount of
electric powver. At the same time, it i1s hoped that this
reactor will be eble to demonatrate at least partial
success in breedine. Thla reactor is, therefore, a very

{more)
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erea destroyed would ba approximately six square milea. In an
average city the property value runs perhspas $50,000,000 per
square mile. The destruction per bomb, therefore, represents
about £300,000,000 and gives a figure of the "sdvantage” to us,
and therefore of the value to us, in this insane competiticn
in destructiveneas.

We can approach the problem in another vay to pet another
independent eatimste. I heve heard that & man by the name of
Churchill, who seems to have a reputation in these matters, has
atated that, but for the A-bomb, World War III would have besn
undervay. Now for those who know how many bombs we have, it
should not be too difficult to pro-rate the annual estimsted
cost of this war among the bombs on hand.

Finally, let us aporoach the problem in still another vay,
using an infantile form of operations research. We have been
told that one A-bomb 1s equivalent in effect to 20,000 tons of
THT. Since blg, single bursts "over-kill" at the center, let
us cut this by some suiteble factor, say 10, for example. Now
one of our large bombers can carry a pay load of about ten tons,
therefore, to carry 2,000 tons would require 200 planes. Thia
is unassallably sccurate arithmetic! Large bombers cost half-a-
million dollars to build, but with lomistic support, more like
$2,000,CDD in combat. One A-bomb makes one bomber the equivslent
of two hundred. Ergo, one bomb is "worth" $4o0,000,000.

There is another conclusion which can be drawn from this
operetions research caleulation. We should think twice
or maybe even three times before permitting too casual diversions
rial from the stockpile, even for other concelvable

uses. Tt follows also that civilian power will rematin
the sky" unless by a "break" in the breeder program
other soluticn to the raw material preblem, a more
ample supply of fissionable materiel can be provided. Finally,
it follows that this is indeed a game in which if we are to
play et 211, we play with "blue chips.”

In the reactor fleld what would the nuclear-povered air
equivalent of the "Merrimac" be worth in & future contest ageinat
a fleet of chemically-fusled airplsnea? What would a nuclear-
powered naval vessel be worth in a future engagemont if it were--
a3 the "Merrimac" and "Monitor" were--one whole generation shead
of the conventlonal fleeta of the day? What would be the valus
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- 318 -

on 1f, as has been suggested, atomlc enermy could
"";13\-‘51501‘“‘3 asa vater to make the deserts bloom? These

o ;c-eally fundamental questions, and I am plad that it 1is

the 7 esponsibllity and not mine to make decisions on them.
d mlgraszoug\rsr, my responsibility to see that we pet value
I:“f;ad out of each dollar which 1s appropristed for the
:aactnr program, &nd this will require more than anything else
that effort be kept commensurete with both pricrity esnd promisze,

I would like, therafore, in view of its special interest
to this group, to return to the aircraft propulsion reactor to
conalder 1t more in deteil. To this group, fully aware of the
serious limitetiona of chemical fuels, I feel sure that the
desirability of an ldeal nuclear pover plant for airecraft is
obvious. I can, however, guote a Congressional report on the
subject. In the Brewster report we find the following statement:

"In the event of war or in any international
situation likely to lead to war, nuclear enersy
for the propulsion of sircraft would be comparable
in significance to the atomic bomb itself. Pres-
ently known limitatlons inherent in all chemical
fuels make difficult the delivery by alr of atomic
bomba apainst a distant enemy. Therefore, if the
United Btates had nuclear energy propulsion in
addition to atomic bombs, 1t would be the dominant
fector in meintaining world peace. Until thecoas
ends are attained, the United States must depend
on nl.lf.tm? weapons and techniquea currently
avellable."

With the desirabllity of an ideal solution to this problem
there is general agreement. There 1s asgreement too in regard to
the contention that developing any kind of an sirecraft reactor
will be extremely difficult. The NEPA Project, carried out by
the Fairchild Company, under en Air Force Contract, has been
engaged in & vigorous attack on this problem since 1945, The
Horth American Aviation Company and the Rand Project have also
made important contributions. These studies all meem to
indicate that, grantineg the difficulties of the reactor problem
itselfl, the pover conversion problem represents a challenge of
almost equal magnituda

As seems to be characteristic of this field of activity,
anything vhich is obviously desirable end important seems to be
almost incredibly difficult. To help resclve the impasse, the
Commission last year made a contract with the Massachusetts
Institute of Technology to make a study of the problem and to
come up with recommendationa. The result of this study was the
Lexington Report, the detalls of which are 2t present quite
properly highly classified.

(mere)
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avallable, what the maintenance problems ere, what the cost will
be in diversion of flssicnable material, not only for the air-
craft resctors installed, but also for the inventory required
by the complex reprocessing procedures required for nuclear
fuels. Unfortunately, the answers to these questiona depend

on the priority which is attached to the development program.
How soon nuclesr-powered aircraft can be available depends on
how much effort we put into the propram. Similarly, how moon we
can pive information es to probable performance and costs will
depend on how rapldly the work progresses. The dilemms is very
real and very serious. It was bo eld in solving just such
problems thet the Weapons Systems Evaluation Group, under General
Hull, vas set up in the Natlonal Militery Establishment.

. The best summary of the situation which I can give 1a that
the pessimists, who in general are those best informed, have
thought through the lomediate reactor and power-transfer problems
and aere stagpered by the malntenance and operations problems
which would be involved if the actual alrcraft propulsion devices
for combat use were to be based on ocur present knowledee and
practices. The optimists on the other hand either are not yet
avere of the very real immediate difficulties, or they are
betting heavily on new ideas and new developments arising during
the course of the work which avold some of the currently fore-
seeable troubles. In this connection, I seem to recall, however,
that not many years ago all the technical facts, and all the
arguments of the experts, indicated an upper limit of 100,000
pounda as an absolute ceiling for the size of heavier-than-air-
craft. This 1s an area in which it will no doubt be wise for us
to be open-minded but skeptical. The best we can hope for in
& program such as this 1s one in which the best avallable advice
1z soupht and used.

In my introduction I raised the question &3 to whether our
objective was worth while and whether we had & sound appreach,
Let me now try to summarize the situation ss 1t looks at the
present time.

We want to malntain technical leadership in the atomic
energy field. This is our objective and our asslenment by Act
of Congress. As part of this effort we want a vigorous reactor
program. This program must earn its keep for either peace or
war gurpogea. The inltilal part of this program is the zame
whether the ultimate use of the reactors developed 1a civilian
or mllitary. We have a generously supported applied research
progrem in the larpe national laboratorles, to give us basic
information for new developments and for providing a trained
cadre of specialists in the atomic energy field. We have
engineering task forces attacking some of the most promising

{more)
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The immediate course of action indicated in the
Lexington Report is essentially that the aircraft propulsion
project should be continued in an intenaive study phase,
both theoretical and experimental, for the next two or three
yeers, by which time 1t might be hoped that datas might become
aveileble to permit a reevaluation and a more decisive con-
clusion. It 1s recognized that this atudy phaze should be
made national in scope to include the NACA and AEC ss well
as the National Military Establishment.

These are eminently sound guideposts and they are
being followed. An Ad Hoc Committee, consisting of representa-
tives of the Alr Force, Bureau of Aeronautics, NACA, and REC,.
has been meeting since last January to coordinate the work of
the various government agencies involved and to insure an
industry wide approach to the technical problema. In such a
Jolnt attack on a problem clearly there will be some duplica-
tlon whieh must be eliminated snd some shifts of emphesis
which somehow must be consummated. Committee procedures
srind slowly but this work is well under way. Many of the
companles represented here tonlght have recently centributed
technical talent to the National effort now being organized.

In the mesntime, in accordance with the Lexington
Froject recommendaticns the NME has been maked to evaluate
he military worth of the proposed weapon if end when 1t 1s
produced. This iz a really tough assignment. It iz indeed
controversial, but not in the sense of an inter-service feud.
This i3 definitely not an Air Force vs. Nevy issue. EBoth
the Alr Forece and the Bureau of Aeronautics want nuclear-
povered airplanes if at 21l possible, and so leng as the
Atomic Energy Act is in exlatence neither can hope to build
2 nrivate empire in this field even if it soc desired. The
issue, and the controversy is really a fundamental one.
It rests on the typlcal, perplexing, circulsr, hen and the
egg, nature of all the decisliens invelving new weapons which the
military are continuously esked to make. How valuable nuclear-
povered alreraft might be depends heavily upen when 1t will be

[ more )
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possibilities available to us at the present time. Most ursent
are the two premium fuel uses of interest to the military, namely,
power for ships and power for aircraft. The first of these while
difficult, can concelvably be attained by direct frontal attack.
The second is being attacked indirectly with the Materials
Testing Reactor, representing an important, exploratory advance
as well as providing an almost essential reseapch tool. The

MIR will be to reactor development what wind tunnels are to
eircraft developments.

Another strong tesk force is enpaped in a difficult but
promising assipgnment on a reactor which can either be considered
2s plving power with flssionable material as a by-product or
flsalonable material with power as a by-product. In either
case success would represent & major step in advance toward
economical power for elther military or clvilian use.

The fourth task force is engapged in a frontal attack on
the problems presented by the chronically short supply of
flaslonable materisl. Tdeal success would increase by a factor
of 139 the potentisl stockplle of fissionable material and
might bring atomlc energy for civilian use within sight. Even
very partial success might go far toward helping us increanse
the efficiency of present production processes.

Success in all of these task force efforts is probably
t00 much to hope for, but the posaible return in each appears
high encush so that success in one will pay for the rest. The
risks are great but the stakes seem preater.

Detalls of the program are controversisl and on these 1t
is undoubtedly discreet for me to mailntain = studled silence.
I might be permitted, however, to end with a gquotatlion from
cne of the wisest of sclentists, Benjamin Franklin, vhich
dates from the year 1780:

"The rapid progress true asclence now makes,
occaslons my regretting sometimes that I was
bern so scon. It 1s impossible to imagine

the hetght to which may be carried, in a
thousand years, the power of man over matter...
Oh that moral sclence were in as fair a vay

of improvement."




APPENDIX

COMPREHENSIVE TECHNICAL REPORT
GENERAL ELECTRIC DIRECT-AIR-CYCLE

AIRCRAFT NUCLEAR PROPULSION PROGRAM

BY
GUNNAR THORNTON JUNE 28, 1962

INTRODUCTION AND PROGRAM BACKGROUND

1.1 INTRODUCTION

The General Electric Aireraft Nuclear Propulsion Program started in 1851 following
feasibility studies performed primarily by the NEPA Project of the Fairchild Engine and
Alrplane Company. The work was performed under simultanecus contracts with the United
States Air Force and the United States Atomic Energy Commission.

Air Force Contract

Alr Foree cunlraet No. AF33({038)-21102 required that the General Electric Company
should p "a de and the fa and ground testing of a
nuclear power plant suitable for testing at the earliest feasible date.” In this connection,
it was expected that there would be “a series of nuclear power plants” each of which was
to “employ turbojet engines in with the sel d miclear reactor.” It
was also stated that "successive power plants in the series shall have improving performance
to the end that the final one fabricated under this contract shall be suitable for testing ina
military prototype nuclear aircraft.”

In addition, the General Electric Company was to "carry out secondary work including
theoretical, analytical, design and 1 stedies on al types ol p
systems and companents in order to determine their relative merits for future development.”

AEC Contract
The Atomic Energy Contract No. AT(11-1)-171 stated that "It is the objective of the Com-

mission to develop, within the shortest practicable ime, a nuclear reactor which, in con-
junction with propulsion equipment, will fulfill the Air Force's requirements {or the pro-

pulsion of "It was that "' of this will require the erec-
tion and ol several p v nuclear reactors.”

More explicitly, Geperal Electric would undertake “such research and development work
on as may be ¥ or to itable design and specifications”

and would also undertake “fabrication, assembly and testing of reactors and their com-
ponent parts.”
Furthermore, "ucmﬂm Wk" was to be performed on “alternate types of nuclear re-

actors"” I, design, and 1 studies to determine
the merits of the uum types lm- future development.”
The program pr ded in with these until its termé

tion in March of 1961.
Scope of the General Electric Program
As required by the AEC contract, a series of preliminary reactors were developed and

tested. The {irst operation of an aircralt engine on muclear power was achieved on Jamuary 31,

1958, using an experimental direct-air-ecycle reactor and a modified General Electric 147
turbojet engine. This was followed by a series of additional reactor operations using im-

1
committee repar1s, and m the reporis ol the The presi-
dential budget message which prompeed termination of the program 18 given in the Congres-
sional Record | 5} Further i g the program and

dispesition of its activities are given in the annuul repart o! the Atomic Energy Commission
for the year 1961 (reference 6}

The detailed progression of the General Electric program ls provided in the Quarterly
Progress Reports (reference 7} and in the Annual Program Reports (reference 8).

12 PROGRAM BACKGROUND PRIOR TO 1951

The Atreraft Nuclear Propulsion Program resulted from actions during and shortly after
World War I by individuale who were interested in applylng the developments of the Man-
hattan District Program to aircraft propalsion. In 1948, the Air Force established the
Fairchild NEPA (Nuelear Energy for the Propulsion of Alreraft) Project to study the feasi-
bility of nuclear powered flight. In 1848, the Atomic Energy Commission contracted with
the Institute of {or a group of prominent scientists, assembled
as the “Lexington Project,” to review the work being conducted in the field of aireraft mi-
clear propulsion. The Lexington Project dan Program
and prodicted that miclear flight could be achieved in 3 subsonic system in “approximately
15 years at @ cost well in excess of one billion dollars” (reference 8). Subsequently, in
1849, the Atomie Energy Commission entered the program os an active basis in 2 joint
eflort with the Air Force, the Navy, and the National Advisory Committee for Aeronautics,
The feasibility swdies continved at NEPA and at the Oak Ridge Nationa] Laborastories. The
NEPA Project continued under joint auspices until May 1951 when the study was closed out
on the basis that general feasibility had been established, The NEPA Final Status Report
(reference 1) describes the early program background and the results of the studies that
were performed.

1.2.1 MOTIVATION FOR NUCLEAR FLIGHT

The following Statements, extracted from the NEFA repart, define the motivation for
establishing a program for the development of nuelear flight,

““The present alr strategy of this country is defined by the speed, altimde, and range at
which its aircraflt can {ly. As long as it 15 necessary to use conventional chemical fuels
such as gasoline or kerosene, alreraft will be subject to lim itations as to their character-
istics of range, speed, and altitude. With chemical fuels, the factors of speed and range
are meompatible. . .

"1t 15 in the combination of high speed with long range that nuclear power promises to
achieve resulls unobtainable by any other means. .. the cnly practical limitations on the
range of a nuclear-powered aircralt would be the endurance of the crew against both radia-
tion and ordisary {atigue, and the {reedom of the power plant and aircraft from mechanical
breakdown or batile damage.

. For example, 2 nuclear-powered aircraft coald:

- Met anly fly 1o any point on the globe, but do 50 at very high speed, and by any route
whatever, oo matter how circultous, and could return 2t high speed by an entiraly dif-
ferent route. This is impossible for conventional aircrafl,

= Fly a1 very low aititudes where radar detection is difficult and at high speads for es-
sentially unlimited distances, a performance impossible for chemically fueled aireraft
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proved reactor designs and materials, + high per mr
(X211) was ender development which could be used for @ variery of nuclear propulsion s)'s—
tem applications at both subsonic and supersonic speeds

A series of power plants was designed the turb and the
improved reactor materials and components. Several power plants suitable for test and
operation in military aircrafi were designed o meet specific milltary objectives. Each of
the objectives was withdrawn, in accordance with the constantly evolving requirements of
the national defense establishment, prior to {inal fabrication and oparation of a prototype
unit,

The prwer plant under at program ter the XNI140E nuclear marbo-
Jet [Figure 1.1) was designed in accordance with Department of Defense guidance for a nu-
clear propulsion system capable of propelling a Convair NX2 (Figure 1. 2) or equivalent
aireraft at high subsonic speeds for 1000 hours before refueling, This was equivalent to z
1otal range of approximately 500, 000 miles, exceeding the total range of equivalent fully
loaded chemical aircralt by a facter of approximately 100. An alreraft with this capability
was believed to be best sulted for an atrborne alert and eounterstrike mission tn which it
would remain airborne for periods of five days at a time, carrying ballistle missiles with
nuclear warheads for air launch {rom outside the target area.

Growth versions of the XNJ140 power plant were in preliminary design for use in recon-
ke or similar at speeds of Mach 2.5 or greater. Advanced
design and development of nuclear turbojets, ramjets, and rockets to meet other potential
milimry objectives had been completed or were in process for both subsonic and supersonic
applications.

Program Termination

The Alreraft Huclear P PrOEram was fol! the President's annual
budget message to Congress on March 28, 1061, recommending omission of funds for pro-
gram continuation. The program terminaticn was based primarily on the fact that there was
not considersd to be 4 specific military requirement for 2 manned alreraft with the char-
acteristics of the subsonic, long endurance system that was under development The work
on alternative subscnle missiens and op growth versions for supersonic operation was
simultanecusly discontinued. The work oo the unmanned nuclear ramjet and ruclear rocket
propulsion continged in the national laboratories.

This summary volume of the Comprehensive Technical Report describes the program
background, gives & briel physical description of the major power plant designs and test
assemblies, and traces the in basic 1o iLs firal status,
It alse serves as a guide to the more dehi.hed techrical volumes of the Repart (APEX-802
to 821 on the inside {roat cover), and to documents containing original source material.

Program background prics to anitiation of the General Electric program is provided in
the final report of the NEPA project (reference 1),

Matters of national policy concerning the program are discussed in transcripts of the
1958 Hearing of the Joint Congressicnal Commitiee on Atomic Enargy and the report ef the

committee (references 2 and 3} The Congr also VArious pro-
gram which were per; by
“The related ol other and g ing in the

albreraft nuclear propulsion program are dmrtm in reference 4 in Ihe Congnuuounl
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- Fly completely arcund the earth at a speed equal to the easterly speed on the sarth's
surface at latitodes of military imerest, thus conducting its mission entirely in dark-
ness and hence with much reduced danger of enemy inerlerence.

- Perlorm long-range reconnaissance missions or patrol for enemny submariogs or air-
eraft lor several days without stopping.

- Serve as an airborne communications center, particularly useful in polar areas, or
as & moblle extension of the radar sereen, or 25 8 mobile airborne command pest for
large-scale miliary operations,”

1.2 2 CONCLUSIONS OF NEPA PROJECT

It was the conclusion of the NEPA Project that nuclear powered flight was leasible. The
following mare specilic conclusions (reference 1) of the NEPA Project provided the basis
for the original orientation of the GE-ANP program.

- "A nuglear powsr plant can be developed which will be capable of propelling an inhabited
bombardment aircraft at Mach 1,5 a1 45, 000 fest. The atreraft would be atout the size
of the largest present-day bombers, Its range to all intonts and purposes would be un-
Umited.”

- “Nuclear power plants to propel aireraft at subsonic speed and altitudes up to 35, 000
feet can be bullt significantly sooner than those for Mach 1.5 and 45, 000 feet.. . It may
therelore be desirable to select as the first tactically useful power plant for develop-
ment car designed {or subsonic speed and altitude 35,000 feet or less...”

- “The most suitable type of propulsion machinery is the turbojet. Ducted fans and pro-
pellers are less desirable, but possibly of limited valoe. .. Nuclear ramjets and mclear
rockets may possibly become of interest in the distant future "

= "The alr-cooled hydrogenous-moderated reactor is particularly attractive because of
s relative simplicity and low vulnerabillty, but suffers from major uncertainties re-
garding the retention of fisgion products within the fuel elements and leakage of neutrons
through the air ducts in the shield. .. The major uncertainties of the liguid-metal cycles
are those of reliability and the degree to which the effects of a system leak can be con-
trolled, .. Choice of any cycle for or even major at this time
would be arbitrary.”

- "Further progress in the development of a muclear power plant for an atreraft will re-

quire that the program contain & rwldl'_l' of the baild-
ing, and testing of full-scale p and Basic

tion of the . aui nl data,
must also continue. New and T~

quired for Phase I" performance, should be mmd forward,

- “An accurate evaluation of the true worth of mclear-powered flight will not be possible
until & considerable amount of ground operation and {light experience is gained with this
new propulsive system. In spite of the difficult nature of the development wocnm and
in spite of the inherent hazards of the of nuclear-p
fight are so great that its contineed development, at least to the point where adequate
ground and flight experience can be gained in one or more experimental articles, is
mandatory in the interest of national defense.”

“Debnedinthe NP4 repart o0 “Taetical mircralt with the lallswing Sesign pomis ..o 60,000 leet at Wack 0,5 sea
Bewel ot Viach 0.9 35.000 te 45000 feat of Vach |5 and 35,000 foat st Viarh 2.
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1.3 HISTORICAL SUMMARY OF THE GENERAL ELECTRIC PROGRAM

“The Air Force and Atomic Energy Commission agreed, in early 1951, that feasibility
had been sufficiently well established to warrant initiation of active research and develop-
ment leading to militarily useful aireraft nuclear propulsion systems. General Eleciric
was selected as the propulsion system contractor on the basis of its experience in the de-
velopment of both puclear reactors and aircraft mrbomachinery. The Air Force contract
with the Atrcralt Gas Turbice Division of the General Electric Company, to undertake
active development of @ muclear rbojet engine, became effective on March 21, 1851. The
Atomic Energy Commission contrael for reactor development became effective on June 29,
1851,

The Genpral Electric Program encompassed:
1. An applied research program in materials, engineering physies, and component de-
of

velopment to provide a basic to a4 broad
useful alreraft nuelear propulsion rpunms
2, The design and test of expérimental nuclear reaciors alrcraft ¥
3. The design and test of advanced turbomachinery
4. The design and of p F systems w meet specific military
ohjectives
5. The design and de 7 of prop systems to meet antielpated mili-

tary requirements
1.3.1 EARLY FLIGHT PROGRAM

The {irst several months of the General Eleetric program were devoted to the selection
of a system for tnitial development, This phase of the program was completed on August 28,
1951 with a recommandation to the Alr Force and Atomic Energy Commission to proceed
with the denbnpmnt of a direct-alr-cycle system using an air-cooled reactor with metallic
fuel and a oge! liquid as the and coolant This recom-
mendation was made on the basis that it represented the best way to obtain early mclear
flight experience. It was anticipated that higher performance materials would be required
for ultimate application to operational military alreraft

An Alr Foree objective was established for nuclear ground and flight operation in & modi-
{ied Convair aircraft ai the earliest feasible date in arder to evaluale the operational practi-
cabllity of nuclear systems prior to commitment 1o & prototype military nuclear aircraft.
Approval was granted to proceed with the development of & power plant, designated the
P-1, to meet the early flight cbjective. The initial ground test was schedaled for 1954 and
tlight test for 1657, The early flight objective was withdrawn in March 1953 oo the basis
that early {light demonstration with a system pot {itting a specific military requirement
was no longer considered warranted.

1.3.2 APPLIED H AND DEVELOPMENT

After discontinuation of work on the P-1 power plant, the program was ndmnud toan

applied research and Pprogram to 3 broad
useful military propulsion systems. The applied ressarch activity eonumd until program
termination, develeping the basic matermls and ecginesring analysis methods used in a
series of subsequent reactor operations and power plant designs. The materials program
encompassed the develepment of metallic and ceramic luel elements, hydrided metallic

- moderators, and shield, costrols, and structural materials for use in both subsonic and
supersonic aircrall. This was sopp by in-plis tast ing
analysis technigues were developed in reactor and shield nucloar physics, sarothermody-
mamics, controls, mechanics, and nuclear safety. These activities were supparted by a
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1.3.5 PROTOTYFE PROPULSION SYSTEMS

Prototype propulsion system designs all used X211 murbomachiners with reactors that
had been tested or wore placned for development in the reactor program. The power-plant
configurations, p!r[ormmu requirements, and materials selection were based cn specific
military ar d fumre Two power plants, the
HAMA-1 and the XKI140E, were designed to meet specific military objull.vu
XMA-1 Power Plant

A specifie military objective requiring 2 nuclear propulsion sysiem was tssued by the
Air Force on March 22, 1855, as Sysum; Operatioral Requirement No. 81, This required
a “pllpted nuclear powered weapon system”’ capable
of extended eruise without in-flight reh enemy del at high
and supersonic speeds, and low-level :nack u mhamle speeds, The design and develop-
ment of & power plant designated the XMA-1 was undertaken to meet these requirements,
assuming a nuclear cruise and chemically augmented sprint. The XMA-1 combized two sets
of X211 mrbomachinery with 2 single reactor. Initial ground test was scheduled for 1959
and the first flight test for 1060, A decision was made, late in 1956, to de-emphasize air-
craft bt to contimse oping the L system at & reduced level with-
out reference o 3 specific military objective,

A new objective was provided by the Air Force on October 28, 1958, as Systems Opera-
tion Ne. 172 for “a G atrborne missile launcher and low level weapons
system” (CAMAL). The CAMAL mission retained the extended cruise and low-level pene-
tration of SOR 1 but substitsted the use of long-range, air-to-ground ballistic missiles
for the high altitide supersonic portion of the flight regime. The XMA-1 development was
redirected toward the CAMAL objective, First flight in 1863 was assumed as a targel date
using an early model of the power plant, the XMA-1A with a reactor of the type tested in
HTRE-3, An improved model, the XMA-1C, using an advanced metallic or ceramic re-
aclor was placed in p y design, The Comvair Model 54 aircraft was con-
sidered to be the flight vehicle.

XNJI40E Power Plant

In 1858, the early flight objective for the CAMAL aircraft was eliminated. ln place of a
specific weapons system objecti general guid Was pi to direct the applied re-
search and development program loward a propulsion system capable of propelling an air-
craft at a speed of Mach 0.8 to 0.9 at an altitude of approximately 35, 000 feet. The reactor
was to be capable of 1000 cperating hours at the specified performance level and was to
have development potential for even higher performance, In view of the revised objective,
work on the XMA-1A reactor was discontinued.

After an evaluation of the relative development status of high temperature motallic and
ceramic materials that had boen under development for the XMA-1C reactor, a BeO ceramic
reastor was selected to meet the Department of Delense puidance. Simultanecusly, il was
dotermined that & single-rather than dusl-engine configuration was better sutted o meet
the growth potential requirement,

“The development of such a power plant, designated tha XNJ140E, was proposed in March
1860 and was as @ P The XNIT140E used the
basic of the X211 ¥ and the reactor and shisld materials that
had been under development for the XMA-1C. A target date for ground test of a prototype
unil, the XNJI40E-1, was set for December 1862, The ground test was referred to as the
“Advanced Core Test,” tur y having been pi ¥ tested under chemical
power.
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SUrong experunantal program n:ludmg the performance of Teactor critical expcru'n!nls
shielding experiments, esLs, and hi testng in
environments and in nuclear test reactors. The applied research activity (e discussed in
section T of this volume.

1.3.3 HEAT TRANSFER REACTOR EXPERIMENTS

A serles of experimental reactors were bullt and operated using matertals and methods
developed in the applied research activity.

Heat Tranafer Reactor Experiment No. 1

The first reactor operated in the General Electric program was in Heat Transfer Reactor
Experiment No. 1. This was a direct-air-cycle reactor using nickel-chromium, uranmum-
oxide-dispersion fuel elements, with water serving the combined function of moderator and
structural coolant. The HTRE-1 reactor first operated a modifted General Electric J47
murbojet engine exclusively an cuclear power in January 1958, Operation of the HTRE-1
continued throughout the Calendar Year 1956, accumulating 2 total of 150.8 hours of opera-
tion at high nuclear power levels, exceeding the design requirement of 100 hours.

Heat Transfer Reacter Experiment No. 2

The HTRE-1 reactor was a ion of HTRE-1, g g centar hale,
11 inches asross flats with an active length of 30 inches, for use in Ieuung insert sections
for advanced reactors. HTRE-I operation started in July 1857 and continued during
the remainder of the program, accumulating 1200 hours of high power muclear operation.
Ingert est sectlons consisted of metallic fuel with ai led hydrided
zirconm moderitors and beryllivm oxide fuel eloments for use in ceramie reactors. la-
seris were operated at materials temperatures up to Z800°F for extended periods and for
short periods at higher temperatures.

Heat Transfer Reactor Experiment No. 3

The HTRE-3 reactor was built o a full-scale aircralt reactor coafiguration using Ni-Cr
fuel elementis of the HTRE-1 type and an air-cooled hydrided zirconium moderatar, Two
modified 147 tarbojets were operated by the reactor with full nuclear power being achieved
in 1959, The system operated for a total of 126 hours; the design cbjective was 100 hours
operation.

Heat Transfer Reactor Experiment No. 4

A ceramic reactor using beryllium oxide fuel wbes was designed and received extecsive

for a fourth Heat Transfar Reactor Experiment in the
HTRE-1 or HTRE-3 test assemblies. Consideration of HTRE-4 was dropped in faver of
proceeding directly o a system the ceramic reactor

design feawires and components which nld. been developed.
1.3.4 TURBOMACHINERY DEVELOPMENT

A prop system is ized primarily by the propulsion machinery; the heat
source, chemical or nuclear, plays a secondary role. By 1955, sufficient progress had
been made to define the characteristics of  basic wrbojet propulsion unit into which nu-
clear reactor heat sources of ¥ higher could b in-

with o the Devel it of this unit,
the X211 wrbojet engine, began in 1955. The X211 was asms]a-mor variable-stator,
high-pressure-ratio engine with an airflow of approximately 400 pounds per second at sea
level statie; it had growth potential to wurbine inlet emperatares above 2000°F for super-
sonic operation.

<]

On November 9, 1680, the Air Force issued Advanced Development Objective No. 20
defining the objectives of the Air Force Nuclear Aircralt Development program. The im-
mediate objective was 1o achieve nuclear flight in 2 military prototype aircraft at subsonic
performance levels matching the Depariment of Defense guldance. Supersonic nuclear
{light was the citimate objective.

The Inltial system would be used to evaluate the practicality of subsonic ruclear mis-
s10ns of long endurance, such as air alert, missile launching, low-level penetration,
logisiies, reconnalssance, alr early warning, antisubmarine warfare, and alrborne com-
mand pasts, The subsonic system would also serve 1o develop a basic equipment and
operational technology leading wward supersonic nuclear alrcraft capabillty.

In accordance with the ADO No. 20 objective a target date was established to furnish
XNJI40E power plants for initial flight operation in the Convair NX2 aireraft in 1965 ai-
ter completion of ground testing of the XNJI40E-1.

1.3.6 ADVANCED PROPULSION SYSTEMS

I addition to the design of power plants 1o meet specific military objectives, propulsion
systems were being designed to meet anticipated future military requirements. Primary
emphasis was placed on a power plant eapable of propelling a B-70 type aireraft at a speed
of Mach 2.5 and an altitude of 45,000 feet. The basic XNJ140 power plant configuration was
used in these studies, with advanced versions of the X211 roomachinery designed to
higher temperature npalu:lmr Smaller reactors of higher temperature capability were
ander design studies were being
made on power pl.l.nr.s n! even higher p and on propulsion systems for
subsonie, load-carrying aircraft, :Iosld -gas-cycle symms nuclear ramjets, and nuclear
rockets,

1.3.7 STATUS AT PROGRAM TERMINATION

The XNJI40E program was on scheﬁule when the Aircraft Nuclear Propulsion Program
was The basic propa’ y had been cperated for a total of 758
bours with 3 chemical heal source, wsing several engine bulldups, Stroctural modifica-
tlons were in process to adapt the ¥ to the final of the XNJI40E
reactor-shield assembly. Design of the reactor-shield assembly and subassembly had been

drawings of parts and were or
in process, of eritieal had been proof d. Beryllium cxide fual
tube assemblies lor use in the reacior had been tested for a total of 10, €83 hours in the
MTR, ORR, and as inserts in an experimental sircralt reactor at temperatures approxi-
mating or exceeding design requirements, Reactor critical experiments had been performed
o vertly fuel element loading i had baen o proceed
with marulacture and assembly of the reactor inln the propulsion machinery. Ground test
operation was scheduled for late 1962, Nuciear [light test! was predicted in 2 test bed air-
eralt for 1963, and nuclear flight operation of the NX2 prototype military alreraft in 1965,




APPENDIX

Total ANP Program Costs
(in $ millions)

AGENCY 1946-1951 1952-1961 TOTAL

Atomic Energy

Commission
Direct Cycle Propulsion 0 299.2 299.2
Indirect Cycle Propulsion 7 173.0 180.0
Prelim. Studies & Support 04 28.0 284
Total 507.6
USAF
Direct Cycle Propulsion 04 261.6 262.0
Indirect Cycle Propulsion 0 98.5 98.5
Airframe & components 0.2 117.2 1174
Feasibility Studies & Support 19.5 21.3 40.8
Total 518.7
US Navy
Direct Cycle Propulsion 0 1.5 1.5
Indirect cycle Propulsion 0 19 19
Airframe & Components 0 > 5.7
Feasibility Studies & Support 1.5 34 4.9
Total 14.0

Total Cost of ANP Program 28.9 10114 1,040.4
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Total ANP Program Costs by Prime Contractor

CONTRACTOR

General Electric Co.
All other direct cycle Firms

Pratt & Whitney Div.
access roads constructed

Corps of Engineers
(CANEL Facilities)

Union Carbide (at Oak Ridge)

Convair Div.
Lockheed Aircraft Co.

All other airframe contractors
(Feasibility Studies)
Fairchild Corp.

Union Carbide (at Oak Ridge)
Other contractors

TOTAL PROGRAM

APPENDIX

(in $ millions)

OPERATING

462.9
51

138.2

67.7

63.9
19.2

19.1

21.0
23.5
19.0

839.7
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[, 2

FACILITIES

64.5
30.3

26.3

41.5
0.6

6.4
14.5

14
14.7

200.7

TOTAL COSTS
5274
54

164.5

41.5
68.3

70.3
333

19.1

21.0
249
33.7

1,040.4
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87ta CoNGREss HOUSE OF REPRESENTATIVES { DocUMENT
1st Session No. 123

RECOMMENDATIONS RELATING TO OUR DEFENSE

BUDGET

MESSAGE

FROM

THE PRESIDENT OF THE UNITED STATES

RELATIVE TO

RECOMMENDATIONS RELATING TO OUR DEFENSE BUDGET

MarcH 28, 1961.—Referred to the Committee on Appropriations and ordered to
be printed

To the Congress of the United States:

In my role as Commander in Chief of the American Armed Forces,
and with my concern over the security of this Nation now and in the
future, no single question of policy has concerned me more since
entering upon these responsibilities than the adequacy of our present
and planned military forces to accomplish our major national security
objectives.

In January, while ordering certain immediately needed changes, I
instructed the Secretary of Defense to reappraise our entire defense
strategy, capacity, commitments and needs in the light of present and
future dangers. The Secretary of State and others have been con-
sulted in this reappraisal, and I have myself carefully reviewed their
reports and advice.

Such a review is obviously a tremendous task and it still continues.
But circumstances do not permit a postponement of all further action
during the many additional months that a full reappraisal will require.
Consequently we are now able to present the most urgent and obvious
~recommendations for inclusion in the fiscal 1962 budget.

5. Nearly 15 years and about $1 billion have been devoted to the
attempted development of a nuclear-powered aireraft; but the possi-
bility of achieving a militarily useful aircraft in the foreseeable future
is still very remote. The January budget already recommended a
severe curtailment of this project, cutting the level of effort in half by
limiting the scope to only one of the two different engines under
development, although not indicating which one. We believe the
time has come to reach a clean-cut decision in this matter. Trans-
ferring the entire subject matter to the Atomic Energy Commission
budget where it belongs, as a nondefense research item, we propose to
terminate development effort on both approaches on the nuclear
powerplant, comprising reactor and engine, and on the airframe; but
to carry forward scientific research and development in the fields of
high temperature materials and high performance reactors, which is
related to AEC’s broad objectives in atomic reactor, development
including some work at the present plants, making use of their scien-
tific teams. This will save an additional $35 nullion in the Defense
budget for fiscal 1962 below the figure previously reduced in January,
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CHRONOLOGICAL HISTORY
OF
NEPA
Nuclear Energy for Propuision of Alrcraft
and

GE-ANP
General Electric Alrcraft Nuclear Propulsion Program

1946 - 1961

BIVING
WINGS
T0
THE
ATOM

CHRONOLOGICAL HISTORY OF NEPA AND GE-ANP

1941 - An early champion of nuclear flight was Col. Donald Keim, an Air Force
powaer plant specialist at Wright Field in Dayton, Ohio. Keirn went to England lo
consull with Sir Frank Whitlle, Britain's jet engine pioneer, and returned with
details of Whittle's engine. He then acted as liaison between the Air Force and
General Electric in producing the first U.S. jel engine. In the course of
developing the first jel engine, Keim got to know D.R. Shoufts, then an
engineering execulive al General Electic Co. who became responsible for
coordinating the GE efforts with aircralt manufacturers. Keim and Shoults spent
time together discussing linking the jet engine with nuciear power for the
propulsion of aircraft. Shoults left GE after the War for a diflerent industrial
employer, but in the nexi decade came back to GE to be Manager of the GE

. Aircraft Nuclear Propulsion Program. Keirn continued lo pursue support from
other sources.

July 1845 - Shortly before the first nuclear explosion at Alamogordo, New
Mexica, Col. Keirn, Chiel of Power Plant Lab at Wright-Patterson Air Force Base
requested information as to possible application of atomic energy to aircraft from
Dr. Vannevar Bush of the Manhattan District. Bush advised Keirn to defer such
application because efforts were directed to urgent development of an explosive.

Aug. 1945 - Smyth Report gave public some knowledge of atomic bomb and the
potential of atomic energy. Gordon Simmons Jr., a young engineer involved in
construction of K-25 plant at Oak Ridge, addressed letler to Sherman Falrchild
slating that he would like to be connected with a company interested in applying
nuciear energy to propulsion of aircraft, His thoughts had been stimulated by
J.Cariton Ward Jr,, President of Fairchild Engine & Alrplane Corp., who had
expressed the sirategic advantages to be gained by harnessing nuclear energy to
power large alrcraft.

Oct. 1945 - Conference held in Fairchild's New Yark office at which Falrchild
dacided 1o make preseniations to the milltary services for sponsorship of such a
project. After numerous conferences and consuilations, the Army Air Force
decided to sponsor a single unified project with NACA participating.

Jan. 1946 - Meeting held at Pentagon of all interested agencies and aircraft
engine companies; after concurrence, the Air Force asked the industry members
to select one of their companies as the single manager of the group effort and the
prime contracior 1o the Air Force. Fairchild Engine & Airplane Corp. was
selecled as the leader. .

May 28, 1946 - NEPA Project began officially with signing of AAF letter of intenl
by General Spaatz and Maj. Gen. Leslie Groves. Asscciated with Fairchild were
Allison, United Aircraft, Wright Aercnaulical, General Electric, Wastinghouse,
Continental Aviation, Lycoming, Norhrop, Flader and Menasco Mig. Co.
Member companias were to have a voice in lechnical phasas of the NEPA
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{easibility investigation and research leading lo the adapiation el nuclear energy
as a means of propulsion of aircralt for tactical utility. ‘Lener-conlracl authorized
expendilure of $200,000; subsequent 18 amendments increased funding to $5.25
million.

July 15, 1946 - NEPA Projec! oflices moved inlo suile of rooms in Raleigh Hotel
on West 72nd St. New York Cily.

Aug. 30, 1946 - NEPA Report No. 2 recommended conslruction and testéng a
complete nuclear power planl and the continuing development of a high
temperature reactor.

Sept. 4, 1946 - NEPA personnel moved to Oak Ridge, Tenn. occupying space in
AEC Administrative Building.

Sept. 24, 1946 - NEPA offices maved to S-50¢ Area near K-26 Power Plant.
(Previously used for pilot oparation of a uranium-enrichment technology known
as S-50 Thermal Diffusion, which used high pressure steam lo separate the
isotopes of uranium for use in atomic bombs). This move gained _proximi:y to
ORML experimental faciliies and access to Manhattan District classified reports.
NEPA secured the parl lime services of a team of consultants including eminent
nuclear specialists.

Nov. 1946 - Hiring began, but' moved slowly because Oak Ridge housing qgola
for NEPA was limited. {Oak Ridge was still a ciosed city.) The constani crises
concerning the continuation and future of NEPA and resulting hiring maratorium
crealed job insecurily in minds of many technical candidates.

Feb. 1947 - NEPA came under AEC Subcommittee of the Joint Research &
Development Branch.

Mar. 1947 - importani milestone passed: NEPA stalf recommended major e!_lon
concentrate on direct air-cooled ceramic reactor used with a turbo-jet engine.
Member companies and government agencies concurred.

Ocl. 1947 - NEPA Staff undertook a design study ol a supersonic turbojel
missile; this study continuad to Summer 1848.

Dec. 1947 - R & D Board of Defense Dept. recommended thal NEPA Program
proceed on priority basis as a coordinated project with AEC. NEPA personnel
lolaled 264 of which 107 were technically trained. Due to lack of laboralory
facilities, materials work was confined to lileralure surveys, particuiarly high
temperature alloys and ceramics.

Jan. 1948 - Finletter Report recommended intensifying research elforts on
nuclear plane.

Mar. 1948 - Congressional Avialion Board urged NEPA be given highesl priority
in atomic energy research.
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June 1948 - Lexington Project created by contract belween AEC and MIT with
Waller Whitman as direclor.

Sept. 1948 - Lexington Repori predicled a nuclear powered aircraft feasible and
couid be achieved in 15-20 years af cost of $2 billion.

Nav. 1948 - Materials Laboralory completed in remodeled Building F-10.
Dec. 1948 - Total NEPA personnel 444 (164 lechnical).

Feb. 1949 - Nuclear Powered Flight Program becama joint effont of Air Force,
Navy, AEC and NACA, implemanied by establishment of an Aircraft Nuclear
Propulsion group at ORNL with prime responsibility for reactor and shield.

May 1949 - Medical unit established as NEPA Medical Depariment 1o provide
routine dispensary care and physical examinations. Dr. Buyniski began
investigations of diagnosis of beryllium poisoning and exposure to combustion
products of liquid metals, lithium and sodium.

July 1949 - Industral Hyglene Conlrol Unit established to monitor fabricalion of
beryllium and beryllium carbide as well as radlation safety in laboratories.

Oct. 1949 - NEPA personnel total 658 (270 were technically trained). Average
salary of BS Degree with 10 years experience was $475 per month (slightly
above national average). Starting salary for new graduates averaged $300. The
cost of renling a three bedroom house in Oak Ridge was Increased to $90 per
month.

Oct. 1949 - An article in the Oak Ridger newspaper, raprinted from the Louisville
Courler-Journal, described NEPA as one of the most interesting and least
publicized Oak Ridge activity. "Most of the 800 employees are persons of high
technical or scienlific rank, seeking io find some way io usa alomic energy to
make airplanes fly*.

During 1949 the greatest achievement was the divided shield concept (shielding
of the crew compariment) which reduced gross weight by 30% to 650,000
pounds. Studies were also conducted on binary bismuth cycle, lernary liquid
metals cycle, helium compressor jet and turbo-jet cycles, fabrication of beryllium
carbide bodies, solubility of contalner materials in various liquid metals, and
testing of liquid metals handling in circulation rigs. Plans were made for Tug-low
Tesls by the Air Force. Design of a critical experiment facility was completed and
some componenls buill and lested. A small scale air cycle powerplant was
conslructed using a lurbojet engine and electrical heat source. Clrculating fuel
type reactors were sludied and posed new materials and shielding problems, A
survey of jet engine manufacturers was made to establish limitations on engine
size and characteristics.

Nov. 1949 - AEC began ANP research project at ORNL.

. -

fuel sheet was the basis for the direct cycle reaclors used in all High Temperalure
Reaclor Experiments (HTRE-1, HTRE-2 and HTRE-3) tested in Idaho.

May 1952 - AEGC approved use of par of National Reactor Testing Station
(NRTS) al Arco, Idaho as flight test base.

July 1952 - AEC and Dafepse Dept. informed Joint Committee on Atomic Energy
(JCAE) that pians were being made for flight test of a nuclear propulsion system
in the 1956-58 period utilizing a modified B-36 as the test bed.

Aug. 1952 - Qak Ridge operations and personnel moved to Cincinnati (Bidg. D).

Dcc_. '1952 - Ollice for ANP eslablished to coordinate AEC and Air Force
participation in program. Maj. Gen. Donald Keim named director.

Jan. 1853 - Eisenhower Administration began, Charles Wilson named Secrelary
of Defense.

Mar. 1953 - Alr Force Sclentific Advisory Board recommended cutting back ANP
by 50 percent an grounds that activities unwarranted by state-of-the-art and rate
of progress.

April 1853 - National Security Council ordered AEC and Defense Dept. to cancel
ANP Program on grounds of budget savings and program not In national Inlarest.
Secrelary of Defense Wilson termed the nuclear plane a "shitepoke" and orderad
the program canceled. Wilson defined a “shitepoke™.as "a great big bird that flles
overﬁ!:.e marshes, does not have much of a body or speed 1o it or anything, but it
can fly”.

May 1953 - Joint Commiltee called for meeting with Secretary of Alr Forca
Talbott and Deputy Secretary of Defense Keyes. “Cancelfation” of project termed
mls_tmemmtation of order. Reorganization of project underway, ANP Program

’_ d foward applied r h and development on limited funds basis. A
series of high temperature reactor experiments (HTRE) were scheduled to
develop and prove-out the reactor power plant. (Personnel total 1300).

Sepl. 1953 - Ajrcraft Nuclear Propulsion Department {ANPD) established under
GE Atomic Products Division.

Dec. 1953 - Air Force informed AEC of its renewed interest in manned nuclear
aircraft and asked AEC to expedite experimental work.

Jan. 1954 - GE Savings & Stock Bonus Plan inifiated with U.S. Savings Bonds
having six year maturity.

Aprll 1954 - Director of ANP Project, Maj. Gen. Keim, advisad Joint Commiltee
that nuclear aircralt could be in operation in half scheduled time if given high
priority. Joint Committee approved report by R & D Subcommitiee calling for

77

Jan. 1950 - Concep! of water-moderated reactor palented by Thornlon and
Corbin made operation of a reactor in an aircrafl feasible.

Mar. 1950 - Aircraft Reactors Branch established in AEC; assumed responsibility
tor AEC part of NEPA.

Aug. 1950 - NEPA personnel peaked al 676 (18 PhD, 49 MS, 128 BS}. General
Manager was T.A. Sims Jr.; Direclor of Technical Division was M.C. Leverelt.
Technical Director and Chief Engineer was A. Kalitinsky. Several NEPA people
were assigned lo work with ORNL on the design of the Awcraft Reactor
Experiment (ARE). The Critical Experiment Building was completed and NEPA
lest equipment was installed.

Nov. 15, 1850 - Fairchild entered into coniract with AEC for work related to
nuclear aspeclts of the then current Aircralt Nuclear Propulsion Program (ANPP).
This resulted in modifications o Fairchild-Air Force prime contract. (Almost
simultaneously Fairchild was advised of Air Force - AEC decision lo consider first
phase of ANP program at an end).

Jan. 1851 - Air Force decided that the program had advanced to the stage of
*hardware development” and the stage of feasibility studies should be closed.
The mission of the NEPA project had been accomplished. The hardware
development phase would be carried out by the General Electric Company -and
respansibility for the alrcraft was placed with Consolidated Vullee Aircraft
Company.

April 30, 1951 - Termination date for NEPA Project. Al this dale a formal cycle
selection had not been made. The two major cycles of interest were the liquid-
coolant (sodium) cycle and the direct air cycle. During the five year life of the
Fairchild NEPA conlract, lotal funding reached $23.84 million; (40.3% for salaries
and wages, 24.2% for subcontractors). The high average quality in both
experiance and performance of NEPA personnel was attested by the fact that 38
separate industrial companies and research laboratories made vigorous efforis o
employ NEPA personnel at the time of termination. Many technical people had
numerous offers from which to choose.

May 1, 1951 - General Electric initiales ANP program in Aircralt Gas Turbine
Division (AGT) in Cincinnati aimed at development of power plant for eventual
llighl test. Eighty-seven NEPA project people joined GE and conlinued work at
Qak Ridge while facilities at Evendale, Ohioc were prepared for the nuclear
research. D.R. Shoults was Project Manager and M.C. Leverell was Manager of
Engineering. First six months' effort devoled to evaluation of the two cycles. In
Oclober the direct air cycle was selected for development and work on liquid
metals was phased oul at GE. Tolal personnel 450.

July 1951 - Fuel sheet composed ol uranium dioxide-slainless steel core with
slainless steel cladding was successfully fabricated. This melal clad cermet core

“crash” effort on ANP Project. Report sent fo President Eisenhower, Secretary of
Detense and Chairman of AEC.

June 1954 - GE-ANP personnel reduced by 40 percenl 1o about BOO

July 1954 - Joint Pratt & Whitney and ORNL program eslablished lo develop
indirect liquid metal cycle propulsion system.

July 1954 - The concentric ring fuel element design was proven successful using
fuel sheet of Nichrome clad uranium dioxide cermet core. This design was lhe
basis for all HTRE reaclors.

July 1954 - Fabrication techniques were developed establishing hydrided
zirconium as a practical solid moderator material. This simplified reactor design,
and the material was used in the High Temperature Reactor Experiment No. 3
(HTRE-3).

Aug. 1954 - Critical experimenls were initialed ai Evendale to provide dala for the
design of HTRE-1.

Oct. 1954 - Idaho Test Station (ITS) achieved Section status in ANPD. Manager
of the ITS ("Remote Site™) was W.H. {Bill) Long.

Oct. 1954 - Air service for éE-ANF' personnel to ITS was iniliated by the Air Force.
Laler, a C-46 was retrofilted with passenger seats and a galley for Ihis “Sile Flile”
servica. The non-stop flight from Wilmington OH 1o Idaho Falls was made in 8
hours.

Feb. 1955 - AEC reported progress on direct cycle reactor exceeded
expeclations and authorized additional funds to be spent in fiscal 1955.

April 1955 - Air Force issued requirements for 125-A Weapons Syslem high-
performance, nuclear-powered aircraft and initiated program wilh project office at
Wright Field, Dayton. Competition for airframe studies began.

June 1955 - AEC and Delense Depl. agree 10 accelerate ANP program with
objective of testing prototype about 1959.

Sepl. 1955 - Test aircrafl flown with 3 megawatt reactor abcard a modified B-36
(called X-6}, to measure radiation rom reactor in flighl. A fotal of 44 flights were
made in two years from Carswell Air Force Base, Fort Worth, TX to Roswell, NM.
where the reaclor was powered-up over the desert area. A B-50 aircrail followed
with the radiation instrumentation. (The B-36 is currenlly being restored at Fort
Worlh).

Sept. 1955 - Pratt & Whitney authorized 1o work on indirect {liquid metals) cycle
reactor. Construction of CANEL Facilily (Connecticul Aircraft Nuclear Engine
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Laboratory) started to accommodate expansion of ANP Program. (EHorl on

indirect cycle was reduced to secondary slalus in Sept. 1957).

Nov. 1955 - Air Force directed team-up of General Eleclric with Convair and
Prait & Whitney with Lockheed lo proceed with propulsion syslems for high-
performance aircrafl.

Dec. 1955 - Yitrium oxide addition 1o uranium dioxide was found to stabilize the fuel
in air to 2600 °F.

Jan. 1956 - GE-ANP personnel 1700. HTRE No.1 test operated on schedule in
Initial Engine Test (IET) Facility in ldaho. This direct cycle water-moderated
reactor with Nichrome clad fuel elements was used to power a lurbojet engine
successfully.

Mar. 1956 - Ceramic fusl elements composed of beryilium oxide-uranium oxide-
ytirium oxide were successiully lested in-reactor at 2500 °F.

June 1956 - Air Force Chiel of Staff General LeMay fold Joint Commitiee he was
interested in achieving nuclear flight at earliest practical date. Maj. Gen. Keirn
said ground test possible in 1959 and first flight in 1960.

Aug. 1956 - Revised liscal 1957 program resulted in 18 months slippage in
program schedule. Defense Dept. policy decision cut back ANP Program.

Dec. 1956 - HTRE-2 test reactor operated successiully at idaho Test Station. In
the following two months of testing over 150 hours of nuclear powered lurbojet
engine operation were completed. .

Dec. 1956 - Meeting of Defense Dept. and Budget Bureau officlals with the
President in Augusta GA eliminated effort on indirect cycle and reduced effort on
direct cycie development.

Jan. 1957 - AF Scientific Advisory Board recommended less emphasis on engine
and airframe development, more on reaclor research and development.

Feb. 1857 - GE-ANP Program personnel total 2900,

Feb. 1957 - A lest of 4000 ceramic tubular fuel elements In a special inser in
HTRE-2 showed that water vapor corrosion of beryllium oxide was a major problem.
(Note: This problem was later solved by a process of co-extruding beryllium oxide
fust elements with a coating of yttrium oxide stabilized zirconium oxide).

Feb. 1957 - Littlewood Committee of Defense Dept. began review of ANPP.

Joint Commitiee called Defense Dept. and AEC officials 1o teslify on status of
ANP-Program; urged efforts to achieve early flight for prolatype nuclear system.
Defense Depuly Secrelary Quarles said no flight date would be set until
propulsion system was developed adequate for mililary plane. Joint Commillee
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Jan. 1958 - President Eisenhower requests his science advisor, Dr. Killian, to
review ANP program; Dr. Bacher appointed chairman of study committee.

Feb. 1958 - Bacher Commiltee recommended greater emphasis on advanced
materials capable of producing higher performance reaclor. With
recommendation of Dr. Killian and Dr. Bacher, the President approved. Early
flight proposal of Air Force was postponed.

April 1958 - Unclad hydrided yttrium used as a moderator component was shown lo
be stable in air to 1600 °F, thus promising increased performance for metallic fuel
elament reactors.

May 1958 - GE-ANP Spring Swing Dance held at Castie Farm; tickets $1.00 per
person included refreshments and door prizes.

June 1958 - Air Force dropped 125-A Weapons System and replaced with
CAMAL Mission (Continous Airbomme Missile Launching and Low-level
Penetralion System). CAMAL more realistically reflected the “state-of-the-art” of
the A-Plane, specifying low altitude bombing attack at subsonic speeds.

June 1958 - General Electric Theater presented on CBS Television network on
Sunday evenings with Ronald Reagan as hast and frequent star.

Aug. 1958 - GE Employees Actlivilies Association (GEEAA) Recreational Park
officially opened 1o GE employees and their families. Participating in ceremonies
were ANP'ers Ray Currens and Gert Shuette.

Oct. 1858 - The development of a high performance ceramic reaclor based on
beryllium oxide was acceleraled 1o meet longer range goals of the Air Force.

Nov. 1958 - Heat Transfer Reactor Experiment No. 3 began test al NRTS in
ldaho. MTRE-3 was a develop t test bly consisting of controls,
shielding, direct cycle reactor and two modified J-47 jel engines with dual
combustion chambers all mounted on railroad cars for moving out and into IET.
The reactor was 51 inches diameter, 34.7 inches core length, 43.5 inches length
overall with beryllium reflector and made up of 161 hex-shaped moderator cells
of unclad hydrided zirconium with 3 inch bore for the fuel elements. The fuel
element cartridges were concentric ring design, 19 stages each 1.5 inches long.
The fuel slements sheel rings had 80NI-20Cr alloy cladding over fully enriched
uranium cores. Total weight of the powerplant assembly was twenly lons. During
the shaka-down tesl a power excursion melted some fuel elements. HTRE-3 was
returned to IET hot shop for disassembly resulting in six months delay.

Dec. 1958 - Budgels for AEC and Defense Dept. cut back to $75 million each for
fiscal 1960.
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nt letter to Quarles expressing concern about lack of firm program objeclives
and lack of direction. Delanse Dept. appointed ad hoc panel of General Officers
(Mills Panel) to review ANP Program and missions conlemplated.

Feb, 1957 - GE Management Association Ladies Night Dance was held al Castle
Farm with Lionel Hampton Orchestra providing music and enteriainment for 1300
couples.

April 1957 - Joint Commitlee urged Defense Dept. 10 proceed wilh vigorous ANP
program; met again with Secretary Quarles lo emphasize its concern. Quarles
lestified thal program objectives had been established for ground and flight-test
propulsion systems with first flight in 1960. Litllewood Committee report
recommended ANP development program be carried through flight test stage.

May 1957 - Budgel Bureau sent direclive lo execulive agencies requiring fiscal
1959 budgel be held at same or lower level than FY58. Canterbury Panel of Air
R & D Command recommended development of low-level nuclear plane.

June 1957 - Unified project direction under Maj. Gen. Keirn was formed to
coordinate AEC and Defense Dept. activities. Mills Report recommended early
fabrication and flight tesling of protolype propulsion system in 1960's. Tesl
aircrall to be immediate objeclive. Deputy Secrelary Quarles approved Air Force
program.

Sepl. 1957 - A major increase in perdormance of metallic fuel element reactors
resulled from finding that unclad hydrided zirconium moderalor components were
capable of operation in air at 1200 °F.

Sept. 1957 - Budgetary ceilings cause slippage in time schedule for ground test of
direct cycle system. P & W efforts on indirect cycle reduced to low level.

Qct. 1957 - Soviet Sputnik launched into orbit.

Oct. 1957 - Hunsaker Commitlee established to review hazards of nuclear plane
and recommend national policy. Rep. Price, Chm. R & D Sub-committee, alter trip
to Russia, sent lelter to the President urging early flight program in view of Russia’s
success with Sputnik; expressed concem over lack of well delined objectives and
target dates.

Nov. 1957 - GE-ANPD Organization with 3140 employees consisted of ten
Seclions under D. R. Shoults as General Managear.

Dec. 1957 - Production of high-purity yltrium metal with low thermal neutron
absarption cross-seclion was begun in large quantities.

Dec. 1957 - Hunsaker Commitlee report expressed concern over potential
hazards of nuclear flight over land; recommended test flights be made irom
island or coastal base. Joint Chiefs said such aclion was premature.

Jec. 1958 - Aviation Week broke the “news” thal USSR had tlight tested a
nuclear—powere(i bomber and showed alleged photos of the Soviet plane
Newspaper edilorials crilicized the Administration for lool-dragging anci
Congressmen called for more funding to mee! the Soviet [hreal. Defense
Secretary McElroy was highly skeptical and Pres. Eisenhower said there was no

reliable evidence of any kind and he was nol changing the
o ging program to achieve

Dec. 1958 - GE-ANP employee paychecks and pay information sel u
card system and printed by the IBM 650 COmpmN.V p on punch

ng. 1959 - Deputy Secretary of Defense Quaries briefed JCAE on ANP Program
reilerating that }ha Program had 1o remain oriented toward development of a
nuclear propulsion system rather than production of an aircraft until the material
p(oblams were solved. Representalive Price countered with a challenge 1o the
Eisenhower Administration to make an administrative decision and set a target

date for achievement of nuclear flight, Convair was selected far airframe
contraclor.

April 1859_ - Al Rep. Price’s suggestion, Depuly Secretary of Defense Quarles
accompanied members of JCAE subcommiltee to Evendale, Ohio along with
government olfficials and congressmen for a firsl-hand ook at the ANP Project.
They loured the GE-ANP Evendale faciliies and were briefed on direct cycle
propuision system developmients. Price sensed thal Quares was influencad
positively by what he saw.

Ma\( 7, 1959 - Deputy Secretary Quarles mel AEC, Air Force and Navy officials

to discuss the nuclear airplane. Both Maj. Gen. Keimn and Rep. Price fell that

Quarles had decided to support a fiight program. (Note: Although Quaries had

beap unwilling to suppon a crash program urged by DOD, he had protected ANP

:'gaér'nst ;hose who might attempl to kill il, i.e. Defense Secrelaries Wilson and
cElroy).

May 8, 1959 - Quarles died of a hearl allack. JCAE Open Hearings postponed
indefinitely. Thomas Gales succeeded Quarles as Deputy Secrelary of Defense,
but felt unqualified 1o evaluate the ANP Program. That job fell to Dr. Herben
York, Direclor of Research and Engineering in Dept. of Defense, with supervision
over all R & D projects, including ANP. York with Dr. A. Biehl prepared a new
report on ANP.

June 7, 1959 - York gave his decision to JCAE and Rep. Price that ANP should
be reoriented toward deveiopment of more advanced materials and that greater
e:jr!phaslisdbe placed on the indirect cycle. All larget dates for nuclear flight were
eliminated..

June 1859 - HTRE-3 with refueled core returned for lest at IET facility.

July 1959 - Congressional hearing before Subcommiltee on R & D of JCAE.
First session on ANP Program.



July 1959 - Major redirection of reactor design from melailic to ceramic core.

Aug. 31, 1959 - Maj. Gen. Keimn retired from his dual role as Chief of ANP Office
and Deputy Chiel of Staff for Nuclear Systems in the Air Force, He was replaced
by Brig. Gen. Irving Branch. D.R. Shoulls left GE-ANP Program, translerring lo
GE New York Office. Sam Levine became Acling Manager..

Sept. 1959 - X-211 Turbojet Engine built in Evendale and tested in PUT cell
using conventional fuel.

Sepl. 1959 - DOD changed objectives of CAMAL mission 1o speed of Mach 0.8-
0.9 at 35,00 feetl with potential life of 1000 hours.

Oct, 1959 - HTRE-3 became critical and initially op d at 10 megawalts,
meeling or exceeding alt expectations.

Nov. 1958 - Six GE-ANP Scientists made first public review of the developments
in rare earth metal technology (primarily yitrium) and refractory melal
thermocouples at joint ASM-AEC Symposium in Chicago.

Nov. 1959 - GE-ANP personnel {otaled 3650.

Dec. 1959 - HTRE-3 endurance lested at full power (31.8 megawalts) for 126
hours, 65 hours continuous operation with nuclear-power jet engines. Maximum
fuel element temperature was 2030 °F. All componenis were in excellent
condilion. Both the reactor and engines performed in accordance with all design
specificalions. (Note: The HTRE-3 moblle test assembly is still intact at the Idaho
Test Site).

May 1960 - Dave Shaw became Manager GE-ANP Depariment.

May 1960 - Flight Engine Test Facility (FET) completed at idaho in a two acre
building providing for operation of ground test prototype nuclear power plants
mounted on test dollies as well as flight power plants mounted in an air frame
mock-up. Also included in this facility were a hot shop with remote master-slave
manipulators and a radioactive materials laboratory.

Nov. 1960 - Dr. Herbert York, Director of Defense R & D, concluded thal the
Nuclear Powered Flight Program did not measure up in compelition for money
and manpower. There was no longer a need for nuclear-powered aircrafl in view
of development of ICBM, short-range missiles, nuclear submarines, mid-air
refueling and the many U.S. air bases in Europe.

Jan. 1961 - President Kennedy's Administration began. Robert McNamara
appointed Secretary of Defense. The ANP Program received his personal
attention and with the advice of Dr. Herbert York, he concluded that one of the

budgetary ilems that could be trimmed at no cost to the nalion’s security was the
nuclear airplane.

Mar. 1961 - AEC directed all contraclors 1o discontinue any work related to
nuclear-powered aircraft in view of President Kennedy's decision lo cancel
development program for nuclear military aircraf.

Aprll 1961 - Ralph J. Cordiner elected President and CEQ of General Electric
Co. succeeding Robert Paxton.

May 1961 - National ANP Program ferminated. In the 15 years of the ANP
Program a total of $2 billion was spent on research and deveiopment. GE's
Nuclear Malerials & Propuision Operation (NMPQ) was established by AEC for
continuation of basic research work on high temperature nuclear materials. Both
Evendale Laboratories and idaho Test Station continued work on future reactor
projects including the 630A and 710 programs. General Manager of GE-NMPO
was W. H. (Bill) Long. The GE-NMPO contract with the AEC continued until
1968. i
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- The Last Word -

Between 1956 (start of HTRE-1 testing) and March 1961 when the program was
terminated only the HTRE-1, the HTRE-2 and the HTRE-3 had been operated at
their design power. None of these designs were suitable to power the flight of suitable
aircraft. They were “heat transfer reactor experiments”.

However a breakthrough was on the horizon. This came in the form of HTRE-2
testing involving a ceramic (BeQO) impregnated with Uranium Oxide. “The ceramic
fuel element”. This testing showed a temperature capability in excess of 2700DEG f
with bulk air temperature in excess of 2000DEG f. Just what the doctor ordered. The
design effort of the last three years of the program was directed to the ceramic core
design and the XMA-1 power plant. This was a true aircraft power plant capable of
aircraft installation and propulsion.




Heat Transfer Reactor Experiment (HTRE-2)
The 600,000 plus Ibs Nuclear Turbojet Reactor
Engine Assembly being moved to its final resting
place in Arco Idaho, 1985.
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Footnote December 2013

It was discovered, after the fall of Russia in 1989, that indeed the
Russians had flown a nuclear plane. Although a crude direct cycle
engine, with the reactor inside the plane, it flew some forty times
between 1961-69. The program was catchup to the American efforts
which were then ten years old and ending. The reason they succeeded
was simple but tragic. They skimped on the shielding to a point of killing
many of the crew members. The aircraft used was the Tu-95 Bear. When
| first wrote NX-2 everything pointed away from the Russians having a
viable flight program, should we have expected such desperation?

This book has been converted from hard copy into an electronic PDF
version by Lee Hite as part of the GE-ANP (Aircraft Nuclear
Propulsion) Archives Project.

http://leehite.org/anp/

Permission has been granted for reprint from both the author, David
M. Carpenter, Jet Pioneers of America and from the Idaho National
Laboratory , Idaho Falls, ID, the source for many of the pictures.
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