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A b s t r a c t 

The aim of the NASA nuclear electric power program is to 
provide long-lived reliable nuclear power sources in the 
range from tens of watts to tens of megawatts for advanced 
missions. The work is conducted in cooperation with the U.S. 
Atomic Energy Commission which is developing isotope power 
sources and the reactor for the SNAP-8 project. Isotopes are 
considered for missions requiring up to several hundred watts 
of power. SNAP-8 will provide about 35 to 60 kilowatts for 
missions requiring tens of kilowatts and lifetimes of about 
one year. SNAP-8 has been redesigned to emphasize reliability 
and performance. This decision permits many components to 
operate at lower, more nearly state-of the-art temperatures 
at the sacrifice of greater cooling requirements and increased 
weight. Beyond SNAP-8, an extensive applied research program 
has been conducted since 1959 to provide the technology 
required for the sound development of light weight nuclear 
electric systems in the megawatt range for lifetimes of up to 
several years. The work is accomplished in university, 
industrial and Government laboratories. 

Power is the life blood of successful space missions. 
Figure 1 indicates the average power requirements for a vari-
ety of missions planned during the next five years. Some of 
these missions extend over a period of years, such as Sur-
veyor, Gemini, Apollo, and others, but the typical power needs 
for that phase of the program in the year shown are illus-
trated in Figure 1. Since NASA plans to launch more than 260 
space vehicles during the next decade, it is well to point 
out that there obviously will be many vehicles flown whose 
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power needs are not indicated here but whose requirements will 
be generally in the range of power shown on this chart. It is 
important to recognize that the great majority of planned 
NASA missions during this period can be accomplished with 
average power supplies of about 500 watts or less. It seems 
clear, however, that the power needs are increasing with time, 
particularly for manned and certain planetary missions, which 
probably will require average powers of a few kilowatts. It 
seems likely that power requirements will not reach tens of 
kilowatts or more until quite late in this decade or early in 
the next. The NASA Nuclear Electric Power Program therefore 
is aimed at the acquisition of knowledge useful in the devel-
opment and demonstration in the nuclear space environment of 
nuclear electric power generating systems and engines for 
application to space propulsion or as power sources in space-
craft for lunar and orbiting satellites and space stations, 
This capability, when developed, will have a widespread and 
general use in space for the achievement of many difficult 
and complex missions, some of which are only in the formative 
stages of planning at this time. In this paper the three 
phases of the nuclear electric program will be covered. First, 
radioisotope power systems, which are applicable to power 
needs of about 500w or less, then the SNAP-8 development pro-
ject, which will provide 35 to 60kw, and finally, the ad-
vanced technology program, which is aimed toward providing 
the technology for future development of lightweight high-
powered systems in the megawatt range. 

NASA forecasts of potential isotope electric power require-
ments range from less than lOOw in 1964 to more than 3300w in 
1972. These are substantial isotope requirements, particu-
larly for scarce alpha emitters and are intended to cover a 
wide range of possible applications in the Manned Space, 
Scientific Satellite, Meteorological and Communication Satel-
lite programs where they can demonstrate particular advan-
tages. Since designs of spacecraft are often fixed years or 
months in advance of launch depending upon complexity, it is 
obvious that planning for isotope electric power must be con-
ducted as early in the mission design sequence as possible if 
problems of compatibility and fuel availability are to be 
minimized or avoided. 

While no isotopes have been specified for NASA launches, 
several missions are under study for suitability of isotope 
generators. Specifically, the feasibility of using Plutonium 
238 in the Interplanetary Monitoring Probe scheduled for 1964, 
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is being considered. The objectives of the Interplanetary 
Monitoring Probe Satellite are 1) to assess the magnitude and 
nature of the radioactive hazard to Project Apollo, 2) to 
measure particle fluxes from energies of a few electron volts 
to several million electron volts, 3) to measure magnetic 
fields over a wide range of strengths, and 4) to provide a 
continuing monitor of the particle population and magnetic 
fields in cislunar space. It appears that the requirements of 
this satellite for reliable continuous power over several 
years of operation, while difficult, may be particularly suit-
able for isotopic power generators if non-interference with 
very sensitive radiation detectors can be demonstrated. If 
satisfactory results are obtained, development of the gener-
ator may begin in Mid 1963. An artist's conception and or-
bital parameters of this satellite is shown in Figure 2. 

The Atomic Energy Commission is also developing a 25w Cu-
rium 242 generator which is intended for the Surveyor lunar 
orbiting missions starting about 1965 or 1966. If conditions 
on the moon are found to be unfavorable for currently planned 
solar cell operations, it may become desirable to develop a 
smaller version of this generator for some of the earlier 
Surveyor soft landing spacecraft. 

In addition, isotope heat sources are under study for the 
proposed Voyager planetary orbiter mission in the late 1960's, 
and isotope generators are under consideration for some 
of the later Orbiting Astronomical Observatories. 

These applications of isotope power are evidence of our 
growing interest in radioisotopes for space power. Extensive 
work by the Atomic Energy Commission is encouraging. It 
appears that greater availability and lower specific weights 
may result from programs currently under way which surely may 
lead into many additional applications in the Manned Space, 
Scientific Satellite, Meteorological, and Communication Sat-
ellite programs where they can demonstrate particular advan-
tages. 

Basically, radioisotopes are of interest because they repre-
sent a compact source of power. The energy available in 
radioisotopes is many orders of magnitude larger than that 
available in batteries, and thus they constitute a unique, 
concentrated energy source that may be used for space pur-
poses if design requirements are met. Radioisotope power is 
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inherently reliable. It cannot be turned on or off. There 
are no moving parts or oriented arrays. It will provide heat 
energy in accordance with the fixed laws of radioactive decay. 
This heat is absorbed in a device that converts the heat di-
rectly into electricity. At the present time, lead telluride 
thermoelectric elements have been used exclusively. Such ele-
ments have several undesirable properties that limit their 
usefulness. Development work is proceeding both in improving 
thermoelectric materials and in providing the inherent greater 
efficiencies theoretically possible from thermionic devices. 
Since thermionic devices require higher temperatures at the 
hot junction, it appears that only radioisotopes of the high-
est specific power can be employed. It may be possible in 
such isotopic thermionic devices to reach efficiencies of 
better than 10%. A curium 242 thermionic demonstration de-
vice is currently under development by the Atomic Energy Com-
mission. This work is of considerable interest. 

There are more than 800 known radioisotopes. Obviously, 
not all of them are suitable for space applications. Isotopes 
for space applications must have a relatively high specific 
power, have a high half life suitable for intended missions, 
must be made available in sufficient quantities at reasonable 
cost, and must require a minimum of shielding for radiologi-
cal hazards. Using these criteria it is found that there are 
eight radioisotopes of particular interest for space appli-
cations. Some of the properties of these isotopes are shown 
in Table 1. Plutonium 238 is derived from Uranium by a series 
of reactions involving neutron capture and beta emission. 
Polonium 210 possesses the highest specific power of any iso-
tope being considered for space systems. Its rather short 
half life limits its use to missions of up to six months. It 
is produced by the irradiation of bismuth 209, an abundant 
naturally occurring material. Plutonium 238 is an excellent 
fuel for space power. Because of its long half life, it could 
accommodate missions of up to ten years duration without power 
flattening. Plutonium 238 requires no biological shielding, 
and its properties are suitable for either thermoelectric or 
thermionic conversion systems. The supply of plutonium 238 is 
currently rather limited. However, consideration is being 
given by the AEC to increasing not only plutonium 238 but 
also to produce curium 244, an alpha emitter with a half life 
of about 19 years and a power density of about 5 times that of 
plutonium 238. In the meantime, sufficient plutonium to fuel 
several experimental space generators could be made available. 
Curium 242 has a very high power density but its short half 
life restricts its use to missions of six months or less, such 
as Surveyor. Strontium 90 is the only reactor fission product 
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that can be used for long life missions. The 28 yr half life 
and fairly high-power density of strontium 90 could easily 
meet a mission lifetime of up to ten years without the neces-
sity of power flattening. However, shielding is required for 
launch pad handling. These shielding techniques have not yet 
been worked out although a number of concepts have been pro-
posed. Production of strontium 90 can be increased consider-
ably when needed. 

An analysis of the properties of radioisotopes, together 
with their potential availability, cost, power flattening, 
and shielding requirements, indicated that strontium 90, 
plutonium 238 and curium 244 meet the power requirements for 
long term missions such as communication satellites. The 
factors favoring strontium 90 are availability and potential 
low cost. However, shielding is required with strontium 90 as 
has been pointed out. At present there have been no adequate 
ground handling techniques worked out. Preliminary plans are 
being considered by the Atomic Energy Commission for the 
development and demonstration of a suitable ground handling 
technique for strontium 90. The factors favoring plutonium 
238 are, of course, experience, simplicity in handling, and 
the absence of any special shielding requirements. However, 
plutonium 238 is in limited supply and is inherently more 
expensive. The supply of long lived alpha emitters may be 
increased considerably if curium 244 is made available. The 
favorable outlook for availability of radioisotopes has en-
couraged the conduction of feasibility studies for many pos-
sible applications as weather satellites, communication sa-
tellites, and others. It seems clear that as these missions 
require longer duration and are more sophisticated, an in-
creasing need will be had for advanced power sources in the 
power range that can be met by isotope generators. 

The joint NASA-AEC Snap-8 project will now be discussed. 
This is a joint project of the National Aeronautics and Space 
Administration and the Atomic Energy Commission aimed at the 
development of a reliable, long-life nuclear electric generat-
ing system capable of providing 35 and 60 ekw to meet antici-
pated needs for large amounts of auxiliary and on-board power 
and for early electrical propulsion. Clearly, electrical pro-
pulsion will give the U.S. the capability of placing large 
payloads in orbit around distant planets like Saturn, which 
is nearly a billion miles from the sun. Communication sat-
ellites, solar probes, and ultimately manned missions and 
many others are also fertile fields for applications of these 
systems after they have demonstrated the necessary perform-
ance. In Snap-8 the AEC is responsible for the nuclear 
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reactor, controls, and shield, and NASA is responsible for the 
power conversion system and its integration with the reactor 
into an operable system. In addition, NASA is responsible for 
the vehicle and the subsequent flight test of the complete 
system. The Snap-8 system, like Snap-2, uses a mercury vapor 
turbogenerator but the design is different to provide for the 
higher power output.Of particular significance is the 100°F 
increase in over that in Snap-2. 

During 1963, the power conversion system was redesigned to 
emphasize reliability and ease of development by relaxing 
somewhat component temperature and weight requirements and by 
separation of components to avoid excessive thermal and me-
chanical distortion and dynamic interactions. The condenser-
radiator combination has been eliminated. Instead, there will 
be a compact mercury condenser which transfers heat to a sep-
arate all-liquid phase radiator operating on liquid sodium-
potassium alloy. A small fourth loop containing a radiation 
resistant organic fluid supplies coolant at 150°F to 250°F to 
the bearings and electrical control systems. Snap-8 is in-
tended to operate continuously for at least 10,000 hours. The 
design specific weight of the 35 kw may exceed 100 pounds per 
kilowatt, and at higher power ratings, the specific weight 
may be decreased somewhat. After extensive testing on the 
ground, including power conversion system and nuclear system 
testing on the ground, during which more than 60,000 test 
hours will be accumulated, test flights may be conducted 
using the Saturn class launch vehicle. 

Prime contractor for the AEC is Atomics International, and 
Aerojet General is prime contractor for NASA. Lewis Research 
Center is the technical director for the project and fur-
nishes extensive in-house support. In the current Snap-8 
design, the heat produced in the reactor is transferred by a 
mixture of sodium-potassium liquid metal to the boiler. This 
heat is then transferred to the mercury loop and the cooled 
NaK is pumped back into the reactor. Mercury vapor is pro-
duced in the boiler (1265°F) and drives the turbine which in 
turn drives the alternator. Vapor from the turbine is con-
densed in a tapered tube heat exchanger (505°F) and the con-
densed liquid is pumped back to the boiler. Heat is rejected 
to space at about 495° in a separate NaK cooled radiator. 
Figure 3 indicates one concept of what the system may look 
like. The large radiating surfaces are required to reject 
the cycle waste heat. Of particular interest is the size of 
the radiator in relation to the rest of the system. In this 
configuration, which may be boosted by the Saturn launch 
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vehicle, there is sufficient area to permit fixed radiators 
which in the model shown has a diameter of about 20 feet. 
About 1800 square feet of effective radiating surface may be 
required for the 35 kw system. Figure 3 shows only one of 
many possible configurations. The general layout is, however, 
representative. The reactor and shield assembly are placed at 
one end to minimize nuclear radiation given to the power con-
version system and payload. The system configuration and sys-
tem weight depend heavily on intended missions, particularly 
whether intended for manned or unmanned missions and whether 
intended for lunar or orbital operations. Consequently the 
weight of the Snap-8 system may vary considerably until its 
mission use is selected. During the first two years of the 
project all components were designed and the first experi-
mental hardware was fabricated and tested. Necessary facil-
ities, both nuclear and nonnuclear were designed and built. 
Redesign to fit the new system conditions is now underway. 
The first experimental reactor reached criticality in Sept. 
1962 and is undergoing physics experiments prior to being 
brought to power. The effects of zero gravity on compli-
cated machinery like Snap-8 are virtually unknown and they 
may greatly influence its design and performance. An experi-
ment therefore has been designed to obtain fundamental infor-
mation of zero g effects on condensing and boiling mercury 
systems. This experiment will include a Snap-8 condenser tube 
and fin configuration with condensing mercury vapor. Pres-
sure, temperature, measurements, and visual observation will 
be obtained in a ballistic trajectory. The first experiment 
in this series will be launched from Wallops Island in 1963. 

Micrometeorite hazards are an additional unknown that all 
space systems must face. A major part of the weight of the 
radiator is expended in providing armor protection against 
micrometeorite punctures. This weight penalty is based on 
very uncertain data. NASA has an extensive program for flight 
and ground tests to define the extent of the micrometeorite 
problem. Early data from the S55b micrometeorite satellite 
launched in December 1962 indicate that the micrometeorite 
flux in the very low mass range (10~Hto 10"8g) may be con-
siderably below Whipples 1957 estimates. It is dangerous 
however to conclude from this that the micrometeorite hazard 
in the higher mass range of primary interest to Snap-8 (above 
10"^g) has thereby been reduced. Additional information may 
be forthcoming from an experiment planned for a Saturn test 
vehicle during 1964 having an exposed area of about 2000 
square feet, from many ground high velocity particle experi-
ments, from theoretical analysis and from extensive radar and 
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photographic observations. Such information is badly needed, 

Snap-8 ground development schedule provides for more than 
60,000 hours of power conversion and nuclear electrical gen-
erating system tests in addition to extensive component tests. 
Component and subsystem design and development are presently 
under way as has been indicated and they will be continued 
through 1965. Nonnuclear system tests will be conducted con-
currently through 1967 or 1968 in two steps; a 90-day test and 
a 10,000-hour test. Four system test loops, each equipped 
with a 600 kwt oil fired heater will be utilized. Design im-
provements will be incorporated into the full systems as they 
become available. Finally, full nuclear electric system tests 
are expected to start in late 1965 and to continue to com-
pletion of 10,000-hour endurance tests. As part of future 
preparations for flight, the proposed Lewis Space Propulsion 
Facility in Cleveland, now under design, will be used for ex-
tensive ground tests with the full nuclear system operating 
within the testcraft. The Snap-8 project is an advanced sys-
tem project that is aiming to operate a boiling and condens-
ing mercury turbogenerator system for longer unattended times 
and at higher temperatures than has ever been done before. 
Much difficult technology work remains to be done before such 
a system can be flight rated, especially in seals, bearings, 
materials, etc. It is essential to conduct this necessary 
technology work and to extensively test this system on the 
ground in order to assure the necessary performance and re-
liability vital for nuclear systems. In this way it is hoped 
to obtain not only a more reliable system, but also to short-
en the transition time between performance demonstration and 
mission use. 

While the Snap-8 system will provide NASA with an early ca-
pability, the real advantages of electrical rockets will be 
realized only when much lower specific weights and even 
longer life systems than Snap-8 are available. Now our pro-
gram aimed at providing the necessary technology for these 
systems will be covered. The goals are power levels of a 
megawatt or more and weights of 10 lbs or less for each elec-
trical kilowatt, with continuous operating lifetimes of up to 
three years. NASA early realized the attractive mission po-
tential of electrical propulsion systems if suitably light-
weight and reliable electric power systems and electrical 
thrust devices could be developed. Since 1958 an advanced 
energy conversion program aimed towards the eventual develop-
ment of such nuclear power generating systems has been sup-
ported. The program involves industrial and university con-
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tracting and very intensive internal laboratory support, par-
ticularly at the Lewis Research Center. The last two figures 
(4 and 5) indicate the broadly based participation in this 
program by many outstanding organizations. During the present 
year, extensive research is being conducted involving both 
Rankine cycle mechanical system and direct electrical conver-
sion system technology. The mechanical system program in-
cludes the development of refractory corrosion-resistant ma-
terials, applied research on metal vapor turbines, boilers, 
pumps, phase separators, and deployable waste heat radiators. 
Basic alkali metal liquid vapor property measurements are also 
being performed. Major long lead time test equipment such as 
vapor turbine and boiling heat transfer facilities recently 
have been completed or are nearing completion. Important test 
data will be obtained during the coming year. 

The direct conversion program support involves basic and 
applied research on thermionic converter types and on the com-
ponents and basic principles governing magnetohydrodynamic 
power generation devices. Equally important to this program 
is the work referred to during the discussion on Snap-8 on the 
meteoroid density problem and the behavior of liquid metal 
systems under zero gravity conditions. NASA expects to em-
phasize materials and component development for mechanical and 
thermionic systems during the next few years. Specifically 
detailed system and component studies will continue to be con-
ducted in order to define more clearly the performance goals. 
The acquisition of basic coolant property data will continue. 
Concurrently, the AEC is conducting advanced research and de-
velopment aimed at improving fuel element and reactor perform-
ance. In this manner it is hoped to obtain the necessary 
technology on which to base the sound development of future 
advanced systems. 

In summary, the NASA nuclear power program ranging from 
interest in the very low power range that can possibly be met 
by radioisotopes to advanced systems technology that ulti-
mately may provide the long life low specific weight power in 
the multimegawatt range needed for future missions to distant 
planets has been outlined briefly. These programs will be 
pursued as aggressively as technology will allow. 
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Table 1 Properties of Radioisotopes for Isotopic Power Applications 
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ANTENNA (4 ) 

SNAP GENERATOR 

•APOGEE 150.000 Mi. -POWER 50 WATTS 
•PERIGEE 110 Mi. • ISOTOPE Pu238 
• U R T I M E 1YEAR • GENERATOR WEIGHT 46-48 lbs. 

• FIRST NUCLEAR LAUNCH 1964 

Artist's conception of nuclear powered Interplanetary 
Monitoring Probe satellite 
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TASK AREA 
PYNAMIC SYSTEMS AND COMPONENTS 

ADVANCED SYSTEM STUDIES 

comAcroz 
PENNSYLVANIA STATE UNIV 

UNIVERSITY OF MICHIGAN 

LIQUID METALS INC. 

GENERAL ELECTRIC, EVENDALE 

IOWA STATE UNIVERSITY 

HYDRODYNAMICS, INC. 

GENERAL ELECTRIC, SCHENECTADY 

GENERAL ELECTRIC, EVENPALE 

PRATT*WHITNEY AIRCRAFT 

WESTINGHOLJSE CORP 

WESTINGHOUSE CORP 

PRATT £ WHITNEY AIRCRAFT 

TITLE 
INVESTIGATION OF CAVITATION INCEPTION 

UQUIP METAL CAVITATION AND EROSION 
INVESTIGATION 

MAGNETOHYDRODYNAMIC FLOW OF LIQUID METALS 
IN ELECTRODYNAMIC PUMPS FOR SPACE 

RESEARCH AND DEVELOPMENT OF A MULTISTAGE POTASSIUM TURBINE 

APPLICATION OF BLADE ELEMENT TECHNIQUES TO THE 
DESIGN OF AXIAL FLOW PUMPS 

CAVITATION DAMAGE IN LIQUID METALS 

BEARINGS STABILITY PROGRAM 

ANALYSIS FOR EXTENDED SURFACES RELATED TO 
SPACE VEHICLES WASTE HEAT RADIATORS 

EXPERIMENTAL INVESTIGATION OF HEAT REJECTION 
PROBLEMS IN NUCLEAR SPACE POWER PLANTS 

ANALYTICAL STUDIES OF SPACE SYSTEM 
ELECTRICAL COMPONENTS 

ANALYTICAL STUDIES OF NUCLEAR RANKINE AND 
THERMIONIC MEGAWATT SPACE POWER SYSTEMS 

ANALYTICAL STUDIES OF NUCLEAR RANKINE AND 
THERMIONIC MEGAWATT SPACE POWER SYSTEMS 

Fig. h Partial list of contractors in advanced power 
technology program 

TASK AREA CONTRACTOR T/TLE 
SPACE ENVIRONMENT CORNELL AERO LAB 

M B ASSOCIATES 

UNIVERSITY OF DENVER 

NORTHROP CORPORATION 

P t W AIRCRAFT 

GENERAL MOTORS RESEARCH CORP 

STUDY OF METEORDID IMPACT/ PROCESSES 

FEASIB IL ITY STUDIES FOR THE DEVELOPMENT OF A 

HYPERVELOCITY GUN 

SUB-COOLED BOILING IN A NEGLIGIBLE GRAVITY FIELD 

THEORETICAL INVESTIGATION OF FLUID BEHAVIOR UNDER 

ZERO "G" CONDITIONS 

DETERMINATION OF THE EMISSIVITY OF RADIATOR MATERIALS 

HYPERVELOCITY IMPACT TESTS 
FLUID PROPERTIES t TECHNOLOGY GENERAL ELECTRIC, EVENPALE 

UNIVERSITY OF MINNESOTA 

UNIVERSITY OF CONNECTICUT 

NAVAL RESEARCH LAB 

THOMPSON RAMO-WOOLDRIDGE 

AEROJET-GENERAL NUCLEONICS 

GENERAL ELECTRIC, EVENDALE 

BATTELLE 

GENERAL ELECTRIC, EVENDALE 

STUDY OF HEAT TRANSFER COEFFICIENTS OF BOILING AND 

CONDENSING SODIUM AND POTASSIUM 

RESEARCH ON RADIATION HEAT TRANSFER 

HEAT TRANSFER STUDIES OF TWO-PHASE SYSTEMS WITH 

VAPOR CONDENSING AT HIGH VELOCITIES IN SMALL TUBES 

THERMODYNAMIC i PHYSICAL PROPERTIES OF SODIUM TO Z200° F 

WETTING AND NON-WETTING MERCURY CONDENSING RESEARCH 

TEST PROGRAM USING FORCED CONVECTION MERCURY CORROSION 

LOOPS TO EVALUATE CONTAINMENT MATERIALS FOR MERCURY 

OXYGEN CONTENT IN ALKALI METALS 

ENGINEERING PROPERTIES OF SODIUM 

DEVELOPMENT OF HIGH STRENGTH ALKALI METAL CONTAINMENT MATERIALS 

DIRECT CONVERSION UNITED AIRCRAFT RESEARCH LAB 

GENERAL ATOMICS 

CESIUM VAPOR DIODE RESEARCH 

RESEARCH PROGRAM IN CARBIDE CATHODES FOR THERMIONIC 
SPACE REACTORS 

Fig. 5 Partial list of contractors in advanced power techno-
logy program 
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