‘Back to the
Moon with

Nuclear
» Rockets

by Marsha Freeman

A Moon shuttle trip will be only a 24-hour commute—if we go nuclear.

hirty years ago, on July 20, 1969, the first Apollo astronauts

landed on the Moon, within the timeframe President John

F. Kennedy had proposed eight years earlier, of a lunar
landing before the end of the 1960s. To achieve this goal, the
National Aeronautics and Space Administration (NASA) pushed
to the limit the propulsion technology that had been under devel-
opment before World War 11, and created the massive Saturn V
rocket, using chemical combustion as the mode of farce.

Taday, the International Space Station is under construction
in Earth-orbit, soon to provide mankind with a multipurpose
research and development facility, which can function, scien-
tifically and physically, as a jumping-off point to more distant
venues. With the International Space Station soon to be avajl-
able, space planners are now considering what the space ex-
ploration programs for the 21st century should be.

There are some who have chosen to look back, rather than
forward, having succumbed 1o the demoralization of the past
30 years since the end of the Apollo program. Mars Society
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founder, Dr. Robert Zubrin, for example, is convinced that
there will be no return to the central planning of visionary
space missions that existed in the 1960s. Asserting that the
American people are “bored” with the Moon (“been there,
done that”), Zubrin has proposed a series of gimmicks to en-
tice congressional support for a “more sexy” manned Mars
approach, whose main selling point is that it will be quick
and cheap.

Such an approach assumes the availability and use of Apollo-
era hardware; Zubrin insists that the old Saturn V rocket could
be resurrected. Aside from the fact that today Saturn V rockets
exist only in museums, and it is estimated that it would take 10
years and $10 billion to recreate them, even President Kennedy,
A Liquid-Oxygen Augmented Nuclear Thermal Rocket-
powered transter stage leaves Earth orbit, carrying a passen-
ger transport module on a 24-hour trip to the Moon. In the
background is the Farth-orbital International Space Station.

Figures and illustrations are courtesy of Dr. Stanley Borowski/NASA
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Figures and illustrations are courtesy ot Ur. Stanley Borowsk/NASA

in 1961, did not believe that chemical propulsion systems were
the future of the U.S. space program. Speaking on May 25,
1961, in his “Special Message to the Congress on Urgent Na-
tional Needs,” Kennedy outlined his lunar program and then re-
quested “an additional $23 million, together with the $7 mil-
lion already available, to accelerate development of the Rover
nuclear rocket.” The President stated:

This gives promise of someday providing a
means for even more exciting and ambitious

when mankind moved from foot power and unpowered water
transport, to horse power, the internal combustion engine,
and, finally, to jet power and electric propulsion: We will be
able to go farther, go faster, and carry more cargo.

Travel in space, as anywhere else, requires large amounts of
energy. Today's rockets use the energy liberated from the
burning of chemical fuels to provide the thrust to move into
space. But the density of the energy released from a nuclear
fission, or nuclear fusion, reaction is orders of magnitude

exploration of space, perhaps beyond the
Moon, perhaps to the very end of the solar

107
system itself.
Between 1959 and 1972, the United States 108
made what in today’s dollars would be a $10 bil-
lion investment to design, develop, and test the
world’s first space nuclear reactors. Although 10°

very successful, the space nuclear propulsion
program carried out by NASA and the Atomic
Energy Commission was terminated in early
1973, when failed economic policies led to sav-
age cuts in NASA’s budget, removing lunar colo-
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nization and manned missions to Mars from the 103
nation’s space agenda. .

Today, the time is near when we should g0
back to the Moon—but we should not go the way 102
we did 30 years ago. We should push forward on

the frontiers, creating the enabling technologies
not only to travel to the Moon, but to live and
work there. Only this will lay the basis for
manned missions to Mars.

Why Nuclear?
The move from chemical energy to nuclear

propulsion, similar to the advances that occurred

Performance Generally decreasing Engine thrust
limits trip time weight (in grams)

Inertial
- fusion \
=] rockets .
—NE & Magnetic —
§§ fusion
o3 ™ rockets
@ O
l 8g \ Nuclear/solar
g electric
= e +Gas-core

nuclear rocket ‘\W
ser thermal

PERFORMANCE OF PROPULSION TECHNOLOGIES
The improved performance of the near-term solid-core nuclear ther-
mal reactor over chemical propulsion is seen in this comparison of

specific impulse and power parameters for various technologies,
power will be a quantum leap advance in space and the directions needed for the future.
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Figure 1
SPECIFIC IMPULSE AND POWER: COMPARING

There is more to space propulsion efficiency than simply
B the raw energy that is produced. One of the key perfor-
mance parameters of a propulsion system is the specific im-
pulse, which provides a measure of the efficiency of the
thrust produced by an engine, for a given amount of propel-
lant used, per second. Specific impulsc is dependent upon
the velocity of the mass produced as exhaust. The specific
impulse of the Space Shuttle liquid hydrogen/liquid oxygen
engines is about 450 seconds. Systems using onboard electric
power, solar energy, or beamed laser power for propulsion
can reach specific impulse measurements between 1,000
and 10,000 seconds.

But high specific impulse alone does not make a propul-
sion system. The thrust that is produced by any propulsion
system is the product of both the propellant velocity and the
mass flow rate of the exhaust. In the main engines of the
Space Shuttle orbiters, a large thrust is obtained by using a

large amount of propellant (high mass flow rates), which is

Space Propulsion Parameters

expelled at a relatively low velocity, approximately 4,500
meters per second, through a chemical reaction.

Using nuclear fission, it is possible to obtain high thrust by
expelling a relatively small amount of mass, at very high ve-
locity, up to 10,000 meters per second.

In addition to specific impulse (the efficiency of the fuel),
and thrust (the total “push” power of the system), the engine
should be designed so that the thrust-to-weight ratio allows
acceleration levels appropriate for different missions. The
thrust-to-weight ratio describes the number of pounds of
force per pound of engine weight.

Colonizing space necessitates families of new launch ve-
hicles. Propulsion systems for manned spaceflight should
be optimized to move people as expeditiously as possible,
which requires a trade-off with the amount of freight ton-
nage that can be aboard. Cargo vehicles should be opti-
mized to move as much freight as possible, and can travel
more slowly.
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