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Figure 5-5 — Total velocity to escape
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ture by radiation, if the bottle transmits most
of the radiant energy. It is like feeling the
warmth of the sun’s radiation through a win!
dow in winter when the window glass itself is
cold to touch. Such a system would yield per!
fect containment and is a very exciting
thought. Some of the systems suggested are
shown in Figure 5!8.
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The successful use of radiant heat transfer im!
plies that enough energy can be transmitted by
this process and received by the propellant. If
the propellant were transparent, the radiation
would go through and heat the opposite wall
instead. The power output of a radiating
“black” body is given by the Stefan!Boltzmann
Law:

11
I, #$#$0/”|%57
where ! » = power radiated in kilowatts per

square foot; and # = absolute temperature in
degrees Fahrenheit + 460. A black body is de!

I ned in physics as one which absorbs all radia!
tion of any wavelength "color of light, infra!
red, ultraviolet, radio waves, etc.# In other
words, really black. When hot, a black body
radiates at all wavelengths although not
equally. At higher temperatures, more energy is
radiated at short wavelengths. Black bodies
over the complete energy spectrum are hard to
I nd and the actual radiated power is a$ected
by surface conditions and the back radiation
from the surroundings. Equation 5!7 is a good
approximation and shows the extremely im!

Thrust Into Space&

portant point that radiated power goes up
steeply as the fourth power of the absolute
temperature.

At 4,000°F, Equation 5!7 gives 200 kilowatts
per square foot "268 horsepower per square
foot# Although this is substantial power, it is
only a small fraction of the heat transferred by
convection and conduction in a solid’ core re!
actor. At 30,000°F, 431 megawatts "§78,000
horsepower#are radiated from only one square
foot of area. At 200,000°F, 800,000 megal
watts "1.07 billion horsepower# would be radi!
ated from one square foot of area. Once the
temperature restrictions of solid core rockets
are removed, it is easily conceivable that ade!
quate heat can be transterred by radiation
alone.

Depositing of the heat in the propellant re!
quires that it must be opaque to radiation over
a wide range of temperatures. Many materials
including hydrogen are very opaque at moder!
ately high temperatures and can be seeded
with various materials if too transparent at low
temperatures.

1$&1'045'6%3.&11047'8342%$9.7"34"

When dealing with nuclear rockets, it is useful
to delineate between fuel which is burned to
produce energy and propellant which is heated
by the fuel energy release and constitutes most
of the exhaust jet. The fuel energy release is
potentially so high that, unlike chemical pro!
pellants, supplying energy is no problem. Nul!
clear fuels, however, only improve the rocket
design to the extent that a su%cient amount of
this energy can be placed in the exhaust jet to
lower the rocket propellant consumption sig!
ni! cantly.

Figure 5!7 shows propellant consumption of
nuclear rockets and is valid for any material
used as propellant. Using low molecular weight
propellants such as hydrogen reduces operat!
ing temperatures but does not change propel!
lant consumption.
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