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THEEODORE vox KARMAN (*)

Advisory Group for Aeronautical Research and Development

INTRODUCTORY REMARKS ON SPACE
PROPULSION PROBLEMS

RiassunTo - L’Autore, considerate le enormi distanze da percorrere in un viaggio
interplanetario e la limitatezza delle velocita raggiungibili alla partenza, per mezzo degli
attuali razzi a propellenti chimici. presenta brevemente alcuni nuovi tipi di propul-
sori in bassa spinta ma di funzionamento abbastanza lungo per permettere il raggiun-
gimento graduale invece che quasi impulsivo. delle velocita necessarie.

ABsTrRaCT - The Autor, looking to the enormous distances that involves an interpla-
netary flight and to the limited velocities now attainable by conventional chemicai
rockets.shortly introduces some new kinds of propulsion charaterized by lower thrust
but much higher specific impulse. which would permit the gradual attainement of the
necessary velocities.

REsUME - L’Auteur, aprés avoir souligné la limitation des vitesses qn'on peut at-
taindre & présent par des fusées a propulsion chimique. par rapport aux enormes distan-
ces propres de voyages interplanetaires, présente briévement des nouveasux types de
propulseurs caractérisés par une poussée trés faible mais ausssi par une impulsion spe-
cifigue extrémement elevée, qui pourraient lentement accélerer le navire spatial jusqu’aux
vitesses nécessaires.

When we talk of astronautics in our lifetime and in the lifetime of the next
few generations, we really mean interplanetary flicht. According to Dr. ZwICKY,
the nearest fixed star (Proxima Centauri) is located at a distance of 4.29
lightvears from us. Dr. Tst of the Westinghouse laboratories, has calculated
that, with our present means of propulsion, a round trip to this nearest
fixed star would require a time period of 500 years. Only if we can use vehicles
with a velocity comparable to the velocity of light, for example, vehicles acce-
lerated by photon rockets, or by nuclear-electric rockets with very low spe-

(*) Chairman Advisory Group for Aeronautical Research and Development (AGARD)
of the North Atlantic Treaty Organisation.




cific weights, can we consider that such a trip may be undertaken in a reaso-
nable time period.

The outer frontier of interplanetary travel is well defined by the trajectories
of the planets belonging to our solar system; the transition from the atmosphere
of our globe to outer space is somewhat arbitrary but the altitude of the atmos-
phere is very small in comparison with the distances we have to deal with in
interplanetary space missions.

If we consider a definite space mission, we may define an « equivalent ve-
locity » as the initial velocity which enables us to carry out the mission without
subsequent acceleration, using auxiliary devices only for the task of guidance.

Table 1 contains a list of space missions indicating the equivalent velocities
corresponding to the individual missions.

It is evident that if we exclude additional propulsion along the trajectory,
most of the interplanetarsy space missions require initial velocities which we are
unable to realize by the use of chemical rockets. It may be possible in the future
to use nuclear rockets to reach such velocities. It is known that serious work is

TaBLE 1

Equivalent velocities for space missions,
feet per second

500 Nautical mile orbit . . . . 27,000
Escape from Earth . . . . . 37,000
Earth to Moon and Retrurn . .. 83,000

Earth to Mars Orbit and Return 100,000

done in the U.S.A. on several methods of nuclear rocket propulsion. Performance
data for solid-core and gas-core nuclear rockets are shown in Fig 1. In most
of the projects, one has to face material problems connected with the high tem-
peratures occurring in the nuclear reactors to be used for rocket purposes. An
interesting attempt to use nuclear energy for high accelerations, without extraor-
dinarily high temperatures (except for short intervals at the base of an accelerating
platform), is represented by the Orion project. The fundamental idea of Orion
1s to use a large number of small fission bombs. which create a successive sequence
of blasts each acting on a surface during an extremelr short time and creating
in this way a practically continuous thrust.

The great advantage of chemical boosters is a favorable thrust;weight ratio.
Fortunately, the time necessary for most of the space missions allows the use of
propulsion devices with a relatively unfavorable thrust/weight ratio; in other






