Nuclear-Rocket Applications

The nuclear rocket will be the key to rapid, practical flight
i deep-space missions—lunar ferrying, interplanetary round
trips, solar-system probing, rescues, and satellite maneuvers

THRI-_'I-_' vears ago, in an issue of Astro-
nautics devoted to advanced propul-
sion svstems.! the great potential of
nuclear-rocket propulsion was em-
phasized.** The desirability of spe-
cific-impulse values of several thou-
sand seconds was made clear, and the
long-range obiectives of nuclear-rocket
research and development were
pointed out. That is. if we want to
thoroughlv explore the solar svstem
without requiring men or machines to
spend lifetimes enroute. we must equip
ourselves with extremelv high-perform-
ance propulsion svstems and vehicles.

The emphasis in this issue is on the
near-term situation.
The importance of achieving high pla-
teaus of performance has not di-
minished.* Several vears of wrestling
with the practical problems of design,
fabrication. and testing have not al-
tered the long-range picture. How-
ever. the prospect of soon having an
operational propulsion svstem calls fo
basic planning for its use. Conse-
auently . a considerable effort has been
directed toward near-term applications
of nuclear rockets ¢

Both points of view are important.
Exploitation of earlv capabilitv is 2
natura! step in the over-all program
whick need not slow our progress
toward advanced svstems. The total
development plan should form a con-
tinuum from first generation 1 what
we now view as ultimate performance

Here we will look at nuclear-rocket
applications in the near and intermedi-
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ate future, and consider only solid-core
reactors.

Our space goals call for initial ex-
ploratorv gathering of information and.
ultimately, the regular transport of
men and materials to remote points of
interest.  Such space activities entail
the development of launch vehicles.
space transportation svstems. space
probes, and other special-purpose ve-
hicles. The following table lists the
categories for potential application of
nuclear rockets.

TRANSPORTATION SYSTEMS

Upper stages on chemical-rocke! launch
vehicles

Recoverable launch vehicies

Lunar ferries, 24-hr-orbit terries

Interpianetary round-trip vehicles

SPECIAL-PURPOSE VEHICLES

Solar-system probes. planetary orbiters
Maneuvering satellites, rescue vehicies

This is not to sav that nuclear rockets
will be used in all of the categories
competung propulsion  svstems mas
pre-empt many areas.

Three  propulsion-svstem  tvpes.
widelv discussed. are being developed
fo- such future apphcations: high-
energy chemical rockets. nuclear ( ther-
mal: rockets. and nuclear-electnic sy«

tems. The table outline on page 24
gives a brief summary of their charac-
teristics.

Chemical and nuclear rockets em-
ploy high-thrust engines with moderate
specific-impulse capability. Nuclear-
electric systems employ low-thrust en-
gines with high-specific-impulse capa-
bilitv. The basic dissimilarity between
high- and low-acceleration spaceflight
makes a comparison of performance
very difficult. The time element can-
not be readily related to pavload or
hardware cost. Comparison among
high-thrust systems is much more
straightforward, although cost analyv-
ses are alwavs subject to spirited
debate.

The time for definite association of
particular propulsion svstems with par-
ticular applications has not yet arrived.
For neither tvpe of nuclear svstem do
we know an availability date or the
limiting powerplant characteristics.
Performance estimates remain on a
parametric basis. although the unce:
tainties are graduallv narrowing down
However. as will be shown in the fol-
lowing discussion. these estimates offer
sufficient hope of improved capabili-
ties to justifv development of proto-
tyvpes and research in areas which ma
iead to major improvements The
safest prediction is that there will be
uses for all tyvpes in the future of space-
flight. once they are developed.

Launck Vehicles. The use most
frequently proposed for Nerva is to
propel an upper stage of a Saturn-class
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launch vehicle.” The expected thrust
level of the Nerva powerplant is ap-
propriate to the stage weight, and
operational demands on the power-
plant are moderate. A generalized es-
timate of pavload performance for
nuclear rockets in third-stage applica-
tions appears in the graph here below.
The ratio of pavload to third-stage
initial (gross) weight is plotted versus
the impulsive velocity increment,
AV bevond a low-altitude satellite
orbit (e.g., 100 n. mi.}. The third-
stage is assumed to start from a sub-
orbital condition such that a AV of
5000 fps must be applied to reach the
parking orbit. Thus, the total AV
of the stage is 5000 fps plus the value
shown on the abscissa.

The graph at bottom compares the

estimated pavioad fractions for nu-
clear- and chemical-rocket third
stages. The crosshatched band shows
the performance of a single nuclear-
rocket stage starting from the pre-
scribed suborbital condition.  The
lower pair of curves show the corre-
sponding pavlead fractions for one-
and two-stage chemical-rocket ve-
hicles. Indicated on the abscissa are
the AV requirements for several likely
uses for these vehicles, assuming the
propulsion svstems to be capable of
the necessary re-starts.

To make this data even more spe-
cific. the table shown here lists pay-
loads for the several missions and the
two propulsion-system types, based on
an initial weight of 300,000 Ib at third-
stage start. This data comes from a

PAYLOAD PERFORMANCE OF 300,000-LB THIRD STAGES

Suborbital start—AV.m; to 100 n.mi. orbit, 5000 fps: specificim-
pulse, 425 sec for chemical system and 800 sec for nuciear.

Payload, Ib

Chemical rocket

! - Ratio of nuclear

! MNuclear | payload to chemical |
1 rocket (I-stage) payload |
Mission 1-stage i 2-stage (1-stage) i
|
100-n.mi. orbit 200.006 | 200.000 214,000 1.07 ;
Earth escape 76,000 i 84,000 118,000 1.55 i
! Lunar trajectory 76,000 84,000 118,000 1.55
b (2-day trip) |
| 24-hr-orbit 56,000 62,000 956,000 1.72
Lunar orbit 52,000 59,000 ! 52,000 177
(2-day trip) :

Comparison of nuclear-

20 25 30
VELOCITY INCREMENT BEYOND ORBIT, AV, FT/ SEC

and chemical-rocket third-stage performance, suborbital start.

21 ym- to 100-r. mi. orbit, 5000 fps; specific impulse, 425 sec (chemical) and 800 sec (nuclear).

simplified analysis and is not intended
to correspond exactly to a particular
launch vehicle, such as a Saturn C-5.
Nuclear-chemical payload ratios are
also presented in the table. Such
ratios should be applicable to a wide
range of vehicle sizes.

The comparisons presented in both
the graph and table here show that
the use of nuclear-rocket third stages
on chemical launch vehicles results in
a significant (but unspectacular) im-
provement in performance. A payload
increase of 50 to 80% for Saturn-class
vehicles will be very welcome. How-
ever, there will be an interim during
which chemical-rocket development
leads that of nuclear rockets. Chemi-
cal launch vehicles of much larger lift-
off weight may have superior payload
capabilities at the time when early
nuclear stages become available.
Therefore, this payload advantage,
which is based on earlv nuclear-rocket
thrust levels, would not by itself justifv
a nuclear-rocket development program.

TO realize further advantage from
nuclear rockets in launch-vehicle pro-
_pulsion, reactor powers must increase.
For example, a nuclear rocket of
20,000 Mw is required to match the
million-pound thrust of the chemical-
rocket second stage of the Saturn C-5.
{A handv rule for nuclear rockets:
Thrust (Ib) =~ Power (Mw) X 30.)
A development trend in this direction
is logical for the intermediate term,
giving pavload capabilities for earth-
orbit and lunar missions of over twice
those of all-chemical vehicles.

In the more distant future. however,
our hope for a great expansion of space
activity seems to rest on the develop-
ment of recoverable and re-usable
launch vehicles. The goal will be
single-stage-to-orbit  boosters which
can return to the launch site and. with
a minimum of maintenance, be used
for many more flights.

Despite the desirabilityv of high spe-
cific impulse for this application, the
development of recoverable nuclear
rockets is not a sure thing. The opera-
tional problems associated with the
recovery and launching of “hot” reac-
tors will be severe. The prospects
therefore look better for earlyv realiza-
tion of recoverable chemical boosters
than for nuclear.

Flight experience with nuclear
rockets will help clarifv the outlook in
this area. On the other hand. high
specific impulse mav result in improve-
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