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In January, 1954, the Soviet Ministry of Defense organ Kresnaya
Zvezda (Red Star) "«7on publishing in the space allotted to scientific
and technical subjecte a series of six sirned articles generally
etitled ''Atomic Enerpy.!' This was followed by another series of
saven articles entitled '!The Physics of the Behavior of Nuclear
Porces.'' Translations of these articles are availanle in the RiND
T«35 series,

On July 1, 195, the entire Soviet press carried the official
announceament concerning the inzu wuration in the USSR of the first
industrial power statior operating on atomic energy., Two months
later, on August 31, 195k, Red Star bemn a new series of articles

zenerally entitled ''The Problems of Utilising Atomic Energy.'!

@no Poesent article, W.
well=imcam aavant Profasser. 0. Pokrovsky amfi-is concerned with the

application of atomic engines Lo submarines, aircraft, guided miesiles

and automobiles, Mg\mt a'omic submarines could

provide an exc.ellont means of communication in the Arctic since they

could travel unhindered w.der the ice where thare is always a layer

of unfrozen water. Although not yet used in aircraft, atomic engines

have great significance for pilotless aviailon, e. 7., Fuided missiles,

lon,;=ra:.;'e rockets, und caryo-and passenperstowing aircraft, since

there is no need for e :tremely heavy chieldins around the nuclear

o B

power plant, With remard to automoh:ile transport)h-_iadmm the

AT %

existance of a project,which nakes use of ;mseous fissionable materials

in an internal combustion type of enginef | This—tdea—has—been-desoribed
by Fe Ha-Kemerin.the Journal of A-plied Physh: 525 39539,

r. J. KI‘IOgtr
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THE PAORLTMS OF UTILILING ATOMIS TNERGY™

The Nucleur Fuel Enrine

In recent years tremendous successes have beean achieved in the develop=
ment of nuclear physics and in workinc out practical methods of o':talning
atomic enercy, These successes even now vrovide the oprortunity of using
atomic eneryy not only for manufacturin~ slectricity, but ulso in various
forms of transport. There is no douut that, on the road to the wide use
of atomic sner;v for the construction of mechanical engines, serious diff-
iculties will have Lo e overcome and many scientific=techrical problaems
will have to be solved,

In order to rnake an atomic earine, an ordinary uranium pile can e used
in which the transformation of natural uranium into plutonium is accompanied
by the release of & 'reat anount of heat, The heat 13 utilized for heating
4 steam boller which supplies steam to a turbire, Thus, a uranium pile in
this case rcpresents = unique atomic “urnace in an ordinary stesam=power
plant,

There is, however, ore feature of an stcmic -ile which must definitely
be taken into accourt, It emits into the sur:ouniin: space a powarful
radiation which har 5 very lamMl effact o= neonla, In order to sliminate
the harmful influence of this ra’icantive radiation, it is necessary to
surround the pile with a shinld In the form of 1 layer of concrete or lead
weihing utout 100 tons for every cunic meter of volume, This makes an
atomic stéam powar plant estremely heavy., sccordin.- to press data, the

assumod weijht of «n atomic plant for a 500 ton locomotive of 4,900 horse-

'Knmyu Lvezda, 15 Saptamb-r 195, p. 3.




power amcunts to aprroximately 10C tons, {, e., 20 ~ercent of the entire
wairht of the loconotive,

The relative incrrasez in the wal-hit of an atomic encine in comparison
with conventional steame=power nlants is ~reater, the less the power of the
en-ine, Consequently, one can assume ‘hat atomic en-~ines may in proctice
e ured for tranapdrt[mrposes] » Tor exampls, in the navy only {or coms=
paratively larrs power requiremants, approximastely tens und hundreds of
thousands of horsepower. Resides this, one siioul? take into account the
fuet that conventional furm-.ces for steam hoilers require tromensious
quantities of air for 'urning coal or oil,

An atomiz en dne, howevar, requires nc :ir ai all, It needs only a
liquid for coolin; the steam power plant, In addition to which the equipe
ment Tor cooling ean be made cufficlently compact,

s very importnt property of an atomic engine {s the fact that a small
quantity of uranium is recuired for its operation even over a very lengthy
period. Its wei-ht and volume ir. comparison with the whole atomic encine
are quite i{nsimificant, Therefore, an atomic en7ine can in practice
o~erate (continuously or intermittently) until the hearings of the turbine
wear out,

11 one compares the weirht of an atomic stenm power plant with the
wal~ht of & conventional stcam power plant (tovether with the fuesl required
for ite operation), then the followin; will become evident, With & small
sipply of Niel the conventional steam power plant will he 1i-hter than an
atomic one, the wolpht of 4% atomie plunt “elnyg rsreatly incr-ased by the
wolisht of the shield upainst the raliation from the atomic pile, On the
other hand, with a ccnsider. le 3up-l, of fuel thc wel.ht of a corvsntional

steam power plant will he suhstantially preater than the wai~ht of an
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atorde enine, That is why it is exvelient to 1:5;3 atomic steam nower plants
when the engine [ requiremnt] is not lese than aprro.imuitely 10,000 horse-
nower, at the same time, the encine is .a-a~le of operatin - for a long
time without refuelir -, requirins ='wsolutely no air, il there is u:other
subetance, for exampl~, water, which can "= used as a coolant,

Tha properties of an atomic en:ine also dotermine the possiiliiles of
its most profitable application. In particular, an atomic en-ine may he
successfully used in large su'marines desi-med for long=-ran;e navi:ation,
In the upper part of the fisure rcproduced hera, a —asic dda Tam of an
atomic subxahrine s chown, The section with the atomic enjine is saovn in
cross-section, Because of the nuclear reaction, which tukes place in the
atomic pile (1), a tremendous quantity of heat flows continvously throuch
the pipes (2) into the heat exchanrer (%), There hlch pressure steam is
proiuced; it sets the turbine (6) into operation, the motion of which is
transmitted by a rear drive to the shaft (9) of the propeller (10). The
diagram of the engine also contains a pump (3), a condenser (7) and pipe=
lines (5 and 8).

I

Submarines with atomic enrines could be of substantial interest frum
a military point of view for carryinz out lon . -ran7e oparutions arainat the

enemy's conmmunications, Thesa vassels, however, will find a serious
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application alse for pesceful purpoaes, They do not rejuire air for the
opsration of tha en::ine und s-e cupable of travelline under water for a
very lory timoe without surfucin,,, Haintainin~ a sufficient quantity of
oxyvren 1: such a submarine for ' 1e personnel to hraathe :nd alsorhbing the
carbon dioride, which the: produce, are accompli he! comoarutively simply.

Under such conditdons atorde su'marires could provide in excellent
meana of communicatio:r, for example, in the .retic, The surface of the
water in 'he arctie, for a considerale gurt ¢f the year, is covered with
ice vhich is difficult for surface vossels to surmount, Under the ice,
hovever, there is always a laver of unfrogen water ir which & suimarine
can travel unhindered, Should it ne necessary for the crsw of the ves=sl
to come to the surface, it is easy {o ore through the ice from below and
to push outside a wide pipe with a ladder or elevator. Throurh auch a pipe
it would be possible not only to land people, 'aut also to unload various
materials,

The prospects {or the peaceful use of atomic sutmarines, however, are
of 1ittle interest to the reactionary forces of the imperialistic states.
This is indicated by the sensation raised in the forsign prezs about the
american military submarines !'Nautilus!' and ?'Sea Wolf,!! These sube-
marines according to the data of the foreign press do not differ in any
particulars from the dia:ram considered ahove and resultinz from the
physical hases of utilizin- atomic cner -y, Moreaver, accordin;: to *he
lutest data, the Americans have not ye! succesded in practioally mastering
the suimarine !'Nautilus'?! wvhich they have milt, Her triils are being

posthoned, ~nd trouhles connected with the atomic en-ine have not yet




a bheen ruccessfully el 1.m1natod.’

Aviation 13 another flel? for the possi-le utilizatior of atomic
enrines, Hare one can sprak, in the Tirst place, about steam turtines
which turn propellerz n. obtain steam from t'c heat produced in an atomdc
rile, In the nacond place, there is the os3aibility of creatin: a turbojet
eniine ir which the hcating of the ailr 48 accomplished (directly or by
means of a heat exchanier) by an atomic pila. In the taird place, one can
speak of the construction of a liquid (fnelx Jet endne in which tha
heatin~ of the re-sctive moe: is accomplished »y an atomic pile. 4ll these

prospects ara of significance, first of all, for pilotless aviation ==

guided miesiles, lony=ranpe rockete and tle like, There are no personnel in
such machines and, thercfore, there is no need for an extremaly heavy
protective jacket for the atomic pile, Thias -reatly reduces the wei-ht of

the plant and makes it suitaile for use in a flyins machine,

_ No less prabable is the use of atomic enpines in aviation for remote
controlled towing aircraft. These tractors could be uaed to tow pascenger
or ocarro rliders, It ie possible to ottain the necassary attenuation of
the radisation, which is dangerous to the living or~anism, by a sufficient
3 length of tow line, und so also of d°starce hetween ‘hLe towinr aireraft
with the unshielded atomic /ile and the towed slider with tho people. Here
distance alone will replace the creat masa of the su'st‘ance of the protece
tive jacket of tue Llomic ile,

In connection with the poeeibility of using .tomic enerpy in aviation.

there arises, even mores .cotely than with conventional jet aircraft, the

»
Nota: Ths Nautilus waa laumchicd at Oroton, Connecticut, on 21 January

175h. It wus not until 17 Jamary 1959, however, Lhat she underwont her

“{rat naa ta.ts, in Long Island Sound, on miclear power., Fd,
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proilem of convertiny the thruat of the en *ine into a “iraking ‘orze for
shortening the landing run und improvirs the maneuvera :ility of the aircraft
in the &ir, Uutil recentl: *hese *ashks sneemed almost insolnvla, Llately,
hovever, informa ion apneared in the nross about “he nr ation of an
apparetus called the devistor, It is installed in the jel noszle at the
point wvhare tne rases esmar;o. The deviator contains 4 rotatable -rid with
blades for deflectins the motion of the r.ses in the desired direction,

By means of such a device a ounter=thrust of the order of 15 to 20
sercent of the e 7ino's maxime'm thrist can e obtained., As . result, the
spred of the aircraft and thr landinr~ :peed are consiceraibly decr ased,
The size of the landin~ strip is mduced, There 18 o substantial rgin in
time when coming in for landiine and thr mansuvararility of the aireraft
and the 1ils of 'he landin. ear are incrvased, 5inee such 4 deviator can
be used in any en:ine, reaniless of iamater, temperature :ind valocity of
Mowin pas jer, Lemptin;, prosnccts open up for solving the nro'lem of
l.hdine aircraft with atomic en-ines, In Lhr lower part of the fi;ure
reproduced ‘m?re i3 shown « rkeotch of a turbvecompressor jel. enjdne which
operatss on atomic fuel und consists of a comproasor (l), an atomic pile
(b), & turhire (o) and a deviator (d),

In practice no atomic en:ine 'as yst ‘ecen used in aviation, The
possinilities of its use, however, are very reat, s modern technolory
allows them to he reulized Yv vurious mcans,

No less realistic in the future ia the utiliiation of .tomic fuel for
automonhile tranzport, There e ists, for example, =ich a project for a
low=poti:red enine using an atomio reactor, The reactor is ~ade in *he
forn of & cylirier with a pistorn, The space inside the cylinder is filled

with nuclear fuel in a giseovs state nder certuin pressure, When the

#EE
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piston moves the zas is compresseds »s scon as it attains & cert.in volume,
& muclear fission chain reaction “e-ins, The products of the reaction
€.t great pressure on the piston and force it out, The volume of the

eylinder becomes greater than critical, and the nuclear fission chain

reaction stops., If several cylirders ara taken, one can obtain an atomic
nrine similar to an automobile en;Are., Undoubtedly, in ordexf to completely

eliminate loss of neutrons, the cylinders in this case must be made of

materials which reflect neutrons well, It 1s pos=ible to reculate the
power of the reactors, hence also that cof the enine, its starting and
stoppins, by rods of cadmium or bhoron,

Tt 1s interesting to compare the expenditure of tuel for the conventional

enine of the ''Pobeda'' motor-car ad that of an atonir enrine of aprox=-
4mately the same power, Tio ''Pobeda’! consumez 10 to 11 tons of ~asoline
over a distance of 100,000 kilometers. An en-ine operatin: .r nuclear fuel
will require only & rrams of uranium, Let us agsume that 10 parcent of ’
the nuclel w'll fissior, Then to ansure normal op-ration of an atomic en dne
of such power over a distance of 100,000 kilometers, it will hae necessary

to put into it &0 rrams of nuclear fuel, In oractice tiis is mitle
feasible., Thers romains only to lock after the nrotaction of neanle ariinst
the radioactive radiatlor,

411 that has haen said pe-rmits one to Jraw v coneclusjion that already
today atomic tecltnique i1a a ranidly :rowin: trarch of ':cinlove In the
fTuture it w!ll develop even more impctuonaly, :ince the possi ilitles of
ntilizing atomfc emersy are " aconing more and more lve ge, ~sp -clail; in
our country whare all the .:chieviments of aclence .nd tech:iolo -y are pluced

in the service of the prole.

Profas or, Doctor of Tectnical Sclences,
Ma jor=Caneral of ¥icineerirg and Technical Service,




