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NmLEAR ROCKET REFERENCEnmA SoMu4RY

Preparedby

J. D. Balromb

AWl!RM3!

A briefdescriptionof the designand operatfngcharacteristicsof
a nuclearrocketengineis pzesented.The enginehas a mass of -2550 kg
and is designedto opente at a specificimpulseof 87’5 s for one hour at
a thrustof 73 000N or at a specificimpulseof 860 s for two bars at a
thrustof 71 TOO I?. The startup, shutdown,and cooldmm performance
characteristicsare described.operatingcharacteristicsspecialto a
nuclearengineare summarizedincludingradiationenvironment,nuclear
criticalitysafety,prestartconditioning,andpostrundeadbends.The
technologystatueendproposeddevelopmentscheduleof the engineare
discussed.The grcuthpotentielof the engineto a 975-s specific-
-se versionticorporatingc=bide faelelemmts is presented,and
the potentialof the reactorto doubleas a heat scurcefor a long-
term 1O-W electricalpower supplyis discussed.

.

I. lN!lXOIXXY!ION

The datap=sented hereinhavebeenpreparedin

responseto a raquirenrmtindicatedby the Advanced

PropulsionComparisonstudy*effortfor a concise

nuclearenginedescriptionand statementof its char-

acterlstfcs.llro@_pesof engineare described:

(1)the AlphaEngine,which is basedon well-proven

and conservativedesignconceptsandwhich is pro-

posedas a low-riakenginefor initialflightopera-

tions,and (2)the GamnaEngine,whichwill !s0=

thoroughlyexploitthe performancepotentialof the

nuclearengineandwill becomethework-horsedesign

aftertheAlpha-Engineestablishesbasicoperational

characteristicsand techniques.

II. NUCLEARENGINEllEscRITTIoN

The Alphadesignis undergoingpreliminarydefi-

nitionstudiesat the LosAlamosScientificLabora-

tory,end muchmore dataare availablefor thisile-

signthan for the GemmaEngine. The follcwingde-

scriptionpertainsto the Alphadesignonly;hcxrever,

*
The NASA-eponsoredAdvancedPropulsionComparison
Studyis beingconductedby the AW~ Space
Nuclearaeteme Office.

the operatingcharacteristicsfor the @mum Engine

are similar,exceptas noted.

The principalfunctionof the Alphanuclear

enstieb to heatthe hydrogenmonop~ 11.entto an

averagetemperatureof - 2700 K so as to achievea

maximumnet specificimpulseof . 875 s. The re-

quiredheat energyis generatedby fissionsof

o-rsuium-235 in a small reactor core. An axial cross

sectionof the engineIs shainin Fig. 1. The

reactorfuel is containedin hexagonalelements,as

sho.min Fig. 2, measuringroughti1.9 cm (0.75fn.)

across flats;theseelementsare madeup of a com-

positemixtureof graphiteand a solidsolutionof

UC+W2, and contain19 flewpassageseach. Eydrogen

is heatedby passingthroughtheseholes,which are

coatedwith a lsyerof ZrC to inhibitl@rogen cor-

rosion. l?hereferencedesigncontains564 of these

elementsin a corethat has a diamter of 0.61j5 m

(2s.8 in.) andis 0.89m (35 h.) long. The total

coreuraniumloadingis 60 kg (92.5$enrichedura-

nium). Heatingthe 8.5 kg/s (18.75lb/see)of

hydrogenflowtoprcduce the noszle-plenumicondition

at maximumspecificimpulserequiresa tutalthermsJ.

pwer of-36T~ and resultsin 72 975N (16 406 lb)

of thrust.
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Nuclearcriticalityin this nuclearreactoris

achiwed by the follcnitigthreemeans:

(1)One out of everythreepositionsin the

hexagonalcorearrayis occupiedby an elemnt that

ccxnbinesthe functionsof neutronnmderatorend core

6’llppOfi (Fig.3). These elementsare of the sane

sizeas the fuelelements,‘butcontaina zirconium-

bydridemcderator,a lW -densityZrC insuhtor, and

a m?taltie tubewhich supportsthe entirecore

againstthe pres= -dropload of the flowinghydro-

gen. A crosssectionof a supportelementIs shown

in FifJ.4. These241 elemmts are cooledregenera-

tivelyby passing47.5$of the totalhydrogenflow

throughthe tie tubes;the flw thenturnsto cool

the moderatorand is subsequentlyusedto drivethe

mainturbinebeforeit is returnedto the core inlet.

(2)The coreperipheml apace,betweenthe ir-

regularoutlinedefinedby the hexagonalfuelpattern

and the circularoutlfnedesiredfor the reflector,

is filledprimarilywith berylliumslats,which are

protectedfromthe high coretemperaturesby luJ-

densityZH2 insulators.Theseslatsare regeneratively

.

.
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cooledby 7’.5$ or the totalt@rCgen flew,in par-

allelwith the tie tubes. Theseslatsare, neu-

tronica3Jyspeaking,part of the refI.ector.

(3) me core is surroundedby a 0.142-uI(5.6-

in.)-thickannulusof berylliummetal,which is very

effectivees a neutronmoderatorand reflector.

Nuclearcriticalitycontrolis achievedby 12

circularsoliddrumsof beryllium,whichare cwered

wer a 120-degsectorof theirperipherywith a

boron-containing“poison”plate. Gang rotationOf

the &ums changesthe positionof the boronplates,

thus controllingthe numberof neutronsin the re-

flectorwhich can returnto the corewithoutcapture.

The totalcontrolspan is roughly9.0$of reactivi+.

Thesedrumsand theirdrive=chanisms are the only

nwvingpartshousedwithinthe reactorprescum

vessel.

The reactornozzleis a conventional,regenera-

tivelycooled,U-tubedesign. me nozzleand the

reflectorare ceded in seriesby 45$ of’ the I@roga n-

coolantflr%r. This fti entersthe ncxzzleat a

toruslocatedat the 25:1ma-rat lo point,passes

throughthin-walledinconeltubestowardthe core,

and dischargestitothe refI.ectoraft-endplenum.

Afterpassingthroughthe reflector,this flew is

tied with the turbinedischargeflow,and the

combinedflowthen coolsthe shield,the core-

auppoti plate,and the core in series. me fltw

path is shownin Fig. 5.

The aft end of the nozzle,fromthe 25:1ama-

ratiopointto a 100:1area rat10, is a lightweight

uncooledgraphite-fiberstructure.Thisncszzle

3
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canbe unlatchedand turnedback on hingesto

be positionedalongsidethe coolednozzleportion

so as to reduceoverallenginelengthfor sta?ege

insidethe cargobay of the spaceshuttlevehicle.

Hydrogenpressureis suppliedby a turbopump

with a nominaldischargepressureof @3 N/cm2

(875psia)correspondingto a nozzlechamberpres-

sureof 31O N/cm2 (450 psia).

The overall lengthof the engineis 3.165 m

(124.62 in.)with the nozzleskirtfoldedback,and

the n&s is about2550kg (5623lb). An engine

uuum statemmt is givenin Table1.

TABLEI

NUCIEARENGINEMASS 81!ATEMENP

h

Reactorcoreand hardware 868.2

Reflectorandhardware 568.8

Shield 239.5

Pressurevessel 150.1

‘rurbopump 40.8

NozzlA?and skirtassenibly 224.5

Propellantlines 15.4

!!?hmststructureand gimbal 27.7

Valvesend actuators 206.8

Instrumentationma electronics =
25w.6

Contingency Q!!_
mzAL 2550

lb

1914

1254

528

331

w

495

34

61

456

~

5513

I.lo

5623

The engineis munted as closelyas possibleto

the hydrogentank. Thrust-vectorcontrol5.sachieved

by gimballingthe entireengine. Chamberpresauxe

(andthusthrust)1s controlledby adjustingthe

turbinebypassvalve,whereaschanihertemperature

(andthus specificimpulse)is controlledby adjust-

ingthe ret’I.ectorcontro14rumrotational.positicn.

III. ENGINEPRRFORWNCE

A. ~ PWER PRRIWM4NCR

The AlphaEnginedesignis basedon operation

at eitherof two full-pmer conditionsas described

helm:

StatePointCondition

A B

Duration,h 2 1

Operatingcycleswer
duration 20 3

Specificimpulse,s m 8r5

Thrust,N
(lb)

‘Cl7’24 72 %’5
(I.61.25) (16 406)

The 875-s designpoint isbased on a maxinum

calculatedfuelmaterialtemperatureof 2880K. The

correspondingaveragefuel-elemmt exit-gastempera-

ture is 2730K. 5e fuel-elementweightlossby

.

.

.
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TABLEII

STATSFOINTDESCRIPTION

OperatIngPoint

Reactorpower, MU
Nozzle Plowfraction,$
Turbinebypassflowfraction,%
Turbopuqpspeed,rpm
Turbopumpshaftwork,W
Pump efficiency,$
Turbineefficiency,$2
Nozzlevalvearea,cm
Turbinecontrolvalvearea,cm2

Operating Point

Pump inlet
Pump exit
Tie tube mentfold inlet
Tie tube first pass exit
Tie tube exit
slat manifold inlet
Slat first pass exit
slat exit
Turbineiulet
Turbineexitmixed
Turbineb-s Inlet
Nozzleinlet
Nozzleexit
Reflectorexit
Shieldinlet
Core inlet
Fuel elementexit
Corebypassexit
Chamber

A B——

354 366
44.88 44.94
10.’70 11.81

46951 W?38
0.93

6;:% 65.00
80.00 80.00
2.63 2.63
2.70 3.02

F1OW Rate,@J/s

A

8.51
8.51
4.06
4.6
4.06
0.63
0.63
0.63
4.19
4.69
0.50
3.82
3.82
3.82
8.51
8.51
8.33
0.18
8.51

~

8.51
8.51
4.05
k.o!j
4.05
0.64
O.&
0.64
4.13
4.69
0.55
3.83
3.83
3.83

L 8.51
8.51
8.33
0.18
8.51

Pressure,N/cls2

Ji_

5:
565
531
496
565
518
496
480
407
480
456
415
415
400
390
306
3%
306

~

&
572
538
502
572
524

h?
413
486
463
421
%

396
310
310
310

A

17
19
20

4::

1%
421
4LI
399
411
21

233
285
347
356

2668
356

2634

~

17
19
20

42;

1:
431
428
415
428

21
240
294
361
370

2728
370

2695 .

to be, basedon calculations,12.3g/elezent/%under

theseconditions.TO prwide for a two-hourduration,

the fuel-elensmtexit-gastemperaturewouldbe re-

ducedby 60 K. Thiswould resultin a lowerf’uel-

ekxm?ntmass lossrate (. 9.2 g/element./h) and

wouldprwide a widermarginbetweenthe operating

temperatureand the limit.

State-pointtabulationsforthesetwo operating

conditionsare listedin TableII. Recentcalcula-

tionsindicatethatthe actualspecific-impulse

predictionsfor thesestatepointsexceedthe target

valuesby about6 s.

B. STAWIUP,SWl?DWN, AND COOIJWN PERFORMANCE

DUS to thensal-stresslimitsof the fuelele-

mentsand of othercubiclereactorcoreconIponents,

the startupand shutdu?ntransients- limitedto

roughly83 K/S. Recente?iginemappingand transient

diffusionof carbonthroughthe coatingsis assumed
calcul&ionswem madewith the enginecomputer

modelto estinmtestartupand shutdcwntranslents

forminimumpropellantuse withinmaterialtempen-

ture constraints.lhdlcationsam thatthe specific-

impulsedegradationduringstartupand shutdownmsy

be decreasedby a factorof two overearlyrough

estimatesthat were basedon linearthrustand

lineartemperatureramps. The runprofilesare

givenin Fig. 6. Approximatevaluesof the flew-

rateaud thrustintegralsfor theseintervalsare:

Hydrogen -se,
Mass,~ N.s

13ngineconditioning(30 s) 15.0 0.81FO*

Startup(26.4S) 83.9 8.75F.

First30 s of shutdcwn 95.5
7?

9.75F.

F. ‘ full-pcwerthrustin ncrdtons.

The specifichspulse(averagedover engine.

conditioning,startup,fullpower,and the first
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FQ. 6. Run profile.

30 s of shutdownonly)is:

where At is the full-pcwerdurationin seconds.

~ shutdainof a reactormustbe followedby

a cooldum periodto rensmethe residud heat gen-

eratedin the reactorcoreas a resultof the radio-

activedecayof fissionproductsformedduringthe

full-pcwerrun. Thisheat is gene=ted in three

typesof decw: (1)fissionchainstriggeredby

delayed-neutrcmprecursordecqy,(2)beta decqf,

end (3)gsnmmdecqf. The fissionheat dropsoff

quicld.yand is vi.rtualJyzerowithinaboutten min-

utes,but the beta end gammadecw tall off mm

S1OUIYend requiresanereactorcoolingfor a period

of a day or Icmger,dependingon run duraticn. @

heat releasezate is predictableand dependsstrongly

on run duration,At.

An equationfit for the that p-ofilethrough

the final.portionof shutdownend cooldownhas been

developedas folla?s:

Intenml
Thmr@mU PcwerThn@ (F/Fe)

>
30 <t<2At o.1’@l (t/20)b

2Atct-=tc o.05-f55(&+ 20)t-1”25

where t = time=aeured afterthe beginningof
shutdum, s

tp = time of cooldowncutoff,s

b- . .tn[O.3231(At+20)1 - 1.25 .k(2At)
fh(AtflO)

.

The pcwerat which cooldu.mcanbe disccmtinued,

tc, has notbeen detexmlned.A reasonableestimate

canbe based on the radiatedenergyfrcmthe pres-

surevesselto spaceat a tetupexatureof 350 K.

Thispower is roughly7 W. On thisbasisa rough

est~~ of t& in seconds,is:

tc = 322 (At + 20)0”8 .

Iwing cooldoimthe specificimpulsemustbe

decreasedgraduallyas the thrustdecreases,to

maintainmaterialtemperaturesbelowoperating

limits. JUIequationfor the specificimpulsealong

the selectedengineoperating13.osis:

lss?= 385 ~ 1+7. 6 FIFO,S; F/F.<0.374

whereF/F. = thrust/full-pWerthrust. This rcla-

ticashipindicatesthat,as the cooldmm progresses,

the specificimpulsedecreasesasymptoticallyto

385 s, correspcmdingto en enginechanibertempera-

ture of 600 K. The upperlhnitfor thisterminal

temperaturehas not been determined.Tt may be

.
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possible,as the analysispro~sses, to increase .

thistemperatureand to improvecool.dcwnperfoxnmnce.

These functions can be titegratedto gene=te

the totalcooldownimpulseobtainedand the total

cooldwn coolantmass re~imd as a functIon d run

duration. @ remits are givenfn FiSS.7 and 8*

respectively.Theseresults~ sklghtlyhigher

thanprevims estimates,and the effectapproximately

compensatesforthe improvedstartupand shutdmn

performance.

@ usefW.ness of the cooldcwnimpulseto the

missiondepends~atly on wherethe thrustoccurs

and this is dependenton the spec5ficmissionbeing

-sea. A Pra&ice whichhas been developedfor

estinmtIngpayloadsis to definea cooldowneffec-

tivenessfactor,fed,as follmrs:

reductionof requiredfull-power

f =-
e attributableto the cocldoun

cd ccddcwn impulse
.

Appropriatevaluesof fcd canbe detendned for each

burn by an orbitalintegrationusingthe actualrun

profiles. ValuesdetexnrimedIn thismannercanthen

be used forparametricanalysisof similarmissions.

Typicalvaluesof f=dvary fromO.6 to nearlyunity.

If a ~ct ion of the cooldcwnimpulse,fCa, is

effectivelyutilisedthen an averagespecificim-

pulsefor the startup,full-pcwer,shutdown,and

cooldcwnsequencescanbe determined.This function

is givenin Fig. 9 forvariousvaluesof fcd.

Iv. STAGE CSARAcrERISTICS

A paralleleffortto the nuclear-engtiestudy

at IAsL is a designstudyof the associatedvehicle,

or stage,performedfor NASA’sMarshallSpaceFlight

Cetrterby the McI.mneU. Douglas AstronauticsCo.

(WC) undercontractNAS8-27951_.~fi NUCkn- stage

Definftionstudyis a comprehensive,continuingef-

fortthathas been redi~cted from similarstudies

performedfor the NERVAengine.

For completenessof this report,Fig. 10 is

includedto indicatethe characteristicsof a typical

nuclearstageas describedin the MBIC study. It is

a reusable stage consistingof a commendand control

mcdule(CCM)dockedto the forwardend of an insu-

latedend meteoroid-protectedtank. Thrust-vector

controlis achievedby gimballingthe engine. !the

stage is designedfor hydrogen-pmpdlantresupply

in orbit,and is sisedto fitwithinthe payloadbay

of the space Shuttle Orbiterleavinga 2.43-m(8 ft)-

spacealluaanceforpqload. TMs stagecanbe used

eitheraloneor in con@nctionwith one or more

P~~t ~S to increasethe availablepropel-

lant if neededfor a particularmission. The maxinmm

P~~t ~dule sise that cuil.d be placedinto

orbitby the 2paceShuttleOrbiteris 18.29m (60ft)

althoughsndler units cmld elsobe considered.

Qpical.mass estimatesfor thesevehicles~:

Initid. Usable
Imded Msss, Propelhnt,

AL kg (lb)

~clear stage z 814
(includingengine) (;;~;) (28 250)

60-f’t plwpsmant 23 181 = 265
mdule (51 105) (46 880)

V. RPECL4LOPIRA!l!IONALCHARACTERISTICS

A. RADTATIONEMVIRCXWENT

1. PrezmnEnvironnwmt

Priorto the firstburnphase,the reactor

ccatainsno fissionproductsand Is innocuousas a

radiationsource.

2. P&@oad RadiationEnvironnk?ntDuringRun

S& power-plantstandards,the enginereactor

has a vwy highpmer densityend is only li~tly

shielded.‘l!husit representsa lxge radiation

sourcetO itsenvironment.Pecausethe pwload is

foniardof a krge tank of hydrogen,the payloadis

very effeet.ivelyshadcw-shieldedby the tank, its

remaininghydrogenand all the enginecomponents

beingfomard of the core. %cause the engineis

operatedin space,thereis no scatteringof the

side-leakageradiationby the envimmment intothe

payloadregion. The 240-kgshieldprovidedin the

designis includedprimarilyto reduceenginecom-

ponenth?atingratesby roughlya factorof ten.

It slsoreducesp~llant tankheatingby roughly

a factorof two end p~load dosesby a factorof

nine. The doserate at the pwlod increasesby a

factorof 50 as the hydrogenpropellantis drained

frcmthe propulsionmcduletank. The totaldose is

obtainedby integratingthe rapidlychangingdose

ratewer the entireprofile,with ~ of the total

being accumulated overthe lasthalf of the full-

7
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paferrun and its cooldcwn. Esthated

dosesare:
Neutron

(Energy> 1 Mev)

Maximumdoserate 107 n/cm2.”s

Totaldose 106to 109 n/cr&2

plyfload . electricalpump in tk cooldwn line. possibleuses

3. Post-RunRadiationEnvirmnmmt

~ L!--- —.- ----

Gamma

24 rSd/S

1.3X104 rad

The radiationfield~d the reactor

deccyfsrapidlyduringcoddown, and afterabout

0.5 h becomesbasicallya gsnmafieldwhichdimin-

ishesroughlyaccordingto the follcwingrelation-

ship:
-1.25

dose rate, A/h = 5 x 107‘t t
R2 Y

where At=runtime, s

t=timefrom endofrun, s(t> 2CKX3S)

R = aistancefromreactorcore,m
(R>10 m).

l?hisrelationshipwill applyat locationsalonga

line-of-sightof the reactor. Eoth in the tankand

fon?araof it the fieldis depresseddue to the

shadowingeffeetsof the shieId and otherstrut-

ture. The dose in the payloadregionis roughly

1/33of the valuepredictedby the abwe relation-

ship,prwided the tank is empty.

B. NWX.EARCRITICALITYSAPEl?Y

Priorto launch,eachenginewill havebeen

Operatedonlybrieflyand at a negligiblepuaer

levelto determinethe exactcriticalcontrol-arm

POSitiOn for thatEYicular core. Afterthfs op-

eration,poisonwireswill be installedIn the

reactorcoreto providean absolutesafetyprecau-

tionagainsta neutronicstartupwhichwmildresult

froman inadvertentoulwud rotationof the control

dxumaor frcsnwaterfloodingthe reactorcore. The

poisonwireswill remainin the reactorthroughthe

prelaunch,launch,and subsequentman-tendedopera-

tionsin space. Theywillbe removes remotely

priorto the firststartup. Onceremovedthey can-

not be neplaced.

c. rJYifKmRMIDE

The enginecanbe uaea in a lcw pcwermode in

which a low flewof hydrogenis heatedto 700-

lm ,K. The turbopumpis not used so thatthe hy-

clrOgenis eitherpressure-fedor fed froma small

1).

GUU5 IIDae are:

s Tankprepressurisation

● Orbittrimnnlng

. Preburn maneuvers

● Miacoursecorrections

“ ● Propellantsettling.

PRESl!ARTCONDITIONING

Althoughno detailsare available,it Is certain

that at leastthe followingtwo @pes of operation

will.be requiredpriorto the ~-s bootstrapstartup

to fullpcwer.

1. NeutronlcStartup

Neutronicstartupis accomplishedby a

programmedpositioningof the controldrumsto bring

the reactorto critical,bringbothpcmerand core

temperatureup to the prestartlevel,ma execute

the transitionto temperaturecontrol. This opera-

tionwill requirea uaxlmumof roughlyten minutes.

2. The?xnalConditloningof the TurboPump

Trickleflewthroughthe turbopumpfor a

periodof a few minuteswillbe xquired for thermal

condltioning. This or othertricldeflewcan also

be usedto performpropellantsettlingin the tank.

E. RWl!RWNDFADE4NM LUB TO XENONPOXSOKR?G

After a lengthy full-powerrun,therewill be

intervalsduringwhichthe enginecannotbe re-

started,due to the buildupof the radioactiveiso-

topeXenon-135,which is a neutmnic poison. These

exclusionintenal.awill startthreeto eighthours

aftera full-power run andwill lastfrana few

hcnmsto a dtv or slightlymore. The durationwill

inc~aae as the run durationincreases.Thesein-

tervalsare not yet preciselyknown.
*

*Thesedeadbandsapparentlywill not interferewith
a normalone-modulegeoaynchroncusmission. They
may affectthe selectionof intermediateorbits
forperigeepropulsionon escapemissions.
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VI. TECRNOIOGYSTATUS- AIPEAENGINB

A. lNTROlXJ2TION

The designobjectfveof the AlphaEnginehas

been to derivethe greatestbenefitfromthe tech-

nologydevelopedoverthe 17 yearsof the nuclear

propulsionprogramand thusto minimizedevelopment

risks. The resultingenginecanbtiesthe best and

most stralghtfomardapplicationof the successful

developmentsof IASLRoverand NERVAprograms. In

general,the designdoesnot requireany majortech-

nologyadvencemmtsto achievethe desiredgoals.

\
B. TRCRNOICGXE4SE

1. FuelElements

Althoughgraphitefuelelemantshavebeen

used duringnnst of the program,ccmpositefuelhas

been the predominantdevelopmenteffortat IASL

since1967. Compositefuelelementshavebeen test-

ed successfW2yin one reactortest (Nuclear

Furnace-1)and in manyhundredsof electrically

heatedrunsovera wide rangeof condltions bracket-

ingthe design-pointconditions.Thesehighlyreli-

ablefuelele=nts are superiorto the graphite

elementsoriginallydeveloped.Neitherthe baeic

cross-secticnalsizenor theirshapehavebeen

changedfor thisenginedesign,and all the msnufac-

turingand testequipmentis setup ma operating

at I&%. The shorterelementsof theAlphaEngine

(comparedto NuclearFurnaceelements)are expected

to presentonlymxtine developmentproblems.

2. ReactorNeutronics

The coredesign,particularlythe crucial

use of zirconium-hydridecenterelemnts for neutron

!mderaticn,has been successfullytestedin a very

similarsizeand configurationin the Pewee-1

nactor.

3. RegenenkiveCoresuppOrt cooling

The tie-tubedesignprinciplehas been

testedsuccessfullyin the PhaebusI.Band Phoebus2A

reactors.

4. COre Insulators

Iaw-densityzrC insulatorswill be used

the coreinsteadof the traditionalpyrolytic-

graphiteinsulators.The changeisbeingmade

in

because it la believedthatzrC is more rellable

and ~herentlycapdbleof longerlife. ~ develop-

ment of lcw-densityinsulatorsis progressingwell.,

and such fmsu#atorswSU lx?lncoqoratedthroughmt

RucLe~ Furnace-2now beingfabricated.

5. BeIY1l.iumReflectorand RotaryDrum control

Theseprincipleshavebeen testedin all

but threeof the 19 reactorsin the nuclearrocket

program.

6. Turb_

The turbopumpdesignappearsto be

straightfomm.rdalthoughtwo areasmay require

development.Theseare the pumpingof slushhydro-

gen (~) and the furtherdevelopunmtof rsdiation-

resistantbearingretainersin the eventthat the

conventionalArmslonretainersproveto be marginal..

Basedon the limitedexperiencewfth ~, no large

problemsare antfcipated.Existingradiation-

damsgedataforAnnalonindicatethattheseretain-

ers shouldbe adequatefor the intendedapplication,

but conflrmation is required.

T. Nozzle

A standardU-tuberegeneratIvelycooled

nozzleusingconventfond materialsappearsto be

adequate,althoughconfimationof lcw-cyclethermsl-

fatigueresistancewill be required. llevelop~nt

of the uncooledskirtfa believedto be straight-

forward,but wtll be aonfirmedby scaleinodel

testing.

8. Actuators

Development of the actuatorsis based on

exist@ technologybut will requireradiation-

hardening,particularlyin the area of lubrication

of gears.

all

end

9. OtherComponents

A scundtechnologybase alsoexistsfor

othercauponentsincludingstructures,valves,

instrumentation.

10. Test F8c~itles

Existingtest fe,cilltiesat tb Nuclear

RocketDeve~nt Staticn on the NevadaTest Site

will be used for gmamd-testins. The main new

“&dditionrequiredis a “scmbber”effluentcleanup

n



system,whichhas beentestedsuccessf@V in l/7th

sizeduringthe NuclearFurnace-ltest.

WI. GRUJTEPCfJENTIAL

A. INTROMJCTION

-e Pr~V imprwe=nts canbe designedinto

futurenuclearengines:

● A fuel-elementchangewill allcwa higher

gas temperatureand providea hQher specific

impulse.

● A dual-modesystem,if incogorated,will

use the reactorto generateelectricpwer for long

periodsof tins?when propulsionis not needed.

● The heat energyin the reactorwiJJ_be used

for suchpurposesas attitude-controlthrustend

payloadheating.

The desfgnfeatureslistedaboveem logicalsecond-

genendiion imprwemmts to the state-of-the-art

AlphaEngine.

B. sPEcIFICIMPULSE(GROWTHlU GAMMAENG12UI)

1. General

AS discussed,the AlPhaEngineiS designed

to use fuelelementsend nozzlesof existingtech-

nology. Increasesin specificimpulsecanbe antic-

ipatedby increasingthe temperaturelevelat the

nozzleexitalthoughmanyunknowns,technologically,

willbe involvedin the design. A specificme

of 975 s may be achievableh a corecontainingcar-

bide fuelelenw?nts.lhiscarbide-coreengineis

referredto as the GemmaEngine.

2. FuelElements

It is knownthat corrosionlossratescanbe

greatlyreducedand temperaturelimitsextended

throughthe use of pure carbide~ i.e.,UC‘Zrc>fuel

elements. ~is materialhasbeen studiedexperimen-

tallyat IASL since1959,end someprelinrhw’ywork

hasbeen done on the designof a reactorcorebased

on suchfuel. RY usingcarbidefuelelementsthe

temperaturelimitof the exitgas canbe extended

frcmthe present2730 K to rQU@ly 3150K. This

materialis morebrittleand cracksmore eaeiJy

underthemnalstressthan composites,and the core

designmusttakethis intoaccount. Also,the

carbidefuel is denserthan compositefiel,which

wSU increasethe enginemassby rmghly 260 kg.

The c&bide fueltechnologyprogramwill.ccntlnue

at IASL in parallelwith the AlphaEnginework.

3. Otherccmpcmenta

B strivw for highertemperatures,com-

ponentsotherthen fuelelementsmay alsobe changed.

The low-mlting-pointalumlnumpressurevesselwould

be changed,end the nozzlew changefromone in-

corporateing a thin+mJ3.edcoolingjacketto an un-

cooledstzmture. The titterchangemay or mtw not

be advisabledependingcm engineand missionlife-

tiresrequirements,all of whichwill be affected

by AlphaEngineflightexperienceandby the develop-

lug

c.

I.ar

UnitedStatesspaceprogram.

IUAL-MXJEELECTRICGENERATINGSYSTEM

A nuclearpropubion systempossessesthe singu-

adventegeof usingthe reactoras a thezmel-

energysourcefor a long-l~tfeelectricalgenemting

system(dual-modesystem). With the nuclear roclost

engine as a thermal-energysource,powerlevelsof

10 to 25 kWe for durationgof two to fiveyearscan

be achievedfor nmre embitiousmissionsthan are

possiblewith the Pioneeror l.kwinerprobes,at a

mass expenselessthanthat of currentlyenvisioned

space-powersystems,suchas SNAP-8and the Braytcm

cycle. Someapplicationsrequiringthesepower

levelsare datatranemlssionat hfghbit ratesand

side-looklngrackrmapping.

An additionaladvantagefor dual-modeopera-

tionarisesfor arter-planetmissionswherethe

nuclearstageis used for orbitinjection;nens?ly,

by operatingthe pu?er systemduringreactorcool-

dmni,the addltionalmass of the powersystemcan

be compensatedby savingsin cooldum propellant.

Also,the electric-generatingsystemcanbe operated

duringthe transitforp~load ccmditioning,vehicle

attitudecentrol,cmmmmIcations,and datatransmis-

sionfor scientificexperimentssuchas mappingof

the asteroidbelt.

The pcn?er-conversionsystemis basedon the

Rankine-cYcb usingthiophene(C4E4S)= theworkinfs

fluid. !l!henzalenergyis remwed fromthe reactor

by circulatinghydrogenthroughthe core-support

structure(tietubes)and throughthe boilerof the

●
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pcwer-conversionsystem(prima.mloop). The waste

heat is rejectedvia a radiatorencirclingthe

propulsionmoduleby circulatinghydrogenthrcugh

the radiatorand throughthe condenserof the power-

converstonsystem. Por a typical10-kWeelectric

generatingsystem,the total.additionalmass (includ-

ingthe radiatorand enginemodifications) wouldbe

roughIY.6w*O TOO kg.

Onlyminor modifications to the AlphaEngine

wouldbe requiredto acconmudatethe prinumyloop.

Suchmodificationsincludethe substitution of a

higher-temperaturematerial(e.g.,titanium)for

aluminumenginepartsthat are in contactwith the

primary-loophydrogenand the additionof valves

(to isolatethe primaryloopduringthe pmpul.aion

mode and to isolatethe tie-tubecircuitduringthe

el.ectric-generationtmde). OtherumdificationsmW

providecoolingof engineparts,eg., of the con-

trol+rum actuatorsduringthe electric-generation

tie.

D. (M?EESHEAT ENERGYUSES

Otheruses,in addition

reactorenergy,w533.be made

to the dual-modeuse of

of this readysource.

For example,it w provideredundeacyin attitude

control,which is importantfor werall missionre-

liability.~drogen heatedwithinthe reactorwould

be en excellentworkingfluidfor an attitude-control

system(ACS)becauseit is a simplemonopropellant

with a good I
v“

Warm I@rogen could also kfwp certain Iwlosd

componentsat a desiredtemperattm,whichwouldbe

e-c ~ ~ofient H mned missionswere

reactivated.

VIII.

A. ALPHAENGINE

DEVELOPMENTScHEmm

The prcfposedAlphaE@.ne developmentschedule

includesa reactortest in 1976, swen engineground

tetis,and a prototypeflighttest in 1979. An

extensivecomponenttestprogramwouldprovidesuit-

ablequalifiedcomponentsas requiredin the engine

program. This schedulewouldpermitdeliveryof

the firstmission-qualffiedflightengineIn 1982.

B. GAMMAENGINE

Gamma+lnginecomponentdevelopment,especially

of fuelelements,wouldproceedgraduallythroughout

the Alphadevelopmsmtperiod. w 1980,Alphsflight

datawouldbe availableto guidethe @nmm Engine

designstudies. Dual-modeandAcs hydrogensupply

wouldbe addedto the program. EkcauseAlpha

developmentexperiencewouldbe available,engine

developnnmtcouldbegin in l@O, leadingto a

flight-quallfiedGammaEngineas earlyas 1984.

TMs report is an unclassifiedsummaryof work reported

in IA-5044-MSconsistingof VolumeI, EngineDescription(Confidentti);

Vohn? II, supportingStudies(Confidential);and VolumeS_II,PreMminaxy

ProgramPlan (unclassified).
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