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lbansnitfu 1 bf Pnogqess ltepo:rt entj.tletl rrNuerear-pouered Elighttt
by an rrrfornal corntrttttee oi' ttre Applietl phystcs Iaboratcry oi
the Johns Hopklns llnlversltyr

TO:

lB0rrr:

SUBJECT:
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fn aecordanee r'.lth yorlr Verbal lnstr-uctlgnF of about 9 Jr:ne 19116,

the Conmlttee has consldered the general. problen of alr vehieles ariven

by nuclear p.r€r. Tlueo copies of the zubjeet report aro iespectf\rLly

subnitted herorrlth. A flrst tlnaft nas srrbnrltted octoben zjt ]-;gt6. slnEe

that ttnre nany enorg have been conrected and nrtrch new mter1al has been

acldeil. ,fire Ln!.tial tllstrlbutlon Ls inttleated ln the :report.

Your conmentE and thope of bther lnterestett persons rrl11 be

appreclateit by the ConrrLttee. Revlew by suitab!.e nenbers of APt is hereby

requesteil.

rt ls lelleved th6t any f\rther rsork on thts srrbJeot.at A'pL

shoulcl be camleil on by a BnaS-l staff 'rtlth flesh instructlons, and that

the existlng large conmittee shouLd be dl6sfurged 1n the near future.
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R. B. lobertsr $. A. Bonney e-nd A. 0' Beer

Foreward

Bt' n. B. Roberts

.In designing jet.propuloion engines uling nuelear energyt

thr.ee sets ot- design cond.i'tion must be met Singltaneougly. Thesc

are. 1) conditidns 1nd.er rvhich a i:uclear energy reactor wiil opere''te,

2) ccmditions inposed h' tlre ciesi.gn o.+j tl're jct engipe ano fino.Ilyr 3)

conciitions ariding r'rorn the consrileriitions of properties of materia.ls.

I.b is easy to meet ury tno sets of rer;uircment$ 'out dj.f'ficuLt to meet

.ali three SirnulteneoUsly' For examlrle, a: nucleitr ener&r roeket or n'

ran-jet so'ald be easy if .na;tr;rials weFe availabi"e rdt!: rnelt'ing points

of 10rO00cC. In_ the cese cf 'the rockei, it appcr.:.rs that bhese tiiree sets of

eonrlitions :rre proic:bly not mrtuerfly exclusive 'or.rt thel' n'o..y be for the

r*m-jet. In t1re turbo-jet, horieve:r, the d'es16n linitetio.ns oi' the enginE

i:.ppe:r 11tlg re}-r-tively aa;sy to meet.

In ttre report ilTurbq-Jet Ehgines r'rs Gui<led Missiie ?orver iilr:ntsrr,

by Lt. Eciv.rr.rtl lJ!.. P,eCding, th,c exhaust te:rperature of r.: brlrbo-jet engire

is given as 1500oF. fn atlclitionl the perfollgtulce of the turbo-jet

Shoutd not be aS criticnJ. to cr.:lg in tire com'larstion ehenber e:s is +"he'

rarn-jet,r These trro i'er,turc$ givc r,nrch nore ]eewrry in the <lesign o'f the

pi-1e ;,::i in obtainin6 rnaNeri.:Is shich rfill-"t*U the temperittute'

A finai consiCefation in f'avor of the 'i;r:rbo-jet is thr,i: the thnrst

Coes not vc.ry a.pirreciably sitir velocit*'r'. This rnea.nn that ths. dro'g of

Il'in.'ffits'rE?It1'#I'fr;k"#f'"'.#b##l*:H
H;€''f ';'J,,*l*3n"r9,BTSH?I"'L*-'3**llB'5'*.f*:

:.==.=.=====*.,
4L5 090
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tlre turbo-jet engine wil! be smaller thr.rn tha thnrst -oelon a certs.in

veiocity. In other i'rortl$, the poor:I.y designed turbo-jet '*rj.th. Lower

thrust wiil stiil fl-y, though;Tt a rec&rced velocity. fn contrast to

tiris sj.tuation, thb drag of a rtm-jet incre.tses vith velocity in

rnrch the same ?tey i.rs does ttre thrust. Ilence, it iS conoeivable that'

a run-jat lthoso prop..rlsive systers b:-ur short of optimum perfarm,lnce due

to limitations inposed by pite clesigns night not fl.'i at any velocity.
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By E. A. Bonney

4qs!g.P-t

it, is desired to t'ind ihe opti.rmur des:igr ol' a Long-range

p'iIotless eirl:,l.grle to galr.v a l:e,.yloaci o-f t2ro0o i:rrr:ncls :r dlstance

of at Lelrst 5rCN Hii6s. iUisting aird proposeci |uture nr+tfiods of

proprrJ-eio4, a:.e colsidereC rzith an ey{: to pr'*oticability as irell a.s

feasibilii;y. It ip shottt tiret a i;urbo-jet desigrr using nucLea.r

energy fiom a rt.'aciotr a-s $,e scul'ce of neart itl i:iace of the

converrtioner.'i btrrner v;ill be the oi.rl;inrtrn design for the ti"1-re of

rrelri-cle corisid.efed. 0n the basis of' the nssu:'t,'tions used in thie

arut-1-ysis it rviil be the lightost in ivei.ght eard itave tbc bcst per-

formn-nce o.f the thri:e iXTes consitiered..

i. I+trPclqglig+

InnsFruch er: tlic raun-jet end rocl'-et $rolrulsirl!: methods its-ve

ireen covci"ed in ot[eT nnr'.]yses, tiris r:r:'eiininaly invcstigt.tion is

confined to'tUr'rp-jets end contlentione3. l.nopeLler$ es tlie :neang of

im;ra:.ting pi.opulsi-ve i'orce to the ..:irpiane. t'he anr.'lysio is tlrere-

fore in tire range of high subso:ric lltecb nunbers,

Three plausib!-c designs rverr consid.ered iis foll-ovts:

i. furbq-jst sith tuclcar energ:r.

2. l\:'bo-jet sith convc'4tionLl Jbel.

3. Air tr:rbine firiving conventionill propellers sith

- nucLear energy as ti:c Elourcc, of lter.l.

it le assu:ned that the bpriy sirape -erJ..Ll- be that of " U"*tr*?l'

lt-
tlrc

F
I
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'

o
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elongatcct't$ar' C.roii t$th the front ilortion crrt off io aLlorr- thc air

to enter and tire ler..r crt off to n-liow it to exhaust thr'ouE$ a jet.

The na.xinum area r€Qliil'*ti. Ls i,*icen i;o lre that qf' r: 5 fosi eircle plus

the additlonal erea necess:rry to all.oir j.Ei.tsa.€;e oi' the air tltrough the

bo<ly. Ii; develops t.lr*t the necessary outsi-cl-e triffneter is a;oprozl-

nertely ? feet nnd hence tl:e eroa 'oi' a ? foot cirr:le is the basic erree,

on 'a'hich the bocr;' clrag.coeft'i.cient 1s basoti. Beforence 2 states thrrt

the drag cotlfficicnt for' such a sho.ire (neglecting corop'ressibili$t

effects) is about .120. , 
'

t?re optimurtr angLtt of atteck for sr syomet.riceri ','dng 1s taken'as

6 deAr.egs. (Air'uiirne uetrali;r ga,.s ingirlence angle of about I degrees,

but the iu:gLc i'ob O lift is -l degreesr) Assrxring er:n aspect rrrtio

of 6, ttie Lift sigFg bucomes .li?i3 per deg:-ee a:nd the iiit co-

efj'icient becorn"-r.s .455. The pz:ofij-e rir*g cce.l'ficient is .0060. Ad.il'L-

lng J0il of this velire .to ecvei tr:il dl't:6 nalces the totr'l' i'ring rh'ag

coofficie$t equnl tcr .O0?8

TLie- opeii:.ting r'l-^r,itude is r-.rbitr-ari1y tiiken as 4OrC00 feet. It.

is rea].iserl that grel ter specris wiLl -oe o'otaririt:bl-e ttt, irigher sititu.4es

with ttre tr:rbcr-jet cles'istrtr holever tl,ie e.ttLtude i,s ir.practieal U.mi-

t*tion on thc FTopeiler taue and i.t ci.evclo'Fs thrrt the f.lrbo-jeto wi)-L

simply ttcli-g deepern into thc region oi' strong comp:'essibility effects

at this altitgcle therelry gei:ring .tittl,e in speed ..ind plob;tbly con-

siderablc in cont::oi trouslr:s.

Iti! 4Ls 09s

a
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?. Turbg-jet lz-i$:h. l,iuclgsr Poweir

lfiiti: +,his ii?e of tlesign, the a-ir wil.l- eni;er a diffuser, ilienCe

;,as."ing through thc comp::essc::r thtm thrcugh the i:iIe herrt sout'cs

v::ich re'pli:ces thc conventionaL tilrnerr therr to tire turbine r:nd

finally enhc.usting tirr:ou-flh t'he ;et et the rt?er. lb* treig..ht of the

can'bon pile uirs ceiesdnec bl' coni.srison nith the conventir.rtxJ type

of turbo-jet considered in seetion 3, i.c. the etluivsiLent voighi

necessar'y tc proiuce 4000 lbs. of thrust rsith an er4rc'n<lihrre of l.OB

1bs, fuel pel hour i;er lb. of th:-rrst. These calculo.tions iiro shovm

in section 5 ancl it crevelops that the ueight is epproxirurtely I3.5OC

lbs. for the given assumptions.

Thc s'":rrcturr:.1 rvaight is estj-nrated iy cornplrison irith con-

ventj-ona-L. a.ii'p}*nes of {,xisiing desigr. The best critet'lon for com-

i:e.rison is ttre l'ritio of tots.l ttake-off) r'reight '"o ernpty {withaut

engi-nes) r:eigl".t yrlrici: is of the order of 2-l/2 to 1r .Or this basise

the weight -urecJsciorrn wiil i,e srs fol,l-o.'ss:

L. Pilo source ]3r5C'J Lbs.

L2r0c0i.; ?eryioe-d

3, Pouer p''lrint (G.E. -'TC180, see rcf. 1) 2r?OO

4. Structu-.:e 181200

Tota.l 461000 lbs.

, Determinction of flighi; ccndii:ions is rffrtle by solving sfumrl-

tnnr:ousl1l 'hhe i:rsro(3:)t?cmic e.iur'-tions that lift equals weight arr<i thrust

equcls rirag t'.s i'oi1o-"Ys:

----ddF+

a
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Vo2%f+a'

CD.U = .i20 * 
(fqr loos subsonic 'r:'.).ues; ll <.5)

t
'l+2)ffi

:a'.'
r-rlr-l
-fl-

ITI

3.6o
L=$=

T::D=

vrhere VT'= tme e-ir speed

An s iYing area

cD-cDog *to* +cDiw

Cn.
$0

= .OitO

/a=

Now tliese r4uationo ueke no allo$ance for the }c'.rgc increlse in

drcrg Cue to compressibility art the lrig,h isubsonlc) iiiach numbcrs. If

th'; etur,tions eire solved using ti:l l,reviousl-:l rnentione'i subsonic dra'g

coefficicnts, ihe speed is founi-t to br1'.''.bcut 660 I$Pii. This spced is

ila.l-1-acious hcnovtir end it beccmas necess{'.rit to rnakc er: intsrlligcnt

*stimi,.tc of .i!re. strength ci' ihe coml:z'essibility c.ffccts in orcler tq'

gredici tlra speeC morc a.ceuratcly. If ii: is i:lssurned that the :rCdi=

tronal incremcnt ol' drr',gi due to e.ornir:'ess-i irilitE is cluc prrncipe"liy to

thc irodyr -tl:e boCy grag coefficient at.cr flignt illach nunber af ,9

(6,C0 ilipfi) .iB foulri to lic e.'rout twice thct of thct ioiv subsonic vc.lue

cluoted a..bove (.ZLl, &s, cottrlxircld tc .L2O). ilue to thc irigh slope of

the Cp.Vs. ii curve in this regicn, it is i:roi:a'blc' thrqt tile flight

ntionl

cnP$ o-

.C0Cr83 at /Or000 ft.

^2tL

"R

a
415 09rt
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o
speed nill, i:e in thr, nt:ighborhooe of 6'"10 IviPH. T'ho corresponrirng "'vi1tg

erea (neg'ecting effocts of hign suced on Li-ft "r',u"*"tuti"*,"rj ""'
bu 4/+0 sr;. ft.

3. Tuibo-icg *,f i;4 -Colventlgriri'L ,3bel

This is the 'stil l:,norin eyetenr in use in thc lrrtest i.rurslrit

t11,,c af airpL,nc to$.ay. The Gener'..+ E3-eetric l'lodel TG-180 uoted in

refcrence I ,;ies conslderad for this nnaiysis. The engine 
'hi's ir' ri;ted

ttirust of /*J00 1bs.'eith g. firel late'of l-.O8 ibs,/hr pcr i'rorrnd of

tiurist. Its cliemeter is 36 inehes

The rrerigh'L breaktl.orar of tlris Cesign is e littie nore difficult

ths,n for thc t34,;re itiscussed i.n scction 2 in3er:mch as ti':e' fuel weight

is si f-,.uction of the raurgc and eir .speed, the iet'ter frci:or being in

tr:rn ir ff*nction c'lf the qEighi,. For this ci'j-c';i'r-tiont €r sul?vo of body

cjr;i6: coci'ficj-e.n't, versus iiiach nutnbt:!' ila$ conFtruct'ed' br:Sed oI.3 the 1o}r'

subsonlc vfilue aniJ. the viiluer obta.ined for the nuclesr trpbo-jet' Tiris

curve i,:hiLri p'roinbLy being insorri.'ct in absoluts v:l.Iue can, hgvevert

bc used i,or p-ur.-toses oi' comi:e-riscn. Ey +,rii.1 end error calculntions,

the r"pi:.roximr:*-s specd, telre-off gross r,'eig!lt, ave.iiLble vrcight for

fuelrt'.ndlping,..:'er'-ea.naon''uedete'Inrined'ItricvcLops'thllt'for

1'f.n€;ss grc:tt-.r ihr,n .10c0 niicsr nore flre!- is re'luireo tha.n fiiJr oq

carried.Ttroair;rl.aaeuti:iglrti.rccoraegsog'::eetttlratthec.vaiiable

tnrusi; cf 4C0C ibs, r'd}l not f1y the airl'irne in lt:vei fLig;ht '"t'tbe cbo'-

-.ssn :..Itit'.rde r.rith the.reo^ui.:.et1 "'-u:cunt of i'ue] for the longer ranges.

A mgre iiatrilleci trnal;/sis nould indic*te the aclwrnti:ges g-ttine'i by

fiying rrt r: l.o.ier a-ltitude or by use of grer.ier thrust. fhe naxiimm

&15 0e5
an)t

I
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o
range ttrat can be fLorm e.t this r.itltude vri'bi'r 40t)0 1bs. tlnrur':i is

irplr1'oli.mr.teltr' 4.JC0 nifu:s. r".:r tiris conrlition, tl"-i'' initial speeC 'wili

be a,.rcunC ito lsHi arui thd fi'rrlL speeo 530 ili.,H' The wing i.roa r-e-

qu.ired si.li b'3 ai-"rut 1E?0 sq. 1't.

The weigtr+* b:'cnkdor,n i'cr the zi000 rnile rs'nfio is :is .foilows:

1. frreL '.'ieinht 3617OO tUs.

2. Pa;'lor:.C L?tOCO

7. Fo,.rier .riant 2r3tD

. tr. Stntcture . l4r9(P-

Gross weight rtt ti'Jie-of'f' 851000 ibs'

G:roes ueight i:t end of t'iig!:t l\Br3OC

Becir-ur-io* of the lc.rge seightflr slo"t sireeds, i.nci diffictd-ty jn

obtei.nin6 the clesired. r;..nges, it is obvious i;h::t this tvge of design

is geatly j.nf'crior to the nuclenr turbo-jet'type'

' 4. tiucieirq rrir 3-r:rb-ige ''rith. Prprl,erl-er

' I'irc use of l,ropel-ters its thc ne:'rns of propu}.oion sirould of

eourse be included. in the invt:sti-$'"tj.on cf subsonic pilotless e$r-

'l.:nr:f,. 
iitriLe this tyf;e does rrot ro'iuire es ntuch t'uel for ccrrcsponcl-

ing rrnges :.nri specds r.s tire' convcntipruli tqrbo-jct, the r-nount tkit

is retlriirtd ccrnbineti. sith the hiAir i}ottlsi: p,l-':nt anri e,ccessorieS 'oeight

still Freselrts .:: nijor ebicction in the eacesci"'rer ',reig!r+' reriuir'eC for

3.ong r,..nges i.nd re.:rsoni'.-bly trigh speedS, t'hc' uSe o!' irucLer-r energ;r

as the sDurce of be,rt in r.' gas turbins &ri.ving ::'. pfopellcr is then

probrrrbiy tire bast solution rol' r.lse nith :x'opeilcrs'

o 4]-s 0e6
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o
fnasmuch ss there eziste a ininilewe or:Ldler,l dimeneion for tho

pilos {see Trr.b}c 2 oi' Chrepttx' i} iiiricli is enti:'el;;' incei:ende'nt of the

he*.'b rc-riu!r,ec1, it d.eveiops tirat ti:e pile cen proctuce eongidernbly

lnoltj poTter- t!:a.n i,ny i:rese4t-d.*; trrrbine cr lrtoleiler eou1c1 i''bsorb'

For this rga.*eoor thc propc:iier itself beeomes the Limiting factor'

the present :.n,1 nntlcigr.icci nar;.r-futurc str,ge of developmerrt

of tlie propellef, it is prob:blc tlrnt tire iinlting s1:eed for recsone'b1y

effisient operation r,t high r*titud,es rrilL be of the order of 550 MPH

nrre vr'lrlo of ncr,t nece$siti.te the(M = .83). The 3.arge vel-ue of power r€jq.uired' sould

uso of tno contz.a-rotr:.ting, 1:ropellcrg wirictr rvortd ;.,rou'-bJ-y hirve to

be rnounted +.t, thti f,ront i:nd rear ip t6'{ttlem in the i-ntcrests of kecping

drag a*, r,. minimun, The i:rechr,niciJ. dlive {iifficuities of sueh ;i. de-

sign, p.r'rrticuJ-;triy in viei'i of the Si're ;rnC piolgble shi:.pg of the paylo?d

n:le obvious.

The we ight' irrea.krLown of sue.h i: d.esign is ::.s follows:

1. PiLe source 3r5il0

?. P*ylor.ri 121000

3. Powe:'plent 61000

t+, !bo;,e3.1ersr bccv bcxes, ete'. 41000

5, Structurat aeigh! . .2?.5OP,

Tot:.i- gross teig!.t 59r000'1bs.

'Sing r'rer. 685 sq. ft.

The disad.'rr.ntages rf this type of iesign as compared tt'it'h t'ire

ruclear turbc.-je| are then:

1. Speed Linite,tion.

2. Srer.ter r.i'gight.

3. More comirlic+ted
09?o

t+
I

mechanici"l- des
LLs
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. 5. $ryerE.

' FoiLoi'{ing ia a ,su!ilnn::t of tiig weight j:ree}-clc'*mS in li:r' r "'qing E:ree' and

i:erformlrnce for tl:t: tbri:c t)':'es of clesigns noted in ti:is report'

n

L
Turbo-jet'
Nuelei:r

2
I\rbo-jet

Gonventional-
ltueL

3
Nucl-eer Air
I\rrbilte vith

Piles or fuel '.'rei6!htr lbs.

?a;vloacl .

Power plcnt

Propcllers, gsi:.r troxes, etc.

Strueture

0ross veight :tt t';:'.1'-e-offr

0ross neigil'u ii; ii'"nd.ing

Tirrris'r, at flight sPeedt

Lpyroxime.t,e i:.ver;:ge *1r sPced
itlPil

Sing arec:, sq. ft:

ltlaximurn r€r,nge

1Sr2Oo

45rooo

4,5r0c0

/+r00o

13r500

i21000

2riq'r

36r7OO

12r00il

2r3oo

34,000

Sirooo

48r300

.4r000

t65

Lr87O

4ro0o

L?r5OO

12roo0

6roo0

4r000

231500

59r0oo

59r000

31800

55A

685

6oo

lrlrfr

xx

0n the b;rsis of these figuses, ii is coneLuied th'ri thu nuclgf'r

turbo-jet is i;he hest desig;n. this st::.t;;nent:is.'cas*<i on tiru'.assurrptions that

a 1J235 oy R.r reactor oi' the kinc discussed l,n Part a of clrapter IIt and in

Pdrt B of ttris chc;rter, can bc nrade to operatc v."ith vrall i'entperatures of

about 4OOCon {222OoK}. }lltt}iernore, cost is not consi'd'ereci'

?rob:bl;r lfuni'r,eC . i:;v nr-lrcri-i'l f'''i]u:'u'o 11

tl
r-lr-r
--

I

-
Irl
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I,.Ap.T .8. lir;Aq Iruilsijffi c0Nqrpnn$.'il-0bis ,aii,il-ry$cr0lt.gqsrtit'l- !,oil rurtt8-Jpfi

SF- A' C. Beelr

.@.
Cp - Specifie hr:iit *t constcn-, pt'cssure oi' gtis-sireilttr gt't/1b.
' deg. F.

d - dieneier of individua.I tube through reoctor, ft'

rir - mi""ss-flovr, Ib/sec.

.& - free.t €lnergy *bscrbed io. gas-streeJn Fer sc.cond, BTt/sec..

L - length of r*rctor, ft.

4 - nunbc'r of tubes'in reactoi

. r' - r'idius of r:eactur, ft.

rr - ratio of cross-secticnal e.legi :vllilr:.ble to Bas stroan tot t,rtirl cross-sectionel area in the reector'

y- retio of specific heat a.t cr:nste.nt 1:rcssure to ti:et et
. qonete'rt v61ume.

Thr". follosir^g qtnbols are usw.:Iiy uritten riith subscripts to

indicate loeetit:n. The subscripts L2 22 3t ... r*f*r to iocr.ticns

iriclicatc'd in Fig' 3-1 cnd w refers to renetcf, ws"11'

. A - gns stXe*.m crcse-sectitni'-i r'-;.cftr sq' ft'

lrl'- I\0o.ch number

p - pressure (absclutc), ru/gt2

T - str".tic temper':ture, cleg. R::nlsine

t(s) - sie.ggetitrn taniperature, d'eg. Re.nkine

V - gas struin velocitY, ft/Pc.c.

,P- rlensit-v, tu./tt3

=E

o
.n/ F

I

4Ls 099
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0 o.l 432

l:/6 3 -/

Asarcsluitoi'thei''Iri"Lysisgiveninseci;icn?ci'i'L''rtAitis

deternined tbi'.t urc poner :'equi'remcnts of thc nuc'lc;'r' tr'rr'l'lo-iet sup-

plyi.n.gthe.a000].bs.tiurrgtneggssef;ilclr.i.iigir.bet('Jcl'ti.,Hercthe

er-r.uivaLcnt of i'-p;rii'o>:irmtely i'i00 l'bt" gt"6"r1ine pe'l' hcur' Grr the

basis of 191000 BiLt per lb. as i'ho ha"rt of 
. 
cornbresti':'n of gaqolinet

this am<rrrnts tc r.n enerry consunirtfctt of 2'37 * f# BIU per" secontl'

Aesrur4ing tho g,sr:rlinc tu:bo-jot to upc:'rite with LocB corirbFst'ion ef-

ficie'cy (tfris n.ssurni:tion is obviouslT conscrv':tive to the nuela";r

d.esign), the "q.bovt: 
figure rgpx€86Iri'r$ the pori,rr:rr vitiich nmst be ab-

soi:bed b;' tbe 1';as strg*mt i'e'

A = 2.37 x L#' iilU/sec (r')'

'dith thc. fllr"irt eolditions specifi.ecl, n.".irrely 6OO Ut',tt e'i; 401000

ft., it foilr>trs thelt

415 100o
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anci since i're i:b-v,.: ch'Jsen. a configuration witlt

Aa/Ap = L/3 (3)

vIe niive

Fzur= 4-t! \/\ 5.667 tu/fi?/sec (4)

l,[ow tlie s-tibsonlc diff\rser. redu-ces tlie stre;'rn rreiocity from the

initir:.l Mach nuraber of

Mo = -9oL (5)

tcr il[Z = .zYl (6)

in.eccorrlepce nith the rele.tj.crn given iry: equeti.on (9) cf Chr.pter 5C.

The ef'ficiency of.'th+ diffusic,n process is fuiken to be O.$J. The

'.equfition conneellng the irllaeh nutobers acros:J thc conpressor stage is

(r*:f . J, eqiu:rtion 15)

.r+r
M"

-J_
% {.r) 

2Y
(7)

A gompression ratic of ti:qee is considered t}irfca.l- for turbo-

jets rurrl since 
' 

f= 1./*

o
4L5 146
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The ecirl:tion connecting stfignetion ternperl-tul'(ts ecfoss th,e con-

pressoi: is (cqur:.tion 1'1, fg,g. -c.i!..):

Ir

I

- (s)
t?

tr(s)

ir'!2 390M2 .o8/07 (8)

t + .f,:r *t3
z

2 (g)

1+ Y* 2
2

m2

v

3
2/l 5*,yf. = L.358

j + Idz?

(ro;

rvhere ihe stl6nation tempcl'r'-turcrr which rcmr.ins constent except r,rhe:re

rqork is donc on or heet is Lddecl i;o the' 6as strei.rm, is ttre following

function of sLttic tenperetr.rrc alri lfuch nurnber:

(s) F*,- (n)T = r(r+

l{ov since thc flight temperr'.ture T1 io 393oli ind ilirich nimber ilo?C.9,

we have:

T2
(")

T1
(s)

=)93 {rr.Bl
I | 

-

1 
"- 

L&. (re1
5

ilence; by equation (10):

,r{"i :: 6z5o9. (13}

Tiris is tlren ths temper.rture et the input to the reerptor. Since

the g*s tenpe:'i'-ture Eot tlie cxit of the r;a.ctor rust not exceec 2000oit",

delcue
Ac., 50
ite col. LLs n'Lx

rl

,
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i1 constri:.int imposerl try i:rcctici.J- gors trrbine d,esignr vie see th*t the

temper;.'"tii:re ciil'furencer AT, t.}lrr,ralrh r'zhiclr the resctor ra'ises the

gai is:

At 2000 625 3.Tlrol7, (ra)

Now in erder thlb the 6riq gbilean in the nucletr trrbo jet reeelve

the e;,lte enel'ry ns i['as avilil:lblo- in thei form of hent vehie of the

gasoiine irl tire gn"sLrline burning plototype, the mass flol: rnrst

satisfy:

0 fi cp a?,

gs-L
L7

2.TI x Lolffi

(15 )

(18)

(17)

'that is m 66.3 itr/sec (16)

wherc the vr.iues of Q r,.nc1 !T c,r'e fron oqgr*ions L and 1/r resl:ective-

}y ::nd shsrrcu nn avelir.ge vcLue.r:f CO wtis. ti:icen to ire .26 'glBhb.deg.F.

Since rir = 1Ov!', tbe int-rke ere* foLlows at once wlth the aid of,

eerr',.ticrn 2, na.nely:

0_
tn 4t

A1 l.po sr1. ft.

Arxi since Nla = I/3, t,np g,as stre:'m cross-scsti-cnal r.:'ea at

'i;hc., d.ir'fuser uxit ancl in the rei:.c,ior nust be:

A2 4 .i'tq 11.7 sq.. ft.

l$ovr heiat iian*fer equation 51 Chr'rpter Jll vhen i:rtegrated ls:

Thls document lnlonnaUotr

o
el
u.

any
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(s)
log {,-

'dl.2
T-o - f3

m6tw - '/,
(")

t,orur)o'2

rirhere L, d are urc' length and. dianeter in feet of rn inrilviduri tube

of the eonvectirie lrestcrr :an,i th€t mFrss current density , P V, is in
Lb/!tz/h:,. Ttre solution fot L/di'z yieJ-cs:

t- (20a00)'
I

L.2 '.a664 Log /o00 - 625

-

4000.- 2000
(20)

d

vihet'e i'. ?rali tenperature of 4000oR in dhe renctor is a.ssuncd. Hence

63.o5L

dr'2

T!:is etiuctt5-on ex1:'reoses the' congtrrr.int iraposerl upour the reector

aesign'by the l:ent trr,nsfer eque.tion. another conclltlon ls tl:et ex-

pressed. by equation LtJ r+i:ich gives the free ges strean cross-sectional

arcer namcrllr:

A3 11.? sq. ft. (22)

A third con<iition may be srtpplied by eonsid.ering opti.mura nucleer re-

actor desi8n. As wilJ be seen presentiy, these three conditi6ns deter-

mine the reactoi. configurttlon.

Tab1e 3 of Chapter 2 gives, for an ,fvcrFge nurnber of 2,1 nqrtrons

emitted per fissionr tlre follor:iag r.:1:proxi"rn*.tc* criticei'slacs ijor

optirnun scrlid reector rlesign:

o
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Lc

54t cm = 1.78 ft.
(23)

cjg. cra - 3.25 ft,

For i:. rcactor pefforated bf tr.,.!1s :.'{€: ilB€d to divid.e the above'nunbers

bv 1 - la . hence:

fs +.7,€it-P (2t+)ft

ft3.25 .r-r

The v;rlutr of f such thst both o:iutrtian 2l+ r'nd alration 26 yiold

the same va.lue oi" .r is giveu by:

+7f.! (zl'l

f = 0.4LC , r = 3.02ft.

Lc

rvhe.re f ir thr, rcrtlo of tt:e g::s strutrra free crc$s-sectiourrl orsi:,. to

tlie iot.:L crcse-section in tlre reactor. lJqt frc'in thc iiefinition $ f
rve hnve;

f. *7 A3

so ilrst tito constr.:.int expressod b;;' ui'ri:tion 22 beeom*:s:

(25)

{26)T
I TT.7lnr

wfr'(I -D?

r.9_1

,rv

this rer,uires thet

o

EENFIDENTNT HH-
a€antng

tbe nrtloral
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Hence, by equation 25t

r - 3.25
! L-r

5,51 tt.

The volusrs of reactor is therefore:

Vol. = (r - r) !2r t = l.lr3? x 1L.7 x 5.51 = 92.77 GU.ft.

The weight data are:

.Carbon Reactor BeO Reactor

-

I

Ursrniuln

Since t = 5.51 lt, equation 21 gives:

d = @)""' = .131 ft. = L5? in.

Finally, thc number cf tubes necessd{ry to ir.cconmoCate tbe nass f}olr

is gi-ven by

867.9, or 868.
rcz/4

The preceding lcsu.].ts det'ine the reactor cornpletetry. The metirod

of calsulation, it rsiil be reeaU-ed, was to riosign the rea.ctor so e.s to

supply the s*.oe amount of energ' to the airstrecm i,.s vould be evail-

able from tire gasolin€ consunption in the cornmercial gasoiine-

n
A3

ot
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hr:rning prototype turbo-jbt. this is 4 very gc.nerc.i trcatneni:' and

one shculd therefore e.tenine the validity of tho majrrr erssuniptions .

involved. One such assumption is that the tirrust of tiie iruleair

streem in the nuclear vehicle and tht,,t of the r:rir-gesoli.ne er.haust

proclucts in the gr.soline prototyoe are not too rlissitnili',-r. tttow llottr

inotlels.lrave epp':roxim+tely the same eyfti:ust tenperr''tures, due to the

1-J6goii. limititlon ,.r.t thc turbine. Also, be:ceuse crf this limitatlon,

turbo-jets operi-rte at extrenely }er:.rr mixtures, o.ir-fuel retios being

of the order of 60 or mote, assUri-ng i:: nolecul,*tt' weight of the exhiust

gases little riij,'i"ercnt fron th:rt of nir irlone. Hence it is not likely

i;hr:.t the tirrusts of the tuo desi6grs wil-l be ai:preciably different. One

ctirer fa.ctor is the cbeg ciue to tjre reeetcrr tubes. It i.s not be-

lieved., i,oyeevJr, tho.t tlris i'ril1 bc suffj-eiently 61'eeter thrrn in the

conventional turbo-jet irur:rer to ce.use nuch grror in the calcule-tions.

For thc; Frescnt :'c::ctor design'.rith Vrt ratj.o of le, equation 13 of

Chr"pter 5C yielcls i,r drr'g per unit crcss-se'ctionri] e.tca of approxi-

nr:tely onc dynaqic head, -- a figure vrhi.ch is in gcoc ngreemeni uith

experfunentel vliluqs obtained from Lebolatory te-sts on conventirxal

rr'nn-jct irrrners.

The pow+r adCed to the gr.s strcr.:n turns out te be ayproxinatel-y

33160A T.U:, 
whiic the poiireit outgrut of the cngine{ttrrTrst ti-rnes

velocity) is 6400 H.P. .Ttris gives .:in ovr?rr:Ll cfficienc;1 of 19F.

&!s x"52

o
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3. iBeer, A..C., oThruot.Crreffieients emd. Spccif ic lrapulses cf en

fdei,Lizr:d Turbo-Jet with T*.il-iri-pe huningr t' A?t/JHU-CF-29tr
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