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/

December 6, 1962

MEMORANDUM For Deputy Director - E. J. Manganiello

Subject: Proposed contract study, "Preliminary Design of Turbopump for
Advanced Nuclear Rockets"

1. The subject proposal Is very complete and covers the design study
of the turbopump very well. It may Indicate too much detail encouraging the
contractor to expend effort on details which will not be beneficial to the
government. (For example, I-C-6, required torque on all fasteners).

2. Two study programs that have already produced a great deal of similar
Information should be pointed out.

(a) For nearly a year, Lewis, Harshall, and Aerojet have been
carrying on an intensive design study of the hydrogen turbopump for
the "-1 engine. The present pump design COnditlons2result in a flow
of 640 lb/sec. and discharge pressure of 1800 Ib/ln. Most of the
fundamental problem areas that detenmlne the choice of configuration
between centrifugal, multistage centrifugal, and multistage axial flow,
were considered in this design study.

(b) An Advanced Technology contract has been underway at Rocketdyne
to study high pressure and high flow pumping. The proposals and
definition of this project have been a joint result of Marshail and
Lewis with Marshall managing the contract. Turbopump design configur­
ations have been studied up to 6,000,000 lbs. thrust level (2500 Ibs/sec.)
LHZ) and chamber pressure from 1000 to 5000 psi. Lewis has been
invited to suggest items for study In the follow-on program In high

.pressure pump technology.

3. Even though the above hydrogen turbopump studies are for chemical
rocket they cover a large portion of the turbopump problems in the nuclear
rocket. The effect of the radiation field on choice of materials and problems
specifically associated with the nuclear rocket start and shutdown procedures
are still being defined end studied under the Nerva development and It is
doubtful that new Information can be obtaIned in a study .-.gram.

4. Considering items 2 and 3 above, it is suggested that those areas which
seem to be duplication not be considered in the subject progr~. (Such as
axial vs. centrifugal - thrust balance - critical speed - etc.).

5. On the other hand the previous studies have not particularly considered
boost pumps except to admit the desirability and necessity of a boost pump.
No boost pumps of the range of sizes required have been Involved In a develop­
ment program. High suction performance data has recently become available from
the Lewis research program and other studies which are applicable to boost
puq>s.
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6. From the above it is suggested that the subject study be directed
primarily at boost pump design studies. Specific problems to be suggested
for investigatcon in the High PreSsure Pumping Technology Contract
(Rocketdyne) follow-on program (paragraph 2-8 above) should be directed
to the Turbopump B~anch, Fluid System Components Division.

Melvin J. Hartmann
Head, Pump Section

FSCD

SlU!osure:
Contract Study Proposal
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Copies to: files
Deputy Director
I. r. Pi nke1
A. Ginsburg (2)
D. Gabriel
H. Ellerbrock
J. Povolny
M. J. Hartmann
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JIRILDQJI.t ~ DESIOM 01' mBOPUMPI

rotl

ADVAlflID m::lJW\ IlOClft'S

. !bt tUJ'boP'np 1ID1t. .... ,u1r'e4 tar a poutblA future nuclear rookst.
lyatml 18 c\I1TeDt,1T end8l"oed as haT1ng a C&pe.o1t7 or 1'X>O Ib/s&c ct
l1£tuid hydrogen at, a d1acbll'p prell.un of 2000 pea. To tacil1tat.e
the daveloPNl'lt. or hob & • n1t, a aeriel or pnl1.ldnaJ"T desitInl 18
nquiftd to jud~ the _r1::. at Hwral types or J)\L'TJPI and power eyaloa
and to pin aft w!ght. intc:. pOuible lI'IOchanical l"O~tr1ctlons an4 pZ'Oblo2
aNal vh1ab ." avol,,". P'.~I'lIlOn.. t.bG use ot ex1st,1nc ~chnoloU,
1.e., pr'OMll ls_lI of bla<., bear~; and ••&1 loading, bo&r1n~ DN ftl.l,
aealrubblnlJ lurtaoe lpecd:i'!, l"Otor t,ip trpeeds, .to., 111 required to
dPon:stnlt-.s t.he adlptab1l1'~'T or t,h!a t.ecbnolog to tutrve 074tAa and/or
\0 detel"ll1n1l ...... \lbioh .:7~4 uftD0e4 teobnoloQ'. Tta. ftqu1l'we
..uta aet, forth 1A \be to1:1.oIIinI ltAml are dn1gDed \0 pl'OdUOG tour
tnl1,w,...".4..tcu of t.11rt~OPtJIP 'In1\8 that vlll pI"Orl4. the bal1I tor
tnt,1lN "'~II\ JI"II'IL-t at~ t • ....... -.1.eu' JIOO'­
-cs-..

x- X. PnlSa2D1J7 De'far,. of • t.iquU B7\b'OIQ twbopJIIp

&. n. contractcr .111 ••tabliah tOU' (h) ••p.rate prel1rdnary
t.urbopump ..leu liD! 0Da booI\ ptnp delip V1 til u.. c:apabU1t.7'
of pu~p1A~ 1000 lb/..a or 11qu!4 b7<l:roge1l aDd whioh tu1tiU ta
pneral ftq,drac~ .e' forth in. lta II. thIt 1qdjY14ua.1 ,
dellgDe win be baaed OD tbI apee1ta deal". nq~llt••et.

___ forth 1n It... nr. The t1Da1 ooDr1gWa\1oa of .ach .81p 11111
.. '- coordinated with. &DIl appr0w4 b7 Lw1I ...eaJICh c..rt •

prv.ten enctDHnt.

Ie the cClfttraotoJl vS.l1 ana17M oach d••1", on an cmtra11 and
cOIlpOnon\ bu~ arkl 1'OpaM, the reau1u. The ~1II vUl
belude but 110\ be NSv1eted to \be tollovinll

1. Se1ect1ola or b:t&dtI .hape aneS bladlDc~'J \0 1Aclua
OGrIaparieona of ftr10ua blade \nle. arw.t nuou tor ebooa1Dl
• part.1cular CIf,ot1prat.1oa:a.

I. De\endnatioa CIt~1. asu~ 4!zae1U10Aa1
and DCD-d1Maa:,ODal p8rfOl'M.DOe pu"IoJIIewra, US dQ81gD
Oritar1a tw ~1 b1&d.1ng, •••• blade ~dSnc, _lSdit7,
hU4 ri.. met flGII OMttloSea'-, -teottr ......~,
~.. ~~ ....t ftUAt. .... ' .
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). De\llrll1aatlaa tt ••'bw.ted perl'01"fuoe _pe of tM pUIIIp ..s
\Vb1Jll, !Dolt 11DI sn-P naU. pert......

... Ca.pu-1aC'Jll or _ar1QJ .DIS •••1_..rSal., 11mricat.1OQ _tbodI,
aid deaSsnl b :l\1dlac aD ••\Ju.te of .....xpeat.ecllUe UDder
load aDS niSI U. _~ta.

s. c.lcu]a\l011 of' uSal \lana, bl1.aoinl .,._ ,.rt~ aDd
eharaet.erill\k ..

6. lftlua\1ozl of ,U uter1a1a .~ .xpeo\ed ndSat,10D. th&rcal
.boak tn2 \her aa1 expanalosa ert.ota.

1. EYalna1r1on at n-1\1cal .peed md an ",baa_ of y1bratary
and !-load eft"cte that, will rem' trcn • alta deg%'N of
...lance. OIl·.....vual yal,-. of unbaluce Cvlth1A
cnarreu' blleQ(l" l1a1tatr1ou) tar U&1781a.

a. ha1IIattoa at 't&J7S.aI oanponeDtt~D' OIl ·CJrlt,1ca1.pM4,
..11,.~....11*., eWe, aid ..1eoU.OQ ot opU....

,. InaJr4Q1111l Of 'ft\1JlII.t,ecl nS4b' bT 1DU11dual "poMQ\I.

10. ttteeta or ftrjr!q 1-1cI.4Sa1 Oft &11 00IlPC"*I" t .. bo1ib
ttperat.10D&1 a.a:l .h.w.a CtClIlclt.'SoM.

11. Itt.eta of .oatdM...... SAt.ftd'''' .,.nt.ialt - be&r1aI P4
.-l·ut••

0. !be ooDtftcu. ,,111 ....1op oo-ptet. .....~ and .\&11 .-SAp
ot ea....1p. ~•• lIIw1Ip-m sa.l. 1nI\ .n _ ....V1OW
... __ t011alrSq1

1. Ph1I1ea1 dlMal:ISOQI of .'iN W, ... aU 0IlBJ......

I. CGIIIp1ete 2ja' at uiwSa1l.

J. Au.wl1, a1Sc:--nt, ud, -.JanoS.~ tAl MIrH fit
aecunOJ" Nqt.lhoect.

It. 1lequ.1n4 W1OC:. ., \_ pate.

s. a.qu1ft4 .learn.... _ \t1ldel, M&1a, MarSDJ" _ ..~
fit paN, Me. '
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n- Itl Guera1 Jtequin-:Dte tor All DeeSC-

£. ",.tea CGatlaurat,1r.:a

1. Boon J*'lP (paNel .. \UJlb~ ponNd)

I. Ia4..r (1Dt.n(ral with ..sa JNGlP)

). HdD Pulp (ooaoWd' ...hI'- aDt1a1~ -u.. t •
.u.obaJp tlar)

1M Tub. (bolted ooupUac d'" ,.., DR)

S. "ert.1M1 SnltaUaUoa

Ie JfaterWa

1. L1£h\ve1&b\

2. H1:da.\nIa£\Ia

3.1ad.1a'1oD n.Ss\aa\ C- "I")

.,C.~
f

,I. ADt,l-tr1o'Sn I~n- (D. W •• w1iJata JftWI' '1M4 Uatt.&t.ioGI
UII JIN"D 11tt:UM part....)· .

I. I.t.q1aU 8114/. It hJdropa~.. UJilw ...W .

,. ,..stau.. ••ja:I'-' ( -I")

.. Bea18

1. b1tbSaa nrtaoi' .. 1a-maua 'Jpee, ,

I., 1ubbSD;-pnds td\bia J"ftI" Uat.ta,tc..

,. W!auoa 1U!l1'-' (.....,.)

a. "eSCb\ tt b\lN ttl.l'

~ All~h',. pot••Ut1e tor.nJ.ch\ -wltoau..

r. ,SiD Enftlope

1. Mild.. poean.:tl t. tlJab\ app1s-.,,..
0. Cl'tt1oa1.,..4 (e11:her ofr~)

1. P1n\ .. 10 1=..... biablr "-'~ .,...

I, rift' Md... :t_ .. pala1b1e wi. v.e "I..... 20 penut.
Id&tae1' tMII .~"'\SIII .,....
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R. Ald&1 ThnIt\ Balan '. SJllt-.

1. PreNUft OOIII..:~at,1q '"'

Ie CeIIJ'OIMn\ AI"I'IaDC'R;nt.

1. Dual ,hatt. 4••1p vDh dino\ eoupUq

2. B8aI'1nI and ....;1100at1.. opUODal

,. MCNIlUDI .\t.e.C--'a '1I1Ub~ tor tlSCb\ SM\a1laU.- ,

J. FlSgh\ AnIS Operat.t:c Data

1. SM 1eftl \0 clnr.p 8J*oe

2. 0 to 10 1'1 aO(l.~n\loD load

) •. 10 1Il1nu\e cont,~JluO\J' operat.ioIl .. S .. I abut. 1DteI'll1t~
peri048 vl\h roatan ancl .buWow•

.Ia. Tbel'lral ehook <I.nd 411tor\1ou !A ,... ., '- a.l'l til~

~. Jtad1t.\1oG t:s.1r:l1

.. loS rII1/hr rate

,la. S JC J01I aI.I tan' n.\Iw ft_

a.. tn. DoIJaa Ie~.t.a t. Wl'f1clu.1 CoIpoDe1\U

A. Sooe\ PUInp

1. f1P'. Hu.4 ,'-

I. ,SWine .Z.\aIJ1Sabe4 tt....1AICr

). ' IPS! • 0 pala • 'ISH

L. Ducharp. 20 JlIK

g. J'1ov It••• 1tJ:)() II....
B. HaiD "-P Jd- W:.....

1

1. T7Pe

2. BhdU.

). IPSII

!a. Duoharle PNI ....

s. n. Rate

latabUahtM! ".chDolalr -----------­

Aa 1w .. pGIIl1bll

2000 pe1. 2000 pak To be dnendnecl

1000 1/... ---~-~---~-~-----.----~~
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Ax1a1 •••••••••• as. HI •••

20jtJ0 It 2fXXJO R to be detel'tdnGcl

1000 ~1. 1000 ~la1'o lilt ~ra1Dec:l

to be d.telll!Mcl 2000 pd. 2000 PIlla

Eatabl1abe4 t.obAolos::r ••• F •

1. !7Pe

2. 11adiztl

). Orela
Ia. IDle\ t_p.

s. IDle' rruaun,. b1' Pre.'UN

tu.XVa Repcria of WCllI'k

Ie MODth1T Pro~.. X.1lten • the contractor v1U .uta!' a monthll'
progn•• 2et.t.er ot uU work aoco:npllabecl clur1tc each JICoftt.b of
COQ~ perl"oranco. 'fbi lat.ter sban b. brief aaS WOJ'N.1
1ft eaatent alll be in a Ql.Jftt.lft toaw. !be 1tI\tArw .baU lAcluM
\he 1'ollOld.DCt

le' A quant.1tat,lftdOlcrlptioft of t'be ..por\1Da IIOIltb'. plOpq.
aDcI fn'8ft11 CClQ't~' progrea.

2. A description ot arrr ProbleM vhid~ oQtl1d 1mi*le perto~ of
\hi Stat.alGt. d: Work aDd tbe _th. of cornOf,l,. aot1~

). A _c1"'1p\loo «~ 1f01'k to be pertONed 4w1Ic ibe Did .oD~
npor\irw per{()(!t. '

ron\~ 1et,ten will be .ubldt.~ in thrH copSe. p~ OM '
r8J:'rOduo1b1e COW-

,Ii. 'r1nal Rop«)n • Tht ton\rancr "m _u1mIt.. final report, which
do~nts and ~,elsea the reau1t.1 or the entire oontract, wor~
1ne1l:d~ rec~""'It.1ODS ant co:.aclua1ons bued OIl thG aaa.1yrJ.(8
aD! ruults of all •.:he " ..!gas. TM final report riU SAc1ude
table., graph., we' or cU.graM, .,quat,IOGa &QCl metboda ..0" ,tor
e.alculatlona, ncm.enr:1aturu and ••tcbe. fa auttic~.nt ..tan to
.xp1am ancI o1arSty "- nn:u. &DIll ".\aU aid uaeabq clraviDp
of Mob 4e.tea. " ,

!hi tiDal ....." wt.:Ill -. nbll1\W Sa ala eep~. pl••
"Jll'*fulb~ lOW-
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