NASA - Lewis

K W,

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. {t may indicate too much detail encouraging the
contractor to expend effort on details which will not be beneficial to the
government. (For example, 1-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, Marshall, and Aerojet have been
carrying on an intensive design study of the hydrogen turbopump for
the M~1 engine. The present pump design condittonszresult ina flow
of 640 1b/sec. and discharge pressure of 1800 1b/in“, Most of the
fundamental problem areas that determine 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 Marshall and
Lewis with Marshall managing the contract. Turbopunp design configur-
ations have been studied up to 6,000,000 lbs. thrust level (2500 1bs/sec.,
LH,) 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 and studied under the Nerva development and it is
doubtful that new information can be obtained in a study maegram.

4. Considering items 2 and 3 above, it Is suggested that those areas which
seem to be duplication not be considered in the subject program. (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

pumps.



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 investigation in the High Pressure Pumping Technology Contract
(Rocketdyne) follow-on program (paragraph 2-B above) should be directed
to the Turbopump Branch, Fluid System Components Division,

Melvin J. Hartmann
Head, Pump Section
FSCD
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PRELIMINA' Y DESION OF TURZOPUNPS
ror
ADVAN' ED MUCLEAR ROCEETS

' The turbopurp wnit re nired for a possibls future nucloar rocket
syatom 18 currently envisi nod as having & capaoity of 1000 lo/sec of
liquid hydrogen at a disch xrge preasure of 2000 psia. To facilitate

the dovelopment of such a 'nit, & seriss of preliminary designs is
required to Judpe the meri.s of sevoral types of pumps and power cyclos
and to gain an insight 4ntc possidls mechanical wostrictions and problon
areas vhich may evolva, Mathgormore, the use of existing technelozy,
4.04y proven levels of bla.ie, Learing and seal loading, bearing DN valuss,
seal ruddbing surface specd:, rotor tip speeds, sto., is required to
dencnstrats the adaptabiliiy of this technology to future uystem and/or
to determine areas wvhich may dansnd advanced technolozye The requires
ments gset forth in the following iters are dasigned to produse four
prelininary designs of turhopump units that will provide the basis for
future dsvelopmend pregrams of turbopuaps fer advenced nsolear rockst

mgines, : i

$T/TEMENT OF WORK

Ih{ It Prelininary Desigrs of & liquid Hydrogen Turbopwsp

Se

A¢ Tha contractor will establish four (h) separate prelininary
turbopurtp designs snd one booat punp design with the capability
of pu~ping 1000 1b/sac of liquid hydrogen and which fulfill tie
genoral requirementa sot forth in ltem IJ, The individual .
dosigns will be based on ihe specifie deaipn requirements set
forth in Itam I1Ye The final configuration of each design will
"be ccordinated witl: and approved by lewis Ressarch Centert's

projsot enginssrs,

Be The contrsctor will analyss osch design on an overall and
component basls anl report the resultss 7he analysis will
include but not be restricted to Yte followings

de Selection of biade shape and blading arrangsment, to include
comparisons of various blade types and reasons for choosing
a particular ocnfizuration.

2¢ Determination of lydrodynanic and serodymanic dinensicnal
and non~dizons’onal perforrance parumeters, and doaim
eritaria for a’l blading, s.g. blade loading, solidity,
head rise mnd rlov ooefficients, veloscity vector diagraas,
blade-jot epesd! ratio, ete, -
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Detaraination f estimated perforvance maps of the pump and
turding, incl iing pump suction performancee

Conparison of jearing and seal materials, ludrication methods,
and designs ix:luding an estinate of ibo expected life under
load and redis bion environnents,

Calculation of axial thrust balancing systea performance and
characteristic ).

Evaluation of 111 materials ani expected rediation, therral
shook and thersal expansion effects.

Evaluation of sritical spssd aad an estimate of vibratary
and geload eff1cte that will result from a given degres of
unbslances Ohloge ssveral valuss of unbalance (within
current balang) limitations) for analysis.

Evaluation of varying componemt Arrangsment on critical speed,
bearing loads, sesl loads, etos, ani selection of optimume

Breakdown of e:stimated woishd by individual componsntss

Effocts of varring g-loading on all components for both
eperstional an! shut-down conditions.

Effects of coniinueus and intermittant uptnum on bearing and
seal life,

Ge The contractor will develop oomplate assembly and dotail drewings
of each deaign. T:mse drewings will include but not be restricted

te the following:

e
2¢
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Physiocal dincn:ions of entire wnit and all oomponents.
Complete list of materials.

Assendly, aligwwnty and balanging presedures and degree of
acouracy required,

Required balance ef rotating parts.

Raquired elearuntes ea rotor blades, ouh. boaringe, essenbly
of parts, oteo

mmmmn.nmm.
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Iten IXs General Requirem:nts for All Designs

Ao

£

Systen Conligurstica
1. DBoost punp (geured oar turdine powered)
2¢ Inducer (intreral with main puwp)

3¢ Hain Pump (conusder both single and wultipls sutlsts for
discharge flow)

he Turbine (bolted coupling with pusp shaft)
Se Vertical installation

Materials '

1s Lightweight

2, Hizh streaghd

3s Radiation resistant (ses WJ%)

Bearinge

3¢ Antiefriation “ype (DN valuss within proven load limitations

and proven 1if:time performance)
2¢ Liguid and/or ;aseous hydrogen lubricated end/or eceded .
3¢ Padiation vesistans (mes "J%) '
Seals
le Rudbing surfaoc: and labyrinth typese
2+ Rubbing speeds I_i%hin proven limitations,
3. Radiation resistant (see *J%)
Woight of Entire Wit
1, As light as pousidle for flight applicatione

. 84zs Envelope

1o Xiniwum possidie for flight applisatiens
Critical speed (either of following) ,
1. Pirst mode 10 jeresnd higher than epereting speed,

20 TPirst mode as low as poesidbls with the sesond mode 10 perceat
higher than eporating speeds
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Axial Thrust Balan's System
1. Pressure compe isating type
Component Arrvangem:nt
1¢ Dual shaft design with direct coupling
2. Bearing and se:l looations optional
3, Mounting sttaciments suitabls for flight installatien
Flight and Operati:g Data ' |
1. Sea level to duep space
2¢ O to 10 g's acceleration Ioid

3s . 10 minute cont'nucus operation or $ = 2 minute dnternittant
periods with rostart and shutdown

‘he Thermal shock und distortions in pump wp 0 & &T of 5009

Se Radiation fiedl:

ae 109 red/hr gavaa dose rate
be § x 1012 n/m%-gee fast nwtron flux

Item ITI: Dosign Requirewnte for Individual Components

As

Boost Purp

1. Tyme « Nixed Plow :

2, Blading « Esteilished Twchnology
Jo  NP3H « O peia ~ TSH |
Le Discharge « 20 peia

Se Tlow Rate « 100 #/sec,

Main Pusp plue Iﬂ:m

1 2 nuign;hnbor 2y
1o Type ) Axdal  Centrifo Axial  Ceatrife
2. Blading . Eetablished Technology ———
3% WsR As low as possible

Le Discharge Presiuze 2000 psia 2000 psia To de deternined
Se TFlor Rate 1000 #/sec P
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G Turbim Design Nusber
b Y 2 3 L

1« Type Axial -

2. Blading | Established Technology eeeee

3. Cyele . Blsed  Bleed  Topping Topping

e Tnlet Teape 2000° R 2000° R To be determinad

S¢ Inlst Pressure © 1000 peia 1900 peia To be deterained ‘

6. Exit Pressure To te determined 2000 paia 2000 pola
Iten IVs Reports of Work '

Ae Monthly Prozress lsiiters « The contractor will submit a moathly
progress letter of nll work accomplished during each month of
coatract psrformancos 7Ths lstter shall be brief and iaformal
in coatent and be in & narrative form. The lstters shall include

the following:

1+ A quantitative clescription of the uporunc nonth!s progreas
and overall contract progress. :

2¢ A description of any problems whic: oould impede performance of
the Statecwnt o Work and the msthods of corrective action. ’

3. A dsscription of uork to be performed during the mxt -ont.hly
reporting periode

Fonthly letters will be submitted in thres copies plus one | i
reproducible copy. o

Be Final Report - Tha romnm wm sudmit a £inal roport \mich
docurants and asuncarizes the results of the entire contract work,
Including recomwsndrtions ant conclusions based on the analyn‘s
and regults of all the desizas. The final report will include
tables, graphs, vec' or diagrans, equations and methoda used for
caloulations, nomen:latures and sketches in sufficient detail to
explain and clarify the results and detail and assendly druinp
of each design,

The final report will b m-mu i six oopln plus a
reproducidbls vopye




