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FACILITIES AND TECHNIQ,UESEMPLOYED AT 

LEWIS BESEARCH CENTER II' 'EXPERI"" 

MENTAL INVESTIGATIONS OF 

CAVITATION IN PUMPS 

By Staff of LeWis Research Center 

ABSTRACT 

The Pump Branch of the Fluid Systems Components Division of Lewis 

Research Center is conducting a study of cavitation as it occurs in the 

pumping of high-energy propellants (cryogenic liquidS) used in chemical 

and nuclear rocket engines and alkali metals used in space-electric-

power generation systems. This paper enumerates the program areas of 

study and lists and describes the facilities and the techniques utilized 

to supply experimental input to program studies. Test,fluids include 

water, cryogenic liquids, and alkali metals. 

INTRODUCTION 

The material contained in this paper covers primarily the experi-

mental research on cavitation in pumps currently being carried out, or 

projected, by the Pump Branch of the Fluid Systems Components Division, 

Lewis Research Center. Interest of this group in the cavitation phenom-
i 

enon stems principally from the application of Pumps: in flow systems of 

chemic~landnuclear rocket engines utilizing the high-energy (cryogenic) 

propellants and space-electric,,:,power generation units employing alkali 

metals. 

System Requirements 

In a rocket engine system the reduction in weight is realized through 

the lowering of tank pressures (pump net-positive suction head) and util-
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izing high pump rotative speeds. The high head ri.se req~ired to produce 

a g:Lven pressure with a low specific weight fluid such as hydrogen coupled 

with a trend toward increasing thrust chamber pressures are additional 

reaHons for advocating high blade speeds. The factor that limits the ex

tent to which low system pressures and high rotative speeds may be ex

plo:Lted is generally cavitation through its deleterious effects on pump 

performance. 

Space-power generation systems considered herein include those util

izing high-temperature alkali metals as the working fluid in a Rankine 

cycle. The primary pump research problem in these .systems is that of 

avojLding or at least controlling cavitation damage to the pump impellers 

and casings, particularly in the condensate return pump. Subcooling the 

working-~luidcondensate below the saturation temperature to provide a 

net positive suction head for the pump increases the size of the .heat

rejecting radiator and, therefore, the overall weight of the system. A 

limjLted amount of subcooling will probably be required, however, and in 

addition, a pump inducer stage, possibly a jet pump,will probably be 

reqtlired ahead of the main condensate retUrn pump~ The degree of cavita

tion,' if . any, that can be tolerated in a pump "rotor over an extended 

operating period without undue damage to structural materials must be 

firmly established, as well as effective means of controlling conditions 

leading to vapor formation. 

Cavitation may also complicate the startup sequence of this type of 

system, a boot-strap operation begun in space. At the low inlet pres

sur~~s cavitation at startup will certainly be severe unless auxiliary 

means are employed to. control it. 
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Research Problem Areas 

From considerations of system requirements, the following areas for 

further study of cavitation in turbomachinery are designated. 

JDamage to. structural parts.,- This includes an understanding of the 

mechanism causing damage, a correlation of damage occurring during pump 

operation with that induced by accelerated methods such as with magneto-

strictive devices, and a definition af the parameters (both hydrodynamic 

and metallurgical) affecting damage. 

Effects on performarl'de characteristic's. - Objectives. of this phase 

are a better understanding of the cavitation process, a knowledge of 

types of cavitation incurred,the effects of various flow and geometry 

parameters on cavitation performaJ;lce of inducers, and a better defini-

t\ion ,. of sta.ble operating range. 

Scale effects ... Scale effects have been defined as deviations from 

:c,lassical similarity laws. Studies conducted in this phase are'directed 

toward, a better understanding of scale effects due to physical properties 

o~ £luids, dimenSional sizing (including blade tip clearance), and speed. 

Unsi:>eadyeffects. - Under certain combinations of flow and inlet 

pressure, a highly unsteady form of cavitation has been observed/in'pump 

rot'or passages. In addition to causing degradation of the pump perfar-j 

mance, such cavitation could become a source for triggering instabilities 

in the system flow. Magnitudes and frequency of pressure and flow per-

turbations Will be observed and correlated with performance and cavita-

tion parameters. 

'A second phase of this study is concerned with the excitations origi-

nating in the system and being imposed upon pump flow. Changes in magni-
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tude and/or phase of these system inducedpert'l1r:batiorrst':of:!:flbwi:arrd ··.·f 

pressure occurring from flow across the pump will be observed and corre

lated with cavitation parameters. 

Effects of cavitation on stage matching. - Multistage axial-flow 

pumps and inducer-centrifugal pump combinations are. under study in this 

arei9.. 

FACILITIES AND TECHNIQUES 

Insofar as possible, experimental.input to meet program objectives 

is obtained using water as the test fluid. Operation in water is eco

nomical, permits extended operating times, allows detailed measurements 

of "Ialltypes, and is conducive to visualization techniClues. 

Considerable evidence, however, has been advanced indicating that 

cav:itation effects as measured in water cannot be accurately related to 

tholse occurring in a different fluid by means .of similarity lavrs. Con

seCluently,concurrent investigations are conducted in both cryogenic 

liCluids·and alkali metals. The results obtained from investigations in 

the latter fluids are, in general, limited by the type and number of 

meal:lU~ements that can be taken, the difficulty in .conductingvisualiza

tion studies, the hazardous nature of the fluids,the limitations in 

operating time (for cryogenic fluids), and, at the extreme temperatures 

experienced, the mechanical operating difficulties encountered. 

SU1l1ll1ary of Facilit'ies 

In order to supply experimental cavitation data, the following fa

cil:Lties are operated: 
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(.1) Test facili t'ies using. water 

(a) .Cold-wat-er-pump test facility 

(b) Variable ... temperature water-pump test facility 

(c) Jet-pump facility 

(2) Test facilities using cryogenic fluids 

(a) BOiling""fluid liquid-hydrogen-pump test facility 

(b) High-flow liquid-hydrogen-pumptest facility 

Cc) High-speed liquid-hydrogen-pump test facility 

Cd) Liquid.,.oxygen""'pumptest facility 

(:e) Liquid-fluorine .... pump test facility 

(3) Test facilities utilizing. liquid metals 

"'(e..) High"pressure sodium-pump test facility 

. ·',(b), Low-pressure sodium-pump test facility 

;; ,(4:,},Mj;.scellaneous facilities ... these arE! test installa.tions operated 

outaide>of the Pump Branch but which provide useful inpu.t information to 

the>w1'tkof the branch. 

,. (a..),. Venturi test loop utilizing water 

. (b); Venturi test loop utilizing cr,yogenic fluids 

, Facility Description and Techniques' 

QoJi.d""Water,,:,,pump test facility. ~ This facility, usually referred to 

ili,tbe·literatureas the LeWis Water tunnel, wsfirst pla.ced into opera. .. 

tion in 1958 and to date, has ,suppliedall:the Lewis experimental data on 

ca.vitation in pumps ,operating in wa.ter. 'A'schematic diagram of the com

ponents that compose the system and their location is presented in Fig. 1, 

and an overall view of the test facility is prese:o.ted in Fig. 2. The 

capabilities of the components are enumerated in table I. 
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Th(;:! facility serves several purposes. First, with the exception of 

cavitation damage, basic cavitation information supporting all the objec-

tives is obtained. Second, new or different operational techniques, 

visualization methods, or instrumentation are developed herein before 

being applied to operation in cryogenic fluids or alkali metals. 

Performance data is obtained by radially surveying flow conditions 

at the inlet and the outlet of each individual blade row. The types of 

probes used to record radial distributions of total pressure, static 

pressure, and angle are shown in Fig. 3. 'The probes are mounted in ac-

tuators that move the sensing elements to a number of preprogramed radial 

locations. Each sensing element incorporates a null-balancing stream-

direction-sensitive element that automatically alines the probe to the 

direction of ·flow. All pressures are measured with transducers and are 

recorded along.with angle and radial location on .paper tape through a 

digitizing potentiometer at a rate slightly faster than 1 per second .• 

Blade performance for various modes of operation, both cavitating 

and noncav1.t~ting, is presented in terms of (1) radial distributions of 

flow conditions at blade inlet and outlet, (2) performance across a se-

lected number of blade elements, and (3) overall performance , which is 

obtai'ned by integrating the element performance! result:s', •. An :example of 
• , " I .. :, • ;" "'. J • • 

test results from an inducer rotor ,presented in. tl1is form is spown in 

Fig. 4. A more detailed discussion of this test facility, test proce-

dur,es, and instrumentation may be found in references 1 to 4. 

A significant portion of cavitation research carried on in this 

facility is devoted to visualizationtechniqu~s; Visual observations 

provide the investigator with a physical pictur.e of the flow occurring 
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at various modes of operation and aid in the selection of flow models 

necessary to obtain analytical expressions f'orcomputingflow conditions 

throughout blade passages. 

Cavitation occurring in pump rotor passages is photographed in 

sev~ral fashions. 

(1) Cavitation is photographed by means of a high-speed 16 milli

meter camera utilizing a continuous light source and a framing rate of 

6000 frames per second. This method provides a time history of the 

cavitation process as well as an opportunity to.visualize the cavitation 

cccurring iilsuccessive bla4e passages. 

(2) Cavitation is also photographed by utilizing a low-speed 16 mil-

11met$r camera with a framing rate of approximately 24 frames per second 

in: conjunction with a stroboscopic light.' Blade motion is stopped, and 

photo~a.phs' of the same blade passage are obtained after a given number 

df.li'$V'olutions. 

(3) Oavtita.tio:n may also be photographed byeinploying a 70 millimeter 

camera. ,to take single photographs at particular operating, conditions where 

gi'.eater·detaiLof the cavitation zones is desired. 

Typical film strips .illustrating the methods outlined and the types of 

cavitation observed are shown in Figs. 5 to 7.' Additional examples· of' 

this techJiique .are contained. inrefere:rtces 1 and 2 •. 

A .. second method for observing flow patterns is by means ·of tufts 

m.ount·ed on the casing as well as on the blades and: the hub surface of 

the rotating elements. The direction of the tufts is observed over a 
rangEl of f'lO'w-conditions and is recorded on film for correlationwitb. 



performance 'results. '!llustra.t ions , of this 'visUalization technique are 

show in Figs,. 8t,o 10 • 

. Some preliminary attempts at visualization through the injection of 

dyE~:S such as nigrosive black .and acid chrOme blue into the ,flow entering 

rotating elements ha:ve been made. While there is some promise for this 

me1il;od, additional 'efforts are required before the usefulness can be ' 

ev~~luated~ 

High-response instrumentation to measure pressure and flow fluctua~ 

tionsis incorporated into all investigati'ons conducted in thisfacilitY4 

ThE~- three types, of probes considered thus far include the high-response 

PrE!Ssure transducer and the bariumtitanat'e crystal' for measuring pres-.· 

'SUIle fluctuations and the thermistor for obE\erving flow fluctuations" . 

. Th~k 01,ltputs:' of.' these, probes, are reco!\ded on oscillo~phs, ,viaicorders, 

a:ncLmagnet1c . tape. Examples of, the type of data obtained- are. ·pr,es,e.nted 

in;J,l'ig,.···II. 

':!?he stUd~{' of; ,pump' dynamic performance in which flow and pressure 

pe:t!turbations::,of controlled frequency and magnitud.e. axe ,introduced int'o 

the ,flow, at' the pump ,inlet will be conducted'in this facility~An at-

tempt-will:be made, to determine.what changes in magnitude andp]:lase oe-

cur during the :flow through the pump* . 

V~iable'tem;perature water-pump test:facility_ ... This test facility 

is currently under construction, and it is anticipated that,opera.tion 

will, begin early in1964. The test-fluid temperature may .. be :varied from 

80~· to 4500 F with the corresponding variations in the' physical proper-

ties.' Thus, a pri:rna.ryfunction of this test facility will, be to pro:v:ide 

data for a. study of scaling due to physical properties of liquidS. One 
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model for cavitation siniilarity ass.umesthat,'withthe vapor and litquid 

in thermal equilibrium, cavitation conditionsa.re similar when the ratio 

of volume of vapor formed to volume of mi:ltture' of vapor and liquid aI':e 

the same. . This ratio, called 'theB-factor ('Ref. 5) ,is related: to fluid 

physical properties. Table II lists the values.of B..;.factorof typical 

test fluids for comparison with water at various temperature. 

The technique, the associated instrumentation, and the recording 

devices used to obtain pe~for:ma.nce, visual'studies, and unsteady flow 
";" ,. 

meas.tl.reli1ents are s:Lmilar"to those·used in the cold-wter fa.cility and 

discesed previously. A schematic .diagraniof the test fa.cili ty is con-

tained in Fig. 12 and the capabilities of the test loop and . components ; 

noted~G.:n;: ta.ble I., 

' .. '.,";, Ws:ter"'jet-pump tes.t facilitl. - A water .. jet",:pump'program. was ini ... 

t:tatedpr1:marily to support the alkali-metals pump research effortiiJ. 

the>areaof cavitation control through the injection of high-pressure 

liquid: :i:nto the 1:ow~pressure inlet stream.. In this facility the mixing 

phenomena 'both with and without cavitation and general jet .. pump perfor""' 

mSll1ce>willbe studied. The data generated'will be. used in the design of 

~6nfigi:lrati6nsto be applied to high-temperaturealkali-metal-pump tests. 

A-'schematic diagram. of this facility is sho"Wll in Fig. 13 and a 

sketch of a'typic~l test section ~hO'Wing instrumentation locations' in 

Fig. 14. An 0veTa.ll .. view of the test facility is shown>in Fig.15....In 

addition to measuredperfortnafice,'considerable emphasis is placed oil. 

visualization techniques including 'the use of dye injection. ' 

Boilirig ... fluid liquid .... hldI'o.gen-pump test rig ..... This testl'acility 

was designed specifically for th~ study of cavitation: in inducers oper-
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ating .With liQuid hydrogen •.. Acutaway. view of the test lOG]? appears in 

Fig. 16. The pump test section is located at t.he bottom of the 2500-

gallon vacuUm-jacketed tank, and piping is designed' such that flow from 

the ;pump may be recirculated back into the tank or conducted. to a re-
.~~ 

ceivertank. Seven 8-inch diameter tubes are used for lighting a.nd view ... 

ing the' luc it e-shrouded test section. 

All test operations are conducted manually from a remotely .located 

control center. Running times ranging from 5 to 15 minutes are generally 

em-ployed. Pump performance is calculated from pressure (total and static) 

measurements obtained from fixed rakes, temperatures from carbon resis

te>rs;and .NPSH from vapor bulbs .. (Ref •. 6). Considerable development ef'-
. , 
~ort'oD! :fJ..:ow.~anglemea:suring devices immersed in liQuid hydrogen is also 

- . 

car.riedon-. :Unsteady pressure measurements ar,e made with high .. response 

jmes:silre.transducers., Visua.lization studies utilize the same type cameras 

as :;u-a-ea" in-water te:sts plus closed--circuit, television. To date , photo-
, 
/-... 

gt"8;phS'of:hydrogen,f'lowhave .not attained the high Quality of those .ob-

~:a±:ned.of :waterflow. Conditions that complicate visua.lization· techniques 

'in··t'hi·sfac'ility ino,lude (1) difficulty of getting sufficient light ·through 

-the .. long tubes and on the rotor inlet flow being photographed, (2 ) optical 

cle,arness and size of windows used' ... Clua.rtz windows with best optical 

c1:e,arhes;s are extr.eme1y expensiv:e, (3) . .vapor bubbl'es th~t. form in the 

bottom of the tank as .'the tank pressure is lowered' and ,pass in. front of, 

-the' viewihgwindows·~ and (4).. 'a: cloud formation that appears to form on 

the p'urilp 'l'licite :shroud after>a, short periouof operation and impairs 

vision bf the inducer flow. 
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To date, the facility has operated as a·relatively low ... speed,low

poWel' testvehic1e. The test data obtained in this facility demonstrate 

the improved cavitation performance observed during operation in liquid 

hydrogen. "Comparisons of this latter performance with the cavitation 

performances measured from similar, or the same, rotor"s operating in 

_tersupply input information to study the scaling effect·s due to phys

ical properties ,of fluids. ' Visuali2:ation techniques have indica.ted, that 

cavitation in liquid .. ,hydrogen pumps occurs in a different· manner than 

that cOrrmLonly observed during operation with-water, and these obserYS.-

·tionshave aided. in the selection of flow models fOD use in analytical 

techniques' for calculating two-phase flow patterns in inducer blade pas .. 

sages. Investigations have also been conducted to determine the ability 

,Grl' an inducer to handle a boiling fluid, that is, wit.h no external tank, 

press;uri~at:ion, both in recirculating and tank pump .... out conditions,. The I 

latt~ data serves to determine ~fboost11 pump capability for application 

, ;!,nfea.sibility studies. 

WWo proj.ectsplanned for this test facility are installing heaters 

to g,1mu1e.te heating due to radiation and to study pumping under these 

conditions' and cooling liquid hydrogen .down to 200 to 250 R to study the 

pumping of· h;rdrogen in slushf6rm .. 

Modifications are currently underway to increase the power,the 

apee'd, the flow rate, a.ndthe maximum syst:em pressure capabilities of 

this facility. Accordingly, h<Dth the present and the projected capabili

ties of this test facility are enumerated in table I. A detailed descrip

tion of this facility is given in reference 7. 
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High-flow li9.uid-hydro~en ... pump test, facilitl' ,;.This test facility 

accQmmodates the high-flow, high-power liquid-hydrogen pumps such as in-

ducler and centrifugal pump combinations and multistage axial .. flow pumps. 

It .is an open";lo.p system, and the present tankage running times are rela-

tivllalyshort (flow rate 01' 5000 gpm gives a running time of approximately 

l'min) . ~r this reason a complete test procedure is preprogramed and 

ccmd.ucted' automatically. Three ramp generators permit simultaneous and 

ind,ependent ~ll.at ion of any three parame"t;ers (flow J speed, and NPSH) as 
'\ti~~ 

deS ired. Overall performance, unst eady flow measurement s, and stage 

matching comprM~ the input of this ,test facility to'WSrd obtaining the 
.:,~:\ . :,:\,: ~ 

ove:ralF.objectives of the program. ,In .addition, .thrust-balancing device'S 

and' hydrogen--lubricatedbearings are mechanical fea.tures studied in>this 

fa.cility., A schematic diagram ·.of the 'test; loop issho'Wn in ,Fig. 17a.nd 

.arn overa.llv.:Le-wof the facility in Fig. 18. 

"High ... speed liqUid ... hldrogen-pump ~est facilitlc .. ,This, high-speed.,. 

high:...pressure test .facility accommodates complete pump units, that is, 

. variOus combinations. of a cavitating inducer and ahigh.:.pressure rise .~ 

producing. centrifugal impeller. Wi th present' tankage., test runs,· ·of 4 to 

5 minutes are pOSSible, and all tests arepreprogramed and controlled: 

automatically. Three ramp generators permit independent and simultaneous 

variations .. of flow, speed, andNPSH' (or system pressure) as desired .. 

Some detailed performance of the rotor stages may be· obtained.,· Unsteady 

flow measurements will also be made,. 

As with all facilities, ~t'he ·dataobtainea from this fac!li ty will 

contribute toward eventual realization of more than one of the objectives 

of the overall progt&moc A primary purpose of' investigations conducted in 

. 



this testloep will .betheeJeperimentalst,udy of stage :matching problems. 

~eca.useCifthespeed range capability, scale effeCts due to speed will be 

examined, and unsteady flow ·effects (pressUr'Ei: perturbations) will be ob-

serv-edforarange of speeds and modes of operation. Also, since the 

pumpa.nd turbine employed herei~.are matched units, ~tartup and accelera

tion transient characteristics will be studied. 
. " ... ", 

Research projected for this test facility includes the incorporation 

of a: boost pump With its own drive unit 'in series with thehigh~speed 

inducer-centrifugal pump cernbination. 

A'schematic diagram of this test facility is shown in Fig. 19 and 

!faCility capa:bilities are listed in table I. \.,'" 

·J:ji9.uj:d-oxygen-:· and liquid .... fluorine-;gUInp .test facilities" .. TheSe 

twotest·facilit'ies are discussed together because their designs are 
.. 

si:rl1:ilar and the single sche:rnatic diagram shown in Fig.. 20 will suffice 

for the .,two f~c:iJ .. :I,:ties •.. Anoyer.s+ll vie'W.of.t.b,e. liquid. ... fluorine test fa-

o-i1ity is: shown in Fig. 21. BGth are closed-loop systems incorporatIng 

a.hea;t e:iCC'ha.il.ger to maintain fluid temperature and to permit extenlSive 

opeT'at.ing . periods'. Both test loops employ onlY fixed instrunt6ntation so , . 

that pum.p overall performance results are thepriniary output.CJapabiiity 

:f"orvisualizing ·the liquid-oxygen flow in the inlet portion of' thepurnp . 

has been provided. 

Several successfUl tests pUmping liq:uid fluorine, including some 

under cavitating flow· conditions, have been made~ This testfa.cility 

a.nd some perfor;rnance results are diS<:!UBsed in more detail in:reference 8. 

High-and ;lo'W;-pressu:re,'a1kaiirmeta~-pump test facilit,ies. ... The-: pri

mary purpose of these test facilities is to supply experimental results 
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of ca.vitationdama.g~ occurring in pump rotors (including that for long

term. operation) and of the effects. of c~vitation on pump performance. 

The data obtained will.also supply some input to~d studies of scale 

effe·cts and stage matching. Investigatio:q.s of inducers will be conducted 

in t.he low-pressure loep while <;!omplete pump units (inducer plus centrif

ugal impeller ) will be tested in the high-pressure loop. Eventually the 

capability for injecting highwpressure fluid upstream of the inducer in

let will ~robably be incorporated into both systems. 

Both test loops have been operated with liquid sodium at. tempera

tures up to 150(P F for various operating periods up to approximately 

4Qhours. Operation times experienced thus far have been limited by seal 

and bearing failures as well as by instrumentation problems (:pa.:rticularly 

torque measurement accuracy ) • 

The investigation presently being carried out in the·low .... pressure. 

10opsElI'ves aa an example of the· type ofinform.a.tion that will be obtained 

from these test facilii;iies~ An inducer-type blade row with nine. blades 

made of three different materials (three blades of each material) has been 

installed~ The cavitation performance of the rotor will first pe·deter

minEOld, .and then the rotor will be operated for approximately 100 hours at 

some selected fluid temperatu;re and inlet pressure in the cavitating 

ra:p.ge. The rotor will then be removed and examined for cavitation damage. 

Observed material damage will then be correlated'with that·induced by ac

celerated.methods (such as·withmagnetostrictive.devices). 

Schem.atic diagrams of· th~se two test facilities are shown in Figs • 

. 22 and 23. Overall views of the two test facilities are shown in Figs. 

24 and 25. 
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Venturi test. facilitr. .... This ,test facility is ,operated by the· Flow 

Physics Branch in a study of .fluid tension,.observed tinder dynamic flc;)'w 

conditions. 'l'o date a single Venturi 'section .has been operated with 

'Water, nitrogen, and ]Teon l14~ Projected research for this facility 

include'S operation with a number of different Venturi sections and pos ... 

sibly"W1th other .fluids including liquid hydrogen. Results will be ap-

plied to the study of scale effects and' to aid in establishingcondi tions 

for obtaining equilibrium between vapor and liquid inc,avitating regions. 

A:sch$nat:Lc diagram of this facility is presented in Fig.: 26. A detailed 

GLe::$CripiJionof this facility as well as test r~sults are contained in 

CONCLUDING REMARKS 

,mn~ ,del.cet,erious ef:fects of cavitation have long forced compromises 

inthe .. :ie:Sign:a.nd!or operation of flow systems .and tlle:i,r components. The 

re$po.nS'ib::ilit'Y within the NASA Lewis Resea;J:'ch Oenter of studying thts'flow 

phenomenon,(a.ndlt.s, effects) in turbomachinery and, in particular".in the 
/" 

pumping :ofjb:igh~energy propellants (cryogenic liquids) .and:alkS:li m.etals 

fallsnb the Pump Branch of the Fluid Systems Components. ,)Uvi,sion.", This 

paper. hasbr.leflY su:m:m.arized thisgroupfs, program objectj,v~s""the faqili';" 

ties utilized to supply experimental irtformatie:m, the type bf·data ob-

,served,and hoW these data .apply to-ward satiating these object,ivea., T.o 

supplement this effort, NASA also maintains extensive contrac.t r.esearch 

effort with various companies and universities.' These efforts are co-

ordinated with and .:f?:upply'additional inIlUtto the" in""houseactivities but 

are not discussed in this paper. 
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TABLE I. - PQMP TEST FACILITY CAPABILITIES 

Parameter Pump test facility 

Cold Variable Jet Boiling High flow High speed Liquid Liquid High- Low-pressure Projected 
water temperature (fig. 15) fluid (fig. 17) (fig. 19) oXygen fluorine pressure sodium boiling 

.(fig. 1) water (fig •. 16.) (fig. Zo.) (fig. Zo.) sodium (fig. ZZ) fluid 
(fig. lZ) (fig. Z5) 

Test fluid 
----

HZo. E;zo. HZo. LHZ LHZ LHZ L0.2 LFZ Na Na LHZ 
.--

Pump Axial 5 to 9 5 to 9 5 to ~ 8 2! 4 2! 5 to 9 5 to 5 5 (max) 
diameter, 2 Z 

in. 
4! Oentrif- 12 9 5 

ugal 2 

Fl.uid tempera- 550 to 580. 550. to 910. 5Zo. to 650. 56.5 to 5C 56.5 to 5C 56.5 to 50. 140 to 170. 140 to 165 1260. to 1960. lZ60. to 1960. Z5 to 75 
ture, oR AutOllis.tic Automatic 

control control 
------

.Drive power, bp Variable Variable ---------- Cold-air Hot-gas Cold LHZ Hot-gas Cold-air Electric Electric Hot-air 
freq. elec. freq. elec. turbine turbine gas turbine turbine motor motor turbine 
motor motor 50. 10.,0.00 turbine 80.0. Zo.o. 250. lZ5 500 

5,0.0.0. 5,0.00 1,0.00 

Maximum speed, 1l,OOO 15,0.0.0. ---------- 15,0.0.0. 55,000. 60.,000. 20.,0.00 Zo.,o.OO 55,0.00 Z5,000 50,000. 
rpIl Direct Direct 

drive drive 
--

Maximum flay, gpm. 10.,000 4,500 Primary: ICC 1,80.0. 9,000. ·1,100 1,ZCo. 500 1,50.0. 1,500 5,500 
Secondary: 
400 

now measuring Venturi Venturi Primary: Venturi Venturi Venturi Venturi Venturi Electro- Venturi Turbine 
device turbine F.M. and magnetic flow-

Secondary: turbine flowmeter meter 
Venturi flowmeter 

M&x1mum system 200 600 UiC 10.0. 1,0.00 1,500 1,500 1,000 500 ISO. lOCO 
pressure, psia 

. System pressure Air pressure NZ gas . Air pressure HZ cover HZ cover HZ cover He cover He cover Argon cover Argon cover HZ cover 
control on rubber pressure on on diaphragm. gas gas gas gas gas gas gas gas 

diaphr&f9D. in diaphragm. in in accumulator 
accumulator accumulator 

-'--- -- -
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TABLE 1. - Concluded. PUMP TEST' FACn.ITY CAPABILITIES 

Parameter Pump test facility 

Cold Variable Jet Boiling High flow High speed Liquid Liquid High- Low-pressure Projected 
_ter temperature (fig. 13) fluid (fig. 17) (fig. 19) oxygen fluorine pressure sodium boiling 

(fig. 1) _ter (fig. 16) (fig. 20) (fig. 20) Rodium (fig. 22) fluid 
(fig. 12) (fig. 23) 

Test fluid 

H2O H2O H2O LH2 LH2 LH2 L02 LF2 Na Na LH2 

Pump Axial 5 to 9 5to 9 5 to ~ 8 ~ 4 2! 5 to 9 3 to 5 5 (max) 
diameter, 

2 2 

in. 
Centrif'- l2 J; 9 5 

ugal 
2 

Range of system 5 to 200 Approximate 10 to 90 o to 825 o to 2500 o to 2500 o to 150 o to 120 o to 250 o to 250 o to 825 
pressure (NPSH) o to 100 psi 
control, :ft over vapor 

pressure-
automatic 

Ty:pe of flow Closed loop C10sed loop Closed loop Closed or Open loop Open Closed Closed Closed ·Closed loop Closed or 
system open loop loop loop loop loop open loop 

Tankage, gal ----------- ----------- 300 2,500 6,000 6,000 3,500 3,500 ------ ----------- 10,000 
LN2 de'W&' LNZ de'W!!.l' 

Approximate con- Indefinite Indefinite Indefinite 5 to 15 1/2 to 1 3 to 5 60 60 Indefinite Indefinite 5 to 15 
tinuous operating 
time, min 

Deaeration system 2 to 3 2 to 3 2 to :3 --------- -------- --------- -------- --------- ---------- ---------- -------
(gas content), 
ppn by wight 

Deionizing system, ---------- 1 j OOO j OOO ---------- --------- ------- --------- --... --.. --~ --------- ---------- ---------- -------
ohm-centimeters 

Filter system >5 >5 >25 >10 _ ... _----- ------ -------- --------- >10 >10 >10 
(particle size 
removed), microns 

Oxide control ---------- ---------- --------- --------- -------- --------- ------- --------- Cold trap Cold trap -------
system, <20 <20 
ppn by weight HO't trap 

<<1 
.. 



TABLE II. - CAVITA'UQN S'USCEPrABILITY PARAMETER, B, 

FQR VARIQUS FLUIDS 

Fluid Temperature Test Cavitation 
boiling point temperature susceptability 

atmospheric parameter, 
pressure oR of B, 

for & =: 1 ft 
oR of 

Water 672 212 540' 80 980 
560 10'0' 320 
660' 20'0' 3.7 
760' 30'0' .2 
860' 40'0' .02 
910' 450' .0'0'7 

Liquid nitrogen 139 -321 140' -320' 0'.35 
160 -300 .0'5 
180' -280' .0'1 

Liquid oxygen 163 -297 160' -30'0' 0'.93 
175 -285 .20' 
190' -270' .0'6 

Li-quid fluorine 153 -50'7 1.50' -310' 1.60' 
170' -290' .25 

.. 1.90' -270' .0'5 

Liquid hydrogen 36.5 -425.5 36 -424 0'.0'0'8 
40' -420 .0'0'35 
44 -416 .0'0'13 

Liquid sodium 20'78 1618 140'0' 949 24,000' 
180'0' 1340 40' 
220'0' 1740' .. 75 
260'0' 2140 .0'57 

Anhydrous hydrazine 696 236 50'0' 40' 32,0'0'0' 
550' 90' 1,20'0' 

UDMH 60'6 146 50'0' 40' 140' 
550' 90' 11 

Nitrotetraoxide 530' 70' 50'0' 40' 7.5 
550' 90' .. 7 
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Figure 1 . - Schematic diagram of cold- water test facility . 
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Figure 2 . - Col d- water test facil ity . 
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(a) Total pressure claw. 

Figure 3. - Pressure measuring instruments. 
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(b) Static pressure wedge . 

Figure 3 . - Concluded . Pressure measuring instruments. 
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Figure 5. - Cavitation photographed with a 
16 millimeter camera at a framing rate of 
6000 frames per second utilizing a con
tinuous light source . 



Figure 6a . - Film strip sequence 
showing unsteady type of cavi 
tation for a 780 flat -plate 
helical inducer (Ref. 1). Film 
strip was obtained by a 16 
millimeter camera at a framing 
rate of 24 frames per second 
with a stroboscopic light . 
cp = 0 .1477. 
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Figure 6b. - Concluded. Film
strip sequence showing steady
type cavitation in .breakdown 
region . Q = 0 .1162 . 
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(a) cp == 0.l477 . 

(b) cp = 0 .ll62 . 

Figure 7 . - Tip vortex cavitation at a high value of 
system inlet pressure (HSV) for a 780 flat-plate 

helical inducer (Ref . l) . A 70 millimeter camera 
was utilized with a l/2 microsecond flash. 
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(a) 

(b) 

Figure 8 . - Overall views of cavitating inducer 1llustrating 
use of tufts mounted in outer casing to aid in describing 
changes in inlet flow ccndi tiona as system inlet pressure 
18 reduced. 
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Figure 9 . - Overall view showing location of tufts on hub surface and 
blade-suction surface of a centrifugal pump operated in cold-water 
facility (Ref . 1). 
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Figure 10. - Cavitating inducer with tufts mounted in outer casing at inlet and across rotor . 
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Figure 11 . - Visicorder trace of pressure as measured by high- response pressure transducer located in pump housing over 
leading edge of cavitating inducer . 
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Figure 16. - Boiling- fluid- pump test facility. 
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Figure l8a. - Aerial view of high-flow liquid-hydrogen-pump t est fac ility . 
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Figure l8b. - Concluded. Closeup view of piping and running gear of high- flow liquid 
hydrogen-pump test facility . 
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Figure 21 . - Liquid - f l uorine -pump test facility . 
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Figure 25 . - High-pressure sodium-pump test facility. 
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