
NASA 
Plum Brook Station 

MEHOAAHD\JM to Charles S, Moore 

Sandusky, Ohio 
July 9, 1962 

Subject: Information for yearly experimental facilities operation report 
for Plum Brook Station 

l. The Information contained herein Is submitted as per your telephone 
request of 29 June 1962. The experimental facilities as Plum Brook Station do 
not lend the11telves to the "running time" type of reporting usually associated 
with Wind Tunnels and similar rigs. This makes It necessary to present the 
Information In a different format. 

2. The Plum Brook Reactor went critical on a minimum size core June 14, 
1961 and was first operated with th~ full size core on June 27, 1961. Since 
that time the Reactor has oprated 318 hours at low power for calibration add 
training. Of this number 195 were spent approaching cfltlcal and 123 were 
spent at critical. A total Integrated power for these very low power operations was 
894 kllowatc hours. In addition to the Reactor operation at PBRF approximately 
200 hours wtre spent In completing the hydraulic testing of tne core. These are 
actually operating hours with the primary system pu~s, etc being used. Test set 
up time of course has not been Included. 

3. Operations have c:ontlnued In the Rocket Systems area for certain of the 
facilities and certain of the new facilities have gone operational during the last 
fiscal year. Many of the new facilities have been going through the shake•down 
runs and calibration tests associated with the Initial operation. Some of the 
facilities have required rather extensive changes between 5cheduled test programs. 
Each of the facilities have been listed below with notes describing operations 
for the past year: 

e. "A" Site - Punp Retearch Laboratory; 

Between September of 1961 and Hay of 1961 ten Liquid Nitrogen and 
one Liquid Hydrogen run were made on the Liquid Hydrogen Pu~ Install
ation. No operation of the LOX pump portion of the facility took 
olace during the year. 

!>, "B" Sitt - NERVA Test Stand: 

This facility Is still In the construction phase, no operation was 
scheduled during the past year. 

c. "C" SI tt - Turbo Punp Fae 111 ty i 

The Bolling Fluids rig was In oper~tlon throughout the year using 
Liquid Hydrogen. Several preliminary runs were made In order to 
check out the newly Installed equipment ind the data handling capab
ilities of the equipment associated with the sxparlment operations 
of the Hydrogen Pump rig have been limited to five or six check-out 
runs on the thrust balance syste111 of the pu111> and to cold shock telts 
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:,f the pump suction and discharge l Ines. 

J. ;'D" Site - Turbine Test Facility: 

Jperations have oeen limited to ~old flow t,~sts to investigate 
control problems and to I hot check of the 3as generator. Rssults 
of these tests indicated that certain of the control valves and 
,ystems had to oe modified and these changes are now being ,nade. 

·a. :'E" SI te - Oynaml cs Laboratory: 

Twenty-Nine res1Urch runs were COfl\3leted between February and July 
of 1362 to support the MECA program, the SCOUT program and the tanger 
~a,load systems as well as others. 

f. "F" SI ta - Hydrogen FI ow Fae I Ii t:t.: 

This site 1·1as not operational during the Fiscal Vear except for 
shake out testing that required several modifications to the 
existing equipment. 

g. ~'G" Site - Pilot Plant: 

Test operation of the Liquid Hydrogen Pull\' continued until the 
,,nd of September 1961. After that time an- pufl\3 was Installed 
and one run was made In June 1962. The turbine test facility at 
the same site had twelve runs between November 1961 and January 
1362 using the NERVA three stage turbine, In addition one run was 
nade In Juae of the Hy-Nut Turbine using Nitrogen gas, 

h. Central Control: 

This facility operates as a central control and data acquisition 
f3clllty for most of the test stands. It has been In operation 
throughout the year as required to ,,_t the various runs scheduled, 
In addition a considerable amount of time has been spent In de-bugging 
the data acqu Is It I on and read-out gear In order to e 11ml nate defl -
clencles that showed up as part of various test operations as 111111 
1s to In-.,-•• the capabilities of the Installed systems. 

I. "I" Site• Liquid Fluorine Punp Laboratory: 

During the past year this newly completed facility has ?een going 
through various check runs using gas helium and liquid nltoogen 
in order to "prove" the systems for use with l lquld fluorine. Two 
liquid fluorine tests were conducted ln March of 1962, one of which 
was considered successful. The second test resulted In partially 
destroying the test fact 11 ty when a fluorine leak occurred In the 
,qulpment under test. The re11111lnder of the fiscal year has been 
,pent In rebuilding the facility for future fluorine tests. 



PLUM BROOK STATUS REPORT (continued) 

ITEM 
NO 

5 

LABORATORY 

Turbo Pump 
"C" Site 

RESEARCH 
INSTALLATION (FOR) 

Boiling Fluids 
Rig FSC 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum jacketed tank, The research is 
intended to obta In basic information so 
that pumps can be designed for opera
tion with small or zero net positive 
suction heads, The rig uti 1 i zes fa:i rly 
sophi St_i cated instrumentation including 
local density meters and pressure ~urvey 
equipment. A variable power cylindrical 
electric heater is installed in the , 
pump inlet for the purposes of simulating 
nuclear heating. 

STATUS: A bearlng failure occurred during the last run and considerable 
damage was done to the research hardware. The hardware is 
being reconstructed and some facility improvements are being 
installed. The research equipment is expected approximately 
February 1, Most of the month of February wi 11 be used to 
build up and checkout the rig, Approximately eight test days 
will be required to obtain data on the present configuration. 
Large quantities of data are gathered in a single day's opera
ti on. 

The boiling fluids rig has been productive and generally 
runs quite well, There is a long and heavy work schedule ahead 
of it and covers such things as numerous configurations, the 
electric heat input and"cold'hydrogen, Presently, the rig is 
being reviewed to determine its suitability for pumping sub
cooled hydrogen ranging from its normal bolling point down to 
the slush point, 

Liquid Hydrogen 
Turbo Pump FSA 
(Pinke]) 

Liquid hydrogen turbo pump tests to 
study impeller matching with centrifugal 
pump at speeds to 60,000 RPM 

STATUS: From the beginning this rig has been plagued with problems 
and several facility modifications have been required, The 
resear~h turbo pump is a small scale high speed precision 
machine, The turbine is powered with high pressure cold 
hydrogen gas and Is connected through an optical torquemeter 
directly to the pump, More than a year ago, during the first. 
liquid nitrogen cooldown test, the oversized facility piping 
broke the inlet off the pump, Subsequently, it was found that 
the pneumatic pressure balance device was unstable and when 

Page 11 ~5 

rarrighi
Typewritten Text
1/28/1963



PLUM BROOK STATUS REPORT (continued) 

6 

excited, caused the sheft of the pump and turbl ne to 
oscillate in the longitudinal mode at frequencies of 
several hundred cycles per secqnd, 

Flexible sections have been installed in the pump 
inlet and outlet lines and the facility lines have been 
anchored near the pump, The pneumatic thrust balance 
device has been replaced with a hydraulic unit using 
liquid nitrogen, Although oil 1s preferred for the thrust 
balance unit, the present research rig does not have 
provision for a scavenge and therefore, the nitrogen can 
be a 1 lowed to vent to the atmosphere, The modified 
propellant linesard.the new thrust balance device have under• 
gone cor.s:derable static testing and are both functioning 
satisfactorily, Rotating tests of the turbo pump unit will 
commence during the last week In February, 

GENERAL The instrumentation requirements for these test rigs 
exceeds the available capability, Plum Brook is presently 
designing a patchboard system which will allow each rig to 
use all of the installed equipment, Revision of the 
ins:rument system will require four to six weeks and will 
commence in April, The work will be scheduled to coincide 
~,11th major configuration changes In both the "C" and "C 111 

rigs so that a minimum Interference can be expected, 

Dynamics Laboratory 
"E" Site 

PJO No, Unknown 
(Gabriel) Vibration tests of the Atlas• 

Centaur vehicle 

STATUS: Plum Brook personnel have attended several Centaur planning 
meetings, reviewed and criticized PERT schedule and made 
three trips - one each to General Dynamics and Astronautics, 
San Diego, Cape Canaveral, and Systems Engineering Laboratories, 
Fort Lauderdale, Florida. To date, most of the Plum Brook 
effort has been in the category of gathering information, 
little productive effort can be exerted unti 1 some of the 
facility requirements and test objectives can be firmed up, 
Rocket Systems Division personnel plan to meet with Mr, Russ 
Dunbar and Ted Geris at tRelr earliest convenience, The 
shaker equipment at 11 E11 stand has been in rather continuous 
use during the past year, It has supported the SERT and MECA 
programs from Lewis Research Center and two outside contracts, 
both to Bel 1 Aero Systems, The fl rst contract was by J, P. L, 
for a digital accelerometer for the Ranger payload, The 
second was an Air Force contract covering the instrumentation 
package for the Sky Bolt missile, 
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PLIJI\ B!tOOK ROCKU S:'SlTMS FACI LI Tl ES STA:~S Rl'P~!RT 

5,12.{ LABORATORY 

l r F.!rcBO PUMP 

I 
I 

I 

I 
l 
" 

s-r;; rus: 

STATUS: 

RESEARCH 
I tJSTALU\TI Oi'l (FOR) 

Bo i i int FI u i ds Rig 
F5C Pinke!) 

DES CR J PY l Ct-J 

The rig cc1 1slsts of a 
pump SlJbr1erged in ~~,e 
V3CUll~ jacketed tanko 
is intendEd to oh:~rn 

: i qi ... 1 d Lydr·oge.; 
b, .. ::, r: tr_-···; ;; f ~ 

T~.e n~;:;,".-ar·~.<--

so that p~ffips can b~ dE~sig;!~d f'0'.
a t l 011 \r-f j' 1.h SrF.·: ·t l Z:t~ ;·:) :. ~: 

sopr;istic;:3t: 0::d l;:s~: _!;:,._-rt __ '--'-.i;,; 

le·:.2,·1 d1 .-;,::;{::f ~~:c.:~>:r·s P;·.d { ~t.c5s __ ., s·· 
equ1~·,:::en::~ .,.,. '/.-.. : --~)lt~ v· :;·Jr, 

e·iectr ~c he.::t..t: j ':: _,.i ! ,1J:1 ;_i·.c ;, 
i:·;·let f,'>r tht=; pL1:; • .,s.: 

fl'.i.:: ~Cd'.- hr_;~('.,'. t.q a 

I 
I 
i 

I 
I 
~ 

Ths rl9 has been csse-.:i·:bied :T:r;'.:,is t;:·:· ·-1~s j -'.] ·1

1 

be cold shocked 1,\1lth !!quid ri.ltragt:;,n t<J ct,~:,:.,~--:, ~1.e :-•s(·r.:~ ·. 
men tat l on ·1 i nes as th::y er:ter t~ie L.i,-;k;.. n,1,::, - 5.o;:0-., .. · ~ ., ~.;t ii 
v,Ji 1 ·1 then be :rist-:~-1 led, lt:s+~n!::-:ent.2:t.lo:-, '::,.. .. :Jht'c(~ l.f. ~ :1·:d c;:.:!a·· ; 

sh:::,cked agafn. T"r1!s vvfll enab·le pi'"oper- :,.rbi.-;~"·p:•·.~, i;,'/9;1 ~ i 
r:.ent at bot:h amblEnr a;id cryuge:1lc cc:~dlti·~J:~s~ 1:S ,·:r1 ~::c- I 
ipated that the first l!qLld hydrc-ge.ri r.i~: >1l !·1 --~: ~ ... ir ;·,er:• 1 

:~:u;: ::::::e:963

. Liquid Hydrogen 1.;rr,D pv:r· tescs '' s: ,J 
furbg pqrr:p ln;pe-iler r:,::ttct·.:~19 'vlU·, (i::;.;1~rift•],:. 1 p ,,, 

FSA (Pinke!) at speeds to 60,000 RF:,,,. 

tl::i-ct~@ J)i_;,:; Lo additional r:1,::n :,··1-::,'..:.rs rt_-.q,:l'.i:.'d l./_ 

:r,d:-11f..:..i·ld the pu,--;·:p rotating tf:St.s 1h;E.re dc.·1c,1ed. 
,! g>,s I 

Resc,·1;--C:~1 l'~1st:r·urr.t'-;;1t5tlo;--t c:;nd r-7(_]. s;,-:-:s ,~ .. -.:.' I, ids i-,e ·-..,. 

pleted. f-lf'::.:·sentiy r~ht::. ,:ctil.r<:1.is E;,d oqt:r :.,~,i_r.,:;-c--- '.a::~ --1 
are b,?l'ng lnst.sllt•J. A:_:_xll(t:1ry systE:r:s ·-·~!'. lS ·., . .:.: ... ~J '.-~ 

tc bt~ sr:ar-tt:d March 6. Rotating t:e.s':s :_·,f t~.t" r.:t),; r·, '1 i' 
be Stdn.ed as soc;~ as s2it''sL-:c~ory syst~<.1:S ·~i-.1::-. .- ··-1·r:s ~·: 
'':°.Ji'~;~J ·i t.'.:~ed ~ 

Liquid ritrogen p~:np tests 2r·e sc~:ed~l~d ~~ s~a-:: t.t:i 
1,i,11:_c,(-.k ot 1-·lc?1rch. 

lhte @ 
by con:..racr 

Th"'..: lnst:-·:..if::~n:-: sys·~E:~.-.s rt_. .. ,·,:s;,_.,-_s 
,'-!nd the. ·.,-J,-:,r1' v1I 11 bf'. sc!-;~:~dr..t ·: r,d 1::--, cc ; jF· 

,ri . .::.ijor· re,s0.-::1;ch (;·:stai J_.::tl .. Ji'- cr,r,t lg.Jr·,-;;t:;:::,:. c/i.":r:y:-.s s.c:· 

,I '. 5, ~. 

required cpf~r;]'.:lon lr.t.t.tfc.-rc(•,ces 1t,:t·: 1 l./' ~:,c_ .. 1d t.J -::1 :-:-... "'. 

\ j...__.J... ______________________________ , __ A 
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3/28/1963 

PLUM BROOK STATION ROCKET SYSTEMS FACILITY STATUS REPORT CONTINUED 

S !TE LABORATORY 
RESEARCH 

INSTALLATION (Fffi) DESCRIPTION 

C 

0 

TURBO PUMP BOILING FLUIDS RIGJhe rig consists of a liquid hydrogen pump 
F5C (Pinke!) submerged in the bottom of a vacuum jack

eted tank. The research is intended to 
obtain basic informatior1 so that pumps 
can be designed for operation with small 
or zero net positive suctio~ heads. The 
rig utiiizes fairly sophisticated instru
~entation including local density meters 
and pressure survey equipment. A variable 

(continued on next page) 
power cylindrical electric heater is in
stalled1io.the Bump inJettfor the purposes or s1mu ac1nq n c1ear flea 1nq. 

STATUS: 

1 

STATUS: 

The research gear is being i nsta 11 ed in the tank. Upon com
p 1 et l on, all instrumentation will be attached and checked out 
and at thAt time the rig wi11 be cold-shocked with liquid 
nitrogen. This will enable proper turbinE-pump alignment at 
cryogenic temperature. It is anticipated that t~e first li
quid hydrogen r~n will occur near the end of April. During 
March, progress on this rig has been retarded in order to 
speed up the progress on the turbo-pump. 

Note@- The test cell contain$ both tr< ;; L):11:1:; :·iuid~. rig 
and the Turbo-pump rig. Manipulation of 1r,.,:;;;pO\.;J:(J arid test 
run ti mes necessitated the de 1 ay from the end or ;--1a rch to the 
end of Apr i I for the first hydrogen run. 

Note @- The instrument systems rev is i ans w1 Ii be done by 
contract and work wl 1 I be schedu 1 ed to co inc.: i de with major 
configuration changes so that required operation interfer
ences will be held to a minimum, 

Liquid Hydrogen 
Turbo Pump 

FSA {Pinke 1) 

Liqufd Hydrogen turbo-pump tests to study 
impeller matching with centrifugal pump 
at speeds to 60,000 RPM. 

Rotating test with liquid nitrogen was attempted on March 22, 
1963. The pump shaft would not rotate and presumably froze 
or seized due to the low temperature. No data was obtained. 
Research gear will be inspected and if no extensive damage l 
is foundj a rotating run will be scheduled for the first or 
second week of April. 
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PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED 

~ I TE LABORATORY 

April 1963 C TURBO PUMP 

STATUS: 

I 
I 
' 

ST.~TUS: 

RESEARCH 
INSTALLATION (FOR) DESCRIPTION 

BOILING FLUIDS RIG The rig consists of~ liquid hydrogen 
FSC {Pinkel) pump submerged in the bcttoJ'!'1of;.; \;,~·e:,' 

jacketed tank. The research 1 ':. : 11tcr'~=-' 
tc obtain basic 1 nformat ion so l:t·a t µ· ··;:-; 
can be designed for operation witf: s,"a'. 1 

or zero net positive suction heads. :~e 
rig utilizes fairly sophisticated ::-,:-'· .. , 
rrentat icn i nc.1 ud i ng I oca l density r:e~e ~~ 
and pressure survey equip~ent. Ava.·· 
iable power cylindrical e](!ctric r,e.:,~e.

1 is installed in the pump inlet for ~~e 
purpcse5 of simulating nuclear heat:~?. 

Thf. '"ese2rd1 9ear has been installed, all instrumentation 
checked out, end the rig cold shocked with liqu!d nitrogen. 
The turbine anri pump have been a Ii gned and a I 1 1 eaks re~ 
oa:red. As oi" 1,p-il 30, 1963, instruments are beim:1 c.al'.-· 
h·~ted. the t~.,k is being pressure checked, and the cryoge~ 
fc fluid~ and 9as£s are being supplied preparatory to the 
; io•;Jr_; r,·tdr.-"Ji'r. run scheduled for H3y 2, 1963. 

LIQUID HYDROGEN 
PUMP 

;;5.r1 (P;:-kP.I) 

Liquid Hydrogen turbo-puMp ~~;:;+::, ·-,,., -_~ .. ,. 

i rr,pc; [ e: r matching with ce1 1t, : r·.:rj:;' :; · :, ] 

at speeds to 60,000 RPM. j 

I t \vat di scove red that· the reason for pump :,e; 1 ure :--,,. 1·:,1 ,. ,.. i 
22, 1963 w~s due to a clearance proble1r1 in th~ thr·~:,t 1;f..<: I 
ance. GaseOLJS n!troq~n ·.-.a~ originally used in the:: ,'·i·,· ,, 

ba·!ance S'tSte111 but h'il5- found to be unstable. L~•..::-, .. :·., : 
g-.:-, ;,va5 tried and the:. ~yslerr ~tsbilized. The de .. -,.-·.- .. , .. ;i,,[ 
enlarged a:irl. a r~in was tried -::r, Apri I 7, 1963. ,,1 .· ,_·_ ,. : 

ptirnr; ciat a ....,,a,; recorded t hr· test was stopped wh~ :1 ~ i--c _ .. :::i .. ~ i 
,;hdt Seize-: rm tlie purr-p fl,:)\.JS i ng. Mi ~-a I i gn-:e:-:: M>., - c>'; ~-E ~? 
by t~e ~~rpin~ of t~E ~edplate which hes ~p.2~ed ~=~1, i'.~· :1 
nitro~en that was leaking past the thrust baii:J,-,._tc c.;,::,,,-. 
clearance seals. A shfeld was made to protct~ che b~J~ia~e 
al')d ,:;in April 17, 1963, a s~ccessful liquid nltf'ogen ::.:•1 ~,';:,~ 
fl\ade at speeds high enough to insure that the rig l ~ rea,j ·i' 
t~ begin liquid hydrogen tests. These tests are sched~lej 
for mid-May. Test schedules will depend on the ava!lah' i'.~/ 
of liquid hydrogen dewars. 

L---~------, _________ \. 
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PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED 

SIT! LABORATORY 
RESEARCH 

INSTALLATION (FOR) DESCRIPTION 

C TURBO PUMP BOILING FLUIDS RIG 
F$C (Pinke!) 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum jacketed tank. 

STATUS: ~uring the run of May 2 the lower pump bearing seized necessitat
ing shutdown, Upon inspection of the rig, metal chips were found 
1n the pump discharge line. The research gear gave no indication 
as to the source of these ~hips. The ~ump was disassembled,parts 
sent to Cleveland for repair, and is now being reinstalled pre
paratory to a liquid hydrogen run scheduled for the first week 
in June, The chips were ana)ized and part of the rig was disas• 
sembled in an effort to locate the source of trouble. indica
tions are that dri )ling and tapping for actuator mounts or the 
installation and use of a new gaseous manifold could have pro· 
vided the metal chips, As of May 27 the rig has been completely 
cleaned, a pump out line has been installed, the tank bottom lock· 
foamed, and new instrumentation installed, 

=L~l~Q~U~l~D~H~Y~D~R~O~G~E~N-'-'PU~M.:.:...P Liquid Hydrogen turbopump tests to study 
F5A (Pinke!) impeller matching with centrifugal pump 

at speeds to 60,000 RPM, 

STATUS: The liquid hydrogen pump rig had been ready for operation since 
April 17, but tests were delayed because the two available dewars 
were in use at "A" Site, A liquid hydrogen run was attempted on 
May 28, The run resulted in a broken torque meter shaft and con· 
siderable damage to the turbine. Tw6 problem areas are indicated 
A facility control malfunction occurred and has been traced to an 
intermittent electron tube failure. Also the possibility 
that the turbopump components were inadequate for the new 
operating conditions. The electron tube failure caused the ten 
second scheduled ramp from 15,000 RPM to 36,000 RPM to occur in 
less than one second, The torque shaft failure occurred at about 
the time that maximum speed was reached, Two possible reasons 
(other than the rapid acceleration) may account for the failure, 
First, the liquid nitrogen thrust balance system chills the tor
que shaft and other components below their original design temp
erature. Second, the spring struts which support the turbine 
bearing are rapidly fatigued. However, completely accurate fail• 
ure analysis is not likely, 
Present plans include the installation of the axial inlet pump, 
converting the temporary LN 2 thrust balance system to a hydraulic 
system and redesign of the turbine bearing system, This work 
will be accomplished during the scheduled shutdown for the instru 
ment changeover, Testing of the new pump is scheduled for August 

\'\O'H. @: .June runs \iaYe been cance1\ed. 
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SI TE LA BORA TORY 

June 1963 C TURBO PUMP 

I I 

TURBO PUMP 

RESEARCH 
IN~TAILATION (FOR) 

BOILING FLUIDS RIG 
(Pinkel) 

OFD538 

DES CR I PTI ON 

The rig consiscs of a 1 iquid hydrogen 
pu~p submerged in the botton of a 
vacuum jacketed tank. 

STATUS: Three liquid hydrogen punp runs were wade during 
June with the following results: (1) June 11, 1963 - two 
recirculating cavitation runs and one locked-tank pump out 
run. The data was obtained on these runs in approxinately 
twelve minutes at which time the bearings seized necessi
tating shutdown. (2) June 19, 1963 - after approximately 
ten minutes of recirculating pumo runs the bearings seized. 
A small a~our.t of da~a was obtained on this run date. (3) 
June 25, 1963 - three head-fl()'.~ curve runs, five cavitation 
runs, and five pu~pout runs were accomplished on this date. 
~ \arge amount of data was obtained on these runs during 
approximately fifty mi~utes of pump run time. 1he bearings 
seized after the conclusion of these tests. 

Sufficient da~a has been obtained or. the research gear and 
it is now planned to instal 1 new research gear. During this 
time a patch board will be lnstalled which will facilitate 
the running of bolh the boiling fluids rig and the turbo
pump rig. Rig and cell improvements will be made during 
this time. It is expected that all changes will be made in 
approximately six weeks, 

LIQUID HYDROGEN PUMP 
0F0553 (Pinke 1) 

Liquid Hydrogen turbopump tests to 
study impeller matching with centri
fugal pu~p at speeds to 60,000 RPM 

STATUS: The p~-=.ns for installation of the axial inlet con
figuratic:-1 are in progress. Final machining of the pump 
parts is ~CIA/ i~ process at :teveland. The majority of the 
turb1ne parts are at Plu~ Brook for an initial stack up. 
Li~ited amounts of ~achining has been necessary to obtain 
the correct clearances. After initial stack up, the parts 
will be sent to Cleveland for cleaning and balancing. 
Plans for updating the cell are in progress and this up
dating w i 11 be accO""'P 1 ; shed during Ju I y and August when the 
cell will be shutdown for patch board installation. The 
fol lowing are so;r:e cf the J':'Odi ficat io;is: (1) new turbine 
:nanifold, (2) a new type of hydraulic oil will be installed 
in the control vslve systel7', (3) installation of hydraulic 
systen for thrust bal~nce and (4) modification of existing 
loop to acccn~cdate new configuration. 
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SIT! LABORATORY 

C TURBO PUMP 

I 

RESEARCH 
INSTALLATIONS (FOR) 

BOILING FLUIDS RIG 
OF0538 (Pinkel) 

DESCRIPTION 

The rig consists of al iquid hydrogen 
pump submerged in the bottom of a 
vacuum jacketed tank. 

STATUS: This rig was not scheduled to operate this month 
due to the installation of a new patch board system which 
will facilitate the operation of both the boiling fluids 
and the turbopump rigs. This installation work is expected 
to take six weeks. During this time, new research gear in 
conjunction with a nuclear heating simulator will be in
stalled. Also, the air-operated drive turbine is being 
overhauled in Cleveland. Liquid hydrogen runs are sched-

uled to resume th~ middl@ of 5GptGmbgr_ 

LIQUID HYDROGEN PUMP 
OF0553 (Pinke!) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM. 

STATUS: The stack-up of the turbine is proceeding and 
it is anticipated that the initial stack-up will be com
pleted by 8-2-1963. The Lewis Machine Shop estimates that 
the axial inlet pump will be ready for initial stack-up 
by the second week of August. As soon as the pump and 
turbine assemblies are available for fitting, modifications 
of the present loop will begin. Work is still in progress 
on the c.ell updating modification. This work is for the 
purpose of updating the cell for more efficient operations. 
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SITE LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS (FOR) 

BOILING FLUIDS RIG 
OFO538 (Pinkel) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum jacketed tank. 

STATUS: The installation of the patch board is proceeding 
and will be completed by the end of September. The research 
gear is being installed and it is anticipated that the 
turbine will be overhauled and on hand by Sept. 2nd. Minor 
rig changes are being made which will improve and increase 
the safety precautions of the operation. The nuclear 
heating simulator will be installed upon completing the 
stack-up of the pump, Liquid hydrogen runs are scheduled 
to resume about the middle of October. 

NOTE @ : The slow contractor progress made on the patch 
board installation necessitated moving the anticipated run 
date to mid-October. 

LIQUID HYDROGEN PUMP 
OFO553 (Pinke I) 

ciquid hydrogen turbopump tests 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM. 

STATUS: The axial inlet pump arrived at "C" site on 
8-22-63. Loop modification has started and should be 
complete by 9-6-63. The work on the turbine stack-up 
was halted v.,~i le replacement parts were machined. 
This work will proceed as soon as the loop is fitted and 
welded in place. The installation of the pa:ch board and 
the updating modification work is still in progress. 

NOTE @ : The progress made on the patch board instal
lation necessitated moving the anticipated run date to 
the first part of October. 
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SITE LABORATORY 
RESEARCH 

INSTALLATIONS (FOR) DESCRIPTION 

C 

\ 

TURBO PUMP 

BOILING FLUIDS RIG 
OF0-538 (Pinkel) 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum Jacketed tank, 

STATUS: :he installation of the patch board is complete, the turbine 
has been installed, and, at present, the research gear is being in
stal!ed. Instrumentation lines are being rearranged to smooth out 
cycl ,cal run data. System valves and equipment are being overhauled 
and up-dated. An additional ~uclear simulator heater has been instru· 
mented and is being installed preparatory to a liquid hydrogen run 
scheduled for Mid-October. 

LIQUID HYDROGEN PUMP 
OF0-553 (Pinke I) 

Liquid hydrogen turbopump tests study 
i:npelier matching with centrifugal 

pump at speeds to b0,000 QPM. 
STATUS: The contracted portion of the patch board is complete and 
checked out. Instrumentation wiring is installed between the rig and 
the balance panels, terminations have to be completed. 

The X-Rays of the six and eight inch diameter pipe welds on the loop 
showed that the 1,eldswereunsatisfactory. The welds were reworked 
and wi 11 be cold shocked on 10-1-63 and re-X-Rayed on 10-3-63. 

Modification of the turbine inlet and turbine outlet for the new con
figuration is complete. The new hydraulic thrust balance system is 
complete. 

The electrical revamping work is still in process. Valve and IRC wir
ing at the site is near completion and should be completed 10-7-63. 
The auxiliary panel equipment is yet to be wired. The wiring on the 
graphic panel is in process and should be complete the first of Nov
ember. This includes moving the three controllers from the cell to 
"H"Building. This work is expected to be finished the first of Nov-

ember. 

The stack up of the turbine is progressing and the necessary machining 
is being done to obtain the required clearances and tolerances. It 
is expected that it will be finished 10-8-63. Then the pump and tur
bine will be aligned and the complete package will be sent to Cleve
land for balancing on 10-18-63. 

NOTE@: Due to the difficulty in welding and a re-evaluation of 
other work the scheduled run date was changed to Mid-November. 

\ 
\ ?age I 1-'3 

rarrighi
Typewritten Text
September 1963



SITE LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS (FOR) 

BOILING FLUIDS RIG 
OFO538 (Pinke]) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
p~mp submerged in the bottom of a 
vacuum jacketed tank. 

STATUS: The research gear has been installed and instrumen
tation Stathams and lines are being installed. Re-wiring of the 
graphic and auxiliary panels is continuing, A concrete pad is 
being installed for gaseous systems trailers. The camera 
electronic gear has to be checked out and, if necessary, re
paired prior to an anticipated 1 iquid hydrogen run on Nov. 15th. 

NOTE@: Resched:Jling of the run date :o Nov, 15th was 
necessary after a re-eval~ation was made of the workload 
necessary to rewire and update the control panels. 

LIQUID HYDROGEN PUMP 
OFO553 (Pinke I) 

Liquid hydrogen turbopump tests 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM. 

STATUS: Loop modification work is complete for the axial inlet 
configuration, The six and eight-inch welds were cold shocked, 
x-rayed, and hydrostatically checked, A pin hole in the six
inch pipe was found during the hydrostatic test, The pipe was 
repaired and re-checked, The vacuum jacket has been welded in 
place and a satisfactory vacuum is being maintained, 

Cold shock and thrust balance checkouts will be made before 
balancing rotating gear, thereby saving the time of re
balancing if machining ls necessary, Machining work for 
instrumentation and correction at oil passages will be done 
while rotating parts are being balanced. 

The electrical switches on the auxiliary panel are complete and 
checked out. The panel meters, annunciators, and graphic panel 
have to be wired, The controllers have to be moved and prints 
are being studied to determine a method that will use as much 
existing wiring as possible. To date, approximately 40% of the 
necessary transducers have been supplied and installed on the 
rig. The transducer tubing to test points has to be installed. 

NOTE@ : The run date has been rescheduled to the first part 
of December for the following reasons: {l) Additional machining 
on research gear, (2) Additional time required for installation 
and checkout of research instrumentation, (3) Additional time 
required to relocate controllers. 

Page 15 
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SITE LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS (FOR) 

BOILING FU!! DS RIG 
OFO553 (Pinke!) 

DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum jacketed tank. 

STATUS: On November 22, sixteen liquid hydrogen runs 

were made. Digital data was recorded. Test results will 

not be known vntil the data has been reduced. Fifteen 

runs at 15,000 RPM were made and one run at 16,200 RPM. 

Flow control valve settings, vapor pressures, and NPSH 

pressures were varied during all runs. One vented tank 

and two locked tank pumpout tests were made. Due to a 

liquid hydrogen leak in an instrument connection, the 

facility was shut down after an hour and fifteen minutes 

of pump operation. 

Upon inspection of the research rotating gear, it was 

revealed that the upper seal was worn completely flat, 

but the bearings appeared in good condition. The next 

I iquld hydrogen run is scheduled to be made during the 

week of December 9th. Prior to the next I iquid hydrogen 

run, the following items will be completed: 

I. Angle actuators will be revamped. 

2. A liquid hydrogen dewar backpressure valve will 

be installed. 

3. The carbon seals will be replaced. 

4. The nuclear simulator heater will be installed 

and checked out. 
Page 15 

rarrighi
Typewritten Text
November 1963



SITE LABORATORY 

C (Continued) 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID HYDROGEN 
PUMP 

OF0553 (Pinke I) 

DESCRH'TION 

Liquid hydrogen turbopump tests 
study impeller matching with 
centrifugal pump at speeds to 
60,000 RPM. 

STATUS: The following work was accomplished during the 

month of November: 

I. A cold shock and thrust balance check was made. 

2. The thrust balance parts were remachined so that 

proper pressure could be obtained. 

3. The rotating components were sent to Lewis 

Research Center for balancing on November 14, 

and are scheduled to be completed by December 5, 

l 963. 

4. The pump and turbine housings were machined for 

instrumentation pickups and oil passages were 

corrected. 

5. The new controller base was installed at 'H' Bldg. 

The following work is scheduled to be done in the month 

of December: 

I. The controllers will be moved to 'H' Bldg. and 

rewired. 

2. Meter panels above and be I ow the graphic pane 1 

will be replaced. 

3. All research gear and instrumentation will be 

i nstal I ed. 

NOTE @ : The run date has been rescheduled to mid-

January because of the time required for additional 

machining on thrust balance, and the fact that the control
ler installation work was delayed because emphasis was 
placed on 'F'Site CENTAUR installation. Controller instal
lation work is now in the process of being contracte.d. 

Page 16 



SITE LABORATORY 

C TURBO PUMP 

December 1963 

RESEARCH 
INSTALLATIONS (FOR) DES CR I PTI ON 

BOILING FLUIDS RIG 
0F0-55 3 (Pinke 1) 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a vacuum 
jacketed tank, 

STATUS: On December 12, 1963, seventeen data runs were made 
in one hour and five minutes of pump operation. Digital data 
was recorded and all runs were made at 15,000 RPM with NPSH 
varying from 5 PSI to O PSI. Actuator traverse and angle 
were in operation. On two of the above runs, the nuclear 
simulator heater applied 20 kw of heat to the liquid hydrogen 
One locked tank and two vented tank pumpout runs were made. 

In order to obtain higher flows and to reduce the excessive 
pressure drop that was experienced in the December runs, the 
rec i rcu 1 at i ng 3' 1 cont r o I va Ive w i 11 be removed and a smooth 
flow diffuser will be installed in the pump discharge line. 

The above items to reduce the pressure drop and the following 
items will be completed prior to the next run which is sched• 
uled for the second week of January: 

( I ) Overhaul the tank pressurization valves. 

(2) I nsta 11 and instrument density meter, 

(3) I nsta 11 actuator angle submerged pickup. 

(4) Replace research gear seals and bearings, 

(5) Realign the turbine and research pump. 

(:anti nued on Page I 5} 
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SITE LABORATORY 

C 

15 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID HYDROGEN 
PUMP 

OF0-553 (Pinkel) 

DESCRIPTION 

Liquid hydrogen turbopump tests study 
impeller matching >11th centrifugal pump 
at speeds to 60,000 RPM. 

STATUS: The following work was accomplished during the month 
of December: 

(l) The balancing of the rotating pump parts was completed 
by the Lev1is machine shop and returned on December 10, 
1963. Additional machining was done on non-rotating 
parts and the pump •11as cleaned and assembled, 

(2) The ba lane i ng 

pleted by the 
be r l 7 , 196 3 • 
bled. 

of the rotating turbine parts was com
Lewis machine shop ;ind returned on Decem
The turbine has been cleaned and assem-

(3) The controller contract specifications and prints were 
completed and are ready to go out for bid. 

(4) The turbine instrumentation installation continued. 

(5) Wiring of research transducers and thermocouples was 
started. 

The fo 1 1 owing work is scheduled to be a one in January: 

(1) Controller contract awarded and installation work com-
pleted by the end of January. 

(2) Checkout of the controls svstem. 

(3) Co".lplete ail instrumentation •,;lrins. 

(4) Al 1 turbine instrumentation >!Ork v,·i 11 be finisr.ed. 

(5) I nsta 11 torque meter. 

(6) Pressure check all hydrogen lines. 

(7) Checkout all ROV's, instrurnenta::io0, ,and mechanical 
systems. 

(8) Install inlet photo-con if available and conplete the 
V'u=iter system. 

NOTE @ : The run date has been rescheduled to the first 
part of February. This run schedule delay is due to the 
necessity of contracting the controller w1r1ng. Since 
this work couid not be done by the Station's Control Unit 
due to an increase in workload. 



SITE LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS {FOR) 

BOILING FLUIDS RIG 
OF0553 (Pinke\} 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum jacketed tank. 

STATUS: On January 20, twenty-four data runs were made dur
ing one hour and fifteen minutes of pump rotation at 15,000 
RPM. Digital data was recorded and NPSH varied from JO psi 
to O psi. On seven of the above runs, the nuclear simulator 
heater applied up to 20 KW of heat to the liquid hydrogen. 
This was done in steps of 7 KW, 14 KW, and 20 KW respect
ively. On ten of the above runs, higher temperature liquid 
hydrogen was used at vapor pressures ranging from 18 psi to 
20 psi. Approximately 5000 gallons of liquid hydrogen were 
used to make the twenty-four runs. Actuator angle and tra
verse did not function properly during these runs. The fol~ 
lowing changes must be incorporated in order to obtain bet
ter pictures of the inducer and to improve the data from 
both recirculating and pumpout runs: 

1. Alter rotating research gear to lower the inducer appro~ 
imately 1/211

• 

2. lnstal 1 a 4 11 Hadley control valve ln the pump discharge 
line. 

Continued on Page 16 
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SITI LABORATORY 

C (Continued) 

16 

RESEARCH 
I NSTALLP..TI ONS (FOR) DESCRIPTION 

3, Remove vapor bulb No. 3 from system and repipe, using 
two vapor bulbs. 

4. Alter instrumentation system to improve the reading of 
the liquid hydrogen temperature. 

5, Replace plastic shroud. 

6. Overhaul and install actuators. 

7, Replace research gear seals and bearings. 

8, Assemble research gear and realign with turbine, 

During the time interval required to make the above changes, 
the roughing vacuum pump wi II be overhauled in the Cleveland 
shop. 

NOTE @: A re-evaluation of the test schedule for this rig 
indicates that only I½ runs per month are possible for the 
following reasons: LH dewars H-3 and H-4 are now being 
used by A, C, G, J, ana F Sites. This situation may be re
lieved when H-7 dewar becomes available in April. However, 
conflicts with 'C' Site turbo pump rig also limits the run
ning of this rig. Required lead time for reduction of digi
tal data means that the digital data has to be supplemented 
by strip chart data in order that parameters can be deter
mined in sufficient time for the next test run. This is a 
common problem and the number of 
eludes concurrent research runs. 
run is scheduled for the week of 

strip charts often pre
The next I iquid hydrogen 

February 17, 1964. 

LIQUID HYDROGEN 
PUMP 

OFO553 (Pinkel) 

liquid hydrogen turbopump tests to •tudy 
impeller matching with centrifugal pump 
at speeds to 60,000 RPM. 

STATUS: The following work was accomplished during January: 

I. The research gear was assembled and initial pressure 
checking completed. Necessary machining was accomplished 
and the pump reassembled, pressure checked and liquid nitro
gen cold-shocked. 

2. The torque shaft was returned from balancing and rein
stalled. 

3. The contract work for the relocation of the control !er 
was completed. The NASA work proceeded on the panel wiring. 

4. The turbine manifold was installed. 



SITE LABORATORY 

C 

RESEARCH 
INSTALLATIONS (FOR) DESCRIPTION 

5. The turbine pressure and scavange oil pumps were install
ed. 

6. Most of the instrumentation mounting work was completed 
for the first run, except for the following items; {a) four 
pressure transducers, (b} ten vibration .pickups, and (c) the 
torquemeter alignment. 

7, Wark proceeded on the instrumentation and panel wiring 
which is scheduled to be completed the week of February 17. 

The following work is scheduled for completion ln February: 

I, Checkout of turbine manifold. 

2. Checkout of oil system. 

3, Final instrumentation work and checkout. 

4. Complete panel wiring and checkout of controllers and 
valves. 

5. 

6. 

Final pressure checking of hydrogen systems. 

Final checkout of thrust balance system. 

NOTE 
that 
wi 11 
same 

~: A re-evaluation of the test schedule indicates 
12 runs per month will be maximum possible since there 
be conflicts with the Bolling Fluids Rig which is in the 
building~ The next run is scheduled for February 24. 

17 



SITE LABORATORY 

C TURBO PUMP 

RESE1\RCH 
INSTALLATIONS (FOR) DESCRIPTION 

BOILING FLUIDS RIG 
0F0553 (Pinkel) 

The rig consists of a liquid hydrogen 
pump submerged In the bottom of a 
vacuum-jacketed tank. 

On February 26, nineteen data runs were made in one hour and 
eleven minutes of pump operation, Digital data was retorded 
with NPSH varying between 10 psi and O psi. Three of the 
above runs were made at 15,000 RPM and sixteen were made at 
18,900 RPM. The traverse and angle of the rig 1 s probe actu
ators operated successfully. The existing turbine drive ls 
now in the process of being modified so that its speed can 

1ow1ng aec1s1on~ were maae: 

(a) The Rocketdyne pump discharge valve which is not 
seal i ng properly w i 11 be rep laced with a 411 Had 1 ey 
butterfly valve. 

(b) General Monitors Corporation hydrogen sensors will 
be installed downstream of the Hadley valve to in
dicate leakage and control facility shutdown before 
unsafe conditions occur. 

(c) An Annin hydrogen 11 dump 11 valve will be installed 
upstream of the Hadley valve, so that chilldown 
hydrogen can be dumped prior to initiating the 
start-up test sequence. This system will allow a 
more realistic initial condition in the downstream 
piping, nozzle and reactor, Formerly, the chillR 
down fluid passed through these components prior 
to the starting of the test sequence, 

Hydrogen data run will be made about a week and a half after 
the delivery of the Hadley valve which is scheduled to be 
delivered on March 16, 1964. 

be increased from 18, 900 RPM to 20, 000 RPM, which is the 
pump speed needed for the next series of runs, 

The following items will be completed beforethe next run; 

(1) NPSH bulb No. 2 will be removed. 

(2) Both probe actuators will be replaced, 

(3) The turbine and research pump will be realigned. 

The next run is scheduled for the week of March 2. 
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SI TE LABORATORY 

C 

16 

RESEARCH 
I NST ALL.lff I ONS . (FOR) 

LIQUID HYDROGEN 
PUMP 

0F0553 (Pinkel) 

DESCRIPTION 

Liquid hydrogen turbopump tests to study 
impeller matching with centrifugal pump 
at speeds to 6otooo RPM. 

The following work was accomplished during February: 

(1) Oil leaks to pump rear bearing were discovered during 
cold shock. Correction,which necessitated machining on 
rotating parts and installation of 1an 11011 Ring 'on 
inner diameter of labyrinth seal1 was accomplished. 

{2) Turbine was pressure checked and gas leaks were dis
covered. The correction similar to that made on the 
pump was accomplished. 

(3) The pump was cold shocked and the turbine pressure 
checked. Both corrections were successful. 

(4) The turbine manifold was checked out, except for a 
pressure check of the portion from the pressure reg
ulator to speed control valve. 

(5) The lubrication system for the turbine was checked out. 

(6) The pressure control valve was added to the thrust 
balance system. 

(7) The controller system was completedand checkout has been 
started. 

(8) Two pressure transducers and five vibration pickups 
were mounted. 

The following work is to be done in March: 

(I) Checkout of NPSH system, thrust balance control valve 
and actuators. 

(2) Mount remaining two pressure transducers and remaining 
five vibration pickups. 

(3) Accomplish necessary instrumentation hookup: 

(a) Thermocouple patch and checkout, 

(b) Checkout actuator electronics. 

(c) High-frequency electronics installation, 

(4) Wire in Auto-Man.controls for actuators. 

(5) Check out and programming of controllers. 

(6) Complete monitor meters wiring and check out. 

(7) Complete the alignment of the torque meter. 

NOTE @ : The schedule change is due to the extra t 1 me 
required to correct leak problems in pump and t~rbine, and 
additional time needed to complete the controllers. The 
next run ls scheduled for late March or earlv Aoril. 



S ITI LABORATORY 

C TURBO PUMP 

16 

RESEARCH 
I NSTALL.l\TI ONS (FOR) 

BOILING FLUIDS RIG 
OF0553(1. I. Pinke I) 

DESCRIPTION 

The rig consists of a I iquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed Ii quid hydrogen tank. 

On March 5, seventeen data runs were made in 43 minutes of 
pump rotation. A speed of 19,375 RPM was reached. Digital 
data was recorded with NPSH varying between 10 psi and 0 
psi. Included in the above runs was one locked-tank pumpout 
run, one constant NPSH pumpout run, and three varying NPSH 
pumpout runs. After completing these runs, the turbine air 
system was reworked in order to increase the speed to 
20,000 RPM. Actuators were replaced and minor rig changes 
were made. 

On March 13, forty-one runs were recorded at a speed of 
20,000 RPM, in l hour and 49 minutes of pump rotation. The 
higher speed imparted more energy to the fluid, necessi
tating fewer data points per run before the vapor pressure 
increased beyond the range of temperature desired. Approxi
mately 134 data points were digitized. The March 13 runs 
included two pumpout runs at 16 - 20 psi vapor pressure, 
two pumpout runs at O - 2 psi vapor pressure, and one locked 
tank pumpout run at O - 2 psi vapor pressure. All other 
runs were recirculating runs at both high and low vapor 
pressures. Approximately 12,000 gallons of I iquid hydrogen 
were used. 

On March 20, thirty-seven runs were recorded at 20,000 RPM, 
in l hour and 22 minutes of pump rotation. These runs in
cluded one pre-run calibration pass, 24 low vapor pressure 
runs, 12 high vapor pressure runs, one locked-tank, and one 
constant NPSH pumpout run. Two runs were made, applying 
7 KW of heat; one run at 14 KW, and two runs at 20 KW of 
heat. Approximately 9000 gal. of I iquid hydrogen were used. 

After completing the March runs, the rig is being checked 
over and minor alterations and improvements are being made. 
Submerged Stathams will be added in parallel with existing 
ones on recirculating venturi differential pressure and 
NPSH pressure. These Stathams will give indications of 
smooth, rather than cyclical, flow before data is taken. 
The turbine is being subjected to investigation as to why 
misalignment occurs after completing a run. Angle and 
traverse actuators will be replaced. A flow stator is being 
installed to direct the flow through the scroll so that 
pressure drop is minimized. A 3" Annin vent valve is being 
installed so that Zero NPSH might be reached at high speed. 
The next anticipated run date will be during the week of 
Apri I ]3. 

NOTE @ : Run schedule has now been projected through 
Fiscal Year 65. 
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SITE LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID HYDROGEN 
~~ 

OF0553l"'i":"T.Pinkel) 

DESCRIPTION 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM. 

The following work was accomplished during March: 

(I) The controllers were checked out and programmed, 

(2) The NPSH system was checked out for operation. 

(3) Cold shocks and pressure checks were conducted to 
furthe~ check out the equipment. 

(4) All monitor equipment was wired, calibrated and checked 
out. 

(5) All instrumentation was·wired and checked out. 

(6) Digital recording data marker device was made and 
checked out. 

A test run is scheduled for April 2. All necessary work will 
be accomplished for this hydrogen test run before April 2. 

17 



SI TE LABORATORY 

C TURBO PUMP 

16 

RESEARCH 
INSTALLATIONS -. (FOR) 

BOILING FLUIDS RIG 
OF0553(1,l,Pinkel) 

DESCRI PTl'ON 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed liquid hydrogen tank. 

On April 12, 40 data runs were made in one hour and forty
four minutes of pump rotation. The research gear consisted 
of a 78° he I i ca I inducer, a No. 1 booster rotor, and a 
directional flow stator ring. Twenty-two of the runs were 
made at a vapor pressure of 0-2 psi while the remaining 
eighteen we re made at a vapor pressure of l 6-20 psi. Inc 1 uded 
were seven locked tank pumpout runs and one vented tank pump
out run. All runs were made at 20,000 RPM with NPSH varying 
from 0-10 psi. Approximately 11,500 gallons of liquid 
hydrogen were used. 

On April 29, 176 data runs were made in two hours and twenty
five minutes of pump rotation. The 84° helical inducer with 
the No. 1 booster and flow stator were used. Eighty-two runs 
were made at a vapor pressure of 0-2 psi, while ninety-four 
were made at a vapor pressure of 16-20 psi. All were re
circulating data runs at a speed of 29,000 RPM with NPSH 
varying between 0-10 psi. 10,300 gallons of 1 iquid hydrogen 
were used. 

The 780 rotor with No. 3 booster rotor is now being install
ed along with a mass flow meter in preparing for data runs 
which will occur durinq the week May 18. 

LIQUID HYDROGEN 
PUMP 

OF0553"'fi:T.Pinkel) 

liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM. 

On April 2, 5 tests at 10,000 RPM were made for control 
and operation checkout. The vapor pressure increased with 
each run, which was caused by a leak that developed in the 
vacuum jacketed loop piping, and subsequently resulted in 
the loss of vacuum. The run had to be cancelled. 

The vacuum leaks were corrected, and on April 20, another 
run was started. One test was made at 10,000 RPM for 
checkout purposes. This test was shut down by the acceler
ation rate detector. A second start was attempted, but it 
was discovered that the pump shaft was bound by a clearanc~ 
problem which may have been precipitated by an oil leakage 
into the pump rear bearing, which is hydrogen lubricated. 
Corrections are being made to increase the clearances and 
a heavier weight oil will be used as the thrust balance 
media. The next run is scheduled for May 4. 

NOTE @ : Runn i ng ti me has been ex tended·, s i nee no data 
was taken in the last two runs. 
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May 1964 

RESEARCH 
SITI LABORATORY I NSTALUTI ONS .. (FOR) DESCRIPTION 

C TURBO.PUMP (NOTE@: Schedules changed due to program reevaluation.) 

16 

BOILING FLUIDS RIG The rig consists of a liquid hydrogen 
OF0553(1.I.Pinkel) pump submerged in the bottom of a 

vacuum-jacketed liquid _hydrogen tank. 

On May 18, 45 data runs were made in one hour and thirty 
minutes of pump rotation. The research gear consisted of 
a 78° helical inducer, a No. 3 booster, and a directional 
flow stator ring. Twenty-six of the runs were made at a 
vapor pressure of 0-2 PS I wh i I e the remaining nineteen we re 
made at a vapor pressure of 16-20 PS I. Al 1 runs were made 
at 20,000 RPM using an NPSH range of 0- IO PS I. Approx i -
mately 9500 gallons of liquid hydrogen were used. 

In order to improve or smooth-out some of the cyclical data, 
the pump discharge line is being moved to the exterior of 
the rig. 

The next liquid hydrogen-run is scheduled for the middle 
of June. 

LIQUID HYDROGEN 
PUMP 

OF0553(1.1.Plnkel) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM. 

On Hay 4, Hay 11, and May 25, test runs were conducted. 
Host of the data for head versus flow curves was obtained 
for the modified 78° inducer. Data taking for the head 
versus NPSH curves was started at the end of the May 25 
run to check the auto-flow control and response time of 
the NPSH ramp program. 

No angle data has been successfully taken during the test 
runs. Four actuators have been mounted and three appear to 
be funtioning properly although the angles obtained were 
beyond the capability of the present readout potentiometers. 
It is planned to have eight actuators modified for proper 
measurements for the June 8th run~ • 

More data will be taken on June 1st for head versus NPSH 
curves. Four angle actuators have been adjusted for full 
t rave I and w i 11 be checked out. 

A new liquid hydrogen piping system {3 pieces) is scheduled 
for installation between the 17th and 26th of June. This 
work will not be attempted until adapters are made for 
connection of H-3 an·d H-4 dewars. Measurements and i nspec~ 
tion of interfaces indicates the loop installation will be 
trouble-free and will not delay the turbo pump research 
oroa ram. 



June 1964 

SITI LABORATORY 

C TURBO PUMP 

18 

RESEARCH 
INSTALLATIONS . (FOR) 

BOILING FLUIDS RIG 
0F0553 (1 .I .Pinkel) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed liquid hydrogen tank. 

On June 15, 1964, twelve runs were made at 20,~00 RPM. 
Recin:u lat ing and pump-out runs were made at O to 2 psi 
and 16 to 20 psi . The research gear consisted of the 
78° helica l inducer and No. 3 Booster with the s i::-i llJr 

directional ring omitted. NPSH was varied between 0 
and 5 psi. Approximately 6ooo ·ga1Jons of 1 iquid hydrogen 
were used. In order to imp rove the qua 1 i ty of the data, 
a recirculating line is being installed on the outside of 
the test tank. Th i s change should help to .smooth out cy
clical data and increase the operat_ion speed of the flow 
control valve, 

The next 1 iquid hydrogen run is schedule for July 2, 1964. 

LIQUID HYDROGEN 
PUMP 

OF0553(1.1.Pinkel} 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fuga 1 pump at speeds to 60,000 RPM. 

On June 2 and on June 9, research runs were _made, a total 
of eighteen curves were obtained holding pump flow constant 
and varying NPSH. Data was taken at speeds of 30,000 and 
39,000 RPM. 

After the run of June 9, the cell was shut down for install 
ation of the new loop and back transfer line. The pump and 
turbine were disassembled and sent back to· Cleveland. The 
pump was ba lanced with the straight non-tapered 78° fnducer 
and the turbine balance was checked. The loop and back ' 
transf~r lines were insialled and an LN 2 cold shock made 
on June 30. Pump and turbine parts were received from 
Cleveland o~ June 29 and reassembly started for ~ ~tQst · run 
oft July 8. All angle actuators were modified with a 180° 
readout potentiometerL 



SITI LABORATORY 

C TURBO PUMP 

18 

RESEARCH 
I NSTALU\TI ONS . (FOR) 

BOILING FLUIDS RIG 

PF053e(I .I .Pinke!) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
v~cuum-jacketed liquid hydrogen tank. 

On July 2, twenty-one data runs were made representing 73 
data points during thirty minutes of pump rotation. The 
78° helical inducer with the No. 3 booster composed the re
search hardware. All runs were made at 20,000 RPM with NPSH 
varying between O and 10 psi. H-Q curves and cavitation 
data were recorded. 

It was found (hat the liquid heated at a fast rate neces
sitating numerous cooling times, In order to thoroughly 
mix the fluid and thus dissipate the heat, it was decided 
to direct the re-circulating fluid in a manner that would 
tend to spread the flow. An elbow was welded to the line 
inside the tank to accomplish this. 

On July 16, twenty-five data runs were made representing 
91 data points during fifty-eight minutes of pump rotation. 
The 80.6° helical inducer with the No. 2 booster consiti
tuted the research hardware. Three of the above runs were 
made at a vapor pressure of 16-20 psi while 22 were made at 
0-2 psi . 

On July 24, three-hundred and eight data runs were made re
presenting 316 data points during three hours and fifty-two 
minutes of pump rotation. The 84° inducer and the No. l 
booster were used. In addition the directional flow stator 
arid the nuclear similator heater were added. Speed, NPSH, 
and vapor pressure remained the same as for the previous 
run. The heat applied to the fluid was 7 KW, 14 KW, and 
20 KW. 

During the July runs all five actuators were in operation 
and functioning. 

The research gear is being removed and a movable shroud will 
be installed ~rter-to the next run scheduled for the second 
week of August. 

The operation schedule has been changed to allow time to 
install the new tank bottom. Site modifications are sched
uled to be started the first of October and to be completed 
by the middle of December. 

\ 
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SIT! LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID HYDROGEN 
PUMP 

QF0553 (T:"T. Pinke 1) 

DESCRIPTION 

Liquid hydrogen turbopump tests to 
study impeller matching with centrifu
gal pump at speeds to 60,000 RPM. 

On July 10, a successful test was conducted and eighteen 
head versus flow curves were obtained at various constant 
NPSH's per curve. NPSH ranged from 2 to 20 PSI. Flow was 
ramped and pump speed was held constant for a series of 
curves at 30,000 RPM and a series of curves at 40,000 RPM. 
The research component had a total operating time of thirty
three minutes. 

On July 13, the pump test was cancelled due to a test 
component failure. While the pump was rotating at 30,000 RPM 
a speed deviation was observed by the research engineer. 
The test was immediately stopped. Inspection of the research 
hardware revealed that the torque shaft coupling to the pump 
had failed, resulting in damage to the pump rear bearing and 
the turbine rotors. The turbo pump was subsequently re
paired. 

On July 30, a check run was made, varying NPSH and flow, 
during which no data was taken. On the first attempt to 
take data, the flow could not be controlled. Investigation 
indicated a faulty Delta P venturi pickup. 

The faulty pickup was replaced and the system has been 
statically checked. The next test is scheduled for 
August 7. 
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SITE LABORATORY 

August 1964 c TURBO PUMP 

RESEARCH 
INSTALLATIONS (FOR) 

BOILING FLUIDS RIG 
PFOS38(1. I. Pinkel) 

DESCRIPTION 

The rig consists of a liquid hydr.ogen 
pump submerged in the bottom of a 
vacuum-jacketed liquid hydrogen tank. 

Since more data was required with the existing test hard
ware, the movable shroud which was scheduled to be installed 
during August was not installed. 

On August 7, during three hours and two minutes of pump 
rotation, 146 data points were obtained. The research gear 
consisted of the 840 inducer, the No. 1 booster, and the 
flow stator. Cavitation and H-Q data were recorded at 
20,000 RPM. 

On August 13, 137 data points were obtained. The research 
gear was the same as for the August 7 run. 

On August 20, cavitation and H-Q data were obtained with 
240 data points recorded. The research gear consists of 
another 840 inducer with larger clearances and the No. I 
booster with the flow stator. Following this run, the 
research gear wai inspected and the pump bearings were 
changed. The research gear was reinstated for the next run 
scheduled for September 1. 

LIQUID HYO ROG EN 
PUMP 

Qf055W.1.Pinkel) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM. 

Two attempts to run were made during August. 

On August 10, the pump was .operating at a speed of 30,000 
RPM and the programmed ramp had just started when the rear 
bearing failed. The bearing failure was caused by lack of 
cooling, since the bearing vents were closed and the hydro
gen flow could not be maintained through the bearings. An 
interlock has now been installed to insure lubrication with 
rotation. The damage was confined to the pump and the 
torque-shaft: The pump parts were repaired and a new torque 
shaft i nsta 11 ed. Inspection of the new torque shaft re
vealed a flat spot near the seal portion, but it was deter
mined that it would not affect the seal. 

On August 28, with all systems ready, hydrogen leaks were 
spotted on the dewar. With the system in 11 standby", 
inspection of the pump showed large quantities of oil 
1 eak i ng past the torque shaft sea I. It was dee i ded that 
by the time the dewar connection leaks were fixed, oil 
would have time to seep into the rear bearing, past seals 
which were not run-in .. This, compounded with leaks past 
the torque shaft,required cancellation of the test run. 

During the short running time on August 10, the flow trans
ducer signal looked normal. Also, data was obtained from 
the high frequency pickup located on the pump inlet. The 
torque shaft will be replaced and the rear bearing checked 
for oil. The next run is scheduled for September 4. 



S :-:1 LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATlONS (FOR) 

BOILING FLUIDS. RIG 
PF0538(1.I .Pinkel) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum~acketed I iquid hydrogen tank. 

On September I, 289 runs were made at 20,000 RPM during five 
hours and five minutes of pump rotation. Runs included 
head-flow, cavitation, and survey data at both low (0-2 psi) 
and high (16-20 psi) vapor pressure. NPSH varied between 0 
and 5 psi. The research gear consisted of an 84° helical 
inducer with the No. I booster. 

On September II, an attempt was made to run using the same 
research gear but, due to shroud leakage, no data was ob
tained. 

On September 17, after replacing shroud seals, it was found 
that the shroud continued to leak. Approximately 160 feet 
of movie film was taken but no digitized data was obtained. 
It was decided to replace the plastic shroud with one of 
stainless steel. 

On September 24, a successful run was made. Ninety passes 
were made at 20,000 RPM. Approximately 9 head-flow curves 
were recorded. Tip clearance between the 84° inducer blade 
and steel shroud was .027". All runs were made at low 
(0-2 p~i) vapor pressure. NPSH varied between O and 5 psi. 
Approximately 5,000 gallons of liquid hydrogen were used. 
A re-evaluation of the test requirements indicated that 
only 8 run days are needed to complete the last phase of the 
program. Upon the program completion the installation 
of a new tank bottom for the high speed turbine will begin. 
This installation should take approximately three months. 

LI QUI O HYDROGEN 
PUMP 

QF0553(T:-I ,Pinke I) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM. 

On September 4, the pump was run at a speed of 30,000 RPM. 
11 passes were made holding NPSH constant at 20, 15, and 2 
and varying flow. 65 points were taken for completion of 3 
curves. The shaft seals leaked thrust balance oi I again. 
Since the designers of the optical torquemeter feel that 
it is --imperative that the surfaces of the optical system 
be free of oil before readings can be obtained, the 
research gear was disassembled and the housings sent to 
the machine shop for modification. The modification will 
consist of a double seal arrangement with scavenge 
cavity between the two seals. While the rig is down for 
seal modification, four additional total pressure probes 
are being installed behind the centrifugal impeller to re
place the single one presently used. The four readings will 
be averaged and used in place of the single reading. 

The next run is scheduled for October 9, 1964. 
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S ITI LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS (FOR) 

BOILING FLUIDS RIG 
PF05 38 (I. I.Pinke I) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed liquid hydrogen tank. 

On October 6, 197 data points, representing 22 curves, were 
recorded during 3 hours and 35 minutes at a pump speed of 
20,000 RPM. The research gear consisted of an 84 degree 
helical inducer (10% blockage), a No. l booster, and the 
nuclear simulator heater. Included were seven cold (0-2 psi 
vapor pressure) head-flow curves, twelve cold (0-2 psi vapor 
pressure) heater curves at 0, 7, 14, and 20 KW, and three 
hot (16-20 psi vapor pressure) heater curves. Approximately 
10,000 gallons of liquid hydrogen were used. 

On October 7, 220 data points, representing 23 curves, were 
recorded during 3 hours and 58 minutes at a pump speed of 
20,000 RPM. The research gear remained the same as for the 
October 6 run. Included were eleven hot (16-20 psi vapor 
pressure) cavitation and head-flow curves, two cold (0-2 psi 
vapor pressure) head-flow curves, and ten cold (0-2 psi vapor 
pressure) heater curves at 0, 7, 14, and 20 KW. Approxi
mately 10,500 gallons of liquid hydrogen were used. 

On October 21, 15 continuous data pumpout runs were recorded 
during 57 minutes at pump speeds of 15,000 and 20,000 RPM. 
The same research gear as for the preceding two runs was 
used. Included were 7 cold (0-2 psi vapor pressure) locked 
tank pumpout runs and 8 hot (16-20 psi vapor pressure) locked 
tank pumpout runs. Data was recorded on a startup and 
continued until the tank was empty for each run. Approxi
mately 10,000 gallons of liquid hydrogen were used. The 
nuclear simulator heater was installed but not operated 
during this run. 

NOTE: Another pumpout run is scheduled for the first week 
of November when data will be taken at speeds of 5,000, 
10,000 and 15,000 RPM. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

The vacuum system installation bids were opened on October 20. 
Only one bid was received. It was much higher than the 
estimate. The specifications are being revised and new bids 
are scheduled to be opened by December 7. 

The service air heater order was placed October 26, with a 
100-day delivery. The hot air system design and specifica
tions are scheduled to be completed by November 19. 

(Continued on Page 21) 
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SI Tl LABORATORY 

C TURBO PUMP 

21 

RESEARCH 
INSTALLATIONS. (FOR) DESCRIPTION 

The design and specifications for the auxiliary dewar have 
been completed. The ele~trical drawings are in process and 
scheduled to be completed and sent to procurement in 25 days. 
-------------- ------------- •··• --· --------1 

LIQUID HYDROGEN 
PUMP 

QF0553(T:°1. Pi nkel) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds to 60,000 RPM 

On October 16, the pump and turbine were run for 43 minutes. 
Approximately 150 data points were obtained on the 78 degree 
straight inducer at pump speeds of 30,000 and 40,000 RPM. 
Approximately one-half of the data taken was for cavitation 
determinations and the other half for stal 1 point determina
tions. Four of the eight probe angle actuators were 
installed (No.' s 5, 6, 7, and 8). To check the accuracy of 
a pre-set probe angle, Probe No. 5 was fixed in one position. 
This position was determined by a previous test in an air 
calibration stand. The other probe actuators were installed 
on the balancing system and functioned within the capability 
of the system, until the end of the test when No. 7 ceased 
to function because of a plugged static tube. It could not 
be determined if the oil leakage past the shaft seal was 
stopped by the double seal arrangement, since a high pressure 
oil leak developed during the run and covered the shaft area 
with oi 1. 

On October 23, seven passes were made and approximately 70 
data points were obtained during a running time of 17 minutes. 
The three probe actuators operated on "automatic" and 
functioned well. All the data was taken for cavitation 
determinations. Flow was held constant and the NPSH varied. 
The reason for the short running time was due to the 
insufficient supply of gaseous hydrogen trailers with non
leaking remote shutoff valves. Although there was minimal 
oil leakage past the seals, the torque shaft reflective 
surfaces were oil-free. Scavenge holes will be increased to 
accomodate more oil flow. 

NOTE: The next scheduled run is November 6. 



SIT! LABORATORY 

C TURBO PUMP 

. 

I 

RESEARCH 
INSTALLATIONS (FOR) 

BO I LI NG FLU I OS RI G 
PF0538(1. I.Pinkel) 

DESCRIPTION 

The rig consists of a I iquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed I iquid hydrogen tank. 

On November 2, ten pump-out runs were made at speeds of 
5000, 7500 and 10,000 RPM during 45 minutes of pump 
rotation. Continuous data was recorded for each run. The 
research gear consisted of an 84° inducer, a No. I booster, 
and blade thickness representing 14% blockage. Included 
were four locked tank hot runs at a vapor pressure of 16-20 
psi and six locked tank cold runs at a vapor pressure of 
0-2 psi. Approximately 3500 gallons of liquid hydrogen were 
used. 

On November 10, 350 data points, representing 13 curves, 
were recorded during three hours and eight minuts at a speed 
of 20,000 RPM. The blade thickness of the helical inducer 
represented a 23% blockage. Eleven H-Q curves, both hot and 
cold, and two cavitation curves were plotted. Approximately 
8000 gal Ions of I iquid hydrogen were used. 

On November 18, 257 data points, representing II curves, were 
recorded during two hours and twenty-nine minutes of pump 
rotation at 20,000 RPM. The blade thickness of the inducer 
represented a 10% blockage. Included were two hot (16-20 psi 
V. P.) runs and nine cold (0-2 psi V. P.) runs. Approximately 
6000 gal Ions of I iquid hydrogen were used. 

On November 23, 219 data points, representing II curves, 
were recorded during one hour and forty-one minutes of pump 
rotation at 20,000 RPM. The research gear remained the same 
as on the previous run. Three hot (16-20 psi V.P.) head
flow curves and five cold (0-2 psi V.P.) head flow curves 
along with three cavitation curves constituted the data. 
Approximately 5000 gal Ions of I iquid hydrogen were used. 
---------------- . ··-----·- --- --·--· ---·-·-------. -------1 

ALTERATIONS TO THE BOILING FLUIDS RIG 

The opening o_f the vacuum system Invitation for Bids re
advertiiement is scheduled for December 10. 

The design and specifications for the Hot Air System are 
about 80% complete. Approximately 4 to 6 weeks of drafting 
is st i 11 required. Pre Ii mi nary drawings on the compressed 
air heater have been submitted and reviewed and returned to 
the contractor. Unit delivery is scheduled for February 
1965. Purchase requests have been issued for all other 
Government-furnished i terns. 

(Continued on Page 22) 
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SITI LABORATORY 
RESEARCH 

INSTALLATIONS (FOR) DESCRIPTION 

C TURBO PUMP (Continued) 

22 

The auxiliary dewar and associated piping mechanical 
specification has been completed and the electrical portion 
of the specification is·75% complete. Approximately two 
weeks of drafting is still required. 

LIQUID HYDROGEN 
PUMP 

QF0553(T:°1.Pinkel) 

Liquid hydrogen turbopump tests to 
study i mpe 1 I er matching with cent r i fu
gal pump at speeds to 60,000 RPM. 

Because a five to ten percent drop in pump performance was 
recorded in the October runs, the flow transducers and pump 
pressure rise transducers were recalibrated and the probes 
were checked. The results of these checks indicated no 
deviations that would account for the loss in performance. 

On November 6, the pump was run to recheck its performance. 
No improvement in performance was recorded. 

The pump was then completely disassembled and inspected, 
a,1d it was found that the centrifugal front clearance was 
excessive by .005. An undersized replacement part and 
shortening due to wear accounted for the excess clearance. 
The proper clearance was set, which was the same as on 
previous runs before the loss in performance. 

On N:ivember 25, the pump was checked again. No increase 
in performance was o~tained. 

Presently, the clearance of the front of the centrifugal is 
being further reduced to see if possibly this will correct 
the situation. If this does not improve the performance, 
the four additional probes that were added before the 
October runs should be removed, since it is passible that 
the probe blockage effect may have affected the pump 
performance. 

The next scheduled run is December 4. 



SI Tl LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS (FOR) 

BOILING FLUJbS RIG 
PF0538(1.I .Pinkel) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed liquid hydrogen tank. 

On December 3, 230 data points, representing eleven curves, 
were recorded during one hour and 35 minutes of pump ro
tation. The research gear consisted of the 84° inducer, 
the No. I booster, and the flow stator. The blade thick
ness represented a 14% blockage and tip clearance between 
inducer and shroud was .0015" at room temperature. In-
cluded in the above data were hot H-Q curves, cold H-Q 
curves, and cavitation curves. All runs were made at 
20 000 RPM with NPSH varying from 0-10 PSI. Approximately 
6000 gallons of liquid hydrogen were used. 

On December 15, 50 data points, representing six curves, 
were recorded during 45 minutes of pump rotation. The 
research gear consisted of a movable shroud along with the· 
standard 84° inducer and No. I booster. Both hot and cold 
H-Q curves were obtained with the shroud in the closed pos
ition. The shroud was then opened to 10'/4. No data was ob
tained in this position as the vapor bulb tubing broke 
necessitating shutdown. The next liquid hydrogen run using 
the movable shroud is scheduled for the second week of Jan
uary 1965. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

Bids for the vacuum system installation contract were 
opened onDecember 10. The low bid was for $53 959 with a 9( 
day completion time. The bid is being reviewed by Lewis 
Lega I Counse 1 . 

Drawings and specifications for the Hot Air Turbine Drive 
System are scheduled to be completed by January 8 and will 
then be reviewed by Rocket Systems Division. 

Drawings and specifications for the Auxiliary Dewar and 
associated vacuum jacketed piping were completed. They 
are pr-esent-ly being reviewed by Rocket Systems Division. 
If no major changes are required, the Purchase Request 
should be in Procurement by January 15, 
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INSlALL.llTIONS {FOR) DESCRIPTION 

C TURBO PUMP (Continued) 
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LIQUID HYDROGEN 
PUMP 

QF05~- I . Pinke I) 

Liquid hydrogen turbopump tests to study 
impeller matching with centrifugal pump 
at ·speeds to 60 000 RPM. 

On December 4, the pump was run with a reduced centrifugal 
rotor tip clearance of .008 in expectation of increasing the 
pump performance. Approximately twelve passes were made at 
30 000 RPM. The performance was increased by approximately 
five percent. 

On December II, the pump was run at 30 000 RPM with a tip 
clearance of .004, to determine the.effect of lower clear
ance. The over all pump performance shifted in a decreasing 
direction. The data was taken in the same manner as on the 
December 4 run. It was discovered on disassembly that one 
of the probes behind the centrifugal rotor had disconnected 
and been lost. The probe was not replaced for the next run. 

On the December 17 run, the tip clearance was increased to 
.016 which was the same clearance used for configuration #1 
and for the first block of data on the present configuration 
A standard type neoprene shaft seal was installed to replace•• 
a carbon seal on both the turbine and the pump. The torque 
meter was mounted and set up as usual with the exception 
that the voltage to the light source was increased. The 
performance curve for this run duplicated the original data. 
There were no leaks of any type and the torque meter func
tioned perfectly for several runs and intermittently the 
rest of the test time. All angle actuators were functioning 
During the thirty-five minutes of test time, the 30 000 RPM 
data was completed. 

NOTE: The next pump run is scheduled for the week of 
January 14. 

. 



SIT! LABORATORY 
C TURBO PUMP 

RESEARCH 
INSTALLATIONS {FOR) 

BOILING FLUIDS RIG 
PF0538 (1 .I .Pinke!) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed liquid hydrogen tank. 

On January 15, 304 data points representing 32 curves were 
recorded during three hours and eighteen minutes of pump 
rotation. The research gear consisted of the 84° inducer 
and No. 1 booster.· The moveable metal shro~d was adjusted 
so that data was obtained at 10'/o, 5<1'/4 and 10<1'/o of the max
imum open position. Included in the above data were eight 
H-Q curves cold (0-2 psi V.P.), four H-Q curves hot (16-20 
psi V.P.) and twenty cavitation curves elt heiat levels. of O; 
7, 14 and 20 KW. .A 11 runs we.re made at 20 000 rpm with NPSH 
varying from 0-10 psi. Constant flow positions of 9 psi, 11 
psi and 13 psi were held for the heater cavitation curves. 
Approximately 10 000 gallons of liquid hydrogen were used. 

The next liquid hydrogen run will be made during the first· 
week of February. The top propeller which is located above 
the inducer will be removed for these tests. 

NOTE: The test program has been extended one month to ob
tain more visual study data and photographs. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Vacuum System: 
A preconstruction conference has been scheduled for 
Friday, February 5. The installation should start shor~ 
ly after this conference. It is estimated that the con
tract will be completed by May 10. 

(2) Hot Air Turbine Drive System: 

The drawings and specifications for this system are 
scheduled to be completed by February 17. 

(3) Auxiliary Dewar System: 

The drawings and specifications were completed in Dec
ember but they are still being reviewed by the Rocket 
Systems Division and the Lewis Research Division.to 
determine if the designed system will meet all of the 
research objectives. 
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C TURBO PUMP (Continued) 

22 

LIQUID HYDROGEN 
PUMP 

QF0553(T:"1 .Pinke l) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds to 60 000 rpm. 

On January ll, the test data was completed for the 78° 

straight inducer program. Sixty-four data points were ob

tained at 30 000 and 40 000 rpm during a run time of twenty-

seven minutes. Four Head vs Flow curves and three Head vs 

NPSH curves were completed. Following this run, the tapered 

78° inducer was reinstalled in preparation for a test run to 

recheck the data taken before the test loop piping was 

changed from eight inches to the present three inch diameter. 

This data was needed to assure that the change did not affect 

the pump characteristics. 

On January 22, the first run with the rein9talled tapered 

78° inducer was made. Eight points were recorded at 30 000 

rpm, during twenty-five minutes of test time. The test 

run had to be shutdown when the speed pickup wires became 

grounded. 

On January 28, the second run was made with the reinstalled 

tapered 78° inducer. Approximately fifty data points were 

obtained at-a-speecrof 40 000 rpm. All the data taken was 

for Head vs Flow curves. 

. 

\ 



SIT! LABORATORY 

C TURBO PUMP 

RESEARCH 
INSTALLATIONS (FO~) 

BOILING FLUIDS RIG 

P FO 5 3 8 ( I . I. Pi n ke l ) 

DESCRIPTION 

The rig consists of a liquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed liquid hydrogen tank. 

On February 2, 240 data points, representing 23 curves, 
were recorded during 2 hours and 17 minutes of pump rota
tion, The research gear consisted of an 84° helical 
inducer and No. l booster. The movable metal shroud was 
adjusted sc that data was obtained at 0%, 50%, and 100% of 
the maximum open position. Included in the above data were 
head-flow and cavitation curves with heat levels of 7, 14, 
and 20 KW applied. All runs were made at 20 000 rpm with 
NPSH varying between O and 10 psi. Approximately 6700 
gallons of liquid hydrogen were used. 

On February 19, 108 data points, representing 14 curves, 
were recorded during l hour and 30 minutes of pump rotation. 
The research gear was the same as for the previous 
run, with the exception of the plastic shroud which was used 
so that photographs could be taken. Head-flow and cavita
tion curves at various heat levels were recorded and photo-' 
graphed. All runs were made at 20 000 rpm with NPSH varying 
between O and 25 psi. Approximately 4500 gal Ions of I iquid 
hydrogen were used. 

The February 19th run completed the first portion of the 
research program. Presently, the vacuum pumps for I iquid 
hydrogen cooldown are being installed. It is anticipated 
that this work will be completed by the middle of May and 
liquid hydrogen runs are scheduled to start as soon as the 
system has been checked out. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Vacuum System: 

The vacuum system installation was started February 8 
and is scheduled to be completed by May 10. 

(2) Hot Air Turbine Drive System: 

The design completion is being delayed until design 
data is received from the heat exchanger manufacturer. 

(Continued on Page 22) 
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C TURBO PUMP 
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RESEARCH 
INSTALLATIONS . (FOR). DESCRIPTION 

BOILING FLUIDS RIG (Continued) 

(3) Auxiliary Dewar System: 

The Design Review Committee submitted a proposal 
·on Februafy 17, and it is presently under admini
stration review. It was a I so proposed that a 
12 000 gal Ion liquid hydrogen dewar be used as 
an alternate configuration to the Auxiliary Dewar 
System. 

LIQUID HYDROGEN 
PUMP 

QF0553 (T:'"i":" Pinke l) 

Liquid hydrogen turbopump tests to 
study impeller matching with centrifu
gal pump at speeds of 60 000 rpm, 

After the data run of January 28, the inducer was removed 
and replaced by a spacer so that a pump performance map 
could be obtained without the inducer. 

On February 2, the first run was made with this configura
tion and during a rotation time of 36. 15 minutes, 210 data 
points were obtained. A complete 30 000 rpm and a partial 
40 000 rpm map was obtained. High g loadings on the tur
bine rear bearing indicated a deteriorated bearing, so the 
pump was shut down. Disassembly and inspection of the 
turbine showed that the rear turbine bearing had failed, 
allowing the turbine wheels to scrape on their shrouding. 
The turbine was repaired, rebalanced and reassembled. 

On February 19, both the turbopump and the boiling fluids 
rigs were set up for simultaneous runs. During the first 
attempt to take data at 40 000 rpm, an excessive g loading 
showed up on the front turbine bearing and necessitated 
shutdown. The pump and turbine have been disassembled. 
Damage was confined to both pump and turbine balance 
pistons and the t(}f'que shaft. Repair and balancing is 
now being-accomp+ished. 

NOTE: The next pump run is scheduled for March 5. 



----- --------------------, 
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C TURBO PUMP 
BOILING FLUIDS RIG 

PF0538 (1.1.Pinkel) 

The rig consists of a I iquid hydrogen 
pump submerged in the bottom of a 
vacuum-jacketed Ii quid hydrogen tank. · 

Since the contractors were working on the cell alterations, 
no I iquid hydrogen runs were made during March. 

While the contracted work is being done, other cell systems 
are being updated and the vacuum systems and purge systems 
are also being revamped for improved operations. Research 
tests are scheduled to resume the first week of June. 

' 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(I) Vacuum System: 

The vacuum system is being installed and is scheduled 
to be completed by May 10. 

(2) Hot Air Turbine Drive System: 

The design is scheduled to be completed by April 30. 

(3) Auxi I iary Dewar System: 

A decision still has to be made on the Design Review 
Committee proposal of February 17. 

LIQUID HYDROGEN 
PUMP 

QF0553{T:'"1, Pinke I) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds of 60 000 rpm. 

On the March 5 test run, the pump front bearing failed 
during the first two minutes of rotation. Disassembly of 
the pump showed that after the bearing failure, the pump 
shaft had severely rubbed on the front bearing housing and 
the shaft was bent. It was dee i ded to i nsta 11 the next 
configuration which is now being assembled. 

The next run is scheduled for the first of June. 

i 
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·s1TE LOCATION 

C TURBO PUMP 
SITE 

RESEARCH.· 
INSTALLATIONS (FOR) D!SC-JU PT I ON 

BOILING FLUIDS RIG 

PF0538 (I .I .Pinkel) 

The rig cons I sts of a liqu Id hydrogen 
.pump submerged In the bottom of a 
vacuum-jacketed Jiquid hydrogen-tank. 

No Liquid Hydrogen runs weie~cheduled for April because 
installation contractors were ~rking on cell alterations. 

While t~ls contracted work is being done. other cell sys
tems are being updated and the vacuum systems and purge · 
systems are being revamped for improved operations. Re
search tests are scheduled to resume In June. 

ALTERATIONS IQ. THE BOILING FLUIDS fil 

(1) Vacuum System Installation Contract: 

(2) 

(3) 

Status as of April 30 

1 .Engineering 
2.Building Alterations 
3.Equipment_Removal 
4.Piping 

% of Contract % Cpmplete 

5,Cleanlng & Testing 
6.Electrical 
].Insulation , 

2.2% 
4.Ql 
6.1%' 

43 .5% 
~.1% 

29.2% 
8.9% 

100%, 
40% 
99'/4 
94% 

0%, 
25% 

er¾, 

A contract change order dated April 16, will extend the 
contract completion date from May 8 to approximately 
June 20. 

Hgt Ai 9 Turbine Drive System: 

Completion of specfficatlons and drawings is scheduled 
for the week of May 10. The purchase request will be 
forwarded f~r processing on Hay 10. . . 

NeW Boiling Fluids Rig (12 000 gallon dewar): 

The research personnel have requested a change in rig 
concept which woold eliminate the requirement for a 
new 12 000 gallon dewar (FY 65 program item). The 
proposal by research_ requires design, fabricatlon, and 
installation of a new pump loop which will have design 
features for phptpgraphing through a plastic shroud 
installed around the research pump. This proposal ls 
subject to further discussion with research personnel 
and if approved it would add another rig·to·the site 
requ i r i ng the main tena nee and .opera t ion of three sepa r · 
ate rl ngs at 11C' 1 site {Boi Ii ng Fluids, Turbopump Loop 
and new Pump Loop). All work for design of the 12 000 
gallon LH2 dewar has been deferred pending further dis 
cusslon with research personnel. 

LI QUI D HYDROGEN 
PUMP 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump?t speeds of 60 000 rpm. QF0553('1 .1 .Pinkel) 

Modifications necessary for the next configuration are 
being carried out on the pump and cell systems. It ls 
expected the next series of runs will begin the middle of 
June. 
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SITE 

C 

22 

' 

LOCATION 

TURBO PUMP 
SITE 

RESEARCH INSTALLATION & DESCRIPTION 

BOILING FLUIDS RIG 

PF05 38 ( I . I . Pi n ke I ) 

The rig consists of a I iquid hydro
gen pump submerged in the bottom of 
a vacuum-jacketed Ii quid hydrogen 
tank. 

No I iquid hydrogen runs were scheduled for May because 
installation contractors were working on eel l alterations. 

While this contracted work is being done, other cell 
systems are being updated and the vacuum and purge systems 
are being revamped for improved operations. Research 
tests are scheduled to resume in August. 

( l ) 

ALTERATIONS TO THE BOILING FLUIDS RIG 

Vacuum System Installation Contract: 

A change order to this contract and a stop order on 
the electrical portions will extend the contract 
completion date to June 25. 

Present status of the contract: 

% Contract %Complete 

(a) Engineering 
(b) Building alterations 
(c) Equipment removal 
(d) Piping 
(e) Cleaning and testing 
(f) Electrical 
(g) Insulation 

2.2 
4.0 
6. l 

43. 5 
6. l 

29.2 
8.9 

Pro-rated% of completion= 67% 

100 
40 
99 
99 
99 
28 

0 

(2) Hot Air Turbine Drive System: 

The purchase request for the installation of this 
system has been processed. The drawings and speci
fications are being reviewed by RSD personnel. Area 
20 Safety Committee will review the plans and speci
fications, probably within 30 days. 

(3) Auxiliary Dewar/New Boiling Fluids Rig Dewar System: 

This concept has been deleted from the construction 
work. A modified pump loop (hereinafter referred to 
as the "high-speed loop"), using the existing 

' 

,, 
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SITE LOCATION RESEARCH INSTALLATION & DESCRIPTION 

C ·TURBO PUMP SITE 

Boiling Fluids Rig 2500-gallon dewar in series with this 
loop, is being substituted for the original concept of 
increasing the Boiling Fluids Rig dewar capacity. A 
controls system has been proposed for this high-speed 
loop. The mechanical design will proceed simultaneously 
with an analog computer simulation of the controls system. 

LIQUID HYDROGEN 
PUMP 

QF0553Ti":"T.Pinkel) 

Liquid hydrogen turbopump tests to 
study impeller matcning with centri
fugal pump at speeds of 60 000 rpm. 

The pump lubrication system has been altered and a new 
housing piece has been made to accomodate a double seal 
arrangement with helium pressure and vent between seals. 
The volute section has been modified so that.a proximity 
pickup can be installed to determine the centrifugal blade 
clearance. The pump inducer static taps have been modifiec 
to accomodate double 'O' rings. The new research gear 
stack-up has been checked for proper clearance and the 
torque-shaft couplings are being hand-lapped at the Lewis 
Machine Shop. New miniaturized total probes are presently 
being installed behind the centrifugal rotor. 

All of the damaged turbine parts have been remade or 
remachined and the· running gear· stack-up has been com
pleted. The second set of running gear, made of aluminum, 
has been completed and the stack-up is about 75% complete. 
The turbine lubrication system alterations have been 
completed. Oil will be scavenged from both sides of the 
front and rear bearings. 

Installation is in progress on the new hydraulic actuator 
for ROV 278, a new hydraulic control for ROV 247, and the 
increase in size of ROV 248. The overhaul of the burnoff 
ignition system is about 30% complete and the relocation 
of the turbine oil pumps is 50% complete. 

Research runs are scheduled to begin the first week of 
July. 
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SITE NAME 

TURBO-PUMP 
SITE 

June 1965 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 

PFOS38{1. I.Pinkel) 

& DESCRIPTION 

The rig consists of a liquid hydro
gen pump submerged in the bottom of 
a vacuum-jacketed liquid hydrogen 
tank. 

Installation contractors were working on eel I alterations 
during June. While this contracted work is being done, 
other cell systems are being updated and the vacuum and 
purge systems are being revamped for improved operations. 
Research tests are scheduled to resume in September. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Vacuum System Installation Contract: 

The vacuum system installation should be completed 
by the second week of July. 

(2) Hot Air Turbine Drive System: 

The purchase request has been processed, but the 
drawings still have to be approved. 



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

C TURBO PUMP SITE 

(3) High-Speed Pump loop: 

The controls studies have been completed for this 
system, and the design should start the first week 
of July and is scheduled to be completed by the 
first of August, 

( 4) Ra i I S pu r : 

Bids for the rail spur were opened and construction 
should start by the seoond week of July. 

LI QUI O HYDROGEN 
PUMP 

QFQ553(T':"T.Pinkel) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds of 60 000 rpm. 

The pump and turbine are completely assembled and are 

installed on the bedplate. Instrumentation is being 

installed and is scheduled to be completed by July 7. 

Valve modifications are complete and the Q/N system has 

been installed. The wiring for valve control at 11 H11 

Building wil I be finished by July 9, A checkout cold 

shock to check alignment and proximity pickups will be 

made the week of July 19. 

It is anticipated that the turbo-pump rig will be in 

operational status the week of July 26. 
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SITE 

C 

SITE NAME 

· TURBO-PU MP 
SJ TE 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 

PF0538 (1.1.Pinkel) 

&, D~SCR I PT\ ON 

The rig consists of a Jiqurd 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

All systems are being updated prior to ltquid hydrogen 
tests whtch are scheduled to begin in s~ptember. 

AL TERA Tl ONS TO THE BO I! .. l NG FLU I DS P. I G 

(I) Instrumentation and Motor Equipment Rooms - Design 
drawing and specificatkr.s '.'>'ere crimpleted the last 
week in July. 

(2) Hot Air Turbine Drive System - Design drawings and 
spec i Heat i ans were cvmp leted .tu ring the last week 
of July. The compressed Jlr heAter for this system 
is scheduled for delivAry August 2. 

(3) High Speed l.oop - The systl'!rn is h.ei ng designed and 
the approval is being sough~ t0r the ca~rlet3d 
system flow schematic. 

(4) Ra i T Spur - Acme Const.ruction Company started ~1ork 
on the ra i 1 contract during July. The schedu I ed 
comp l ·et l on date i s September 12 • 

(5) Vacuum System - The installation contract is com
pleted and the necessary in-house modifications 
to the 2500 ga 11 on LH2 dewar a re nav.i in progress. 

LIQUID HYDROGEN 
PUMP 

Liquid hydrogen turbopump tests to 
study impeller matching with centr
ffugal pump Qt speeds of 60 000 rp~ 

Cold checkout was made on July 29. The centrifugal pump 
will be modified to provide a means of detecting the zero 
shift during run con di ti ()nS. The pump wi 11 be rebalanced 
and then reassembled before the next rim. 

The next run is sc~eduled fer August 20. 
~ PUMP SYSTEM INSTALLATION 

A tentative planning schedule calls for design to be CJn

pleted by September 25, 1965; a contract 3W~rdec by Decem
ber 31, 1965 and and construction and installation to be 
comp I eted by March 3 I, 1966. A f I ,y,._, sche;i'd tic d ra1,i i ng 
has been prepared, but app rova 1 for it •,i i 11 not be sought 
unt i 1 research perso nne I comp 1 ere an a na I cg c-:!npu ter c; tu r:ly 
of the proposed system and give the "go-ahead0 on thEa,. 
basic system and conf i gu rat i 011. No ,fos i 9n \·1ork \-; i ! I be 
done unt i I the f I ow schema t i c drawing has been approved • 

-·----------------------------·---------1 
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SITE SITE NAME 

C TURBO-PUHP 
SITE 

August 1965 

RESEARCH INSTALLATION & DESCRIPTION 

BOILING FLUIDS RIG 

QF0533 (1.1.Pinkel) 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

No data runs were n~de during the month of August. 

Next research run is scheduled for October. 

{ 1) 

ALTERATIONS IQ. THE BOILING FLUIDS RIG 

Instrument and Motor Equipment Rooms-Specirications 
an,1 drawirigs 11.:iv~ be~n completed. Purchase Requests 
are awaiting approval of Special Job Orders for in
creased funds. 

(2) Cabling from C-Site to H-Building - The contract is 
scheduled to be awarded in September but actual work 
~~y not begin until construction of Instrument a~d 
Motor Equipment Roo~s (No. l above) has been started. 
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SITE SITE NAME 

C 

26 

TURBO-PUMP 
SITE 

RESEARCH INSTALLATION & OESCRI PTI ON 

(3) Hot Air Turbine Drive ~vste~s - Bids for this con
tract are to be opened in late September. Co~presset' 
air heater was del iverec the first wee~ i~ August. 

(4) High Speed loop - Narrative specifications are 
complete; drawings are 80% complete and should be 
finished the second week of September. Tentative 
schedule calls for; 

Design completion 
Contract award 
Construction & iristalla-
tion cornpl~ted 

- September 25. 1965 
- December 15. 1965 

- M.:i rch 15 . 1 966 

(S) Rail Spur lnst.Jllation - The installation of c, .. ,o 
drain pipes (culver·ts) is a! l that remains to co-n-
plete the Acme contract. Ordinage ditch clean-8ut 
work nay be addec to t~e contract before ~h~se 
culverts are installed. 

LI QUI O HYDROGEN 
PUMP 

QFOSS 3(T:"T. Pi n ke I } 

Liquid hydrogen turbopu~p tests to 
study impeller matching with ~entrifu
gal pu~p at speeds of 60 000 rpn. 

On August 31, a research run was made during a rotation 
time of 30 minutes. Ten data runs were made to determine 
the stall curve. Five of the runs were considered good 
runs. D if f i cul t y st i ! l ex i st s i n arr iv i ng at st a 11 
condition and, for this reason, only a limited amount of 
data was taken, A study of the test data wi II be made 
on September 7 to arrive at an alternate method of 
determining stal I. 

On disassembly of the pump, the rotating gear appeared 
in excellent condition. The next run schedule wi 11 de
pend on the results of the test data study nentioned 
above. 

ALTERATIONS TO TURBO-PUMP RIG 

Boost Pump Syte~ - A flow sche~atic drawin9 for thi~ 
boost pu11p syste·;i has beer. prepared. but approval for it 
will not be sot..,ght until ,..esearch oersonnei cor.pl,?te an 
analog cc,n1puter ::.tudy of t'"'"' r:r'Jposed system and give the 
''go-ahead" on the basic system anc conf igurat i or.. No 
design work wi 11 be done unti I the tlow schemat·c cra1-1ing 
has been approved. Tentative design-procurement-
i ns ta I I at ion sc hedu 1 e cannot be de terrni ned unt i 1 11 90-
ahead" on basic conf i gu ration is received f ram research I 
pe rsonne 1 . 



SITE SITE NAME 

C TURBO-PUMP 
SITE 

RESEARCH INSTALLATION 

BOILING FLUIDS R1G 

QF0533 (1.1.Pinkel) 

& OESCRI PTI ON 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vdcuum-jacketed 
1 i quid hydrogen tank. 

No data runs were made during the month of September. 
Liquid hydrogen runs are scheduled for the last two weeks 
of October. 

ALTERATIONS IQ. THE BOILING FLUIDS fil 

(1) Instrument and Motor Equipment Rooms: 

Invitations for Bids for the construction work will 
be sent out the first week of October. 

(2) Cabling from C-Site to H-Building (NAS3-8406): 

This contract has been awarded. The completion date 
will have to be extended. The Instrument and Motor 
Equipment Rooms have to be constructed before this 
contract can be completed, 

(3) Hot Air Turbine Drive Systems: 

The bids for this contract were too high and efforts 
w i 11 be made to negotiate the contract. 

(4) High Speed Loop: 

The specifications are complete and the drawings are 
95% comp 1 et e and a·re schedu 1 e d to be completed October 
l 5. 
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SITE 

C 

SITE NAME 

TURBO-PUMP 
SITE 

RESEARCH INSTALLATION & DESCRIPTION 

(S) Rail Sour Installation: 

Installation has been completed. 

LI QUI O HYDROGEN 
PUMP 

QFOSSJlT.1 .Pinke!) 

Liquid hydrogen tur~opump tests to 
study impeller matching with centri
fugal pu111p at speeds of 60 000 rpm. 

Two tests were conducted during the month of September. 
Both tests were to obtain stall data on the present con
figuration which is inducer 1-A and centrifugal 3. Stall 
data is obtained at 20 000 rpm, 30 000 rpm and 40 000 rpm. 
At each speed, runs are made at two different ramp rates 
and at two NPSH levels. 

On Septe~ber 14, the pump was run for sixteen minutes and 
a 11 the data was obtained for the 20 ODO rp111 series. One 
pass was :nade for the 30 000 rpm series. The run was 
terminated when a rear pu~p beari~g failed due to lack 
of proper lubrication. 

Steps were taken to insure a more satisfactory lubrication 
flaw' to the pump rear bearing. 

On September 29 a run was made. The data for the 30 000 
rpm and the 40 000 rpm stall runs was obtained along with 
several runs to check data repeatability. Seventeen passes 
were made during 35 minutes of rotation time. After shut
down the rotation gear appeared to be in good condition. 

The next run wi 11 be scheduled after the present data 
has been reduced. 



SITE SITE NAME 

C TURBO-PUMP 
SITE 

October 1965 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 

QFOS 3 3 ( I • I • P i n ke I ) 

& DES CR I PTI ON 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
li~uid hydrogen t~nk. 

On October 21, the boiling fluids tank was checked out 
with liquid nitrogen. The vacuum pumps stalled after 
five minutes of operation and with a tank pressure of 
s!x psig, 

On October 29, another liquid nitrogen test was made. 
Pressure and temperature senses were installed in the 
suet ion Ii ne near the pumps. The p'umps s ta 11 ed at 300 
torrpressure and -60°F. In order to pass this critical 
pressure the vacuum control valves were partially closed 
and then reopened ~fter the pressure was reduced. Once 
the stall pressure was lowered the pumps further reduced 
the pressure until the liquid nJtrogen was cooled to its 
melting point. During this test th• vacuum pumps oil. 
reservoir overheated. 

Additional cooling coils are being added to the vacuum 
pump reservoirs and the solenoid varves are being re
placed to increase the oil flQld, 
Another 1 i quid nitrogen run w i 11 be made the \'eek of Nov. 10, 
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SITE SITE NAME 

24 

TURBO-PUMP 
SI TE 

RESEARCH INSTALLATION UESCR I PT I ON 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(I} Inst rur,,ent and Motor Equ i pr,1ent Ro\)ll)s: rhe bids for 
this i:onst r1_.ct i en work wi 11 open J.lovE:rnber 30. 

(2} Cabling fr-,.:,.:i C-Site t'l li-6..ii lJinJ ·',,•"iJ·-3406)· The 
completion da tc for this cont rJ,:,. t cctnnot be determined 
unt i 1 the bids on the I n-;t; r-1.rnent 11·.d p . ._ i or Equ i .:,,.;~::;it 
i\oorns are knC"m. Th:-; contr,1.:::t ,1t"' -t ::,~ Ct'="Ple~_P.:I 
unti I after the Instrument and J1otor Equipment Roo:ns 
ar·e ccGp leted. 

(3) Hot Air Turbine Driv2 Sy~~~~s: Thil ·1ork i~ being 
re-advertised. T~F --;e . ...- 1, id c,:>cri: rJ l!z te is ~:,,-., <'!·i:t:er 
16. 

(4} High Saeed Lonr: s,~ce t~~ Pl~~ 6ruok d~aftlng 
sect icn has a 1 a rge back I og of v,ork, the remaining 
drawings for this High Sr~ed Leep wi 1 1 he dcne by 
contract. 

LIQUID HYDROGEN Liquid hydrogen turi,i:•pu\\\p tests to 
PUMP study impeller matching with centri-

QF055 3ll. I • Pi nke 1) f uga 1 pump at s pee'1s of 60 000 rpm. 

Two data runs v,ere made during Octol")f:!r. 

On October 12, five cav i tat i on per f <mna nee curves <,,.re re 
obtained. Prob!P.ms developed In the Q/N system and the 
manual ramp had to be used. This limited the amount of 
test data that would normally have been recorded. A 
series of passes were made with the Q/N mode to obtain 
data for t roub 1 e shooting the sys tern. The tot a 1 running 
time was 22 minutes. 

On October 25, four data passes were completed at speeds 
of 20,000 and 30,000 rpm. This run tvas made to check the 
stall point that was recorded during September. On the 
second attempt to go to 40 000 rpm, ~he turbine drive gas 
entered the bearing cavity through a worn front seal 1nd 
caused the bearing to over heat. The total running time 
was 14minutes. 

The next scheduled run depends on the completion of 11H11 

Building modifications. If the modifications are ccmpleted 
on schedule I the run \•d 11 be na de Novt.?rr.ber 17. 

ALTERATI ON5 !Q. I!:!;_ TURBO ~RIG 

As reported in August, the schematics for the boost pump 
systE;m have been prepared but furtter work cannot be done 
until it has been approved by the ewis Research Division. 



November 1965 

SITE SITE NAME 

C 

24 

TURBO- PUMP 
SITE 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QFO553(1.I. Pinkel) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
l i quid hydrogen tank. 

On November IO. a 1 i quid nitrogen checkout run was made 
using the vacuum cooling system. The electrical loading 
on the vacuum pumps was excessive. Current transformers 
and meters are being installed along with remote re-sets 
so that loading can be controlled from the console. 

Another liquid nitrogen run is scheduled for December 2. 

NOTE: The test schedule change was required because 
alterations have to be made to the vacuum cooldown 
system. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

1. Instrument· and Motor Equipment Rooms: 

The bids for this construction work opened November 
30. The contract should be awarded by December 20 
and completed in 185 days (June 23).. -

2. Cabling from 11 C11 Site to 11 H11 Building (NAS3-84D6): 

Should be completed by June 23. This work is 
dependent on the progress of the Room construction 
(I tern l). 

3. Hot Air Turbine Drive System: 

Bids were opened November 16. Araco Company of 
Philadelphia was the low bidder, with 120 day 
completion date. Approval has not been received to 
award the contract. The bid was $13,500 over the 
job estimate of $65,000. 

4. High Speed Loop: 

The remaining drawings for this contract are 
currently being done by Superior Des1gn Company of 
Cleveland, and are scheduled to be completed bi 
December 17. 



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

C TURBO-PUMP 
SITE (Continued) 

LIQUID HYO ROG EN Liquid hydrogen tu rbopump tests to 
PUMP study impeller matching with centr1-

QF0553(1.1.Pinkel) fugal pump at speeds to 60 000 rpm. 

No tests were conducted during November due to the shut
down of 11 H11 Building for contract installation purposes. 
The next scheduled run is December]. 

ALTERATIONS TO THE TURBO-PUMP RIG 

As reported in August, the schematics for the boost pump 
system have been prepared but further work cannot be done 
until it has been approved by Fluid System Components 
Division. 



December 1965 

SITE SITE NAME 

C TURBO-PUMP 
SITE 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553(1.l,Pinkel) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

On December 9, a liquid hydrogen run was made at 
20,000 r.p.m. during 7 minutes and 50 seconds of pump 
rotation. Two curves were plotted at a liquid tempera
ture of 37°R. No data was recorded when the liquid 
temperature was 28OR, because of oscillation of the 
NPSH control valve. 

On December 21, an attempt was made to cool the hydrogen 
to 26°R; however, the lowest temperature that could be 
obtained was 28°R. On the subsequent pass, the inducer 
pressure probe Indicated almost full-scale oscillation, 
the carbon resistors gave incorrect readings and the 
pump pressure was low, Upon disassembly, the total rake 
position probe was found to be bent and a pump pressure 
probe fitting had vibrated loose, 

A meeting is scheduled for the first week in January to 
review the proposed research program and to determine the 
amount of data that can be obtained. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Instrument and Motor Equipment Rooms (Contract No. 
NAS3-8786-PB): 

R. G. Beer Corporation was awarded the contract 
on December 21, notice to proceed was given·on 
December 29, and the work was started on December 29. 
The contract is scheduled to be completed in 136 
days, or May 13. 

(2) Hot Air Turbine Drive System: 

Araco Company was the low bidder and the contract 
completion is 120 days after notice to proceed. 
This notice should be given to the contractor by 
January 7, making the completion date May 7. 

(3) High-Speed Loop: 

The Plum Brook Engineering Division personnel are 
currently reviewing the contract drawings. 
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SITE SITE NAHE RESEARCH INSTALLATION & DESCRIPTION 

C TURBO-PUMP 
SITE (Continued) 

LIQUID HYDROGEN 
PUMP 

QF055W.1.Pinkel) 

Liquid hydrogen turbopump tests to 
study impeller matching with cen
trifugal pump at speeds to 60 000 
r.p.m. 

Two tests were made durfng December. In the first week 
of Oecembe r, during a run ti me of 19 mi nut es, four data 
runs were recorded. All the data needed to complete the 
cavitation portion of this conflguration performance 
curve was obtained. The stall data could r.ot be com
pleted since the high frequency pickups were not 
functioning. One high f I ow rate pdS .s \-,as made for the 
NPSH curves. 

In .the third week of December, another test was made. 
Dnring a run time of 13 minutes, five data passes were 

~:eorded. The remaining two stall curves were obtained 
for this configuration. The three NPSM curves were 
completed. On the last pass, a run of 45 000 r.p.m. was 
attempted and a critical speed was encountered, result
ing in pump and turbine failure. Al1 previous runs were 
at a maximum speed of 40 000 r.p.m. Due to the critical 
speed, all future running will be confined to speeds 
below 45 000 r.p.m. 

The NPSH maps and the angle actuator data still have to 
be obtained for this Inducer I-A configuration. The 
next run is scheduled for the week of January 17. 



SITE SITE NAME 

C TURBO-PUMP 
SITE 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553(1. I. Pinke!) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
1 iquid hydrogen tank. 

On January 11, four cavitation curves were obtained. Two 
runs were made at 37°R. and two runs wer2 made at 31°R., 
but the test had to be stopped when oscillations occurred 
below the 840 helical pump inducer and the over
pressurization caused a burst disc rupture. 

On January 14 and 15, a boil-off test was made to 
dctermine the heat leak of the boiling fluids tank. It 
was found that over an eight-hour period, 1120 gallons 
of 1 iquid hydrogen evaporated. This represents 2.33 
gallons per minute or 134% per day. 

On January 19, seven cavitation curves were obtained, 
which included three runs at 37°R., t1-10 runs at 34°R. , 
and two runs at 31°R. Other passes were attempted, but 
oscillations below the inducer were experienced again. 

On January 26, six cavitation curves were obtained. 
These included three runs at 37°R. and three runs at 
34°R. An attempt was made to make a pass at 29.5°R. 
and again the oscillation stopped the run. Before the 
next run, a transducer will be submerged in the liquid 
to determine whether line perculation causes the 
oscillations that are encountered at the lower tempera
ture. 

The instrument tubing plug in the liquid hydrogen tank 
will be replaced, in order to update the rig, reduce the 
heat leak, and cut down on the hazard of hydrogen leakage. 

The next liquid hydrogen run is scheduled for the second 
week in Febi~uary. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(I) Instrument and Motor Equipment Rooms (Contract No. 
NAS3-8786-PB): 

The contract is in progress, is approximately 25% 
complete, and it is anticipated that the project 
will be completed by May 13. 

(Continued on Page 24) 
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

C TURBO-PUMP 
SITE (Continued) 

24 

BOILING FLUIDS RIG (Continued) 

(2) Hot Air Turbine Drive System (Contract NAS3-8789-PB, 
Araco Company): 

The parts are being fabricated by the contractor at 
the present time. There has been no on-site con
struction so far. The anticipated completion date 
is August 6. 

(3) High-Speed Loop: 

One of the drawings submitted by the A&E firm for 
this system requires extensive rework, which will 
cause an estimated 30-day delay. It is estimated 
that the construction contract will be completed 
by the middie of September. 

(4) Gabling from "C" Site to 11 H11 Bldg. (Contract 
NAS3-8406-PB, Valley Electric Co.): 

Notice to proceed will be given the contractor on 
February 1. 

LIQUID HYDROGEN 
PUMP 

QF0553(i.1. Pinkel) 

Liquid hydrogen turbopump tests to 
study impeller matching with cen
trifugal pump at speeds to 60 000 
r.p.m. 

On January 28, four data passes were recorded during 
a rotating time of seventeen minutes. The purpose of 
the run was to check the pump performance to insure 
that it had not changed due to the damage that was 
experienced on the December 14 run. It appeared from 
the monitoring data that the performance duplicated, 
although the digital data will have to be reduced before 
this is verified. 

While the data reduction section is reducing this data, 
the angle actuators will be readied for the next run 
which is scheduled for February 21. 



SITE SITE NAME 

C TURBO-PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553(1.I.Pinke1) 

& D ESC RI PTI ON 

The rig consists of a 1 iquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
1 iquid hydrogen tank. 

On February 8, four cavitation curves were obtained. Two 
runs were made at 370R, and two runs were ~~de at 31°R. 
The NPSH was ramped oh a continuous basis at 8 sec/psi 
from 5 psi to O psi. All passes were made at 20 000 rpm. 

On February 16, fourteen cavitation curves were obtained. 
Five runs were made at 37°R, four at 34°R, four at 31°R, 
and one at 29.5°R. The NPSH was ramped on a continuous 
basis at 8 sec/psi from 5 psi to O psi. Al I passes were 
made at 20 000 rp~ except the one at 29.5°R, which was 
made at 14 140 rpm. 

All of the windows in the boiling fluids liquid hydrogen 
tank are being rebuilt along with the fabrication of 
window plugs which will be installed prior to the next 
run, scheduled for the second week of March. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(I) Instrument and Motor Equipment Rooms (Contract 
NASJ-8786-PB, R. G. Beer Corp.): 

The contract is in progress and is approximately 3Cf'/o 
complete. It is anticipated that the project will 
be completed by May 13. 

(2) Hot Air Turbine Drive System (Contract NASJ-8789-PB, 
Araco Company): 

Some of the required shop drawings have been approved 
and parts are being fabricated at the present time. 
On-site construction has not been started. The 
anticipated contract completion date is August 6, 
1966. 

(3) High Speed Loop: 

The high speed loop drawings which required reworking 
a re in the process of being checked and approved. It 
is estimated that this contract will be completed by 
the middle of September. 

(4) Cab! ing from 11 C11 Site to 11 H11 Building, (Contract 
NAS3-8406-PB, Valley Electric Co.): 

Notice to proceed on this contract has been given, 
and work has been started. Coordination of this 
work with that of the instrument room construction 
is necessary since cable entrance at the site 
requires penetrations in the new addition. As soon 
as the concrete walls have been poured, this 
contractor can proceed to erect the cable. 

rarrighi
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SITE SITE NAME 

C TURBO-PUMP 

RESEARCH INSTALLATION 

LIQUID HYDROGEN 
PUMP 
QF0553(1.I.Pinkel) 

& DESCRIPTION 

Liquid hydrogen tur~opu~p tests to 
study impeller natching with centri
fugal pump at speeds of 60 000 rpm. 

The data from the check run of January 28 was reduced 
during the week of February 14. There is a slight shift 
in both the head rise and stall point in the pump per
formance. The research engineer has decided to proceed 
to the next tests for anQle and velocity data. 

The angle actuators have been calibrated and installed on 
the pump. The test schedule may be affected because there 
has been a delay in getting the data reduction program 
written for the angle data. The tape for data recording 
has been supplied, and a run is scheduled for March 4. 

An additional run in 1 iquid nitrogen has been requested, 
to check out the pump in a fluid which exhibits close to 
zero fluid property effect. 
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SITE SITE NAME 

C TURBO PUMP 

22 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553(1.I.Pinkel) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump su brne rged in the 
bottom of a vacuum-jacketed 
1 iquid hydrogen tank. 

On March 22, four cavitation curves were obtained at 
three flow coefficients. Two passes were made at a 
liquid temperature of 36.5°R. while the remaining two 
were made at 42°R. All passes were made at 20 000 rpm 
with NPSH ramped from 5 psi to O psi. 

On March 31, ten cavitation curves were obtained at two 
flow coefficients. Included were three passes at a 1 iquid 
temperature of 36.5°R, two at 34°R, and two at 26.9°R. 
All passes were made at 20 000 rpm with NPSH ramped from 
5 psi to O psi. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Instrument and Motor Equipment Rooms (Contract 
NASJ-8786-PB, R. G. Beer Corp.): 

The contract is in progress and is approximately 60% 
comp I ete. It is anticipated that the project wi 11 be 
completed by May 13. 

(2) Hot Air Turbine Drive System (Contract NAS3-8789-PB, 
Araco Company): 

Some of the required shop drawings have been approved 
and parts are being fabricated at the present time, 
On-site construction has not been started. The antici· 
pated contract completion date is August 6, 1966. 

(3) High Speed Loop: 

The high speed loop drawings are in the process of 
being checked and approved. It is estimated that this 
contract will be completed by the middle of September. 

(4) Cabling from 11 C11 Site to "H11 Building, (Contract 
NAS3-8406-PB, Valley Electric Co.): 

Work has been started and is approximately 15% com
plete. The anticipated completion date for this 
contract is May 1, 1966. 
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SITE SITE NAME 

C TURBOPUMP 

RESEARCH INSTALLATION & DESCRIPTtON 

LIQUID HYDROGEN 
PUHP 
QF0553(1,l,Pinkel) 

Liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds of 60 000 rpm. 

Two cavitation data test runs were made during Karch, 
On March 14, during a rotation time of 21 minutes, six 
data passes were completed. Passes were made at 110%, 
120%, and 140% of design flow. The test had to be 
terminated because the rear turbine bearing overheated 
and because of low hydrogen gas pressure to the turbine. 
The turbine bearings and seals were replaced following 
the test. 

On March 16, another cavitation data run was made. During 
a rotation time of 20 minutes, five data passes were made. 
Two passes were considered good, The passes were made at 
150% of design flow, which rnade flow controlling very 
difficult. since the flow was very close to the MaximuM 
capacity of the pump. Again, the turbine rear bearing 
overheated and it was necessary to terminate the testing. 

Subsequent to the March 16 test, it was decided to re
design and build a new bearing support housing which will 
increase heat transfer away from the bearing. 

The angle actuator data appeared gooc from the "on 1 ine11 

monitoring. A discrepancy of angle reading occurred and 
is being investigated. It is not clear at the present 
whether there is a system malfunction or whether the data 
represented what is actually occurring. 

It is anticipated that redesign of the turbine rear 
bearing housing will result in a one-month delay in the 
research program. ------------------ ---
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 
----------------------------- - - - - - -

C TURBO PUMP 

24 
April 1966 

BOILING FLUIDS RIG 
Q.F0553 (1.1,Pinkel} 

The rlg consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

On April 7, ten cavitation curves were obtained. In
cluded were three at 36.5°R, two at 34°R, two at 31°R, 
two at 27°R and one at 26.7°R. All runs were made at 
20 000 rpm with NPSH ramped from 5 psi to O psi. 

On April 14, eight cavitation curves were obtained. 
Included were three at 36.5°R, one at 34oR, one at 31°R, 
one at 28°R, and two at 27°R. All runs were made at 
20 000 rpm with NPSH ramped from 5 psi to O psi. 



S ITE S I TE NAME 
C TURBO PUMP 

RESEARCH INSTAlLATION & DESCRIPTION 

BOILING FLUIDS RIG (Continued) 

ALTERATIONS !Q_ !l!f. 801 ll NG FLUI OS fil 

(1) Instrument and motor equipment rooms (Contract 
NA.S3-8786-PB, R. G. Beer Corporation): The con
tract is in progress and is approximately 90% 
complete. It is anticipated that the project 
will be completed by May 13. 

(2) Hot Air Turbine Drive System (Contract NAS3-
8789-PB, Araco Company): There have been some 
delays in obtaining acceptable design for Hot Air 
Line from Araco; hCM"ever, some of the required 
shop drawings have been approved and parts are 
being fabricated at the present time, 110n-Site11 

construction has not been started. The antici
pated contract completion date is August 30. 

(3) High Speed Loop: The high speed loop specifi
cations and drawings are canplete and are being 
checked. 1 t is estimated that this contract w i 11 
be completed by the middle of September. 

(4) Cabling from 11c11 Site to 11H1 1 Building, (Contract 
NAS3-8406-PB, Valley Electric): Work has been 
started and is approximately 40% complete. The 
anticipated contract cO'llpletion date is June 15. 

LIQUID HYDROGEN Liquid hydrogen turbopump tests to 
PUMP study impeller matching with centri-
QF0553 ( I • I • Pinke I) f uga 1 pump at speeds of 60 000 rpm. 

The material for the new turbine rear bearing support 
housing was supplied to the contractor and machining 
began on April 29. It Is scheduled to be completed 
by May 16. 

Data taken for the secondary objectives of the test 
program is being analyzed. Discrepancies have been 
found and are being considered for determining the 
future testing sequence and priority. 

Work on the turbine assembly will proceed when the new 
housing is completed. The pump will be modified if 
required by test sequence decisions. 
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SITE SITE NAME 

C TURBOPUHP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553(1.I.Pinkel) 

& DES CR I PTI ON 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

On Hay 
eluded 
two at 
20,000 

17, seven cavitation curves were obtained. ln
w~re two at 36.S0 R., one at 34°R., one at 31°R., 
30°R., and one at 28°R. All runs were made at 
rpm with NPSH ramped from 5 psi to O psi. 

ALTERATIONS TO .!ti£ BOILING FLUIDS RIG 

(I) Hot Air Turbine Drive System (Contract NASJ-8789-PB, 
Araco Company): 

An acceptable design for Hot Air Line has not been 
received from Araco; however, some of the required 
shop drawings have been approved and parts are being 
fabricated at the present time, 110n-s I te11 canst ruc
tion has not been started. The anticipated contract 
completion date is August 30. 

(2) High-Speed Loop: 

The high-speed loop specifications and drawings are 
complete and are being checked. It is estimated 
that this contract will be completed by the first of 
November. 

(3) Cabling from 11C11 Site to 11H' 1 Building, (Contract 
N~SJ-8406-PB, Valley Electric): 

Work has been started and is approximately 80% 
complete. The anticipated contract completion date 
is June 15. 

LICUID HYDROGEN PUMP 
Q.F0553 (I.I. Pinke 1) 

liquid hydrogen turbopump tests to 
study impeller matching with centri
fugal pump at speeds of 60 000 rpm. 

It ~as been determined by the research personnel to pr~ 
ceed with the main program objectives. The main study 
objective of the program is the study of change in per• 
formance due to an inducer to centrifugal match. Data wlll 
not be taken for the secondary objectives at the present 
time, With the data required for the main objective 
completed for 3-A; the pump was disassembled and Inducer 
J~B was Installed. 
The new turbine rear bearing support piece housing is 
complete. The bearing has been assembled for clearance 
check and the rotating components have been sent to 
Lewis-Cleveland for balancing. 

The next scheduled run is June 14. 
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ISITE SITE NAME 

C TURBO PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553 (I.I. Pinke!) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

On June 22 an attempt ~as made to operate the Bolling 
Fluids Rig to obtain normal head-flow curves. On the 
second pass the jack shaft connecting the research pump 
with the CH-S turbine was bent necessitating shutdCMTI. 
This over loading of the shaft was caused from the dead 
heading of the pump discharge against a closed dewar valve 
The control valve switch was in the open position but the 
valve was c1osed. The dewar valve actuator regulator is 
being checked out to determine the cause of the valve 
malfunction. 

It is anticipated that the next run will be made during 
the third week of July. 

AL TERA Tl ONS TO THE BO I LI NG f LU I OS fili 

1. Instrument and motor equipment rooms (Contract NAS3-
8786-PB, R. G. Beer Corporation): 

The contract is completed. 

2, Hot Air Turbine Drive System (Contract NA.S3-8789-PB, 
Araco Company): 

There have been numerous delays in obtaining accept
able designs for Hot Air line from Araco; however, 
some of the.required shop drawings have been approved 
and parts are being fabricated at the present time. 

1 '0n-S i te(' construct [ on has not been started. The 
anticipated contract completion date is October 30. 

3. High Speed Loop: 

Bids for this contract were opened June 27. There 
is a good possibility that an award can be made by 
July 6. The tontract completion time is 120 dQys. 

4. Cabling from 11C11 Site to "H" Building, (Contract 
NASJ-8406-PB, Valley Electric): 

This contract was completed June 24. 

LIQUID HYDROGEN PUHP 
Qf0553 11 ,I. Pinke\) 

Liquid hydrogen turbopump tests to 
study ir.,pel \er matching with cen
trifugal pump at speeds of 60 000 
rnrn 

On June 16 a test was conducted to obtain the stall data 
for configuration 3-B. Two ?asses were ~ade at 20 000 
rpm. The turbine rear bearing failed on the third pass, 
a 10 000 rpm test. It was felt that the turbine clear
ances were to close. The turbine has been repaired and 
the clearances have been increased. 
The next test run is scheduled for July 7 
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SITE SITE NAME 

C TURBOPUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553 (1. l. Pinke I) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

A new jack shaft and sp Ii ned ends have been fabricated 
and are being ba I anced. It is anticipated that the next 
liquid hydrogen run will be made during the last week 
of August. 

ALTERATIONS TO THE BOILING FLUIDS .B...!Q 

(1) Hot Air Turbine Drive Systems (Contract NAS3-8789-PB, 
Araco Company): 

There have been numerous delays in obtaining accept
able designs for the hot air line from Araco; how
ever, some of the required shop drawings have been 
approved and parts are being fabricated at the pres
ent time. 110n-site11 construction has not started. 
The anticipated contract completion date has now 
slipped from October 30 to November 30. 

The next two bootstrap tests are scheduled tor August 24. 

(2) High Speed Loop (Contract NASJ-945D-PB, Valley 
Electric Company}: 

This contract was awarded early in July. The 
contract completion time will be 150 days after 
notice to proceed has been issued. 

1---------------------------------------
LIQUID NYOROGEN PUMP 
QF0553(1.I.Pinkel) 

Liquid hydrogen turbopump tests 
to study impeller matching with 
centrifugal pump at speeds of 
60 000 rpm. 

Twc- July tes~ runs completed the data for inducer con
f i 9u ration 3-B. A tot a I of l 7 passes was made du ri' ng 
the two tests. 

The 3-C indu~er configuration is being installed. The 
next scheduled test is August 5, 
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SITE 

C 

BOILING FLUIDS RIG 
QF055 3 ( I. I . Pinke 1) 

The rig consists of a liquid 
hydrogen pump submerged in the 
bot tom of a vacuun- j ac ke ted 
liquid hydrogen tank. 

On August 30, five data curves at 36.5°R were obtained. 
Included were three head-flow curves at 10, 5, and O psi 
NPSH; one locked tank pump-out curve; and one cavitation 
curve. All runs were made at 20,000 r.p.m. using the 
boost rotor. 

The next liquid hydrogen run is scheduled for September 8. 
ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Hot Air Turbine Drive Systems (Contract NAS3-8789-PB, 
Araco Company): 

There have been numerous delays in obtaining shop 
drawings from Araco; however, most of th·~ drawings 
are nearly completed. On the last submittal, only 
minor changes we re required. It is estimated that 
the notice to proceed on the field installation 
work will be issued by the end of September or first 
of October. 

(2) High Speed Loop (Contract NAS3-9450-PB, Valley 
Electric Company): 

Shop fabrication of the vacuum-jacketed p1p1ng has 
been started by the contractor's sub. Notice to 
proceed on site construction and installation of 
certain portions of the contract (which do not cause 
an extended shutdown of the site) was given on 
August 25. 

LIOUID HYDROGEN PUMP 
QF0553(1.I.Plnkel) 

Liquid hydrogen turbopump tests 
to study impeller matching with 
centrifugal pump at speeds of 
60 000 r.p.m. 

Two test runs were conducted during August to obtain 
stall data for Inducer 3-C. 

On August 4, four data passes were made at 20 000 and 
30 000 r.p.m. While operating in the stall region 
during a 30 000 r.p.m. pass, rubbing occurred. The pump 
was disassembled and the necessary modifications were 
made to eliminate the problem. 

On August 23, seven data passes were made at all speeds 
to complete the stall data for Inducer 3-C. Also, a 
data pass was made to check the pump pressure drop during 
cavitation. 

The next run is scheduled for September 1. 
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SITE SITE Ni'ME 

C TURBO PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QFO 5 5 3 ( I • I . Pi n ke I ) 

& DESCRIPTION 

The rig consists of a I iquid 
hydrogen pump subrne rged in the 
bottom of a vacuum-jacketed 
I iquid hydrogen tan,. 

On September 8, an attempt was made to operate the 
boiling fluids rig; however, on the second pass 
excessive v1brations necessitated shutdown. It was 
found that the bearings and seals had disintegrated, 
c·ausing minor damage to the research pump parts. 

The next I iquid hydrogen run is scheduled for October 
25. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(I) Hot Air Turbine Drive Systems (Contract NAS3-
8789-PB, Araco Company): 

It is estimated that notice to proceed on all work 
exterior to the test eel I and approved by the 
Engineering Department wi 11 be given the second 
week of October. 

(2) High Speed Loop (Contract NAS3-9450-PB, Valley 
Electric Company); 

Materials and equipment are being fabricated by 
the contractor, although there has been no "on 
site 11 work started. It is anticipated that por-
tions of this contract wi 11 be ins ta I led within 
the next month without affecting the research 
testing schedule. 

---------------~--- - - ·- --

LIQUID HYDROGEN PUMP 
QFO 5 5 3 ( I . I . Pi n ke I ) 

Liquid hydrogen turbopump tests 
to study impeller matching with 
centrifugal pump at speeds of 
60 000 rpm. 

On September I, inducer configuration 3-C was tested. 
During the second cavitation data pass, severe vibra
tion occurred. The test unit was disassembled and 
inspected. Rubbing had occurred, but there was no 
damage to the bearings. 

After reviewing the data, the research personnel have 
decided to make the next test without the inducer. 
Modifications are being made and the next run is sched
uled for the last week of October. 
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October 1966 

SITE SITE NAME 

C TURBOPUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
Q.F0553 (1.1.Pinkel) 

& DES CR J PT I ON 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

During October preparations were made for a November 2 
liquid hydrogen run. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Hot Afr Turbine Drive System (Contract NAS3-8789-PB, 
Ara co Company) : 

The contractor was given a notice to proceed on all 
work exterior to the cell. The hot air line from 
the underground to the turbine has been deleted from 
the contract. The design and installation work will 
be done 1

' in -house' 1 
• 

(2) High Speed Loop (Contract NAS3-9450-PB, Valley 
Electric Company): 

Portions of this contract are being fabricated and 
the installation work is scheduled to begin November 
15. 

LI OU I O HY OR OGEN PUMP 
QF0553(1 .I. Pinke I) 

Liquid hydrogen turbopump tests 
to study impeller matching with 
centrifugal pump at speeds of 
60 000 rpm. 

During October one test run was made. On October 31 two 
passes were canpleted when severe vibrations occurred. 
The pump was disassembled and repaired. The next run is 
scheduled for November 4. Eight more cavitation runs are 
needed to complete the data for the centrifugal. 



...----.-----------------------··-···-·-··-·-·-------~ 
SITE SITE NAME 

C TURBO PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553(1. l. Pinke!) 

LJl:SCRI PTI ON 

The rig co11Si':.ts ()t d 1 iquid 
hydrogen µurnp sulrn1vrs1ed j n the 
bottom of- a vacuu1r1-·jacketed 
I iquid h·1drn~t~11 tc.,r1k. 

On November 4, nine cavitation curve~ 11tJC: ot.it·ained. 
Included were four at 420R, one al . .l9°R, and four at 
36,5 R. Speed was held co11slant ar 211 r,110 rµn,, fluw 
coefficients were . 090 and .060, 211,J NP',H ,,as coril rolled 
from 2 psi to a locked-tank condition. 

On November 10, eight cavitation cur 11 e~, ,1e1P nl1tdineci. 
0 

Included were two at 42 and six at 36.::, 0 R. /\l I runs 
were made at 20 000 rpm with NPSH cont10lled b~tween 
5 psi and O psi. 

ALTERATIONS TO THE BOILING 1Ll1JD, HIG 

(1) Hot Air Turbine Drive System (Contract NAS:J-t\789-PB, 
Araco Company): 

At the present ti me the natural gas Ii ne is being 
installed underground from the boiler hc,use to the 
hot air heater. It is estimated that 15'/c, of the 
contract has been completed. 

(2) High Speed Loop (Contract NAS3-91150-PB, \/al lei· 
Electric Company): 

Contractor work at the test ce1 l be9a11 ur, NOi ,ber 15 
and it is estimated that 20% of this cont1-.:1ct :10s 
been completed. -----------------·-------·------ ___ _, 

LIQUID ~YDROGEN PUMP 
QF0553(1. I .Pinkel) 

Liquid hydroge11 turL0pun1p tests to 
study impeller· matchin~ with cen
trifugal pump at speeds of 60 000 
rpm. 

A test run was attempted on November 4. During the first 
data pass at 35 000 rpm, severe vibratior1s occ11rred. 
Inspection of the pump parts i 11d i cated that 35 000 rpm was 
a critical pump speed. The program 1<as adjusted using 
27 500 rpm instead of 35 000 rpm. On November 10, a total 
of eight data passes were obtained at 25 000, 27 500, 
30 000, and 40 000 rpm. The tests were n,i,de at various 
flow coefficients while the NPSH was ,·ampeJ ftc111 20 psi 
to 0. This test completes the pump test program. 

This is the last test operations repo1·t toi· this research 
installation. No new pump programs are planneJ. 
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SITE SITE NAME 

C TURBOPUMP 

December 1966 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
QF0553 (I. 1 . Pinke l) 

& OESCiU PTI ON 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
1 i quid hydrogen tank. 

The site modifications continued during December. 
Contracts NAS3-8789-PB and NAS3-9450-PB have to be 
completed before testing can continue, A checkout run 
is scheduled for mid-March. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Hot Air Turbine Drive System (Contract NAS3-8789-PB, 
Araco Company): 

The work is progressing and the contract is 45% 
complete. The contract is scheduled to be completed 
by March I. 

(2) High Speed loop (Contract NAS3-9450-PB, Valley 
Electric Company): 

It is estimated that this contract is 60"/4 complete. 
The contract scheduled completion date is January 22 

25 



SITE SITE NAME 

C TURBOPUHP 

January 1$167 

RESEARCH INSTALLATION & DESCRIPTION 

BOILING FLUIDS RIG 
YQF0553(1.I.Pinkel) 

The rig consists of a 1 iquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
1 i qu id hydrogen tank. 

The site modifications continued during January. 
Contracts NAS3-8789--PB and NAS3-9450-PB have to be 
completed before testing can continue. The contract 
work checkout will begin in March. 

ALTERATIONS TO THE BOILING FLUIDS RIG 

(1) Hot Air Turbine Drive System -
(Contract NAS3-8789-PB, Araco Company) 

(2) 

The work is progressing and the contract is 65°/4 
complete. The contract is scheduled to be 
completed by March 1. 

High Speed Loop -
(Contract NAS3-9450-PB, Valley Electric Company) 

The contract is 75% complete. The completion 
date will be based on the contractor 1 s ability 
to obtain cryogenic vacuum jacketed piping. 
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION ,-.--,---------------------------------~-4 
C TURBO PUMP 

February 1967 

BOILING FLUIDS RIG 
YQF0553 (I .I .Pinkel) 

The rig consists of a 1 iquid 
hydrogen pump submerged in 
the bottom of a vacuum
jacketed liquid hydrogen tank. 

The site modifications continued during February. 
Contracts NASJ-8789-PB and NASJ-945 0-PB have to be 
completed before testing can continue. The contract 
work checkout will begin in March. 

(l) Hot Air Turbine Drive System -
(Contract NASJ-8789-PB, Araco Company) 

The work is progressing and the contract is 
approximately 8Cf'/4 complete. CO'llpletion date 
is March 15. 

(2) High Speed Loop -
(Contract NAS 3 -9450-PB, Va 11 ey E 1 ec tr i c Company) 

The contract is 85% cooplete. The co~pletion 
date will be based on the contractor's ability 
to obtain vacuu~ jacketed piping. 
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SITE SITE NAME 
C TURBOPUMP 

26 March 1967 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 (I.I .Pinkel) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in 
the bottom of a vacuum-
jacketed liquid hydrogen tank. 

The site modifications continued during March. Both 
contracts are expected to be completed in April and a 
systems checkout is scheduled. 

(1) Hot Air Turbine Drive System -
(Contract NAS3-8789-PB, Araeo Company) 

This contract is completed except for the drying out 
of some pipe insulation and minor piping connections. 

Completion date in April 15. 

(2) High Speed Loop• 
(Contract NAS3-9450-PB, Valley Electric Company) 

-
This contract is essentially completed. The 
hydrostatic pressure check is complete and the con
tractor is cleaning up the site area. 



April 1967 

SITE SITE NAHE 

C TURBO PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553(1.l,Pinkel} 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump subnerged in 
the botto~ of a vacuu~
jacketed liquid hydrogen tank. 

The site modifications continued during April. Both 
contracts are expected to be completed in May and a 
systems checkout is scheduled. 

(I} Hot Air Turbine Drive System - (Contract 
NAS3-8789-PB, Araco Company): 

The contract is complete except for the drying
out of some pipe insulation and the repair of a 
window flange. 

(2) High-Speed Loop - (Contract NAS3-9450-PB, 
Valley Electric Co.): 

The contractor is essentially finished with his 
work and should be out of the area sonetime 
during the first week of Hay. 
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s·1 TE SI TE NAME 

C TURBOPUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 (I.I. Pinke 1) 

& DESCRIPTION 

The rig consists of a 1 iquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
1 iquid hydrogen tank. 

Site mod.iFica~ions continued during May. Both contracts 
have been completed except for systems checkout. 11 In
house" miscellaneous piping and valving work is under
way to update the test cell. Testing is scheduled to 
start in July. 

L..--.....L.---------- ------ I 
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SITE SITE NAME 

C TURBO PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS.RIG 
YQF0553(1. 1.Pinkel) 

DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum•jacketed 
liquid hydrogen tank. 

Site modifications continued during June. The 110n
Mark'1 instrumentation plug is scheduled to be com
pleted during the second week of July and will be 
installed on the top of the rig. The rig wi 11 then 
be liquid nitrogen cold~shocked. 

Liquid hydrogen runs are scheduled for the latter 
part of July. 

I 
i 

l L--....L-----------------------------------' 
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SITE SITE NAME 

C TURBOPUMP 

26 
July 1967 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQFO553(1.I.Pinke1) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
1 i quid hydrogen tank. 

Site modifications continued during July. All 
piping and rig alterations have been completed. 
The hot air turbine and research gear are pres
ently being installed. Upon completion of this 
installation, the rig will be cold-shocked with 
liquid nitrogen and prepared for a liquid hydrogen 
run. It is anticipated that testing wil 1 begin 
the middle of August. 



August 1967 

SITE SITE NAME 

C TURBOPLIMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 (1.1.Pinkel) 

& DESCRIPTION 

The rig consists of a ! ·~uid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

The research gear and hot air turbine were installed 
during August and a series of checkout tests were 
made. The pump was checked out in liquid nitrogen 
to 6,000 RPM on August 30. The research gear was 
disassembled and inspected. A liquid hydrogen cold 
shock is scheduled for September 7, A data test is 
scheduled for September 14. 



September 1967 

SITE SITE NAME 

C TURBOPUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 (1.1.Pinkel) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

On September 9 the research pump was checked out in 
liquid hydrogen. After a rotation time of seventeen 
minutes at 20,000 RPM, the top turbine bearing began 
to freeze when the turbine was not operating. Several 
data passes were made during the testing. The flCM 
control system was unstable in automatic control. The 
rig was shutdown to enable modification to the flCM 
controller and to modify the turbine oil supply system. 

On September 14 tests were conducted to speeds of 
25,000 RPM. Difficulty still existed with the auto
matic flO\</ control and with the top turbine bearing 
running below normal temperature. After a run time 
of 15 minutes, the top turbine bearing failed. Use
ful data was obtained on one pass. 

The turbine is being modified to incorporate a better 
scavange system. A heater is being installed near the 
top turbine bearing. The flo>w venturi was removed and 
inspected. The sensor lines from the venturi are being 
shortened. 

The next scheduled run is October 6. 



October 1967 

S IT E S IT E NAME 

C TURBOPUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553(1.1.Pinkel) 

& DESCRI PT! ON 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottorn of a vacuum-jacketec 
liquid hydrogen tank, 

A test run was ~~de on October 19. Two useful data 
curves were obtained before the top turbine bearing 
failed. The turbine was disassembled and inspected. 
Modifications are being made to inprove bearing 
lubrication and to bring al I components within de
sign tolerances. 

The next run is scheduled for November 19. 

·---------------------~---- - -·~-~ - ~ ---
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November 1967 

SITE SITE NAME 

C TURBO PU HP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553(1. 1,Pinkel) 
(FSCO - P.R.Heng; 

RSO - W.O.Pack,Jr.) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump subr:ierged in 
the botto~ of a vacuurn
jacketed 1 iquid hydrogen tank. 

A test run was made on November 28. Three speed 
survey runs were made from Oto 27,000 r.p.m. 
These tests were made to check for critical speeds 
and to check the modifications made to the tur
bine. Because of progressively higher vibration 
readings during the three runs, the testing was 
terminated. 

The pump and the turbine were disassembled and 
inspected. The turbine bearings showed only a 
slight amount of wear; however, the pump booster 
had sor:le unidentified metallic material plated 
to its casing. The turbine has been reassenbled 
and is being installed. The pump has been 
repaired, rebalanced, and is being reassenbled. 

The next scheduled run is December 7. 
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Decembe·r 19 6 7 

SITE SITE NAME 

C TURBOPUHP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 (FSCD -
P.R.Heng; RSD -
W.D.Pack,Jr.) 

& DESCRIPTION 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
liquid hydrogen tank. 

Two test run days were made during December. 

On December 7, three Oto 27,000 rpm checkout runs 
were made to check the performance of the pump and 
turbine. The monitor equipment indicated that the 
pump and turbine were running smoothly, but during 
the data run the pump lower bearing failed while the 

~ speed was being increased to 25,000 rpr,. Improper 
radial bearing clearance appeared to be the cause 
of the failure. The differential contraction of 
the shaft, housing, and bearing assembly caused 
the proble~. The bearing housing was remachined, 
increasing the clearance between the bearing and 
the housing. 

On Dece~ber 21, sixteen data passes at 25,000 rpm 
were Made during a rotation time of fifteen min. 
Data was taken for head vs. flow, for cavitation 
curves, and at temperatures o~ 37.5°R and 4O°R. 

The next run is schedu 1 ed for January 9. 11 C11 Site 
{1 1

1--111 Bui l ding) modi f i cat i ans uncle r the RCA 11 H11 

Building contract are scheduled to be started 
January 10. 

25 



January 1968 

SITE SITE NAME 

C TURBO PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 (FSCD -
P.R. Meng; RSC -
'w.D.Pack,Jr.) 

& OESCRI PTI ON 

The rig consists of a 1 iquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 
I iquid hydrogen tank. 

The test run scheduled for January 9 was cancelled. 
Additional time was needed to rebalance and reinstall 
research hardware that had been damaged on December 
21. The run could not be rescheduled during January 
because the 11 H11 Building control panel was being 
reworked by RCA (Control Data Switching System con
tract}. 

The RCA contract was conpleted January 26 and is 
being checked out for a test run scheduled for 
February 6. 
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February 1968 

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

C TURBO PUMP 
BOILING FLUIDS RIG 
YQF0553 
(FSCO - PR Meng; 

RSD - WO Pack,J r.) 

The rig consists of a 
1 iquid hydrogen pump 
submerged in the bottom 
of a vacuum-jacketed 
I i qu µ;I hyd rage n tank, 

Research test runs were made on February 6, February 
16, and February 21. The research hardware for the 
tests was the 80.6 degree inducer with the #2 
booster. A total of thirty-three_ (33) data passes 
was made during a total rotation time of twenty 
minutes. 

The 80.6 degree inducer with booster #3 has been 
installed and the next test run ls scheduled for 
March I. 
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March 1968 

SITE SITE NAME 

C TURBOPUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 
(FSCD - PR Meng; 

RSD - WO Pack, Jr.) 

& DESC~IPTION 

The rig consists of a 
liquid hydrogen pump 
submerged in the bottom 
of a vacuum-jacketed 
liquid hydrogen tank. 

Three test runs were made during March. 

On March I, data was obtained on the 80.6 degree 
inducer with booster #3. A complete set of data 
was obtained for the fluid property effect studies. 

On March 8 the lucite shroud was installed, and 
the shroud design was successfully checked out 
during two runs from Oto 30,000 RPM. 

On March 22 data was obtained on the 84 degree 
inducer with booster #1. A review of the data 
showed that the venturi temperature probe had 
failed and that the flaw coefficient (Q/N) had 
deviated. Some usable data was obtained but it 
will be necessary to rerun the configuration. 

The next run is scheduled for April 8. The 84 
degree inducer with booster #l will be tested. 
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April 1968 

SITE SITE NAME 

C TURBO PUMP 

'RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 
(FSCD - PR Heng; 

RSD - WO Pack, Jr. ) 

& DESCRIPTION 

The rig consists of a 
1 iquid hydrogen pump 
submerged in the bottom 
of a vacuu!Tt"' jacketed 
liquid hydrogen tank. 

Two test runs were made during the month of April. 

On April 8, sixteen data passes were made with the 
84° inducer and Booster #1. Thirteen of the passes 
were_at 37°R and four of the passes were at 42°R. 
All the requested data was obtained. 

On April 24, thirteen data passes were made with the 
80.6° inducer and Booster #2. One cold run (34°R) 
was completed. Because the liquid shutoff valve was 
leaking hydrogen from the dewar into the run tank, 
six of the schedu 1 ed co Id runs had to be cance I led. 

The next run is scheduled for Hay 9. The 80.6 degree 
inducer will be tested with Booster #1. Movies will 
be taken with the lucite shroud installed. 
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May 1968 

SITE SITE NAME 

C TURBOPUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YQF0553 
(FSCO - PR Meng; 
RSD - WO Pack, Jr.) 

& DESCRIPTION 

The rig consists of a 
liquid hydrogen pump 
sub~erged in the bottom 
of a vacuu~-jacketed 
Ii quid hydrogen tank. 

Two tests were conducted during May. Both tests 
were ~ade with a lucite shroud installed over the 
inducer for photographic data. The shrouds 
cracked both ti~es during the third pass. The 
May 20 shroud failure \-,,as due to thermal stresses. 
The failure on May 29 probably resulted from 
sane object hitting the inducer and the shroud. 

The next scheduled run is for the week of June 10. 

,· 
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June 1968 

SITE IITI ... 

C 

RESEARCH INSTALLATION 

IOILING FLUIDS RIG 
YQF0553 
(FSCD - PR Heng; 

RSD • WO Pack, Jr.) 

& DESCRJ PTI ON 

The rig consists of a 
liquid hydrogen pump 
sub~erged in the bottom 
of a vacuum-jacketed 
liquid hydrogen tank. 

Two tests were conducted during the month of June. 
On June 14, photographic research movies were taken 
of the 86° inducer. The movies were taken at two 
flo,,, conditions selected as being high and lO'w 
flo,.,s. On June 21, a test was conducted to obtain 
additional data on the 86° inducer. J4°R and 30°R 
fluid temperature data had been requested. After 
several runs at J4°R the vacuum pumps overloaded 
due to the cold condition of the pumps. Hot water 
will be piped to the pump cooling jackets to keep 
pump ofl at operating temperature. 

The next run is scheduled for mid-July. 
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July 1968 

SITE SITE NAME 

C TURBOPUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YON0553 
(FSCD - PR Meng; 

RSD - WO Pack, Jr.) 

& DESCRIPTION 

The rig consists of a 
1 iquld hydrogen pump 
submerged in the bottom 
of a vacuum-jacketed 
liquid hydrogen tank. 

On July 12, eleven data passes were made at high 
flow rates. Three of the passes were at 340R 
and eight made at 37°R. 

On July 25, a test run for photographs was can
celled due to cracking of the shroud. A new 
lucite shroud was installed and a test was con
ducted on July 30. The shroud again faited. 

The next run is scheduled for August !3, 
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August 1968 

SITE SITE NAME 

C TURBO PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YON0553 
(FSCD - PR Meng; 

RSD - WO Pack, Jr.) 

& DESCRl PT\ ON 

The rig consists of a 
liquid hydrogen pump 
submerged in the bottom 
of a vacuum-jacketed 
1 !quid hydrogen tank. 

One test was made during August. On August 16, 
tests were conducted on an 80.6 degree inducer 
with a blunt leading edge. Nine cavitation data 
curves were obtained, 

The pump and turbine were disassembled for 
inspection,and repairs are being made to the 
bearing thermocouples. 

The next scheduled run is September 10. Two 
additional data curves are needed to complete 
the data requested for the 80.6 degree inducer 
with the blunt leading edge. 



September 1968 

• 
I 

islTE SITE NAME 

C TURBO PUMP 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YON0553 
(FSCD - PR Meng i 

RSO - WO Pack, Jr.) 

& DESCRIPTION 

The rig consists of a 
1 iquid hydrogen pump 
submerged in the bottom 
of a vacuum-jacketed 
liquid hydrogen tank. 

1nree tests were conducted during Septerr.ber. On 
September JO, fourteen data passes were made on the 
80.6 degree inducer with the blunt leading edge. 

On September 19, ten data passes were obtained for 
the So.6 degree inducer with the faired leading 
edqe. Four of the passes were at a temperature of 
34°R and one at J0°R. 

On September 25, eleven data passes were obtained 
for the 80.6 degree inducer with the faired leading 
edge. Three of the passes were at a temperature 
of 34°R and four at 30°R. 

The next scheduled test is October 4. The test is 
scheduled to obtain any data needed to finish the 
80.6 degree faired inducer. The next series of 
tests will be made with an extended inlet section. 
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October 1964 

SITE SITE NAME & OESCRI PT I ON r----tr---------------------.,;__.,;_.,;_.:....:...~--------RESEARCH INSTALLATION 

C TURBO PUMP 
BOILING FLUIDS RIG 
VON0553 
( FSCD - PR Meng; 

RSD - WD Pack, Jr.) 

The rig consists of a 
liquid hydrogen pump 
submerged in the bottom 
of a vacuum-jacketed 
l i qu Id hydrogen tank. 

Test runs were conducted October 4 and October 25. 
The tests were made to complete the data needed on 
the 80.6 degree inducer with the faired leading edge. 

On October 4, fifteen tests were made at various 
flows at 30°R, 34°R and 36.S0 R. On October 25, 
fifteen tests were made at 36.S0 R, 38°R, 390R, 
4o0 R and 4 \OR. 

The 84 degree inducer has been installed with the 
extended inlet section. A lucite shroud has been 
installed for photographs. The configuration will 
be tested on November 1. 
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SITE SITE NAHE 

C TURBOPUMP 

28 

RESEARCH INSTALLATION 

BOILING FLUIDS RIG 
YON0553 
(FSCD - PR Meng; 

RSD - \.ID Pack, Jr.) 

& DESCRIPTION 

The rig consists of a 
liquid hydrogen pump sub
merged in the bottom of 
a vacuum-jacketed 1 iquid 
hydrogen tank. 

Eight test runs were conducted during the month of 
Nover.iber. 

No. of 
Date Tests -- ---
Nov 1 84° inducer - extended lucite sh f"OUd 

with cente rbody 23 

Nov 7 80.6 fai ,-ed inducer - extendec metal 
inlet 1-li th cente rbody 11 

Nov 8 80. 6 faired inducer - extended metal 
inlet with centerbody 32 

Nov 12 80.6 faired inducer - ex tended metal 
inlet with centerbody 29 

Nov 14 80.6 faired inducer - extended metal 
inlet without centerbody 38 

Nov 19 80.6 faired inducer - extended metal 
inlet without centerbody 20 

Nov 21 80.6 blunt inducer with short metal 
shroud 23 

Nov 27 3-bladed inducer - short metal shroud 26 

Testing has proceeded exactly according to the plan 
for comp I et ion of the prog ran, by January 1 , 1969. 
Remaining tests wil I require al I available test days 
in December. Therefore, any equipment failure or 
other significant trouble will result in either an 
uncompleted program or an extension beyond January l. 

I 
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SITE SITE NAME 

C TURBO PUMP 

RESEARCH INSTALLATION & DESCRIPTION 

BOILING FLUIDS RIG 
YON0553 
(FSCD - PR Meng; 

The rig consists of a liquid 
hydrogen pump submerged in the 
bottom of a vacuum-jacketed 

RSD - WD Pack, Jr.) I i quid hydrogen tank. 

During the month of December, seven run days were 
completed. 

Date 

Dec 4 

Dec 5 

Configuration 

78° inducer - extended inlet with 
centerbody 

78° inducer - extended inlet with 
cente rbody 

Dec II 80.6° faired inducer - extended 
inlet with centerbody 

No. of 
Tests 

43 

34 

5 

Dec 12 80.6° faired inducer - extended 27 
inlet with centerbody 

Dec 16 80.6° faired inducer - extended 35 
inlet without centerbody 

Dec 19 80.6° full blunted inducer - 45 
extended inlet with centerbody 

Dec 30 80. 6° medium b I unted inducer - 42 
extended inlet with centerbody 

The one- and two0 bladed inducers originally sched
uled for testing were not tested, in order that 
additiohal data could be obtained on leading edge 
blunting effects, The present program is complete 
and all manpower has been dispersed to other areas. 

. 

. 
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