
NASA
Plum Brook Station

Sandusky, Ohio
July 9, 1962

MEMORANDUM to Charles S. Moore

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

1. The Information contained herein is submitted as per your telephone

request of 29 June 1962. The experimental facilities as Plum Brook Station do

not land themselves 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 Juno 14,
1961 and was first operated with thb full size core on June 27, 1961. Since
that time the Reactor has opreted 318 hours at low power for calibration add
training. Of this number 195 were spent approaching critical and 123 were
spent at critical . A total integrated power for these very low power operations was
894 kilowatt hours . In addition to the Reactor operation at PBRF approximately
200 hours were spent in completing the hydraulic testing of the core . These are
actually operating hours with the primary system pumps , etc being used. Test set
up time of course has not been included.

3. Operations have continued in the Rocket Systems area for certain of the
facilities and certain of the now facilities have gone operational during the Jest
fiscal year . Many of the now 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 scheduled test programs.
Each of the facilities have been listed below with notes describing operations
for the past year:

a. "A" Site - Pump Research Laboratory:

Between September of 1961 and May of 1962 ten Liquid Nitrogen and
one Liquid Hydrogen run were made on the Liquid Hydrogen Pump Install-
ation. No operation of the LOX pump portion of the facility took
dace during the year.

b. "B" Site - NERVA Test Stand:

This facility is still in the construction phase , no operation was
scheduled during the past year.

c. "C" Site - Turbo Pump Facility;

The Boiling Fluids rig was in operation throughout the year using
Liquid Hydrogen. Several preliminary runs were made In order to
check out the newly installed equipment and the data handling capab-
ilities of the equipment associated with the experiment operations
of the Hydrogen Pump rig have been limited to five or six check-out
runs on the thrust balance system of the pump and to cold shock tests
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of the pwnp suction and discharge lines.

J. "D" S1te - Turbine Test Facility:

3perations have )eon limited to cold flow tests to investigate
control problems and to a hot check of the ?as generator . Results
of these tests indicated that certain of the control valves and

systems had to be modified and these changes are now being made.

"E" Site - Dynamics Laboratory:

Twenty-Nine research runs were completed between February and July
of 1362 to support the MECA program, the SCOUT program and the longer
payload systems as well as others.

F. "F" Site - Hydrogen Flow Facility:

This site was not operational during the Fiscal Year except for
shake out testing that required several modifications to the
existing equipment.

g. "G" Site - Pilot Plant:

Test operation of the Liquid Hydrogen Pump continued until the
and of September 1961. After that time a new pump 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 Juse of the Hy-Nut Turbine using Nitrogen gas.

h. Central Control:

This facility operates as a central control and data acquisition
Facility for most of the test stands. It has been in operation
throughout the year as required to meet the various runs scheduled.
In addition a considerable amount of time has been spent in de-bugging
the data acquisition and read-out gear in order to eliminate defi-
ciencies that showed up as part of various test operations as slelll
as to imppee the capabilities of the installed systems.

1. "I" Site - Liquid Fluorine Pump Laboratory:

During the past year this newly completed facility has been going
through various check runs using gas helium and liquid nitoogen
in order to "prove" the systems for use with liquid fluorine. Two
liquid fluorine tests were conducted in March of 1962, one of which
was considered successful . The second test resulted in partially
destroying the test facility when a fluorine leak occurred to the
equipment under test . The remainder of the fiscal year has been
spent 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
Ri g F5C

DESCRIPTION

The rig consists of a liquid hydrogen
pump submerged in the bottom of a
vacuum jacketed tank. The research is
intended to obta I n bas i c i nformat Ion so
that pumps can be designed for opera
tion with small or zero net positive
suction heads. The rig utilizes fajrly
soph i st.i cated i nst rumentat ion i ncl ud i ng
local density meters and pressure survey
equipment. A variable power cylindrical
electric heater is installed in the ,
pump inlet for the purposes of simulating
nuclear heating.

STATUS: A bearing 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 will 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
t ion.

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 boiling point down to
the slush point.

Liquid Hydrogen
Turbo Pump F5A
(Pi nkel)

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
research 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
di rectly to the pump. More than a year ago. during the fi rst .
liquid nitrogen cooldown test, the oversized facility piping
broke the inlet off the pump. Subsequently, it was found that
the pneumdtlc pressure balance device was unstable and when
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PLUM BROOK STATUS REPORT (continued)

excited, caused the shaft of the pump and turbine to
oscillate in the longitudinal mode at frequencies of
several hundred cycles per second.

Flexible sections have been installed in the pump
inlet and outlet lines and the facility lines have been
anchored near the pump. Thepneumatl c thrust balance
device has been replaced with a hydraulic unit using
liquid nitrogen. Although 011 Is preferred for the thrust
balance unit, the present research rig does not have
provision for a sC3vengeand therefore, the nitrogen can
be allowed to vent to the atmosphere. The modified
propel1ant Ii nes ard , the new thrust balance device have under
gone considerable 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 avai lable capabi I ity. Plum Brook is presently
designing a patchboard system which will allow each rig to
use all of the installed equipment. Revision of the
instrument system will require four to six weeks and will
commence in April. The work will be scheduled to coincide
~'Iith major configuration changes in both the "C" and "Cfll
rigs so that a minimum interference can be expected.

6 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 their earliest convenience. The
shaker equi pment at "E" stand has been in rather conti nuous
use during the past year. It has supported the SERT and MECA
programs from lewi s Research Center and two outside contracts,
both to Bell Aero Systems. The first contract was by J. P. l.
for a digital accelerometer for the Ranger payload. The
second was ar, Ai r Force contract covering the instrumentation
package for the Sky Bolt missile.
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PLUM BROOK STATION ROCKET SYSTEMS FACILITY STATUS REPORT CONTINUED

SITE LABORATORY RESEARCH
INSTALLATION (FOR) DESCRI PTION

(continued on next page)

3/28/1963 C

o

TURBO PUMP

STATUS:

T

BOILING FLUIDS RIGThe rig consists of a liquid hydrogen pump
F5C (Pinkel) submerged in the bottom of a vacuum jack

eted tank. The research is intended to
obtain basic information so that pumps
can be designed for operation with small
or zero net positive suctio~ heads. The
rig utilizes fairly sophisticated instru
mentation including tocal density meters
and pressure survey equipment. A variable
power cylindrical electric heater is in
stalled,in.the Bump inJettfor the purposes
OT SlffiU atlnQ n clear flea In~.

The research gear is being installed in the tallk. Upon com
pletion, all instrumentation will be attached and checked out
and at th~t time the rig will be cold-shocked with liquid
nitrogen. This will enable proper turbine-pump alignment at
cryogenic temperature. It is antic.ipated that the first li
quid hydrogen rl..!!l wi' I occur near the er.d of Apri 1. During
March, progress on this rig has been retarded in order to
speed up the progress on the turbo~pump.

Note ®~ The test cell contains both thn: Do;/hg ~iuids rig
and the Turbo-pump rig. Mariipulation of !r,dr,p{)\;Jcr and test
run times necessitated the delay from the end of ;'larch to the
end of Apri' for the fj rst hydrogen run.

Note ®- The instrument systems revisior.s will be done by
contract and work will be scheduled to coincide with major
conf igu rat j on changes so that requ i red ope rat Ion j nte rfe r
ences will be held to a minimum.

Liquid Hydrogen
Turbo Pump

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

STATUS: 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 [
is found; a rotating run will be scheduled for the first or
second week of ,A.pr i 1.

Poge 11-4



PLUM BROOK ROCKET SYSTEMS OIVISION STATUS REPORT CONTINUED

DEseRI PTI ON~ ITE LABORATORY

1-.---r---------------------
RESEARCH

INSTALLATION (FOR)

April 1963 C TURBO PUMP BDI LI NG
F5C

flUIDS RIG The rig consists of a liquid hydl'oge:1
(Pinkel) pump submerged in the bottol'!' of iii ~~..::'t.:;:'

jacketed tank. The research j, ;nt~r.de.j

to obtain ~asic informatio~ so :t-a:: p..:"?~
can be des Igned for operat Ion WI th Slra: I
or zero net positive suction heads, 7he
rig utilizes fairly sophisticated ;n5~:~

mentaticn including local density mete:s
and pressure survey equipment. A va-;-·,
iable pO\\'er cylindrical electric hea!"er I
is installed in the pump inlet for t~e

purpose~ of simulating nuclear heat:ng.

STATUS: The ~eseurch gear has been installed, all instrumentation
checked out, ..nd the rig cold shocked with 1iqu!d nitrogen.
The turbine and pump have been aligned and all leaks re~

psi red. As ot April 30, 1963, instruments are being cal :..
h~-<:ted, the tclnk is being pressure checked, and the cryogen
ie fluid~ and gases are being supplied preparatory to the
I iquIt:: hydrogen run ~cheduled for M:3Y 2, 1963.

It wa~ discovered that the reason for pump .iellUre Dr, I'\i:i~,.i-l
12. 1963 WQS due t? a cle.arance problefTl in the thr·~!>t l;c~·· 1
ance. Gaseous nltrog..::n ·...a~ originally used in the ::h;- ... ·.~ ,
balance syster'll but wa~ found to be unstable. t;qt::o!"': ;'0,,1

gCr'l was tried and th~ ~y:~err: stabi J ~zed. The c.l:d:-il:"'J: \..ilS!
enlarged and a r'.Jn was trted 0'1 Apnl 7, 1963. :"l~i,I..'':;,;r I
pump data was recorded the test was stopped when t~~ :~,~~~.

SMf-ft seized on the pump housing. Mis-aligll:r.ent .... c:i::; .-.a:.:se-:l!
by the ....'arping of tr-e ~edplate which ",as 5pra,,,ed witil 1:Q:.:.:1
nitrogen that was leaking past the thrust baia~~~ ~lo~e

clearance seals. A shield was made to protect the be~pla~e

and On April 17. 1963, a successful liquid nitrogen :-~~ .....0'13

fT\ade at speeds high enough to insure that the rig h readl
to begin liquid hydrogen tests. These tests are sched~l~j

for mid-May. Test schedules will depend on the availabil!t'
of I iquid hydrogen dewars.

I ST.~TUS:

UQUI D HYDROCEN
PUMP

FS_~ (P'nkel)

Liquid Hydrogen turbo-pump tAStS :0 ~'.:';,!

impeiler matching with centdh':S::J! ?~:,.:;

at speeds to 60,000 RPM. I
,

L-l- . --;::-:-~\
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PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED

SITE LABORATORY

C TURBO PUMP

RESEARCH
INSTALLATION (FOR) DESCRIPTION

BOILING FLUIDS RIG The rig consists of a liquid hydrogen
F5C (Pinke1) pump submerged in the bottom of a

vacuum jacketed tank.

STATUS: ~uring the run of May 2 the lower pump bearing seized necessitat·
~ng shutdown. Upon inspection of the rig, metal chips were found
In 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 anal/zed and part of the rig was disas
sembled in an effort to locate the source of trouble. Indica
tions are that dri Iling 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.

LIQUID HYDRDGEN PUMP Liquid Hydrogen turbopump tests to study
F5A (Pinkel) 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 ,~" 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 faci lity 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 likelYf
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\E c£y: June runs ha~e been cancelled.
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SITE LABORATORY
RESEARCH

IN,TAILATION (FOR) OESCR I PTI ON

June 1963 c TURBO PUMP BOILING

OF0538

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

STATUS: Three liquid hydrogen pump runs were made during
June with the following results: (1) June II, 1963 - two
recirculating cavitation runs and one locked-tank pump out
run. The data was obtained on these runs in approximately
twelve minutes at which time the bearings seized necessi
tating shutdown. (2) June 19. 1963 - after approximately
ten minutes of recirculating pump runs the bearings seized.
A small amount of data was obtained on this run date. (3)
June 25. 1963 - three head-flaw curve runs, five cavitation
runs, and five pumpou! runs were accomplished on this date.
A large amount of data was obtained on these runs during
appro~lmate'~ fifty minutes of pump run time. the bearings
seized after the conclusion of these tests.

Sufficient data has been obtained on the research gear and
it is now planned to install new research gear. During this
time a patch board will be installed which will facilitate
the running of both the boi ling 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.

L1QUIO HYDROGEN PUMP

OF0553 (Pinkol)
Liquid Hydrogen turbopump tests to
study impeller matching with centri
fugal pu~p at speeds to 60,000 RPM

TURBO PUMP

STATUS: The p~2ns for installation of the axial inlet con
fi9uratic~ are in progress. Final maChining of the pump
parts is now in process at Cleveland. The majority of the
turbine parts are at Plu~ Brook for an initial stack up.
Limited amounts of rr~ch;nin9 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 ;n progress and this up
dating will be accOT.plished during July and August when the
cell will be shutdown for patch board installation. The
following are SOfue of the modifications: (I) new turbine
manifold, (2) a new type of hydraulic oil will be installed
in the control valve systelT', (3) installation of hydraulic
system for thrust balance and (4) modification of existing
loop to accommodate new configuration.
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SITE LABORATORY

C TURBO PUMP

RESEARCH
INSTALLATIONS (FOR)

BOILING FLUIDS RIG
OF0538 (Pinkel)

DESCRIPTION

The rig consists of a I 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 facil itate 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 wi II 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 Sgptgmbgr.

LIQUID HYDROGEN PUMP
OF0553 (Pi nke 1)

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 assembl ies 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
INSTALLATI ONS (FOR) DESCRIPTION

BOILING
OF0538

FLUIDS RIG
(Pinkel)

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 p"mp. 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
OF0553 (Pinkel)

Liquid 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.,hile replacement parts were machined.
This work will proceed as SOon as the loop is fitted and
welded in place. The installation of the patch 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

C TURBO PUMP

RESEARCH
INSTALLATIONS (FOR)

BOILING FLUIDS RIG
OFO-538 (Pinkel)

DESCR IPTI ON

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
stalled. Instrumentation lines are being rearranged to smooth out
cyclical run data. S:s~em valves and equipment are being overhauled
and up-dated. A~ ad~ltlonal nuclear simulator heater has been instru
mented and is b~lng Installed preparatory to a 1iquid hydrogen run
scheduled for Mid-October.

LIQUID HYDROGEN PUMP

OFO-553 (p i nke 1)
liquid hydrogen turbopump tests study
impeller matching with centrifugal

pump at speeds to hO,OOO 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 weldswereunsatisfactory. 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
IH"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.

\
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SITE

c
LABORATORY
TURBO PUMP

RESEARCH
INSTALLATIONS (fOR)

BOILING FLUIDS RiG
OF0538 (Pinkel)

DEseRI PilON

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 I ines are being installed. Re-wlring of the
graphic and auxil iary 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 1iquid hydrogen run on Nov, 15th,

NOTE ®: Rescheduling of the run date to 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
OF0553 (Pinkel)

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 is necessary, Machining work for
instrumentation and correction at oil passages will be done I
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 suppl ied 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: (1) 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 FLUIDS RIG
OF0553 (Pinkel)

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

Page 15

were made. Digital data was recorded. Test results will

not be known until 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

facil ity 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.
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SITE LABORATORY

C (Cant i nued)

RESEARCH
INSTALLATIONS (FOR)

LI QUI D HYDROGEN
PUMP

OF0553 (p i nke I)

DESCRWilON

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

STATUS: The following work was accompl ished 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,

1963.

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

rewi red.

2. Meter pane I s above and be low the graph Ie pane 1

will be replaced.

3. All research gear and instrumentation will be

install 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.
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SITE LABORATORY
RESEARCH

INSTALLATIONS (FOR) OESCR IPTI ON

BOILING FLUIDS RIG
OFO-553 (Pinko!)

C TURBO PUMP

December 1963

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

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 0 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
recirculating 311 control valve will 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) Install and instrument density meter.

(3) Install actuator angle submerged pickup.

(4) Rep\ace research gear seals and bearings.

(5) Realign the turbine and research pump.

(:ont i nued on Page 15)
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SITE LABORATORY

C

RESEARCH
INSTALLATIONS (FOR)

LIQUID HYDROGEN
PUMP

OFO-553 (Pinkel)

OESCRIPTION

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

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

(1) The balancing of the rotating pump parts was completed
by the Lev,;s machine shop and returned on December la,
1963. Additional machining was done on non-rotating
parts and the pump 'lias cleaned and assembled.

(2) The ba lane i ng
pleted by the
be r 17, 1963.
bled.

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

15

(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 fol lowing work is scheduled to be aone 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) All tcrbine instrumentation ~}ork viii 1 be finished.

(5) Insta II torque meter.

(6) Pressure check all hydrogen lines.

(7) Checkout all ROV's, instrumenta J:io0, ,3nd mechanical
systems.

(8) Install inlet photo-con if available and cOClplete the
\fI.1ater system.

NOTE ® : The run date has been rescheduled to the first
part of February. This run schedule delav is due to the
necessity of contracting the controller Wifing. Since
this work could not be done by the Station's Control Unit
due to an increase in workload.
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SIT E
RESEARCH

LABORATORY INSTALLATIONS .(FOR) DESCRIPTION

C (Continued)
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 will be overhauled in the Cleveland
shop.

NOTE Q : A re-evaluation of the test schedule for this rig
indicates that only 12 runs per month are possible for the
following reasons: LH2 dewars H-3 and H-4 are now being
used by A, C, G, J, and 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- I
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 strip charts often pre-
cludes concurrent research runs. The next liquid hydrogen

run is scheduled for the week of February 17, 1964.

LIQUID HYDROGEN Liquid hydrogen turbopump tests to study
PUMP impeller matching with centrifugal pump

OF0553 (Pinkel) at speeds to 60,000 RPM.

STATUS: The following work was accomplished during January:

1. 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 controller
was completed. The NASA work proceeded on the panel wiring.

4. The turbine manifold was installed.
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SIT E
RESEARCH

LABORATORY INSTALLATIONS (FOR). DESCRIPTION

C TURBO PUMP
BOILING FLUIDS RIG The rig consists of a liquid hydrogen
0F0553(I.I PPinkel) pump submerged in the bottom of a

vacuum-jacketed liquid 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 1 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 0 - 2 psi vapor pressure, and one locked
tank pumpout run at 0 - 2 psi vapor pressure. All other
runs were recirculating runs at both high and low vapor
pressures. Approximately 12,000 gallons of liquid hydrogen
were used.

On March 20, thirty-seven runs were recorded at 20,000 RPM,
in 1 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 liquid 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

April 13.

NOTE ® : Run schedule has now been projected through
Fiscal Year 65.
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SIT E
RESEARCH

LABORATORY INSTALLATIONS.(FOR). DESCRIPTION

C TURBO PUMP

BOILING FLUIDS RIG The rig consists of a liquid hydrogen
Pinkel) pump submerged in the bottom of a1PF05380 . .

vacuum-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 0 and 10 psi. H-Q curves and cavitation
data were recorded.

It was found that 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 80.60 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 840 inducer and the No. 1
booster were used. In addition the directional flow stator
and 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-prier-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 E
RESEARCH

LABORATORY INSTALLATIONS (FOR) DESCRIPTION

C TURBO PUMP

LIQUID HYDROGEN Liquid hydrogen turbopump tests to
PUMP study impeller matching with centrifu-

QF0553 ( I. I. Pinked 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-
pai red.

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.

9





Si -,' E
RESEARCH

LABORATORY INSTALLATIONS (FOR) DESCRIPTION

C TURBO PUMP
BOILING FLUIDS RIG The rig consists of a liquid hydrogen
PF0538(I.I.Pinkel) pump submerged in the bottom of a

vacuum-jacketed liquid hydrogen tank.

On September 1, 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 840 helical
inducer with the No. 1 booster.

On September 11, 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 840 inducer blade
and steel shroud was .027". All runs were made at low
(0-2 psi) vapor pressure. NPSH varied between 0 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.

LIQUID HYDROGEN Liquid hydrogen turbopump tests to
PUMP study impeller matching with centri-

QF0553(I.I.Pinkel) 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 oil 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.

20

rarrighi
Typewritten Text
September 1964



SITE
RESEARCH

LABORATORY INSTALLATIONS (FOR) DESCRIPTION

C TURBO PUMP
BOILING FLUIDS RIG The rig consists of a liquid hydrogen
PF0538(l.I.Pinkel) 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. I 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 1:iquid 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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SIT E
RESEARCH

LABORATORY INSTALLATIONS .(FOR) DESCRIPTION

C TURBO PUMP

The design and specifications for the auxiliary dewar have
been completed. The electrical drawings are in process and
scheduled to be completed and sent to procurement in 25 days.

LIQUID HYDROGEN Liquid hydrogen turbopump tests to
PUMP study impeller matching with centri-

QF0553(I.I.Pinkel) 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 stall 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 oil.

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.
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SIT
RESEARCH

LABORATORY INSTALLATIONS (FOR) DESCRIPTION

C TURBO PUMP
BOILING FLUIDS RIG The rig consists of a liquid hydrogen
PF0538(I.I.Pinkel) pump submerged in the bottom of a

vacuum-jacketed liquid 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 840 inducer, a No. 1 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 gallons of liquid hydrogen were used.

On November 18, 257 data points, representing 11 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 gallons of liquid hydrogen were used.

On November 23, 219 data points, representing 11 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 gallons of liquid hydrogen were used.

------ -- --- -- -------

ALTERATIONS TO THE BOILING FLUIDS RIG

The opening of the vacuum system Invitation for Bids re-
advertisement 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 still required. Preliminary 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 items.

(Continued on Page22)
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SIT I
RESEARCH

LABORATORY INSTALLATIONS .(FOR) DESCRIPTION

C TURBO PUMP (Continued)

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 Liquid hydrogen turbopump tests to
PUMP study impeller matching with centrifu-

QF0553(I.I.Pinkel) 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,
and 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 November 25, the pump was checked again. No increase
in performance was obtained.

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 possible that
the probe blockage effect may have affected the pump
performance.

The next scheduled run is December 4.
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SIT E
RESEARCH

LABORATORY INSTALLATIONS (FOR) DESCRIPTION

C TURBO PUMP

BOILING FLUIDS RIG The rig consists of a liquid hydrogen
PF0538(I.I.Pinkel) 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 840 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 840 inducer and No. 1 booster. Both hot and cold
H -Q curves were obtained with the shroud in the closed pos-
ition. The shroud was then opened to lo. 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 onDDcember 10. The low bid was for $53 959 with a 9
day completion time. The bid is being reviewed by Lewis
Legal Counsel.

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 presently 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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SIT E
RESEARCH

LABORATORY INSTALLATIONS .(FOR) DESCRIPTION

C TURBO PUMP (Continued)

LIQUID HYDROGEN Liquid hydrogen turbopump tests to study
PUMP impeller matching with centrifugal pump

QF0553(I.1.Pinkel) 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 11, 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.
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SIrE LABORATORY

C TURBO PUMP

RESEARCH
INSTALLATIONS (FOR)

BOILING FLUIDS RIG
PF0538 (1.1 .Pinkel)

OESCRI PTION

The rig consists of a liquid hydrogen
pump submerged in the bottom of a
vacuum-jacketed 1iquid 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 840 inducer
and No.1 booster.· The moveable metal shroud was adjusted
so that data was obtained at 1~1o, 5~1o and 10~1o 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 qt heat levels. of 0,
7, 14 and 20 KW. .A 11 runs we.re made at 20 000 rpm wi th 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 10000 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 preconstruct ion 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:

Th; dr~~ings 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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SIT LABORATORY
RESEARCH

INSTALLATIONS (FOR) DESCRIPTION
\

C TURBO PUMP (Continued)

LIQUID HYDROGEN Liquid hydrogen turbopump tests to
PUMP study impeller matching with centri-

QF0553("1:""1 .P i nke 1) fU'ga 1 pump at speeds to 60 000 rpm.

On January 11, the test data was completed for the 780

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

780 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 rein5talled tapered

780 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 780 inducer. Approximately fifty data points were

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

for Head vs Flow curves.
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SITE LABORATORY

C TURBO PUMP

RESEARCH
INSTALLATIONS (FO~)

BOILING FLUIDS RIG

PFO538 ( I . I. Pin ke 1)

DESCRIPTION

The rig consi sts of a 1iquid hydrogen
pump submerged in the bottom of a
vacuum-jacketed I iquid 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 a" 840 hel ical
inducer and No.1 booster. The movable metal shroud was
adjusted S8 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 appl ied. All runs were made at 20 000 rpm with
NPSH varying between 0 and 10 psi. Approximately 6700
gallons of 1iquid hydrogen were used.

On February 19, 108 data points, representing 14 curves,
were recorded duri ng I hour and 30 mi nutes 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 ph8tographs could be taken. Head-flow and cavita
tion curves at various heat levels were recorded and photo-'
graphed. All runs were made at 20000 rpm with NPSH varying
between 0 and 25 psi. Approximately 4500 gal Ions of liquid
hydrogen were used.

The February 19th run completed the first portion of the
research program. Presently, the vacuum pumps for 1iquid
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 r.eceived from the heat exchanger manufacturer.

(Continued on Page 22)
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SITl LABORATORY
RESEARCH

INSTALLATI OMS . (FOR). DESCRIPTION

C TURBO PUMP

BOILING FLUIDS RIG (Continued)

(3) Auxi 1i ary Dewar System:
.

.

The Design Review Committee submitted a proposal
"on Februa"ry 17, and it ispresently under admini
stration review. It was also proposed that a
12 000 gallon 1 iquid hydrogen dewar be used as
an alternate configuration to the Auxiliary Dewar
System.

LI QUI D HYDROGEN
PUMP

QF0553 Ci-:J":" Pi nke 1)

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

22

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 tOf'que shaft. Repair and balancing is
now being-accomplished.

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

.,
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. RESEARC:i

SITE LABORATORY INSTA·.l ATI ONS (FOF) DES':~II'TIO'I1--+---------- .------ - ..---- -_.-- - --- - _._-
C TURBO PUMP

BOILING FLUIDS RIG

PF0538 (1.I.Pinkel)

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

(1) Vacuum System:

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

(2) Hot Ai r 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.

LI QU ID HYDROGEN
PUMP

QF0553('i":"1. Pi nke 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. I t was dec ided to i nsta 11 the next
configuration which is now being assembled.

The next run is scheduled for the first of June.
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C

LOCATiON

TURBO PUMP
SITE

RESEARCH.
·INSTRLLATIONS (FOR)

BOILING FLUIDS RIG

PFOS38 (1.1 .Pinkel)

D!SCRII'TIOIl

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

No Li qu i d Hydrogen runs we"re -schedu 1ed for Apri 1 because
installation contractors wer~ ~rking on cell alteratfons.

While th"ls contracted work Is being done, other c"ell 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 !£~ BOILING FLUIDS ~

(1) Vacuum System InstallatIon Contract:

Status as of April 30 %of Contract %Complete

1.Engi neering
2.Building Alterations
3.Equipment.Remova l
4.Piping
5.Cleaning & Testing
6.Electrical
7.lnsulation '

2.2%
4.~

6.1%
43.5%

6.1%
29.2%
8.9%

IO~

4~

99%
94%

oro
25%

ox.

(2)

oj

A contract change order dated April 16, wiT! extend the
contract completion date from May 8 to apprqximately
June 20.

Hgt Ai 9 Turbine Drive System:

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

New Boiling Fluids Rig (12.000 gallon dewar):

The research personnel have requested a change in rig
concept which would eliminate the requirement for a
new 12 000 gallon dewar (FV 65 program item). The
proposal by research. requires' design, fabrication, 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 15
subj ect to further di scuss ion \~i th resea.rch per sonne1
and if approved it would add another rig to·the site
requiring the maintenance and operation of three separ
ate rings at 'len site (Boiling Fluids, Turbopump Loop
and new Pump Loop). All work for design of the 12 000
gallon LH2 dewar has been deferred pending further dis
cussion with research personnel.

L1QUI D HYDROGEN
PUMP

QFOS51iIr1.I.P;nkel)

Liquid hydrogen turbopump tests to
study impeller matching with centri
fuga 1 pump _at speeds of 60 000 rpm.

Modifications necessary for the next configuration are
being carried out on the pump and cell systems. It is
expected the next series of runs will begin the middle of
June.
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SITE LOCATI ON RESEARCH INSTALLATION & DESCRIPTION
,

C TURBO PUMP
SITE

BOILING FLUIDS RIG

PF05 38 (I . I . Pin ke I )

The rig consists of a I iquid hydro
gen pump submerged in the bottom of
a vacuum-jacketed Ii qu id hyd rogen
tank.

22

No I iquid hydrogen runS were scheduled for May because
installation contractors were working on cel I 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.

ALTERATIONS TO THE BOILING FLUIDS RIG

(I) 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) Eng i neeri ng 2.2 100
(b) Building alterations 4.0 40
(c) Equ i pment remova 1 6.1 99
(d) Piping 43.5 99
(e) Cleaning and testing 6. I 99
(f) Elect rica I 29.2 28
(g) Insulation 8.9 0

Pro-rated % of completion = 67%

(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) Auxil iary Dewar/New Boil ing 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.

LI QUI D HYDROGEN
PUMP

QF0553~.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 '0' rings. The new research gear
stack-up has been checked for proper clearance and the
torque-shaft coupl ings 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
comp I eted. 0 i I wi II be scavenged f rom both s ides of the
front and rear bearings.

Installation is in progress on the new hydraulic actuator
for ROV 278, a new hydraul ic 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 SITE NAME RESEARCH I NSTALLATI ON & OEseR I PTI ON

C TURBO-PUMP
SITE

BOILING flUIDS RIG

PF0538(I.L P;nkel)

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

22 June 1965

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 Ai r Turbine Drive System:

The purchase request has been processed, but the
drawi ngs st i 11 have to be approved.



SiTE SITE NAME RESEARCH I NSTALLATf ON & OESCRI PTiON

C TURBO PUMP 5ITE

0) 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) Rai I Spur:

Bids for the rai I spur were opened and construction
should start by the second week of July.

LIQUID HYDROGEN
PUMP

QFOSS31T:1.P;nkel)

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 ins ta 11 ed. The wi ri ng for va Ive cont ro I at "H lt

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 SITE NAME RESEARCM INSTALLATION & DESCRIPTION

C TURBO-PUMP
SITE

BOILING FLUIDS RIG

PF0538 (1.I.P'okel)

.

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

All systems are being updated prior to liquid hydrogen
tests which are sche~uled to begin in S~ptp~ber.

ALTERATIONS TO TilE BOI!.iIlG ElmDS P.IG

(I) Instrumentation and Motor Equipment Rooms - Design
drawing and specificatkns ~""ere completed the last
week in July.

(2) Hot Air Tur.bine Drive System - De'iign.drawil1gs and
speciHcations YJere completed .;uril1g the last week
of Ju Iy. The compressed J i r he,Her for til i 5 system I
is scheduled for del iv"!ry Augu'it 2.

(3) High Speed I.cop - The syst~1l1 is being designed and
the approval is being sough': fvr t!1e cOlllf.lleted
system flow schematic.

(4) Ral' Spur - Acme Construction Company started \<Jork
on the rail contract during July. The scheduled
completion date is September 12.

(5) Vacuum System - The installation contract is com
pleted and the necessary in-house modifications
to the 2500 gallon lHZ dewar ar~ n~<J in progress.

liqUID HYDROGEN
PUMP

Liquid hydrogen turbopump tests to
study imr:eller matching \o'ith centr
i fuga I pump <It speeds of 60 000 rpm.

Cold checkout was made on July 29. The centrifugal pump
will be modified to provide a means of detecting the zero
shift during run conditions. The pump will be rebalanced
and then reassembled before the next run.

The next run is scheduled fer August 20.
BOOST PUMP SYSTEM INSTALLATION

A tentative planning schedule calls for design to be c~n

pleted by September 25, 1965; a contract 3w~rdec by Decem
ber 31, 1965 and and construction and installation to be
completed by March 31, 1966. A flO\'l scheil1dtic 'Jralving
has been prepared, but approval for it will not be sought
unti I research personnel complere dn <'Ina IGg (o°:'1I1puter stllrly
of the proposed syst~1Tl and 9 i lie the "go-.ahead ll on thEa..:
basic system and configurati0l1. No de.si9n loiOrk \-Ii II be
done unti I the fleM sc.:hematic dra"'ling has been approved. ,'----' . -JI
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SITE SITE NAHE RESEARCH INSTALLATION & DESCRIPTION

C TURBO-PUHP
SITE

BOILING FLUIDS RIG The rig consists of a , iquid
hydrogen pump submerged in the

QF0533 (I.I .Plnkel) bottom of a vacuum-jacketed
liquid hydrogen tank.

No data runs were made during the month of August.

Next research run Is scheduled for October.

ALTERATIONS TO THE BOILING FLUIDS RIG--- -
(I) Instrument and Motor Equipment Rooms-Specifications

ail'~ drawings IliJ\'~ been completed. Purchase Requests
are awaiting approval of Special Job Orders for in-
creased funds.

(2) Cabling from CMSite to H-Building - The cont rae t is
scheduled to be awarded in September but actual work
may not begin until construction of Instrument and
Motor Equipment Rooms (No. I above) has been started.

August 1965 25



SITE SITE NAME RESEARCH INSTALLATION & DESCRt PTI ON

C TU RBO- PUMP
SITE

(3) Hot Air Turbine Drive Systems - Bids for this con
tract are to be opened in late September. Compressec
air heater was delivered the first week in 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 & installa-
tion completed

Septembe r 25. 1965
Oecembe r 15. 1965

Ma rch 15. 1966

(5) Rail Spur Installation - The installation of t'.-JQ

drain pipe~ (culverts) is all that remains to com
plete the Acme contract. Drainage ditch clean-cut
work may be added to the contract before these
culverts are installed.

LIQUID HYDROGEN
PUMP

QF055~.P;nkel)

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

26

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 ~tere considered good
runs. Difficulty still exists in arriving at stall
condition and, for this reason, only a limited amount of
data was taken. A study of the test data will be made
on September 7 to arrive at an alternate method of
determining stall.

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

ALTERATIONS TO TURBO-PUMP RIG

Boost Pump Sytem - A flow schematic drawing for this
boost pump system has been prepared, but approval for it
will not be sought until research personnel complete an
analog computer study of thp proposed system and give the
"go-ahead" on the basic system and configuration. No
design work wi 11 be done until the flow schematic drawing
has been approved. Tentative design-procurement·
installation schedule cannot be determined until "go
ahead" on basic configuration is received from research
pe rsonne 1.



SITE SITE NAME RESEARCH INSTALLATiON & DESCRIPTION

C TURBO-PUMP
SITE

~NG FLUIDS RIG

QF0533 (1.I.Plnkol)

The rig consists of a liquid
hydrogen pump submerged in the
bottom of a vdcwum-jackete-.d
liquid 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!U&

(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 Roans 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
will be made to negotiate the contract.

(4) High Speed loop:

The specifications are complete and the drawings are
95% complete and a-re scheduled to be completed Octobe
1<
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SITE

C

SITE NAME

TURBO-PUMP
SITE

RESEARCH INSTALLATION

(5) Rail Spur Installation:

& OESCR I PTI ON

Installation has been completed.

LIQUID HYDROGEN
PUMP

QFOSS3lT.I.Plnkol)

Liquid hydrogen tur~opump tests to
study impeller matc.hing with centri
fuga I pump 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
figurat40n which ;s inducer I-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 fates
and at two NPSH levels.

On September 14, the pump was run for sixteen minutes and
all the data was obtained for the 20 000 rpm series. One
pass was made for the 30 000 rpm series. The run was
terminated when a rear pump bearing failed due to lack',
of proper lubrication.

Steps were taken to insure a more satisfactory lubrication
flow 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 s~heduled after the present data
has been reduced.



,

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

C nJRBO-PUMP
SITE

, BOILING FLUIDS RIG The rig consists of a liquid
hydrogen pump submerged in the

QF0533 (I • I. Pinkel) bottom of a vacuum-jacketed
li~ujd hydrogen tank.

On October 21. the boiling fluids tank was checked out
with liquid nitrogen. The vacuum pumps sta lIed after
five minutes of operation and with a tank pressure of
six psig.

On October 29. another liquid nitrogen test was made.
Pressure and temperature senses were installed in the
suction line near the pumps. The pumps stalled at 300
torr pressure and -60°F. In order to pass this critIcal
pressure the vacuum control valves were partially closed
and then reopened dfter the.pressure was reduced. Once
the stall pressure was lowered the pumps further reduced
the pressure until the liquid n.itrogen was cooled to its
melting point. During this test the vacuum pumps oj ,"
reservoir overheated.

Addi t ional cooling coils are being ad~ed to the vacuum
pump reservoirs and the solenoid valves are being re-
placed to j ncrease the oi' f lOW".
Another liquid nitrogen run will be madetheweel<afNov. 10.

October 1965
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SHE SITE NAME RESEARCM INSTALLATION & OESCR I PT I ON

C· TURBO-PUMP
51 TE

ALTERATIONS TO THE BOILING FLUIDS ~

( l) I.nst rument and aotor Equ i pment RO\JlTls: The bids for
this constr~ction work will open November 30.

(2) Cabling hon C-Site t'1 li~6\JilJin'J ~·¥~'i3··3406): The
completion date for this contra~t cannot be determined
unti 1 the bids on the Instrument "lild ~(.tor Equi~,.:~nt

RoO'TlS are knO'-JO. Th:s COntr.1Cl C-ln.,:~t ~c cC'Cnple~.ed

until after the Instrument and Motor E~uipment Rooms
are ccr"pieted.

0) Hot Air Turbine
re-advert i Se1.
16.

Driv2 Sy~~~ms: This work is beinq
The new "id o~cn:"9 !.!ate is N('~~:'I,ter

(4) High S?eed Loop: Si"ce t'lP. PllJm Brook d,-afting
section has a large backlog of ~·jork. the remaining
draWings for this High Sr.-eed Loop wi J 1 he done oy
contract.

Liquid hydrogen lurhcpump t~sts to
study impeller matching with centri

Pi nke 1) fuga I pump a t speeds of 60 000 rpm.

L1 QU 10 HYDROGEN
PUMP

QFOSS31l. I.

Two data runs \-/ere made dur i ng Ol.:tob~r.

On October 12, five cavitation performance curves were
obtained. Probl?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 wer,e made with the Q/N mode to obtain
data for trouble shooting the system. The total running
time was 22 minutes.

On October 25. four data passes were completed at speeds
of 20,000 and 30,000 rpm. This run was made to check the
stall point that ',0/85 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 and
caused the bearing to over heat. The total running time
was 14 minutes.

The next scheduled run depends on the completion of "H"
Building modifications. If the modifications are complete
on schedule. the r~n will be made Nove~ber 17.

24

ALTERATIONS TO lliS TURBO~ 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 the lewis Research Division.



November 1965

SITE SITE NAME RESEARCH I NSTALLATI ON & DESCRIPTION

C TURBO- PUMP.
SiTE

BOILING FLUIOS RIG
QF0553 (I. I. Pinkol)

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

On November 10, a 1iquid nLtrogen 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 FLUIOS 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 "C" Site to "Hit Building (NAS3-8406):

Should be completed by June 23.
dependent on the progress of the
(Item I).

3. Hot Air Turbine Drive System:

This Work is
Room construction
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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 Design Company of
Cleveland, and are scheduled to be completed by
December 17.



·

SITE SITE NAME RESEARCM I NSTALLAT I ON & DESCRIPTION

C TURBO-PUMP
SITE (Cont i nued)

LI QU 10 HYDROGEN liquid hydrogen turbopump tests to
PUMP study impeller matching with centri-

QF0553(1.I.Pinkel) fugal pump at speeds to 60 000 rpm.

No tests were conducted during November due to the shut-
down of IlH 'J Bui Idi n9 for contract installation purposes.
The next scheduled run j 5 December 7.

ALTERATIONS TO TME TURBO-PUMP RIG

As reported in August, the schematics for the boost pump
system have been prepared but further work cannot be done
unt i 1 it has been approved by Fluid System Components
Division.



December 1965

SITE SITE NAME RESEARCH INSTALLATION & DESCRI PTi ON

C TURBO-PUMP
SITE

BOiliNG FLUIDS RIG
QF0553 (I. I. Pi nke I)

The rig consists of a liquid
hydrogen pump submerged in the
bottom of a vacuum-jacketed
I iquid 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 37oR. 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

(I) 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.

27



SITE SITE NAME RESEARCH INSTALLATION & DESCRI PTI ON

c TURBO-PUMP
SITE (Continued)

LIQUID HYDROGEN
PUMP

QF055~I.P;nkel)

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

Two tests were made during December. In the fi rst week
of December, during a run time of 19 minutes, 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 root be com
pleted since the high frequency pickups were not
functioning. One high flow rate pdSS \"jclS mdde for the
NPSH curves.

In .the third week of December, another test was made.
[hiring a run time of 13 minutes, five data passes were
;?:corded. The remaining two stall curves were obtained

for this configuration. The three NPS~ curves ~ere

completed. On the last pass, a run of 45 000 r.p.m....,as
attempted ~nd a critical speed was encountered, result
ing in pump and turbine failure. All 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 & DESCRI PTI ON

BOILING FLUIDS RIG
QF0553(1.1. Pinkel)

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

On January 11, four cavitation curves were obtained. Two
runs were made at 370R. and two runs wer2 made at 31 0R.,
but the test had to be stopped when oscillations occurred
below the 840 hel ical pump inducer and the over
pressurization caused a burst disc rupture.

On Januarv 14 and 15, a boil-off test was made to
determine the heat leak of the boil ing fluids tank. It
was found that over an eight-hour period, 1120 gallons
of I 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., two runs at 34oR.,
and two runs at 31 0R. 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 29.50 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 i n Febi~uary.

ALTERATIONS TO THE BOILING FLUIDS RIG

(1) 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.

(Cont i nued on Page 24)
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SITE SITE NAME

·

RESEARCH INSTALLATION & DESCRI PTiON

C TURBO- PUMP
SITE (Continued)

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 50 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) Cabl ing from "G" Site to "H" Bldg. (Contract
NAS3-8406-PB, Valley Electric Co.):

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

LIQUID HYDROGEN
PUMP

QF055~I.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 dupl icated,
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.
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SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTION

C TURBO- PUMP
BOILING FLUIDS RIG
QF0553(1. I. PI nke I)

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 370 R, and two runs were made at 31 oR.
The NPSH was ramped oh a continuous basis at 8 sec/psi
from 5 psi to 0 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 oR.
and one at 29.SoR. The NPSH was ramped on a continuous
basis at 8 sec/psi from 5 psi to 0 psi. All passes were
made at 20 000 rpm except the one at 29.SoR, 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 wi II be installed prior to the next
run, scheduled for the second week of March.

ALTERATIONS TO TME BOILING FLUIDS RIG

(I) Instrument and Motor Equipment Rooms (Contract
NAS3-8786-PB, R. G. Beer Corp.):

The contract is in progress and is approximately 30%
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):

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) M;gh Speed Loop:

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

(4) Cab I ing from IICII Site to 'IH
II Bui lding, (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 t~at 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 & DESCRIPTION

LIQUID HYDROGEN
PUMP
QF0553(1.I.Pinkel)

Liquid hydrogen turbopump tests to
study impeller matching 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 instal led 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 Harch 4.

An additional run in liquid 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 RESEARCH INSTALLATION & DESCRIPTION

C TURBO PUMP
BOILING FLUIDS RIG
QF0553(1.I.Pinkel)

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

22

On March 22, four cavitation curves were obtained at
three flow coefficients. Two passes were made at a
liquid temperature of 36.50 R. while the remaining two
were made at 42oR. All passes were made at 20000 rpm
with NPSH ramped from 5 psi to 0 psi.

On March 31, ten cavitation curves were obtained at two
flow coefficients. Included were three passes at a 1 iquid
temperature of 36.SoR, two at 34°R. and two at 26.90 R.
All passes were made at 20000 rpm with NPSH ramped from
5 psi to 0 psi.

ALTERATIONS TO THE BOILING FLUIDS RIG

(1) Instrument and Hotor Equipment Rooms (Contract
NAS3-8786-PB, R. G. Beer Corp.),

The contract is in progress and is approximately 60%
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):

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 "(I' Site to "H" 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 I, 1966.

rarrighi
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SITE SITE NAME

C TURBOPUMP

RESEARCH INSTRLLATION & DESCRIPTION

L1Q.UID HYDROGEN
PUMP
Q.F0553(I.I.Plnk.l)

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 Harch.
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 ~arch 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 made 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 good from the "on I ioe"
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

1 .-Cr~e~s~e~a~r~c~h'_Jp~r~o~9~r~a~m:.'___ _
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SITE SITE NAME RESEARCM I NSTALlATI ON & DESCR I PT I ON

C TURBOPUMP
BOILING FLUIDS RIG The rig consists of a 1iquid
QFD553 (1.I,Pinko!) hydrogen pump submerged in the

bottom of a vacuum-jacketed
1 iqu i d hydrogen ta nk.

On Apri I 7. ten cavitation curves were obtained. In-
cluded were three at 36.SoR, two at 34oR, two at 31 0 R.
two at 270 R and one at 26.7°R. All funs were made at
20 000 rpm with NPSH ramped from 5 psi to a ps i .

On Apri 1 14, eight cavitation curves were obtained.
Included were three at 36.SoR, one at 34oR, one at 31 0 R,
one at 28°R, and two at 2.7oR. All runs were made at
20 000 rpm with NPSH ramped from 5 psi to 0 ps i .
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SITE SITE NAME RESEARCM INSTALLATION & DESCR IPTI ON
C TURBO PUMP

BOILING FLUIDS RIG (Cont;nued)

ALTERATIONS !.Q.!![. BOILING FLUIDS RIG

(1) Instnnent and motor equipment rooms (Contract
NAS3-8786-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; however, some of the required
shop drawings have been approved and parts are
being fabricated at the present time. liOn_Site"
construction nas 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 complete and are being
checked. It is estimated that this contract will
be completed by the middle of September.

(4) Cabling from "C II Site to "H" Building. (Contract
NAS3-8406-PB, Valley Electric): Work has been
started and is approximately 40% complete. The
anticipated contract ccmpletion date is June 15.

LIQUID HYDROGEN Liquid hydrogen turbopump tests to
PUMP study impeller matching with centri-
~53 (1.1 .Pinkel)fugal 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 RESEARCH INSTALLATION & DESCRIPTION

C. TURBOPUHP
BOILING FLUIDS RIG
QF0553(1.I.Pinkel)

The rig consists of a liquid
hydrogen pump submerged in the
bottom of a vacuu~jacketed

liquid hydrogen tank.

On Hay
eluded
two at
20.000

17. seven cavitation curves were obtained. In
w~re two at 36.SoR., one at 34oR., one at 31 oR.,
30o R., and one at 28°R. All runs were made at
rpm with NPSH ramped from 5 psi to 0 psi.

LIQUIO HYDROGEN PUMP
QF0553(1.I. Pi nkel)

ALTERATIONS TO THE BOILING FLUIDS RIG

(1) Hot Air Turbine Drive System (Contract NAS3-8789-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. ItOn_sltell construc
tion has not been started. The anticipated contract
completion date is August 30.

(2) High-Speed Loop:

The high·speed Joop specifications and drawings are
complete and are being checked. It is estimated
that this contract wil) be completed by the first of
November.

(3) Cabling from "ell Site to IIH" Building, (Contract
NAS3-8406-PB; Valley Electric):

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

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

It l1as been determi ned by the research personnel to pro
ceed with the main program objectives. The main study
obj ect i ve of the prog ram is the study of change in per..
formance due to an inducer to centrifugal match. Data wIll
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
3·8 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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~ITE SITE NAME RESEARCH INSTALLATION & DESCR IPTI ON

C TURBOPUMP
BOILING FLUIDS RIG
QF0553 (1.1. Plnkol)

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

On June 22 an attempt was 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-5 turbine was bent necessitating shutdown.
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 closed. The dewar valve actuator regulator ;s
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.

ALTERATIONS TO "ffiE BOILING FLUIDS lli

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 NAS3-8789-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.

HOn_Sitetl construction has not been started. The
anticipated contract completion date is October 30.

3. High Speed loop:

Bids for this contract were opened June 2]. There
is a good possibi lity that an award can be made by
July 6. The tontract completion time is 120 days.

4. Cabling from lie" Site to "Hit Building, (Contract
NAS3-8406-PB, Valley Electric):

This contract was completed June 24.

LIOUID HYDROGEN PUMP
QF0553 \ I . I ..P; nk. I J

liquid hydrogen turbopump tests to
study impeller matching with cen
trifugal pump at speeds of 60 000

On June 16 a test was conducted to obtain the stall data
for configuration 3~B. Two passes were made at 20 000
rpm. The turbine rear bearing failed on the third pass,
a 10000 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 RESEARCH INSTALLATION & OESCRI PTI ON

C TURBOPUMP
BOILING FLUIDS RIG
QF0553(1.1. Plnkel)

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

The
after

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

A new jack shaft and splined ends have been fabricated
and are being balanced. It is anticipated that the next
1 iquid hydrogen run will be made during the last week
of August.

ALTERATIONS TO THE BOILING FLUIOS B!Q

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

There have been numerous delays in obtaining accept
able designs for the hot air line from Araeo; how
ever, some of the required shop drawings have been
approved and parts are being fabricated at the pres
ent time. 1I0 n- s itelJ 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) H;gh Speed Loop (Contract NAS3-9450-PB, Valley
Electric Company):

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

I----~~.-:-:------------------_.
LIQUID HYDROGEN PUMP
QF0553(1.I.Plnkel)

Twc- July tes~ runs completed the data for inducer con
figuration 3-B. A total of 1] passes was made during
the two tests.

l The 3-C inducer configuration is being installed. The
next scheduled test is August 5.

-_··-'----------------- 1
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SITE

C

BOILING FLUIDS RIG
QF0553(1.I.Plnkel)

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

On August 30, five data curves at 36.SoR were obtained.
Included were three head-flow curves at 10, S. and 0 psi
NPSH; one locked tank pump-out curve; and one cavitation
curve. All runs were made at 20,000 r.p.rn. using the
boost rotor.

The next J iquid hydrogen run j 5 scheduled for September 8.

ALTERATIONS TO THE BOILING FLUIDS RIG

(I) Hot Air Turbine Drive Systems (Contract NAS3-878S-PB,
Araca Company):

There have been numerous delays in obtaining shop
drawings from Araca; however, most of the drawings
are nearly completed. On the last submittal, only
minor changes were 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 piping has
been started by the contractorls 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. Pinkel)

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

Two tes t runs were conducted du r j ng Augus t to obta i n
stall data for Inducer 3-C.

On August 4, four data passes were made at 20 000 and
30000 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
cav i tat ion.

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

C TURBO PUMP

RESEARCH INSTALLATION & OESCRIPTION

BOILING FLUIDS RIG
QFO553 ( I • I . Pin ke I )

The rig consists of a liquid
hyd rogen pump subme rged in the
bottom of a vacuum-jacketed
I iquid hydrogen tank.

On September 8. an attempt was made to operate the
boiling fluids rig; however, on the second pass
excessive vibrations 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 cel I and approved by the
Engineering Department wi I I be given the second
week of October.

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

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

LIQUID HYDROGEN PUMP Liquid hydrogen turbopump tests
QF0553(1.J.Pinkel) to study impeller matching with

centrifugal pump at speeds of
60 000 rpm.

On September l, 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 RESEARCH INSTALLATION & DESCRIPTION

C TURBO PUMP
BOiliNG FLUIDS RIG The rig consists of a liquid
QFo553 (I. r .Pinkol) hydrogen pump submerged in the

bottom of a vacuum-jacketed
liquid hydrogen tank.

During October preparations were made for a November 2
1iquid hydrogen run.

ALTERATIONS TO THE BOlliNG FLUIDS RIG

(I) Hot AIr Turbine Drive System (Contract NAS3-8789-PB,
Araco 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 II in-house" .

(2) High Speed Loop (Contract NASJ-9450-PB, Va Iley
Electric Company):

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

lloUID MYDROGEN PUMP Liquid hydrogen turbopump tests
QF0553\1.I. Plnkel) 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 completed when severe vibrations occurred.
The pump was disassembled and repaired. The next run is
schedu1 ed for November 4. Eight more cavitation runs are
needed to complete the data for the centrifugal.



r--r------------------~-'~-,-..-.---.,.--___.
SITE SITE NAME

C TURBO PUMP

RESEARCH INSTALLATION ul::SCRI PTI ON------1
BOILING FLUIDS RIG
QF0553(1. l. Pinkel)

The rig (:OllSI':.ts of a 1 iquid
hyd rogen pump SLJljJilcr~Jed j n the
bottom of a VdCULJin-jacketed
t iquid h'ldr()~Ul (",elk.

On November 4, nine cavitation ctlrvC'~ liLt'€: ot,d:ained.
Included were four at 42 0 R, one ai, 3'PR, dnd four at
36.5 R. Speed was held conslant 31' 211 (,110 r~nl, flow
coefficients were. 090 and .060, 2nd NP',H "dS cordiol led
from? psi to a locked-tank condition.

On November 10, eight cavitation (lJr\le~, ,Ielp
o .

Included were two at 42 dnd SIX dt 36.)oR.
were made at 20 000 rpm with NPSH contl01led
5 psi and a psi.

nbtd i ned.
I~ll runs
b\..;l vlee 11

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

ALTERATIONS TO THE BOILING ILUID, IIiG

(1) Hot Air Turbine Drive System (Co"tlact NAS3·i\789-PB,
Araco Company):

At the present time the natu ra 1 gas line j 5 be i ng
installed underground from the boiler h"use to the
hot air heater. It is estimated that 15'k. of the
contract has been compieted.

(2) High Speed Loop (Contract NAS3-9I f50-PB, \/al le~'

Electric Company):

Contractor work at the test cel J be9afl oil 1'0\ ,ber 15
and it is estimated that 20% of this contl'act :)05
been completed.------------------------------

Liquid hydrogen lUru0I'UIiIP 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 fi rst
data pass at 35 000 rpm, severe vibratiorls occurred.
Inspection of the pump parts indicated that 35 000 rpm was
a critical pump speed. The program was 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 ",ere nlilde at various
flow coefficients wbile the NPSH was I'amped frCIIl 20 psi
to O. This test completes the pump test program.

This is the last test operations report fOl- this research
installation. No new pump programs are planned.
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SITE SITE NAME RESEARCH INSTALLATION &

C TURBO PUMP
BOILING FLUIDS RIG
QF0553 (I . I • P; nk. I )

The rig consists of a liquid
hyd ragen pump subme rged in the
bottom of a vacuum-jacketed
1iquid 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 prog res 5 i n9 and t he cant ract
complete. The contract is scheduled to be
by March I.

is 45%
compl eted

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

It is estimated that this contract is 60% complete.
The contract scheduled completion date is January 22

L..
-.J- -----;I
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SiTE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

C TURBOPUMP
·BOILING FLUIDS RIG

YQf0553(1.I.PinkeJ)
The rig consists of a 1iquld
hydrogen pump submerged in the
bottom of a vacuum-jacketed
1iquld hydrogen tank.

.

January 1~67

The site modifications continued during January.
Contracts NAS3-878~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)

The work Is progressing and the contract is ~S%

complete. The contract is scheduled to be
completed by March 1.

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

The contract is 75% complete. The completion
date will be based on the contractor's ability
to obtain c.rY0genic vacuum jacketed piping.

25



SITE SITE NAHE RESEARCH INSTALLATION & OESCR I PTi ON

C TURBOPUHP
BOILING FLUIDS RIG

YQFD553 (1.I.Pinkel)

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

The'site modifications continued during
Contracts NAS3-8789-PB and NAS3-945D-PB
completed before testing can continue.
work checkout will begin in March.

February.
have to be
The cont ract

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

The work is progressing and
approximately 80% complete.
is March 15.

the contract is
Comp 1et i on date -

February 1967

(2) H;gh Speed Loop -
(Contract NAS3·9450-PB. Valley Electric Company)

The contract is 85% complete. The completion
date will be based on the contractor's ability
to obtain vacuum jacketed piping.
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SITE SITE NAME RESEARCH INSTALLATION & OESCR I PTI ON

C TURBOPUMP
BOILING FLUIDS RIG

YQF0553 (1.I.Pinkel)

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

26 March 1967

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. Araco 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 NAME RESEARCH INSTALLATION & OESCRI PTiON

C TURBO PUMP

BO I LI NG FLU I OS RIG The rig consists of a liquid
YQF0553 (I. I. PI nke i) hyd rogen pump su bene rged In

the bottom of a vacuum~

jacketed I iquid hydrogen tank.

The site modifications continued during April. Both
contracts are expected to be completed in May and a
systems checkout Is schedu 1ed.

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

The contract is complete except for the drying-
out of some pipe insulation and the repai r of a
wi ndow flange.

(2) Hi gh-Speed Loop - (Contract NASJ-9450-PB.
Val ley Electric Co.) :

The contractor is essentially finished with his
work and should be out of the area sometime
dud ng the first week of May.

27



SITE SITE NAME RESEARCH I NSTALLAT ION & DESCRIPTION

c TURBOPUHP
BOILING FLUIDS RIG The rig consists of a 1iqu id
YQF055J(J.I.Plnkel) hydrogen pump submerged in the

bottom of a vacuum-jacketed
1iqu id hyd ~ogen tank.

I
-S-j te mod-jf-icanons conti nued during May. Both contracts
have been completed except for systems checkout. ,. I n-
house" miscellaneous piping and valving work is under-
way to update the test cell. Testing Is scheduled to,

in July.start

-_._. I
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SITE SITE NAME RESEARCH I NSTALLATI ON & DESCRIPTION

C TURBO PUMP
BOILING FLUIDS.RIG The rig consists of a liquid
YQF0553(1.I.Plnkel) hydrogen pump submerged In the

bottom of a vacuum~jacketed
I iqu id hydrogen tank.

Site modifications continued during June. The 110n-
Markll 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.

Li qu id hyd ragen runs are scheduled for the latter
part of July.

i
22 June 1967



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

C TURBO PUMP
BOI LI NG FLUIDS RIG The rig consists of a 1 iqu id
YQF055J(I.I.Pinkel) hydrogen pump submerged in the

bottom of a vacuum-jacketed
1iquid hydrogen tank.

I
Site modifications continued during July. All
piping and rig alterations have been completed.

I
The hot air turbine and research gear are pres-
ently being installed. Upon completion of th i 5
installation, the rig wi 11 be cold-shocked with
1 iquid nitrogen and prepared for a J iqu i d hyd rogen
run. It is anticipated that testing will beg in
the middle of August.

. -------
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August 1967

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

c TURBOPUMP
BOILING FLUIDS RIG The rig consists of a I ·~uid
YQFD553 (1.I.Pinkol) hydrogen pump submerged in the

bottom of a vacuum-jacketed
I iquid 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 RESEARCH INSTALLATION & DESCRIPTION

C TURBOPUMP
BOILING FLUIDS RIG
YQF0553 (1.I.Pinkel)

The rig consists of a liquid
hydrogen pump submerged in the
bottom of a vacuum-jacketed
iiquid 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 flow
control system was unstable in automatic control. The
rig was shutdown to enable modification to the flow
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 flow 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 flow venturi was removed and
inspected. The sensor lines from the venturi are being
shortened.

The next scheduled run is October 6 .



October 1967

SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTI ON
.

C TURBOPUHP

BOILING FLUIDS RIG The rig consists of a liquid
YQF0553(I.I.Pinkel) hydrogen pump submerged in the

bottom of a vacuum-jacketed
I iquid hydrogen tank.

A test run was made on October 19. Two useful data
curves were obtained before the top turbine beari ng
fai led. The turbine was disassembled and inspected.
Modifications are being made to improve bearing
lubrication and to bring all components within de-
sign tolerances.

The next run is scheduled for November 19.

----_ .... -- .. .- --._. ._----
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November 1967

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

C TURBO PUMP
"BOILING FLUIDS RIG
YQF0553(1.I.Plnkel)
(FSCD - P.R.Meng;

RSD - W.D.Pack,Jr.)

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

A test run was made on November 28. Three speed
survey runS were made from 0 to 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 some unidentified metallic material plated
to its casing. The turbine has been reassembled
and is being installed. The pump has been
repaired. rebalanced, and is being reassembled.

The next scheduled run is December 7.

25



Decembe"r 1967

SITE SITE NAHE

C TURBOPUHP

RES EARCH I NSTALLATI ON & DESCRIPTION

BOILING FLUIDS RIG
YQF0553 (FSCO 
P.R.Meng; RSD 
W.O.Pack,Jr.)

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 0 to 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 rpm. Improper
radial bearing clearance appeared to be the cause
of the failure. The differential contraction of
the shaft. housing. and bearing assembly caused
the problem. The bearing housing was remachined,
increasing the clearance between the bearing and
the housing.

On December 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~ 37.50 R and 40oR.

The next run is scheduled for January 9. IIC" Site
(llt-r l Building) modifications under the RCA lIH"
Building contract are scheduled to be started
January 10.

25



January 1968

SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTI ON

C TURBO PUMP

BOILING FLUIDS RIG The rig consists of a liquid
YQF0553 (FSCO - hydrogen pump submerged in the
P.R.1'\eng; RSO - bottom of a vacuum-jacketed
W.O.Pack,Jr.) 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 llH'1 Building control panel was being
reworked by RCA (Control Data Switching System con-
tract).

me RCA contract was completed January 26 and ; s
be i n9 checked out for a test run scheduled for
February 6.

25



-February' 1968

SITE SITE NAME RESEARCH INSTALLATION & DESCRt PTiON

C TURBOPUHP
BOI LI NG FLUIDS RIG The rig consists of a
YQFD553 1iquid hydrogen pump
(FSCD - PR Meng; subme rged in the bottom

RSD - WD Pack,Jr.) of a vacuum-jacketed
'iqui-d hydrogen tank.

Research test runs were made on February 6, February
16, and February 21. The reseaich hardware fOi the
tests was the 80.6 degree inducer with the #2_
booster. A total of thi rty-three. (3) data passes
was made during a total rotation time of twenty
mi nutes.

The 80.6 degree inducer with booster #3 has been
installed and the next test run 1s scheduled for
March I.

~ - --,.. .,-- ~ ~ ~. ~-. -
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March 1968

SITE SITE NAME RESEARCH I NSTALLATI ON & DESCRIPTION

C TURBOPUMP
BOILING FLUIDS RIG The rig consists of a
YQF0553 liquid hydrogen pump
(FSCO - PR Mengj submerged in the bottom

RSD - WD Pack, Jr .) of a vacuum-jacketed
liquid hydrogen tank.

Three test runs were made dur i ng 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 0 to 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 flow coefficient (Q/N) had
deviated. Some usable data was obtained but it
wi 11 be necessary to rerun the configuration.

The next run is scheduled for Apri 1 8. The 84
degree inducer with booster #1 will be tested.

23



April 1968

SITE SITE NAME 'RESEARCH I NSTALLATI ON & DESCRIPTION

C TURBOPUHP
BOILING FLUIDS RIG Th,e rig consists of a
YQF0553 liquid hydrogen pump
(FSCD - PR Heng; submerged in the bottom

RSD -wo Pack. J r,) of a vacuum-jacketed
I iquid hydrogen tank.

Two test runs were made during the month of Apri I.

On Apri I 8, sixteen data passes were made with the
84° inducer and Booster #1. Th i rteen of the pass_es
were,at 37°R and four of the passes were at 420 R.
All the requested data was obtained.

On Apri 1 24. th i rteen data passes were made with the
80.60 inducer and Booster #2. One cold run ()4°R)
was completed. Because the liquid shutoff valve was
leaking hydrogen from the dewar into the run tank,

. six of the scheduled cold runs had "to.be cancel.led .

The next run is scheduled for Hay 9. The 80.6 deg ree
inducer will be tested wi th Booster #1. Movies will
be taken wi th the lucite shroud instal led.

23



May 1968

'..

SITE SITE NAME RESEARCH INSTALLATION & OESCRIPTION

C TURBOPUMP
BOILING FLUIOS RIG The rig consists of a
YQFOS53 liquid hydrogen pump
(FSCO - PR Meng; submerged in the bottom
RSO - WO Pack, Jr. ) of a vacuum-jacketed

liquid hydrogen tank.

Two tests were conducted during Hay. Both tests
were made with a lucite shroud installed over the
inducer for photographic data. The shrouds
cracked both times during the third pass. The
May 20 shroud failure was due to thermal stresses.
The failure on Hay 29 probably resulted from
some object hitting the inducer and the shroud.

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

21



June 1968

SIT( lIT'" USEAReH INSTALLATI ON & OESeR I PTI ON

e TVllIOP\IltO
lOlLING FLUIOS RIG The rig consists of a
YClFOS53 liquid hydrogen pump
(FSeD - PR Heng; submerged 1n the bottom

RSD - WD Pack. Jr.) 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 860 inducer. The movies were taken at two
flow conditions selected as being high and low
flows. On June 21, a test was conducted to obtain
Idditional data on the 860 inducer. 34°R and 300R
fluid temperature data had been requested. After
severa I runs at 34°R the vacuum pumps overloaded
due to the cold condition of the pumps. Hot water

.. wi 11 be piped to the pump cooling jackets to keep
pump oil at operating temperature.

The next run is scheduled for mid-July.

23



July 1968

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

C TURBOPUMP
BOILING FLUIDS RIG The rig consists of a
YON0553 liquid hydrogen pump
(FSCD - PR Meng; submerged in the bottom

RSD - WD Pack. Jr.) of a vacuum-jacketed
liquid hydroge~ tank.

On July 12. eleven data passes were made at high
flow rates. Three of the passes were at 34°R
and eight made at 37oR.

On July 25. a test run for photographs was can-
cel led due to cracking of the shroud. A new
Jucite shroud was installed and a test was con-
ducted on July 30. The shroud again failed.

The next run is scheduled for August 13.

25



August 1968

SITE SITE NAME RESEARCH I NSTALLAT I ON & OESCRI PTI ON

C TURBO PUMP
BOILING FLUIDS RIG The rig consists of a
YON0553 I iquid hydrogen pump
(FSCD - PR Meng; submerged in the bottom

RSD - WD Pack, Jr. ) of a vacuum-j ac ke ted
1 iquid 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 repai rs are bei n9 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
wi th the blunt lead i ng edge.



September 1968

I
SITE SITE NAME RESEARCH INSTALLATION & DESCRI PTI ON

C TURBO PUMP
BOILING FLUIDS RIG The rig consists of a
YON0553 liquid hydrogen pump
(FSCD - PR Meng; submerged in the bottom

RSD - WD Pack, Jr.) of a vacuum-jacketed
I iquid hydrogen tank.

Three tests were conducted during September. On
September 10. fourteen data passes were made on the
80.6 degree inducer with the blunt lead i n9 edge.

On September 19. ten data passes were obtained for
the 80.6 degree inducer with the faired leading
edQe. Four of the passes were at a temperature of
34°R and one at 30oR.

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 30oR.

The next scheduled test is October 4. The test ; 5

scheduled to obtain any data needed to finish the
80.6 degree faired inducer. The next series of
tests wi 11 be made wi th an extended inlet section.

27



October 1964

SITE SITE NAHE RESEARCH INSTALLATION & OESCRI PT I ON ---

C TURBOPUHP
BOILING FLUIDS RIG The rig consists of a
YONOSS3 liquid hydrogen pump
(FSCO - PR Meng; submerged in the bottom

RSD - WD Pack, Jr. ) of a vacuum-jacketed
I iquid 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 0 R, 340 R and 36. SOR. On October 25,
fifteen tests were made at 36.SoR, 3SoR, 39"R,
400R and 41 0 R.

The 84 degree induce r ha s been installed with the
extended inlet section, A lucite shroud has been
installed for photographs. The configuration wi 11
be tested on November 1.

27



SITE SITE NAME RESEARCH INSTALLATION & DESCRI PT ION

C TURBO PUMP
BOILING FLUIDS RIG
VONOSS3
(FSCD - PR Heng;

RSD - \olD Pack. Jr.)

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

28

Eight test runs were conducted during the month of
November.

No. of
~ Tests--
Nov I 840 inducer - extended luci te shroud

with centerbody 23

Nov 7 80.6 faired inducer - extended metal
inlet with centerbody II

Nov 8 80.6 faired inducer - extended metal
inlet with centerbody 32

Nov 12 80.6 faired inducer - extended metal
inlet with centerbody 29

Nov 14 80.6faired 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
sh roud 23

Nov 27 3-bladed inducer - short metal shroud 26

Testing has proceeded exactly according to the plan
for completion of the program by January I, 1969.
Remaining tests will require all 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 J.

rarrighi
Typewritten Text
November 1968



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

C TURBOPUMP
BOILING FLUIDS RIG
YON0553
(FSCD - PR Meng;

RSD - WD Pack, Jr.)

The rig consists of a liquid
hydrogen pump submerged in the
bottom of a vacuum-jacketed
I iqu id hyd rogen tank.

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

Date

Dec 4

Configuration

780 inducer - extended inlet with
centerbody

No. of
Tests

43

I

Dec 5 780 inducer - extended inlet with
cente rbody

Dec II 80.60 faired inducer - extended
inlet with centerbody

34

5

Dec 12 80.60 faired inducer - extended 27
inlet with centerbody

Dec 16 80.60 faired inducer - extended 35
inlet without centerbody

Dec 19 80.60 full blunted inducer - 45
extended inlet with centerbody

Dec 30 80.60 med i um blunted inducer - 42
extended inlet with centerbody

The one- and two~bladed inducers originally sched
uled for testing were not tested, in order that
additional 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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