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PLUM BROOK STAT! 0~ ROCKET S't'S fEMS FACI LITY STATI;S REPO~ r 

51 Tt LABORATORY 

a- 1 High Energy 
Rccket Engine 
Research Fae. 

STAT:.JS: 

I \ 

RESEARCH 
INSTALLATION (FOR) 

NERVA l
1ER1.,'A e"g'""' pr,v•e 1 1~~+ t-eed s · '- ~ ··-·"' I rt , : '"'~ -~ • ~ 1 . ... 1~ =.f-:..+. l _(';), -> 

A2G ,A2F;A6B 
~enneberry) 

The inves tigation -..it i l i :-.c ! ~df t ~.:-b p:. :p 
11boot strapp!:1911 tfs t s, 11<.: : d :::-,!:",,: ;:,0; 1: ­
ties in the englne f!rn·,; pass:Jges e:id 
eQ\J l pr.:E.rt p~.rfcr'.°'.:a;1ce ew11 ~F: ti c,r.s. 

Al l w~ rk at Plum Rrook is e!~her en or a ~~s d cf c~t PlR7 
schedu1e. No hct l ity prcl-:.i<"::-r.s a r ~ f;ppare:·\t 2.!: t'.. ·: s ~. ,: :,,::. , 
however all najor sys te::;s \·n n , r :·1e exce ;- t: c:-, :.\r U-:i.-. .',t<.':--r1 
sys tem are s t i ll I '" i:~1"; h,rnds ~f ;: 'Ht -.... , ;1{·. :·.-==·-tc.!·s . I 
Checkr,ut and operat ion of t.~:c stee:r? sy~ :-·;:: : s.. ';.}7. ; ~ : .. roe: •.; ..... f . i 
All operations 1/J~d cl; r:~e s tca :r. sy St f.F., w-.: s ::t,: ~, !v,"'•, i t,~ pe r- i 
form have been pe:rfor·~:ed sar! sfai::rc:- : l y . r~ ----, i:=; .-, .. i 1 

problem encoun t ered i s r. !.e operc.~: .;:: of " :-.6 ::..-!' : c <: , .-~·: t"s 
on the steam accur.,u l~tcrs. ~ese, valves r,5· . .;t= •• pef'r-,t~.d s.:.. r: : -s ­
factori ly In or.ly cne of e f g~:. r.imes ;:;;er: t- :~e .s t:f,~·:-. s ., s! ::::-: 
has been operated . The ma~ufac-::ure~ c,f ::.~.,;. v <'= ! ve z~d 
oper ator ha·.,,e been called i :-! tc S ': :.Jdy r :-,: s prob·l·::'.J: . 

r. Lc 

With steam flowing at rated press ore t~rougr. !x:-t~ ej ec i:c.;t s 
a ll flares a re "bl own out" on tt:e flare st-:3;:J.- . 'f}:i s p r r,b­
lem is currently being inves tigated. 

The nozz le, turbo puGp and reactor are : ~rr~~ ~ly s =~ed~led 
for deliv~ry to Plum Brook March )8, 1963. The r~a.::.t<.·11· 
Instrumentation i s essen:la 11 y ccqdete . r!-.e n:; zz 1 e ;:•s ~r", i­
mentaticn instal 'l ::! t: ion co:".'.:,,e:iced app, rox:'!:C'Jt·e1 y Fe.hn!.a ry 20, 
1963 and is schedu :ed for corr.ple:.lon March )8, 1963. T~1t': 
turbo pwi:9 wr.1 s r.€! s~:ed a t t he Rocket dy;ie picn~ 0 .-1 ~-eb r..J~ry 
20 , 1963. The f. 1:-st data ; s C!lrrnnt ly !:le.l .-~9 <': ,ir: i yz ,,d. i< 
the test ..-.1a s sa t i stactcry ::he pu~w il \ be s h;;.;p'='d t c uM i 9 

i f'!'.r:-ie dU-, te I y . 



3/28/1963 

PLUM BROOK STATION ROCKET SYSTEMS FACILITY STATUS REPORT CONTI NUED 

SITE 

S- 1 

LABORATORY 

HIGH ENERGY 
ROCKET ENG INE 
RESEARCH FAC. 

STATUS: 

RESEARCH 
INSTALLATION (FOR) 

NERVA 
A2G, A2F, A6B 

(Henneberry) 

DES CR I PTI ON 

NERVA engi ne propellant feed sys tem tests . 
The inves t i gation wi 11 i nclude turbo pump 
"boot s t rappi ng" t ests, fluid instab i l it ies 
in the engine fl ow passages and equipment 
performance evaluations. 

All work at Plum Brook is either on or is ahead of the PERT 
Schedule . No maj0r facility prob lems a re apparent at this 
t ime. 

The opera tion of thE: steam system ha s Liet:!1: thon.·ughl y c.hecked . 
The fol lowing probl em:s current ly e"is l: r~1.-' r-,-:i t or o;::erators 
for the steam accumulator d i scha1·9e val vt::, ;;re i,,tr:l-c rsize and 
somet imes wil 1 not open the valves . Th i s 1::; be;n::; corrected 
by replacing the operators . The 1611 plug - cyp.: steam valves 
between the accumu lator discharge valves a nd the pressure 
regulat i ng s tation do not seal and the operators for these 
valves do not function proper ly . These valves are not re ­
qu i red and are being rep laced with spool o ieces . The s team 
pressure regu lating stat ion is unstable . Th i s probl em is 
currently be ing investigated . With steam f la.,.,ing at rated 
pressure through the ejectors,a ll burners on the f lare s tack 
are b lown out . This problem is being investigated . 

Checkout of the pumpi ng capacity of the two stage ejector 
system wa s started on March 12, 1963. Five run days wi 11 be 
required to completely checkout thi s system . All checkout 
runs have been postponed until the steam pressure regul ator 
can be stablized, I t i s currently esti mate d that these tes t s 
will be completed April 12 , 1963: 

Note@- The reac tor and nozzle is reschedul ed for del ivery 
to Plum Brook on Apr i I 12, 1963. The turbo pump has not been 
rece ived at LRC trom Rocket dyne . The tu rbo pump is s cheduled 
for del ivery to P: um Brook the first week of Hay. 

Page 11- 3 



, ______ , _____ .. _ ...... ______________________________ ! 
-s __ n_t LA80RA_.TORY RESEARCH DESCRIPTION _ I ~J~TALLATI ON~{F __ OR-'-) ___________ _ 
-1 l HIGH ENERGY NERV1-\ NERVA engi ne prf)pel !ant feed sys ti?tr, t c; ~;·:~-J 

I Rnr;,r·T -NGl·.r A.,G · 2-;:-~ ""h ' · · '' l · 1 · · j l •J\..r-C! t r'lt .:. , , P, .. . Ao,. 1 ,e 1nvest1gat1or, \•i! 1 inc :.:oe t:.i;· c~·- p:.zt pi 
•t. '-.", r..,~c;.EA°CH, F'At ( L•. . . ' Ill. t t . II t , f I • I • .. .. • i ·· . .., " ,, .ne.nneoe,ry1 ,.,oo s·rapp;ng escs, .' · ti t,·, , ns t an1t:~

1 l tie5 in the engine flow p,::;s i,; s9t:~- a r:d 
f equipment performance eva I ua t i ons . 

I STA1'US: The reactor and nozzle, and Rocketdyne turbupump were 

I 
delivered co the test stand on April 11 and Apr il 24, 1963 
respectively. The research installation piping, instn.ime r-:··· 

STATUS: 

tation, and electrical work has commenced and is scheduled 
for completion on June 15, 1963. 

The steam system ahd ejectors have been operationally chei 
and work is in progress to correct deficiencies uncovered 
during this checkout. Specifically work is underway in ~he 
following areas; (a) Pressure Regulation - The exi s U !19 
un i t was found to be unreliable in automati c mode. Oeslg :-! 
has started on a new control system using electro-hydr,~:.:l k::,. 
This problem will not result in a delay as the present sys­
tew can be operated on a manual basis. (b) S. M. Smlth 
Rotovalves - These ihut off valves upstream of the press~re 
reguloting station have malfunctioned and would require new 
actuator cylinders. Review of operational procedures l ~­
dicates that t here is no necessity for these valves and 
they are consequently being replaced with spool pieces. 
(c) Preheat System - Based on experience during check out 
it is advisable to relocate the preheat line to the 2411 h:gh 
pt·e~sure hcr1der. Work is underway. (d) John Zink Flare::.·· 
The flares have been extinguished during steam flow. A 
representative of the company has observed this problem and 
has recommended lnstallation of a gas compressor to boost 
!, ... iet pressure with a possibility of some modifications 
being required on the overhead lines. Gas compres5or i n~ 
stallarion i s scheduled for completion on June 3, 1963. 
(e) Ll~;to~que Operators - These valve operators on the 
accumu l at or ~1u t off valves have caused considerable 
operat.lorial diff icul ties. Investigation '1c.1s sl·:own U1r.:::'/ a tef 
in"' r glnal i n desi gn arid lar~ier operators have been orde r·e c~ . I 
An effort was ;nade to obtai:-: pwnping capaci t y data ,y, -::\e ~ 
steam ejector system du r if'!~ the period March 15 t o .A.p :- :1 8,! 
1963. St ructu ra l failure of the pressure rakes re~; .. I >~d rrJ 

c 1 1 t . • -t . d T' • f • 1 • · · 1 no , ow ca~a bei ng oo a1ne. n1s . a1 ure was a tti =~~~ec l 
1- • b .. • f "> t ! . • "'"- a res · l r ·i' t !-, ,,. ' . .• .. •• • • . ·'- .. •• l ~O ·11 . ra ,. 10n , r.1.19~e ~- . u ... o . . , .. ~e -~,e~~'> . ( ·, '" .. :i::i, ... . ~, 

1 ope ration i n an efforc to correct the d 1f t 1cu1t; e s w:th i 
the pr~ssure regulati'ng station. A limited ~1ff'i.•:Jr, t of bhnk 
off data was obtained However, th i s data wi i 1 be reported 
by Nuclear Rocket Systems Section. 

Present scheduling calls for effort to be directed to the 
main process system at this time. Assuming no major opE> , = 
ational difficulties during hardware installation or check 
out a cold shock with LN2 is scheduled on or ~bout Jur.e 15. 
Research operations are scheduled to commence on er abc;;.;t 
August 1. 

rarrighi
Typewritten Text
April 1963



PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED 

SITE LABORATORY 

B•l HIGH ENERGY 
ROCKET ENG I NE 

RESEARCH FAC, 

STATUS; 

.· 

I 

RESEARCH 
INSTALLATION (FOR} 

NERVA 
A2G,A2F, A6B 

(Henneberry) 

DESCRIPTION 

NERVA engine ~ropellant feed system test 
The investigation will include turbopump 
11 boot strapping11 tests, fluid instabi 1 j. 
ties in the engine flow passages and ljC!Ui 
ment performance evaluations, 

Note @ : Present schedu 11 ng ca I ls for LNz checkout runs 
commencing July l, 1963, Research operations are scheduled 
to start the middle of August, 

Leveling of the turbopump and support pads was completed 
May 22, 1963. Considerable difficulty was encountered in 
the leveling of the turbopump which was due to the flexibil­
ity of the support structure and Rocketdyne requirement that 
the 3 support pads be on one plane level within ,003 of an 
inch, Due to flexibility of the structure, the pump could 
only be leveled to within ,006 of an inch. 

Installation of piping, instrumentation and electrical work 
is now scheduled to be completed by July l, 1963. This work 
was delayed due to the difficulties encountered !n leveling 
of the turbopump and the holding of PR 1 s for the cable lad• 
ders and the mylar diffuser seal by the Budget Office, 

The following is a list of steam system modification items: 
(a) A purchase request has been init.l•ted to design, fabri• 
cate and install an electro-hydraulics control system for 
the steam pressure regulating valves, (b) The S, M. Smith 
rotovalves have been replaced by spool pieces. (c) Steam 
preheat 1 i ne has been rooved from the 30" second stage steam 
line to the 24" high pressure steam header. (d) New 1 imi• 
torque operators have been ordered for the 18" discharge 
lines on the steam accumulators, (e) Due to the flares 
being extinguished on the flare stack during rated steam 
flow, the aspirator sections on the flare stack must be 
lowered 10 1 and a gas compressor installed to raise the gas 
pressure to 15 fS!, These modifications are scheduled for 
completion June 15, 1963. 

rarrighi
Typewritten Text

rarrighi
Typewritten Text
May 1963



June 1963 

SI TE LABORATORY 

8-l HIGH ENERGY 
ROCKET ENG INE 
RESEARCH FAG. 

RESEARCH 
INSTALLATION (FOR) 

NERVA 
OT025O 

(H.M.Henneberry) 

DES CR I PTI ON 

NERVA engine propellant feed system 
tests . The investigation will include 
turbopump 11 boot strapping11 tests , fluid 
instabilities in the engine f low pas ­
sages and equ ipment performance evalu ­
ations . 

~ @: Present scheduling calls for 1 iqu id nitrogen 
check out rur.s commencing September 11, 1963 , Pressure 
checking and cold shocking of the systems wi th l iquid nitro ­
gen are scheduled to commence August 30, 1963 . Research 
runs with liquid hydrogen are scheduled to commence Septem­
ber 25, 1963. The a bove dates can only be met by putting 
t he existing manpower on a six day week. Without overtime, 
the research run schedule wi 11 slip to October 15, 1963 . 

STATUS: The fol l owing work remains to be done prior to 
final facil i ty checkout : Mechanical - 2500 manhours, Elec­
trical - 1700 manhours, Instrumentation - 1000 manhours . 
The nitrogen purge system preli minary checkout was com­
pleted on June 18. Minor deficiencies were found which 
included minor leaks, improper pressure switch settings, 
and improper li mi t switch settings. All deficiencies are 
currently being corrected, 
Most of the st eam system modifications have been completed 
and hydrostatic testing of the system is scheduled for com­
plet i on by June 28 . The new operators for the accumu lator 
discharge va l ves and the new pressure control system wi 11 be 
installed when the equipment is received . 
The modif ica t ion to t he aspirator units on the flare stack 
has been delayed due to diffi culties encountered in con­
t racting t his job . 

Page I 1- 2 



SITE LABORATORY 

B-1 HIGH ENERGY 
ROCKET ENG I NE 
RESEARCH FAC. 

RESEARCH 
INSTALLATIONS (FOR) 

NERVA 
OT0250 
(H. M. Henneberry) 

DESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation will 
include turbopump 11 bootstrapping" 
tests, fluid instabilities in the 
engine flow passages and equipment 
performance evaluations. 

NOTE@: Present scheduling calls for liquid nitrogen 
checkout runs commencing November 4, 1963. Pressure 
checking and cold shocking of the systems with 1 iquid 
nitrogen are scheduled to start October 21, 1963. Research 
data runs are scheduled to commence November 18. 

STATUS: The above slippage in the schedule was caused by 
the transfer of one mechanic from "B-1" to the CENTAUR 
project at "E" stand and the fact that no overtime was 
worked during this month. lt is anticipated that a new 
mechanic will be assigned to 8-1. lf this occurs, the 
run date will be improved accordingly. The following work 
remains to be done prior to final Facility checkout: 

Mechanical 1786 manhours, electrical 1070 manhours. 
Instrumentation 1102 manhours. 

The following items were completed during July: 

a. Installation of hydraulic system was completed. 

b. Contract awarded for the repair of the steam 
accumulator covering. 

c. Contract awarded for the flare stack aspirator 
unit modification. 

d. Installation of the He purge to the research 
piping was completed. 

e. Two of the~' Jamesbury valves on the N2 purge 
system were found to have the bodies and stems 
galled. The valves were returned to Jamesbury 
Corporation for repair. 

f. Cat walks and stairs at steam accumulators were 
installed. 

g. F1oor drain and permanent steam trap 1ines were 
insta1led in va1ve house. 

h. Liquid nitrogen pump was insta1\ed. 

Page 11-2 
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SITE LABORATORY 

8-1 HIGH ENERGY 
ROCKET ENGi NE 
RESEARCH FAC. 

RESEARCH 
INSTALLATIONS (FOR) DESCRIPTION 

NERVA 
OT0250 
(H. M. Henneberry) 

NERVA engine propellant feed system 
tests. The investigation will 
include turbopump "bootstrapping" 
tests, fluid instabilities in the 
engine flow passages and equipment 
performance evaluations. 

NOTE @ : New research requirements cal led for helium 
and hydrogen gas runs which are scheduled to commence on 
September 16 and to be completed October 11. The I iquid 
hydrogen run start date has been rescheduled from November 
18 to October 29. Due to the addition of increased overtime 
efforts and the addition of outside contractors to assist in 
the installation work, run schedules have been improved from 
3 to 5 weeks. 

STATUS: The following items were completed in August: 

a. Aspirator units on the flare stack were changed. 

b. Wiring for chilldown panels was completed. 

c. New operators were installed on the steam accumu­
lator discharge valves. 

d. Purge gas I ines to reactor and nozzle windows were 
installed. 

e. Helium purge was installed between LH2 tank and 
insulation. 

f. All research piping was installed complete. 

g. Air drier was installed in test stand. 

The following work remains to be done prior to final 
facility checkout: 

a. Mechanical - 822 manhours. 

b. Electrical - 508 manhours. 

c. Instrumentation - 917 manhours. 

Page \ 1-3 
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' 
S ITI LABORATORY 

RESEARCH 
INSTALLATIONS (FOR) DESCRIPTION 

B-1 HIGH ENERGY 
ROCKET ENGINE 

RESEARCH me 
NERVA 

OT0-250 
(H ,M .Henneberry) 

NERVA engine propellant feed system 
teS t s. The investigation wi J l in­
clu?e :urbopump "bootstrapping" tests 
fluid instabilities in the engine flo; 
passage~ a nd equipment performance 
evaluations. 

STATUS; Checkout of the facil i• fo h 
0 

pleted on September 
20 1963 

"+ r el ,um gas flow tests was com-
with three additional ~as fl~ te:~ res~a~ch data tests have been made 

~! !6Mpleted ~clober ~ !~bl fh ~jsc e uled. These gas tests will 

fl 1 
• 3. 

0 0 

e hrst gas test was with a helium 

ow rate of l2#/sec, A preliminary evaluation of the data indicated 
a 40G acceleration at the nozzle. The second test was made with no 
he/ ium gas floiving to determine the vibration induced into the re­
search hardware by the steam ejectors. The data from this test in-
di cat es that the l to 2 G's acceleration at the nozz I e is due to 
the steam ejector system. With the assumption that the higher accel­
eration rates are a result of the gas flow through the system, this 

wi 11 be verified by fu.ture tests. 

The liquid hydrogen runs are scheduled to commence about November 18, 
1963. The following problems must be corrected prior to liquid runs: 

a. Gas flares on second stage ejector will not stay lit with 
steam flowing. Several modifications to the flares have been 
made, however the problem has not been corrected. Currently 
John Zinc Company (Manufacturer of the flares) and NASA per-
sonnel are working on this problem. 

b. Liquid hydrogen run tank discharge valves must be replacedo 
These new valves will have the capability of being ramped 
openo These valves will be furnished by the research engi-

neers.and are on ordero 

c. The vent check valves on the hydrogen vent lines must be re­
placed. The original check valves are not structurally ade-
quate for surge pressures in the vent lines. 

d, Liquid hydrogen lines not insulated under the original con­

tract must be insulated. 

e, Explosion proof lighting for movie and T ,V. cameras must be 

installed. 

l'agel\-2 
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SITE LABORATORY 

B-1 HIGH ENERGY 
ROCKET ENGINE 
RESEARCH FAC. 

\ 

RESEARCH 
INSTALLATIONS (FOR) 

NERVA 
OT0250 

(H.M.Henneberry) 

DESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation will include 
turbopump 11 bootstrapping11 tests, fluid 
instabilities in the engine flow 
passages and equipment performance 
evaluations. 

STATUS: Eight data runs were made during the month of 

October. Tests were made with helium gas, at maximum flow 

rates of approximately 3 lb./sec. No movement of the 

reactor core modules was evident. 

Accelerations as high as 40 g's were measured on the nozzle 

during these tests. An investigation to determine the 

cause of these accelerations is currently underway. 

Following the completion of the gas test on October 25, 

1963, all instrumentation was removed from the reactor and 

nozzle. Also, at this time, all other pressure transducers 

were disconnected. The following work must be done prior 

to liquid runs: 

l. All pressure transducers wi 11 be checked, recalibrated 

cleaned and reinstalled. 

2. All pressure channels will be checked. 

3. All thermocouples on the reactor and nozzle will be 

reconnected and checked. 

4. All pressure balance panels will be modified. 

5. One module of A-16 amplifiers will be modified. 

6. ~ew amp\ifier modu\es wi\\ be \nsta\\ed and checked 

out. 
Page 13 
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SITE LABORATORY 

B-1 HIGH ENERGY 
ROCKET ENGINE 

RESEARCH 
INSTALLATIONS (FOR) DESCRIPTION 

RESEARCH FAC. (Continued) 

7. New Rosemount electronics will be installed and 

checked out. 

8. The automatic start feature will be incorporated in the 

SEL (IOKC) digitizer. 

9. Noise on any channel will be traced down and removed. 

10. Tests will be conducted to determine the feasibility 

of paralleling the new SEL digital system with the 

other digital equipment. 

At the present time, the nozzle is being pressure checked and 

the reactor core is being shimmed. New burners for the flares 

on the 2nd stage ejector have been received from John Zinc Co. 

A contract is presently being let to install these burners. 

Modifications for liquid hydrogen runs by the PB Service 

Units are currently underway and should be completed by 

November 29. The only delay in facility operations that 

apparent at the present time are the installation of the 

explosion-proof lighting. Award 

of the lighting contract is expected by November 4, 1963, 

with completion approximately 40 days after award. The 

instrumentation work schedule depends upon delivery of equip­

ment from Cleveland. 

NOTE@ : Liquid hydrogen tests are scheduled to commence 

the week of Dec. 16, 1963. The schedule change for the 

1iquid hydrogen runs was due to extension of gas testing in 

an effort to determine the cause of high nozzle accelerations. 

Page 14 



SITE LABORATORY 

8-1 HIGH ENERGY 
ROCKET ENG I NE 
RESEARCH FAC. 

RESEARCH 
INSTALLATIONS (FOR) DESCRIPTION 

NERVA 
OT0250 

(H.M.HENNEBERRY) 

NERVA engine propellant feed system 
:ests. The investigation will in-
cllde turbopump 1:bootstrapping11 tests, 
fluid instabilities in the e~gine flow 
passages and equipment performance 
evaluations. 

STATUS: Facility preparations continued for the liquid hydrogen tests. 
The following major items were worked on during November: 

1. The reactor core was shimmed and the nozzle was pressure checked. 
These items were ther reinstalled in the facilitv. 

2. Stiffeners were added to t~e no flow diffuser. 

3. Anti-vortex assembly was installed in the 1 iquid hydrogen tank. 

4. All thermocouples on the reactor and nozzle were reinstalled and 
checked. 

S. Pressure balance panels were modified, 

6. One module of A-16 aMpl ifiers s,as modified. 

7, Six out of the eight new amplifier modules were installed and 
checked out. 

8. Rosemount electronics were installed and checked out. 

9. The B-l Control automatic start feature for the 'H' Bldg SEL 
(10 KC) digitizer is in process. 

10. Tests are in process to determine the feaslbil ity of paralleling 
the new 'H' Bldg SEL (10 KC) equipment with the 'H' Bldg SEL 
(4 KC) digitizer equipment. 

11. The contract for the installation of explosion-proof 1 ighting was 
awarded and instal iation is in progress. Completion is expected 
the week of December. 23, 1963. 

12. New burners were installed on the 2nd stage ejector. These 
burners would not stay lit under rated steam flow. Further 
studies of this problem are in progress. These studies consist 
of two parts: (a) Are the flares required for safe operation of 
the faci l lty? and (b) What modifications are required to insure 
that the flares wi 11 stay ignited under rated steam flow? 

Facility preparation and checko~t should be completed the week of Dec. 
16. A fu11 scale data run,CJsing 1iquid ni~rogen as the propel1ant,wi11 
be made the week of Dec. 16. liquid hydrogen testing wi11 commence 
after the successful comp1etion of the liquid nitrogen checkout test. 

Page 14 
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SITE LABORATORY 

B-1 

13 

HI GH ENERGY 
ROCKET ENGINE 

RfSEARCH f.'AC 

December 1963 

RESEARC:-1 
I NSTA'_LAT IONS (C:OR ) 

DESCR1PT ICN 

NER~A 
CT0-250 

(r. .M.HEN~E8ERRY) 

NERV~ cng i~~ pr~pella~: f~cd system tests . 
The i:iv-=s": i ga::ie-a i..!l l i~c1ude turbopump 
"boo~str,pp ::-19 11 '.::es !:s , flui d i nstabilities 
:n t ne e~g ;ne f la~ p2ss~ges ~nd equipment 
perf orr..ar.ce "='i3 I :Ji'i··; i c.~s . 

STAT:.;S : Cn De-c.er:iber 18 , 1963, c>:, h:tia l co::',F•letl"! system 
liqui d nitrog~n data r un w~s attemp~~d . The run hRd to be 
a bortRd t ecause t he !ns ~runert noise 1e~~,s were above the 
c:ccep tab l;;; iir-t! ts ,~nd addi::!0:-1,'il pr:b lc.':S ...,.,e .. r:: encounte r ed 
}r1 ~!-le- :::,:.r,,; tcr i :---stru:!.e- t'='!~:c,:-! . T:"-=. ": .. ~r.l~c:- i:1s!: rtJmenta ­
~lon prcb le':'! r.s s been cor:-!:-c·ted ?.:1d a;i ex':e:-s rve ir.vest i ­
g~~lo:-t of the ins!: ru~e~t wi r ing i s b£!n3 co~dJc!ed to de­
tern!:ie !f t~e ~;r!~3 !~st~llatic~ is i~ acco~~ance with 
e.s::a b ~ish~d lcw-Jeve 1 s ig.ic1 sr~iE.id:!':S pnc::;ce,s . Al s o , 
all r.o i s3 s o:.. r ces \.!ll I be rec:-:-::c:'<.e:d "'?:.d el i::-.:~c;tea if pos­
s i b I e . A co:--::p 1 e-1;6. i :,~t r :.::,e;-r::3~ 1 C!' d:--y ru~ is tenta·:: l ve l y 
schedul ed fer J~~u~:--y 13, 1964 . A~c~~Pr ~i~ui d n i t rogen 
do~a ;u:i i s sche,du led ~e r Ja~~s~y 17 : 1964 :f t~e ins trum­
e ~~5::i or. ~u~ i s successful . 

Faciii ·::y ::iecl-!an ical 1,\•0:--k C'.'.i;"\dnuec; , w ·.; ~-;:~as : s on pre­
p;:i rat: on f o:- a 1 iqu id hy~rcg~n tes t . Prese-::~ e s ti:.c:tes 
ind icete about 400 r.-.2;1!iours o~ r::echc::1lc;?I t,•o:-k ere re­
qu'. r ed to p r epare for tha liquid hydrog~n test. Al !quid 
~ydr ogen da~a run '.s sched~le d ~er ~he t~l:-d or four~h 
we ek of Jtrnca r y, or o:ie tc t,.10 •,.:eeks c:fte r t he successfu l 
l iqui d .i i't roge:-i test. Cr i ti,:;.3 ! probl e~!i a rea s possibly 
a ffec~i ng the l i quid l-:yd roger, ru:1 a:·~· : 

(1 ) Resolution of the John Zinc burner problem . New desigr 
units are currently being installed . Checkout under 
var ious steam conditions by RSD personnel will be con­
ducted Janua ry 7, 1964 . 

(2) Leak-t ight sealing of the liquid hydrogen tank to adap­
ter flange. Flange leaks were experienced with liquid 
nitrogen , so teflon coated self -energizing metallic 11011 

r ings were ordered and are scheduled to be delivered 
January 7, 1964. 

(3) Thorough checkout of the RocketDyne pump discha rge 
valve to assure leak tightness. Valve leakage would 
cause a safety hazard during pump chi I I-down. 

NOTE @ : Site operations schedule was changed because of 
difficulties encountered in checkout run of December 18, 1963 
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INSTALLATIONS . (FOR). 
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OT02SO 

(H.M.Henneberry) 

OESCRI PTION 

NERVA eng ine propellant feed system 
tests. The investigation wi II in­
clude turbopump 11boot st rapping11 

tests, fluid instabilities in the 
engine flow passages and equipment 
performance evaluations. 

STATUS: The first liquid n i trogen data test run, un­
der altitude conditions, v~as completed January 17. 
I t was necessary to compromise some of the data chan ­
nels due to excessive noise levels. Minor facility 
problems were exper ienced with the nitrogen purge sys 
tern. The instrument noise has been attributed to rhe 
Rosemont temperature sensor power supply network. An 
instrument engineer from Rocke t Systems Divi s i on ha!:> 
worked directly with Rosemont in attempts to elimi­
nate this problem. Although promising results were 
obtained in the 11 laboratory11

, these results could not 
be obtained in the field installation. The nitrogen 
purge system problems have been corrected. 

A second liquid nitrogen data test run was atternptc::d 
on January 28 and was aborted due to bigh noise level 
on approximately 6Wo of instrumentati on channels. 

The major facility mechanical problem encountered was appar~ 
ent failure of one hydraulic pumping unit . At the current 
time, work is continu'ing on both of these problem areas. 

Other than those problems already mentioned, the major im­
pediment to a liquid hydroge n test run -is the leak-tight 
sealing of the Rocketdyne pump discharge valve which was 
found to leak at liquid nitrogen temperatures. Possible 
alternatives are presently under consideration to allow 
a liquid hydrogen test without hazarding the facility. 
The status of problems indicated in prior reports i s as 
fol lows: 

1. The new John Zink flare design has proven to be satis­
factory in two tests. 

2. The tank adapter flange outer 11011 ring has been sealed 
at liquid nitrogen temperatures; however, additional work 
remains to be done on the inner 11011 ring seal . A second 
liquid nitrogen data run is scheduled for the first week 
of February. The date of the first liquid hydrogen test 
run is approximately two weeks after a successful liquid 
nitrogen data run. 

rarrighi
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DESCRIPTION 

NERVA engine propellant feed system 
tests . The investigation will include 
turbopump "bootstrapping" tests, fluid 
instabilities in the engine flow pas - . 
sages and equipment performance evalu­
ations. 

On February 12, the second liquid nitrogen data run under 
altitude conditions was completed. Accord i ng to the Lewis 
project engineer, the data appeared satisfactory with the 
exception of the Rosemount temperature sensor channels. 
To reduce the noise In these signals, individual l sop lys 
are being installed on each Rosemount channel. This work 
is scheduled to be completed for the next data run. Another 
problem encountered during the run was the freezing of con­
densed steam in the nitrogen purge system regulators. This 
problem wl 11 be e liminated by changes to the operational 
procedures. Progress on problem areas indicated in prior 
reports is as follows: 
~arr1ng aaa1t1ona1 ana unroreseen a1rr1cu1c1es w1tn researcn 
pump seal checks and final assembly, it is planned to oper­
ate the liquid oxygen pump on liquid nitrogen during the 
week of March 15. 

(1) Modifications to the instrument transmission cable 
grounding system has eliminated the major instrumenta­
tion no ise problem which caused the cancellation of the 
January 28 test. - · 

(2) The tank adapter flange was removed, inspected, the 
damaged inner 11011 ring was replaced, and reassembled-. 
The unit wi II be pressure-checked at cryogenic temper­
atures prior to the reinstalling of the pump inlet piP.­
ing. Insta lla tion of the 11011 rings is difficult because 
of their flexibility and large diameter. 

(3) A conference was held with Lewis Personnel and the fol­
lowing decisions were made: 

(a) The Rocketdyne pump discharge va lve which is not 
sea ling properly wi 11 be rep laced with a 411 Hadley 
butterfly valve. 

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

(c) An Annin hydrogen "dump'' va Ive wi 11 be i nsta 1 led­
upstream of the Hadley valve, so that chilldown 
hydrogen can be dumped prior to initiating the 
start-up test sequence. This system will allow a 
more realistic initial condition in the downstream 
pip ing, nozzle and reactor. Formerly , the chill­
down fluid passed through these components prior 
to the starting of the test sequence . 

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

rarrighi
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NERVA 
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(H. M. Henneberry) 

DESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation will include 
turbopump "bootstrapping" tests, fluid 
instabilities in the engine flow 
passages and equipment performance 
eva 1 uat ions. 

. 

The first liquid hydrogen data run was achieved on March 25. 
No major problems were encountered and a preliminary data 
check indicates that the data acquisition system operated 
satisfactorily. However, final evaluation cannot be made 
unt i 1 the run data has been reduced. 

Prior to the March 25 liquid hydrogen run, the following 
facility modifications and improvements were completed: 

(1) Individual "lsoplys" were installed on each Rosemont 
temperature channel. Checkout tests indicate the 
elimination of the noise previously experienced on 
these channels. 

(2) Operational procedure changes eliminated the mal­
function of the exhaust duct nitrogen purge. 

(3) The run tank adapter flange was welded to the tank. 
This was necessary because all other efforts to seal 
this flange at cryogenic temperatures were unsuccess­
ful. 

(4) The Rocketdyne pump discharge valve was replaced with 
a 4" Hadley butterfly valve. The system was leak 
checked with liquid nitrogen and significant leakage 
was experienced during chilldown, but a good seal was 
obtained after approximately 20 to 25 minutes at 
liquid nitrogen temperatures. 

(5) An Annin valve was added to dump the liquid hydrogen 
chilldown fluid overboard prior ~o test run startup. 

(6) A Milton Roy Co. "Hymonitor" hydrogen detector was 
installed at the nozzle exit to detect any hydrogen 
leakage past the Hadley butterfly valve during the 
chilldown. 

A second hydrogen test is scheduled for the week of April 6, 
with successive tests scheduled for every other week. 

15 
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DESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation wi 11 include 
turbopump "bootstrapping tests, fluid 
instabilities in the engine flow 
passages and equipment performance 
evaluations. 

On April 7, a second liquid hydrogen data run was aborted 
after the run tank had been loaded, when the normally open 
Jamesbury run tank vent valve could not be fully closed. 
The valve seemed to be frozen, but efforts to free it with 
ambient purge gas failed. The apparent trouble was caused 
by a decrease in the Jamesbury operating pressure due to a 
leaky bleed valve. 

On April 22, a liquid hydrogen run was successfully made. 
Trouble was encountered with the run tank vent valve after 
the tank was loaded. The valve would close but could not be 
fully opened. The run was made by careful manual control of 
the run tank servo vent valve prior to and after the auto­
matic sequence. The exhaust gas was ignited by the flare 
stack on the second stage steam ejector on this run. The 
present status of the facility is as follows: 

Items completed this month: 

(I) The four-inch Hadley pump discharge valve was removed 
and a new seat installed. (Valve indicated leaking 
under vacuum conditions on the first liquid hydrogen 
run.) 

(2) The Hadley pump discharge valve was leak-checked with 
an external I iquid nitrogen bath. 

(3) Permanent control and power wiring were installed for 
five high-speed movie cameras. 

(4) Temporary wiring for an additional TV camera was 
installed. 

(5) TV selector switch and TV tape recorder were added. 

Problems presently being investigated: 

(I) The operation of the Hadley pump discharge valve, and 
the reasons for leakage experienced by this valve. 

(Continued on Page 16) 

15 
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(2) The operation of the Jamesbu ry vent valve. 

Items to be completed in May: 

(l} The installation of a quality meter between the liquid 
hydrogen pump and the nuclear engine. 

(2} Addition of a bleed line from the pump discharge to the 
tank vent to facilitate a shorter pump cool down ti me . 

(3) The installation of a purge gas heater to be used to 
heat the engine to ambient temperature after the test 
run. 

(4) Repair of the support brackets for flare stack on 
2nd-stage ejector,which were damaged by vibration on 
the last liquid hydrogen run. 

Liquid hydrogen test runs are scheduled for May 6 and May 20. 
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INSTALLATIONS (FOR) 

NERVA 
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(H.M.Henneberry) 

DESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation wi 11 include 
turbopump "bootstrapping" tests, fluid 
instabilities in the engine flow pas­
sages and equipment performance eval­
ua ti ans . 

On May 6 and May 22, the third and fourth liquid hydrogen 
runs were successfully completed. The May 22 run was sched­
uled for May 20, but had to be postponed two days because of 
a blockage in the two-inch discharge line on the H-8 liquid 
hydrogen supply dewar. Facility modifications were required 
so that the H-3 dewar could be used. 

Other i terns completed this month: 

I. Jamesbury vent valve operator was modified so that 
pneumatic pressure would assist the spring in opening 
the valve. 

2. A quality meter was installed between the pump discharge 
valve nozzle inlet. 

3. A bleed line was installed immediately upstream of the 
pump discharge valve to facilitate pump chilldown. 

4. The brackets supporting the flares on second stage 
ejector were repaired. 

5. Exterior painting of the test facility was completed. 

Problems presently being investigated: 

I. The leakage of the four-inch Hadley pump discharge 
valve is being investigated. 

2. Installation .of a purge gas heater to be used to heat 
the engine to ambient temperature after the test run is 
being investigated. 

Liquid hydrogen test runs are scheduled for June 3 and 
June 17. 

15 
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NERVA engine propellant feed system 
tests. The investigation will include 
turbopump "bootstrapping" tests fluid 
instabilities in the engine flow passages 
and equipment performance e·, ' 1uations. 

On June 3 and June 17, liquid hydrogen runs No. 5 a0d No. 6 were conducted 
at liquid hydrogen flo.., rates of six pounds per second with 10 PS~G tank 
pressure and 14 pounds per second with 35 PSIG tank pressure. 

Critical startup transient data was not recorded on the June 3 run because 
the "H" Bui !ding data recording equipment started 24 seconds late. The 
cause of the delayed start is unknown and the system has been repeatedly 
checked and it operated correctly for the June 17th run. Startup tran­
sients of the June 3 type will be repeated in future tests. 

During the June 3 run, oscillations were observed on the pump inlet flow­
meter, pump interseal gaseous helium purge pressure, and the pump aft 
bearing temperature. Fol lowing the run, the inlet flowmeter was removed 
and checked. The bearings showed considerable wear and they were re­
placed. The three instrument channels that were involved were checked 
for cross-talk, but none was found. 

On the June 17th run the pump interseal purge was turned off and no os­
cillations were experienced. lt was speculated therefore that the os­
cillations were caused by the pump interseal bleed; further investigation 
to verify this will be made on the run of July 1. Following the June 17 
run, the pump exit Venturi flowmeter was removed and sent to Lewis for re­
calibration for the next run. 

Items completed and items worked on in June: 

(1) A general Monitors Company gaseous hydrogen detector was evaluated 
at Plum Brook for potential use as a hydrogen leak detector in inert 
atmospheres; this preliminary evaluation indicated the unit was not 
suitable for this application. Further consultation will be made 
with General Monitors personnel. Use of a modified MSA unit is now 
being investigated. 

(2) Hydraulic and gaseous helium regulator system on pump package was re­
located to improve TV viewing of pump turbine shaft. 

(3) Rehabilitation of Boilers #2 and #4 is nearing completion. When com­
pleted, capacity of the Boiler House will be doubled, resulting in 
shorter time periods for charging steam accumulators. 

Liquid hydrogen test runs are scheduled for July 1, 15 and 29. 

NOTE@: Schedules changed due to program re-evaluation. After startup 
transient tests with the present system are completed, one bootstrap test 
wil1 be made prior to changing to f1ight weight piping system configura­
tions. 

17 
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RESEARCH 
INSTALLATIONS .(FOR) 

NERVA 
(Tl O 11) 

(H. H. He nneber ry) 

DESCRIPTION 

NERVA engi ne prope l lant feed system 
tests. The investigation wil l include 
turbopump "bootstrapping 11 tests,fluid 
instab i I ities in the eng i ne flow pass­
ages,and equipment performance evalua­
tions. 

On J uly l and July 15 , liquid hydrogen runs No. 7 and No. 8 
were successful l y conducted. Test Run No. 7 was conducted 
at a tank pressure of 10 PSIG with a maximum flow rate of 
5½ #/sec. Test Run No. 8 was conducted wi th the liquid 
hydrogen pump rotor locked to determine torque gene ra ted in 
pump due to liquid hydrogen flow. Tank pressure was ramped 
to 55 PSIG with a maximum flow rate of 9½ #/sec. All pre­
vious tes ts had been conducted with the I iquid hydrogen pump 
free to wi ndmi 11 . 

Oscillations, as no ted in the June Status Report, were 
experienced again on the run of Jul y l, with the pump 
gaseous helium interseal purge energized or de-energized . 
The run of July 15 wa s conducted after an increased chill ­
down period in an attempt to eliminate these osc il lations 
without success. At the present time, the cause of these 
oscillations is unknown and fu rther investigation is 
required. 

On July 29 , liquid hydrogen run No . 9 was attempted. Ap ­
p roximately eight hours was spent in attempting to def ine 
the performance r equi rements for t he pump d ischarge servo 
va lve. 
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After this requirement was established, the remaining work 
which still had to be accomplished prior to running was con­
sidered excessive so the run was cancelled. 

Items worked on in July: 

(I) A static torquemeter was temporarily installed on the 
pump rotor for fit-up, sent to Lewis Research Center 
for application of stain gauges, and upon its return 
installed in system for Run No. 8. 

(2) The Rocketdyne liquid hydrogen bypass servo valve was 
removed due to a seal leak and replaced with a new 
valve. The damaged valve was returned to Rocketdyne 
for repair. 

(3) The gaseous nitrogen heater installation was completed 
and checked out. 

(4) After the test run of July 15, the temperatures of the 
reactor, nozzle and several propellant piping compon­
ents were monitored to obtain a history of their normal 
warm-up characteristics. 

(5) Two additional hi-speed Fastex movie cameras are being 
installed for the next run. 

Liquid hydrogen test runs are scheduled for August 12 and 
August 26. 

Startup transient program wi I I be completed with the run of 
August 26. The first "bootstrap" test wi 11 be made Septem­
ber 16, after installation of new control system for turbine, 
between August 26 and September 16. Between September 16 
and September 30, new flight weight piping system wi 11 be 
installed and the remainder of tests made with this system. 

17 
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RESEARCH 
INSTALLATIONS (FOR) 

NERVA 
{Tl 01 l) 

(H. M. Henneberry) 

DESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation will include 
turbopump "bootstrapping" tests, fluid 
instabilities in the engine flow pass­
ages, and equipment performance evalu­
ations. 

On August 12, liquid hydrogen run No. 9 was successfully 
completed. The test was made with a tank pressure of 35 PSIG 
and the pump d·ischarge valve was ramped to a maximum opening 
of 18%. The maximum flow rate attained was 5#/sec. "Pips" 
in the tank discharge flowmeter data were negligible on this 
run. The disappearance of these "pips" is attributed to the 
extended pump chilldown. 

The test run scheduled for August 26 was cancelled by the 
Research Project Engineer because additional cooldown data 
was not needed, and the time could more effectively be used 
to make modifications for the bootstrap tests. 

Items worked on in August: 

(l) Contractor tie-in of 11 B-3" exhause duct to the "B-1" 
system was started. 

(2) Flanges on the 96" butterfly valve in "B-1 11 exhaust 
duct were seal welded to repair a leak in the flange 
joint. 

(3) The torquemeter was removed from the Mark IX turbo 
pump. A new shaft will be installed and then the 
assembly will be reinstalled. 

(4) Modifications to servo-control systems necessary for 
bootstrap tests were started. 

(5) After th<= tesC run of August 12, ambient temperature 
gaseous nitrogen was passed through the nozzle and 
reactor to determine warm-up characteristics. 

Liquid hydrogen test runs are scheduled for September 16 and 
September 30. After the September 16 bootstrap run, the 
piping from the pump discharge to nozzle inlet will be 
changed to flight weight piping. The September 30 run wi 11 
be the last cooldown test with the present test equipment. 
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HIGH ENERGY 
ROCKET ENGINE 
RESEARCH NERVA 

(rioTT) 
(H .M.Henneberry) 

NERVA engine propellant feed system 
tests. The investigation will includE 
turbopump "bootstrapping" tests, fluic 
·instabi I ities in the engine flow pas-
sages, and equipment performance eval· 
uations. 

On September 21, 1964, I iquid hydrogen Run #10 was com-

pleted. This run was delayed from September 16 to 

September 21 because the bellows in the turbine inlet line 

was leaking and had to be replaced. This run was the 

first attempt to "bootstrap" the Mark IX turbo pump. 

The turbo pump "bootstrapped" with a maximum LH2 flow 

rate of 18#/sec. at a speed of 4,300 RPM. The test 

results were of I imited value due to the following: 

I. Run dur9 tion was short due to insufficient LH2 sup­

ply to fi II run tank prior to run. 

2. Several important channels of instrumentation were 

not recorded. 

On September 30, Run #1 I was successfully completed. 

The turbo pump'bootstrapped'with a LH 2 flow rate of 26 

#/sec. at 7,000 RPM. Complete results of this test 

are not available since no data has been reduced at 

this time. 

The piping from ttie pump discharge to the nozzle inlet 

has not been replaced with flight weight piping due 

to late delivery of component parts. 

This piping is currently scheduled to be installed 

the week of October 19, 1964. LH 2 runs are scheduled 

for October 14 and October 28. 
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RESEARCH 
INSTALL~TIONS (FOR) 

NERVA 
(OTlOll) 

(H.M,Henneberry) 

DESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation will include 
turbopump "bootstrapping" tests, fluid 
instabilities in the engine flow 
passages, and equipment performance 
evaluations. 

On October 15, the third Mark IX Turbopump Bootstrap Test 
was completed (Run #12). The maximum flow rate was 26# per 
second at 7600 RPM. All test objectives were successfully 
met, This test run was delayed a few hours due to excessive 
pressure drop across the filter in the turbine lube oil sys­
tem. After the run, the lube oil system was checked. It 
was found that the oil contained a large amount of carbon 
particles. These particles apparently were from the turbine 
seals. The oi 1 system was cleaned and put back into service, 
A further investigation of this problem is being made. The 
pump discharge piping to nozzle inlet was replaced with 
Schedule 5 piping, lightweight flanges and gimbals. 

On October 22 through 28, a series of steam ejector tests 
were made to determine the ejector air pumping capacity at 
design and reduced steam pressures. The data was reduced 
and a report has been pub 1 i shed. 

On October 30, Run #13 was successfully completed. This run 
was a chilldown test with no power being applied to the tur­
bine. A maximum flow rate of 10# per second was attained 
with a pump speed of 3000 RPM. The test data for this run 
has not been reduced. 

NOTE: Liquid hydrogen runs are scheduled for November 12 
and November 25. 
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RESEARCH 
I NSTALL!TI OHS (FOR) 

NERVA 
(OTIOII) 

(H. M. Henneberry) 

DESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation will include 
turbopump "bootstrapping" tests, fluid 
instabilities in the engine flow 
passages, and equip~ent performance 
eva 1 uat ions. 

A planning meeting was held on November 6 with the Lewis 
Research personnel. The Mark IX turbo pump testing was 
scheduled for every two weeks until March 3, 1965. The 
Mark I II turbo pump was scheduled to be installed after the 
Mark IX tests. Approximately six to eight weeks will be 
required to install the Mark Ill turbo pump and to accom­
plish the following items: 

(1) Installation of the SEL equipment and the expansion 
of the "B-1 11 Test Stand instrument terminal room. 

(2) Installation of a burnoff 1 ine from pump discharge to 
either test stand roof or ground level. 

(3) lnstal lat ion of a 1 iquid hydrogen transfer I ine from 
the 200,000 gallon storage tank to 11 B-I". 

(4) Installation of a new steam pressure control system. 

It was also decided at this meeting that the 20,000 gallon 
liquid hydrogen run tank would not be installed during 
this shutdown. 

On November 12, liquid hydrogen Run No. 14 was successfully 
completed and al I the test objectives were attained. The 
maximum flow rate was 21#/sec. at 6300 RPM. This run was 
the first of a series of bootstrap tests with lightweight 
piping installed between the pump discharge and the nozzle 
in let. 

~ 

On November 18, while attempting to calibrate the torque­
meter, the turbine lube oil sprayed out the turbine exit, 
indicating the failure of the carbon seals. This confirmed 
the conclusions made in the October status report. A spare 
turbine is being installed and the defective unit will be 
returned to Rocketdyne. Because of this problem, Run #15 
had to be rescheduled from November 25 to December 9. 
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DESCRIPTION --=-------------------------1 

NERVA engine propellant feed system 
tests. The investigation wi 1\ include 
turbopump "bootstrapping" tests, fluid 
instabilities in the engine flow passages 
and equipment performance evaluations . 

On December 9, Liquid Hydrogen run No. IS was made . The 
turbine speed could not be controlled, therefore the run 
was shut down after sixteen seconds. Investigations in ­
dicated a faulty feedback signal to the speed controller 
caused the turbine power control valve to go to the full 
open position . 

On December 22, Liquid Hydrogen run No. \6 ... ,as completed. 
A maximum hydrogen flow rate of twenty -n ine pounds per 
second was obtained at a pump speed of 9000 RPM. Most of 
the systems functioned properly, however, the pump speed/ 
flow control loop was unstable and caused the turbine 
pressure control valve to oscillate. This problem is being 
ana I ized. 

Facility work that was accomplished in December: 

(I) The new turbine Instal lation was comp leted . 

(2) Additional instrumentation and a camera port were 
installed in the liquid hydrogen line upstream of 
the nozzle inlet. 

(3) A nevJ control-system was installed for the turbine 
power control valve. 

(4) The railroad siding was completed. 

(5) Preliminary design was initiated for the required 
modifications for Block II testing. 

NOTE: The 'Bootstrap' Tests run schedule has been extended 
three weeks to the end of March. This schedule change was 
required because Run # 15 did not accomplish the research 
objective . 

20 December 1964 
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NERVA 
(OT 1011) 

(H. M. Henneberry) 

NERVA engine propellant feed system 
te~ts . The investiga tion wi l l inc l ude 
turbopump "bootstrapping" tests, f l u id 
instab il ities in the engine flow pas ­
sages , a nd_ equipment performance eva l­
uations. 

On January 13, Liquid Hydrogen run #17 was completed. A 
maximum ~ydrogen flow rate of cpproxi mate 1 y 28 #/sec . _was 
atta i ned at a maximum pump speed of 8100 r.pm. The run 
du ration was 54 seconds. All data appears to have been 
sat i sfactor i ly recorded and there were -no signif icant 
prob l ems. 

On January 27, Liquid Hydrogen run # 18 was comp leted. A 
maximum hydrogen . flow rate of 24 #/sec. was atta i ned at a 
maximum pump _speed of 7500 rpm. The run duration was 67 
seconds . The data has not yet .been reduced, however a 11 
the data appeared sat i sfactor y at the conclus i on of the 
test and no significant problems occOrred dur i ng the run. 

Other January work items were: 

( 1) 
-

The test- st!nd heating system modifications were 
sta r t-ed . rnese modifications a re required to increase 
the system capacity. 

(2) · Design work on facility modi f ications for Block I I 
testing continued during January. 

NOTE: Reactor structural tests have been added to the test 
program . They are scheduled to start in March 1966 . 

20 January 1965 



February ·1965 

SI Tl LABORATORY 

B-1 HIGH ENERGY 
ROCKET ENGINE 
RESEARCH 

20 

RESEARCH 
INSTALLATIONS·. (FOR) 

NERVA 

0Tl 011 
(H.M. Henneberry) 

OESCRI PTI.ON 

NERVA engi ne propellant feed system 
tes~s. The investigation will include 
tu'rbopu~p "bootstrapp ing" tests, fluid 
instabilities in the engine flow pas-

. sag-es, and equipment performance 
eva 1 uat ions. 

On February 10, 1 iquid hydrogen run #19 was completed. A 
maximum hydrogen flow rate of approximately 23 #/sec. was 
atta ined at a pump speed of 6500 RPM. The ruh duration 
was 55 seconds. No sig~ificant problems occur red, and ai1 
data appear to have been satisfactoril y recorded. 

On February 24, liquid hydrogen run #20 was completed. A 
maximum hydrogen flow rate of 18 #/sec. was attained at a 
·pump speed of 6000 RPM. The run duration was 75 seconds. 
No data has :. been reduced at this time; however, all data 
appeared satisfactory at the conclusfon of the test. 

Other February work i tems were: 

(1) The test stand heating system mod i ficat i ons we re 
ess.entially completed, with only a few minor items 
remaining to be done. 

(2) Desig n work on facil i ty modificat ions required fo r 
Block II testing continued during the month . 

NOTE: The 1 ast te st run In the Bl oc,k I se rie s wi 11 be 
completed by the end of March, and the fac ility will be 
shut down in order to s tart the mod ifi cat i on work for the 
Bl oc k I I se r i es . 

. 



SI Tl LABORATORY 
RESEARCH 

INSTALUTIONS . (FOR). . DESCRIPTION . 

B-1 HIGH ENERGY 
ROCKET ENGINE 
RESEARCH 

20 March 1965 · 

NERVA 

OT101 I 
(H. M. Henneberry) 

NERVA engine propellant feed system 
tests. The investigation will include 
turbopump 11bootstrappi ng" tests, f I u id 
i nstabi lities in the engine f low 
passages, and equipment performance 
evaluations. 

On March 10, li quid hydrogen run #21 was completed. A 
maximum hydrogen flow rate of approximately 21 lb./sec . was 
attained at a pump speed of 7500 rpm. The run duration was 
49 seconds." No significant prob.lems occurred, and all data 
appear to have been satisfactorily recorded. 

On March 24, liquid hydrogen run #22 was completed. A 
maximum hydrogen flow rate of 18 lb./sec. was attained at 
a pump speed of 5500 rpm. The run duration was 65 seconds. 
No data have been reduced at this time; however, all data 
appeared satisfactory at the conclusion of the test . 

Other March work items were: 

( 1} 

(2) 

-
The te~t Sta.Ad heating system modifications were 
completed. 

Design work on the facility modifications required for 
Block II testing cont inued during the month . 

NOTE: Due to a Block I program extension, the run schedule 
has been extended to early April. Following these runs, 
the facility will be shut down in order to sta rt the modifi­
cation work for the Block 11 se rie s . 

. . 



April . 1965 

SITI LOCATION 

B-1 HIGH ENERGY 
ROCKET ENG I NE 
RESEARCH 
STAND 

RESEARCH 
I MSTALUTI ONs·. (FOR). 

NERVA 
OTlOJl 

(H. M. Henn.eber ry) 

OESCRIPTION 

NERVA engine propellant feed system 
tests. The investigation will in­
clu<;fe turbopump "bootstrapping" tests 
f1uid instabi llties in the engine 
flow passages, and equipment per• 
formance evaluatJons. 

On Apri r ]., 1 iquid hydrogen run # 23 ·was comptefed. A max­
imum hydrogen flow rate of Jl#/sec, was attained at a pump 
speed of 10 000 rpm. The run duration was 20 seconds. 

On April 13, liquid hydr·ogen runs #24 and #25 were com- : 
pleted. A flow rate of 31#/sec.,-at. a pump speed of 10 000 
rpm was attained on run #24. A flow ·rate of 28#/sec. at a 
pump speed of 8 500 rpm was attained on run #25. Total run 
duration for these tests was 35 seconds. 

On April 27, liquid hydrogen run #26 was completed. The 
turbopurnp system was bypassed for this run to obtain system 
dynamics data. A flow rate of l4#/sec. was obtained with 
a run duration of 24 seconds. 

In mid-April, a decision was mad~ by Lewis Management to 
transfer the NERVA Program from "8-1 11 to 118-3 11 where testing 
will be run on an alternatt-ng basis between full scale pump 
tests and system dynamics tests. The essential elements of 
the research hardware will be removed fi"om 11 B-1 11 along with 
requ i r'ed instrumentation for transfer to the "B-311 stano. 

Since no program presently exists for this .facility, it will 
be maintained on a "standby" basis. This report wi 11 con­
stitute a final status report unti 1 a research program is 
initiated for the B-l Facility~ 



August 1967 

SITE SITE NAME 

B- 1 HIGH ENERGY 
ROCKET ENG I NE 
FACI LI TY 

RESEARCH INSTALLAT ION 

CENTAUR 
YOV2273(E . R. Jonash) 

& OESCR I PTI ON 

Advanced Centaur tests . 

B-1 Faci l ity is currently scheduled to commence 
testing of the improved Centaur in mid- November. 
The Centaur test tank has been moved from General 
Dynamics and installed in 8-1 Facility . Installa­
tion of facility systems to accommodate tank out­
flow and tank pressurization tests is as follows: 

(I) Pressurizing gas conditioning system: Desig-
is complete and pressurization skid has been 
assembled. Checkout of this system is sched­
uled for the second week of September. 

(2) Liquid oxygen systems: A 13,000 gal Ion dewar 
has been insta l led at the facility . The 
existing vacuum-jacketed transfer I ine is 
being used for LOX. Fabrication of this 
system is completed. A contract for cleaning 
the system is to be awarded by October 1, 
1967. 

(3) Liquid hydrogen system: Vacuum jacketed trans­
fer line from AF Plant #74 is scheduled for 
delivery to Plum Brook by the first of October. 
Foundations for the transfer I ine from the 
storage dewar to B- 1 a re designed and a con­
tract for their installation should be awarded 
the first week of September. 

(4) Instrumentation systems: A new patchboard and 
digitizer are being ins talled i n the test 
facilit y. This work is being done "in house11 

and should be completed by mid-October. 

(5) Hydrogen burnoff an~ LOX dump I ine: A combi ­
nation burnoff and dump I ine has been designed 
and a contract for its installation should be 
awarded the first week of September. This 
system is schedu led for complet ion the third 
week of Octobe r . 

(6) High pressure helium supply: Traile r #47 will 
be used to provide the facility with high­
pressure helium to charge the Centaur storage 
bottles. The temperature conditioning bath 
for the storage bottles has been designed and 

22 is currently being installed. 
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SITE SITE NAME 

8-1 HIGH ENERGY 
ROCKET ENGINE 
FACILITY 

RESEARCH INSTALLATION & DESCRIPTION 

CENTAUR 
YOV2273(E.R.Jonash) 

Advanced Centaur tests. 

Centaur tank pressurization and outflow tests are 
scheduled to start in mid-November. Installation 
of facility systems to accomplish these tests are 
proceeding on schedule. 

( 1 ) 

(2) 

Pressurizing gas conditioning system: The skid 
has been checked out. The skid is scheduled for 
installation in the stand in mid-October. 

Liquid oxygen system: The liquid oxygen transfer 
line is complete except for cleaning. Cleaning 
contract is to be awarded October 2 with completion 
within three weeks. 

(3) Liquid hydrogen system: The vacuum jacketed trans­
fer line from AF Plant #74 has been received at 
Plum Brook. Contract for the installation of 
foundations has been awarded with completion 
expected by October 26. 

(4) Instrumentation systems: The patchboard and 
digitizer are currently being installed in the 
test stand terminal room. Installation of the 
instrumentation on the research package will be 
started in October. 

(5) Hydrogen burnoff and LOX dump line: All govern­
ment furnished equipment for this line, except 
the gimbals, have been received. The gimbals 
are due October 19, The installation contract 
has been awarded with completion expected by 
November 5. 

(6) High pressure helium supply: The temperature 
conditioning bath has been installed. A problem 
of water causing corrosion of the titanium bottles 
has temporarily halted this job. An investigation 
into this problem is currently underway. 

l.____._ _________ ____,1 

24 

rarrighi
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SIT E SITE NAME 

24 

B- 1 HIGH ENERGY 
ROCKET ENG I NE 
FACILITY 

October 1967 

RESEARCH INSTALLAT ION 

CENTAUR 
YOV2273(E.R. Jonash) 

& DESCR IPTION 

Advanced Centaur tests, 

Cent aur tank pre s surization and outflow t ests have 
been rescheduled to start the first of December. 
Contract and in-house work has required more time 
than expected. S.ince we have been unable to pro­
cure flight weight vehicle vent valves which are 
self- regula t ing in the open pos i tion , a back­
pressure control system is be i ng designed by the 
Plum Brook controls group. 

I nstal l ation of the facility systems i s as 
fol lows: 

(1) Pressurizing gas condition i ng system: After 
checkout at 11 D11 Site, the skid has been 1n­
stal led in the B- 1 faci l ity and the majority 
of mechnaical and electrical connections have 
been completed. 

(2) Li qu id oxygen system: The 13,000 gallon dewar 
has been cleaned. Cleaning of the Centaur LOX 
tank and transfer 1 i ne by the contractor is 
expected to be completed by November 10. 

(3) l iqu id hydrogen system: The contractor has 
completed the foundations. Transfer li ne A 
frame supports are present l y being installed, 
with completion expected by November 10. 
Transfer 1 ine sections have been vacuum 
checked. Vacuum- jacketed flex sections have 
been fabricated in- house and in sta ll at i on of 



SITE SITE NAME RESEARCH INSTALLAT ION & DESCRIPTION 

B-1 HIGH ENERGY 
ROCKET ENG I NE 
FACILITY (Cont inued) 

the transfer I ine in the test faci l ity is 
near completion. 

{4) I nstrumentation system: The pat~hboard and 
digitizer installation has been completed. 
I nstrumentat ion on the research package i s 
about 70% completed. 

(5) Hydrogen burnoff and LOX dump line: Burner 
is i n place and 90% of 1 ine has been insta lled. 
Contract completion date is November 5. 

(6) High pressure helium supply: The remai ning 
high pressure spheres required for this system 
were received October 30. Al I bottles will 
be hydrostatic pressure tes ted prior to 
i nstallation. 

CENTAUR 5-C TANK: 

Inspection of Centaur SC tank has progressed as 
fol lows: 

(I) Tank pressure test was completed October 18, 
1967. This test qualified the tank for the 
fol lowing condit ions: 

{a) 

{b) 

(c) 

(d) 

(e) 

Max imum pressure differential between 
LH2 tank and ambient pressure - 30 PSID 

Maxi mum pressure different ial between 
L02 tank and ambient pressure - 48 PS ID 

Maximum pressure differential between 
L02 tank and LH2 tink - 25 PSID 

Minimum pressure differential between 
L02 tank and LH2 tank - 2 PSID 

Maximum pressure differential between 
L02 tank and intermediate bulk-
head cavity - 48 PSID 

(2) A cryogenic test will be performed at 11 F11 Site. 
The site and the t ank are being readied for 
this test. Expected tes t date is mid-December. 

25 



November 1967 

SITE SITE NAME 

B-1 

24 

HIGH ENERGY 
ROCKET ENG I NE 
FAC ILITY 

RESEARCH INSTALLATION 

CENTAUR 
YOV2273(E.R.Jonash) 
(CPO - A.J.Stofan; 
RSD - J.E.Sholes) 

& DESCRI PT ION 

Advanced Centaur tests. Data 
will be obtained on pressuri­
zation and outflow of propel ­
lents (LH2,LOX) from a battle­
ship type Centaur tank. Only 
one propellent will be out­
flowed in any one test, LN2 
being substituted for non­
flowing propellent . 

Liqu i d hyd rogen tests are scheduled to corrmence in 
mid-December . System checkout has been started. 
The following major items were comp leted in November: 

(I) Instal l ation of 16" burnoff and LOX dump line. 

(2) Installation of LH2 transfer line supports. 

(3) Vacuum check, cleaning, and installation of 
3" vacuum jacketed LH2 transfer 1 ine. 

(4) Cleaning of Centaur LH2 tank. 

(5) Cleaning of LOX supply dewar, transfer line, 
and Centaur LOX tank. 

(6) Pressure check and installation of high pres­
sure GHe spheres . 

(7) Instal lation of pressurizing gas condition i ng 
system. 

(8) l nsta l l at ion of LOX dewar and Centaur LOX 
tank vent 11 nes. 

(9) Installat ion of pressu r izing diffuser to 
Centaur LH2 tank forward door. 

(10) Installation of the majority of facility and 
research instrumentation. 

The following major items are in progress: 

(1) Centaur LH2 tank vent and discharge line 
installation. 

(2) Insulation of natural gas line running beneath 
I 611 burnoff Ii ne. 

(3) The rmocouple i nstrumentat i on on GHe sphe res. 

(4) Co ld- shoc k and pressure- checks of Centaur 
tank system. 

(5) Insulat ion of Centaur LH2 discha rge line. 



SITE SITE NAME 

8-1 

24 

HIGH ENERGY 
ROCKET ENG I NE 
FACILITY 

RESEARCH INSTALLATION & DESCRIPTION 

CENTAUR 
YOV2273 (CPO -
A.J.Stofan; RSD -
J.E.Sholes) 

Advanced Centaur tests. Data 
will be obtained on pressuri­
zation and outflow of propel­
lents (LH 2/LOX) from a battle­
ship type Centaur tank. Only 
one propellant wi 11 be out­
flowed in any one test, LN 2 
being substituted for non­
flowing propellent. 

During the first two weeks of December all facility 
systems were checked out. 

On December 13 and 14,the Centaur BPTV LH 2 and LOX 
sections were coldshocked with LN 2 . 

On December 20.an LH 2 boi loff test on the Centaur BPTV 
was conducted. The tank was filled to JQry/4 liquid 
level and the boiloff rate was monitored while main­
taining 5.29 psig back-pressure. Al I of the LH2 was 
boiled off in 7 hours and 48 minutes. The boiloff 
rate was nearly constant in the cylindrical section 
of the tank at approximately 12#/min. 

On December 21, five pressure rise tests were made 
on the Centaur BPTV LHz tank. These tests were made 
at five different liquid levels and consisted of 
closing the vent system and monitoring tank pressure 
rise from 5.3 to 15.0 psig. Also, the first 
series of helium burp tests were made. Four burp 
tests were made at 8T/4 LH2 tank ullage with 60 
seconds of outflow at l .5#/sec. Five burp tests were 
made at 6ry/4 LH 2 tank u 11 age and zero outflow. In a 11 
tests LH 2 tank pressure was increased from 5.3 psig to 
12.8 psig and pressure maintained at 12.8 psig. 

The next series of Centaur BPTV LH2 tank helium burp 
tests is scheduled for January. 

rarrighi
Typewritten Text
December 1967



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

B-1 

24 

HIGH ENERGY 
ROCKET ENGINE 
FACILITY 

CENTAUR 
YOV2273 (CPO -
A.J.Stofan; RSD -
J.E.Sholes) 

Advanced Centaur tests. Data wi 11 
be obtained on pressurization and 
outflow of propel lents (LH2/LOX) 
from a battleship type Centaur tank. 
Only one propel lent wil 1 be out­
flowed in any one test, LN2 being 
substituted for non-flowing pro-
pel lent. 

Five series of Centaur LH2 tank GHe burp tests 
were made, three on January 18 and two on January 
24. Each series consisted of four separate test 
runs. A larger orifice plate was used to control 
burp pressure for these tests. The variable 
parameters were tank ul lage volume, starting GHe 
bottle pressure, and outflow rate. Analysis of 
the test data from both run days indicated that 
the tank insulation had not reached a steady 
state chilled condition. Because the tank insu­
lation temperature was still decreasing during 
the burp tests, the LH2 boi loff rate was higher 
than normal and the test results were not val id. 
As a result of this situation, the tes~ operation 
plan was modified for the next run. 

On January 31, the Centaur LH2 tank was filled and 
al lowed to chi, 1 down overnight. The LH2 boil-off 
rate and a tank insulation thermocouple reached a 
steady-state condition approximately 12 hours after 
the tank was fi] led. On February 1, ten series of 
GHe burp tests were made. A total of 36 test runs 
was conducted successfully, completing the GH2 
burp test program. 

The Centaur LH2 tank outflow tests are scheduled 
to begin on February 14. 

rarrighi
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SITE SITE NAME 

B-1 HlGH ENERGY 
ROCKET ENG I NE 
FACILITY 

SECTION 11 

PLUH BROOK ROCKET SYSTEMS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

FEBRUARY 1968 

RESEARCH INSTALLATION 

CENTAUR 
YOV2273 
(CPO - AJ Stefan; 

RSD - JE Sholes) 

& DESCRIPTION 

Advanced Centaur tests . . Data 
will be obtained on pressuriza­
t ion and outflow of propel tents 
(LH2/LOX) from a battleship 
type Centaur tank. Only one 
prope llent wil I be outflowed 
In any one t est, LN2 being 
substituted for non- f lowing 
prope 11 ent. 

On February I , ten series of GHe burp tests were 
conducted. They covered thirty- six test conditions . 
These tests complete the GHe burp test program. 



SITE SITE NAME RESEARCH INSTALLATION DESCRIPTION 

8-1 HIGH ENERGY 
ROCKET ENGINE 
FACILITY (Continued) 

CENTAUR (Continued} 

On February 29 the tank was -filled and allowed to 
chill down overnight prior to the. March 1 tests. 
These tests were originally scheduled for the week 
of Fe~ruary 11, but were delayed because the GH2 
temperature conditioning system did not adequately 
cool the gaseous hydrogen. The origin.al condition­
ing system consisted of three parallel coils of 3/8 
inch copper tubing, 30 feet long, immersed in a LN2 
bath. Three changes we re made that improved its 
operation to a successful level -- (1) the number 
of parallel coils was doubled, whicn increased the 

· ava i 1 ab 1 e surface area; (2) the outside of the coils 
was coated with carbolyne self-priming vinyl which 
acted as an insulating material. The effect is to 
increase the coil wall AT and shift the outside 
heat transfer process from the fi lm-boi 1 ing to .the 
nucleate-boiling regimes, which greatly increases 
the overall heat tr_ansfer rate~ (3) the LN2 inlet 
1 ine was modified to create a swirling action ·in 
the bath. This somewhat increased the'liquid 
velocity and further improved the outside heat 
transfer coefficient. The three changes were 
separately evaluated. The increased coil lengths 
and the swirl were not particularly effective with­
out the tube-wall coating. 

The March I tests will complete the testing on the 
Centaur LH2 tank. (NOTE: March ·1 testing was 
successfully completed.) The next series of tests 
wil I consist of Centaur LOX tank outflow tests. 
The LOX system was inspected and found to b_e 
contaminated. A contract to clean the system is 
being written. Testing is estimated to resume 
within four to six weeks. 



March 1968 

SITE SITE NAME 

B- 1 

22 

HIGH ENERGY 
ROCKE T ENGI NE 
FAC ILI TY 

RESEARCH INSTA LLA TI ON 

CENTAUR 
YOV 2273 : ; . -
(CPO - AJ· Stofan; 
RSD - JE·sno l e·s) 

& DESCR IPTION 

Advanced Centaur tests. Data 
wi l 1 be obta ined on pressu r iza ­
tion and outflow of propellents 
(LH2/LOX) from a battleship · 
type Centaur tank . On ly one 
propellent wi 11 be outflowed 
i n any one. test, LN2 bei ng 
substituted for non-flowing 
p rope 11 en t . 

Research test runs were conducted on March 1, 14, 
and 19 . 

Al l Centaur LH2 tank outflow tests were conducted 
on Ma rch 1. Three one -bu rn and seven two-burn 
outflow tests were made, complet i ng this phase 
of the program. 

As indicated in last month 1s report it wou ld be 
near t~e end of Ap r il before Centaur LOX tank 
test i ng could be started . to utilize this time a 
se ri es of Centau r LOX tank tests us ing LN2 were 
pl anned . These tests we re conducted on March 14 
and March 19 . A total of six burp t~sts and f ive 
outflow tests wer e made . It is hoped this data 
can be used to possibly lower the number of 
Centaur LOX tests required. 

Mod i f icat ions a re present l y being made to ready 
the test faci li ty fo r Centaur LOX tank testing. 
It is anticipated that the contract f or cleaning 
the LOX system wil l be awar ded the first week of 
Apr i 1 . 



SITE SITE NAME 

B-1 

22 

HIGH ENERGY 
ROCKET ENG I NE 
FACILITY 

RESEARCH INSTALLATION 

CENTAUR 
YOV2273 
(CPO - RF Lacovic; 

RSD - EF Gustke) 

& DESCRIPTION 

Advanced Centaur tests. Data 
wi 11 be obtained on pressuri­
zation and outflow of propel­
lants (LH2/LOX) from a battle­
ship type Centaur tank. Only 
one propellant wil 1 be out­
flowed in any one test; LN2 
being substituted for non­
flowing propellant. 

On April 3, a Centaur LOX tank LN2 boi !off test was 
performed. This test substantiated heat leak data 
obtained on Centaur LOX tank LN2 tests of March 14 
and March 19. 

The integrity of the six high-pressure GHe bottles 
being used at "B-1" for the Centaur tests was ques­
tioned .. Therefore, a cryogenic hydrostatic pressure 
check was made in a test rig at "B-3" on April 16, 
17, and 18. Since titanium alloy is more crack 
sensitive at low temperature, they were submersed 
in a LN2 bath, filled with LN2, and then pressurized 
to 4700 psi using GHe. All six bottles passed this 
test. However, two were rejected from use on a 
subsequent X-ray examination at Lewis-Cleveland. 
The four remaining bottles are now usable from 0 
to 3300 psi for the test program. 

The Centaur tank pressurant gas supply temperature 
conditioning system was tested on April 19. This 
test confirmed that the system could provide l80°R 
GHe at rated flow for the scheduled June tests. 

In addition to these tests the facility was modified 
for Centaur LOX tests. The Centaur LOX tank, out­
flow line, 16" dump line, LOX transfer I ine, valves, 
and miscellaneous equipment were cleaned. Filling 
tne 13,000 gallon supply dewar with LOX was start~d 
on April 26. 

Centaur LOX tests are scheduled for May. 

NOTE: Block I testing has been extended to include 
tank pressurization with cold ( 1 8o 0 R) he l i urn. 

rarrighi
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SITE SITE NAME 

8-1 

20 

HIGH ENERGY 
ROCKET ENG l NE 
FACILITY 

RESEARCH INSTALLATION 

CENTAUR 
YOV2273 
(CPO - RF Lacovic; 

RS D - E f Gu st ke) 

& DESCRIPTION 

Advanced Centaur tests. Data 
will be obtained on pressuri­
zation and outflow of propel­
lants (LH2/LOX) from a battle­
ship type Centaur tank. Only 
one propellant wi 11 be out­
flowed in any one test; LN2 
being substituted for non­
flowing propellant. 

During May, three liquid oxygen test days were 
completed on the Centaur LOX tank. 

On May 2, two burp and three outflow pressurization 
tests were made, for a total of eleven data passes. 

On May 16, two burp and four outflow pressurization 
tests were made, for a total of thirteen data pas­
ses. These tests were originally scheduled for 
May 9, but were delayed to make repairs on the 
instrument bridges which are used with the platinum 
temperature sensors. 

On May 24, four burp and three outflow pressuriza­
tion tests were made, for a total of sixteen data 
passes. 

These tests completed the original Block I test 
schedule. Presently, the test stand is being 
modified for the extended Block I tests to run 
LOX tank pressurization tests using cold (l80°R) 
helium. Test runs are scheduled for the first 
two weeks in June. 

rarrighi
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June 1968 

SITE SI TE NAME 

B-1 HIGH ENERGY 
ROCKET ENGINE 
FACILITY 

RESEARCH INSTALLATION 

CENTAUR 
YOV2273 
(LVD - RF Lacov i c; 
RSD - EF Gus tke) 

& DESCRIPTION 

Advanced Centaur tests. Data 
wi 11 be obtained on oressur ­
:r.ation and ou t fta.-, of propel ­
lants (LH2 /LOX) from a battl e ­
ship type Centaur tank . Only 
one propellan t will be out ­
nowed in any one test: LN2 
being substituted for non ­
f lowing propellant. 

Two days of tes t ing ,,,,ere performed during .June or. the 
Centaur LOX tank using l80°R helium for pressur ization. 

On June 5, four burp tests and three ~ulffm~ cests 
were rnade. The tank \'1a s pressurized t 'ir., the LOX 
vent standpipe for all tests . 

On J une 19, four burp tests and four outflm4 tests 
were made . Of these tests, one buro and one outfl~4 
were made using the standpipe £or pressurization . 
The remaining six tests were perfonned by pressurizing 
the tank thru a diffuser insta ll ed near the tank bottom. 
In this manner , the pressurizing gas was bubbled thru 
the LOX agitating the liquid. 

Two run days are scheduled for July using helium gas 
stored in the high pressure helium boLtl es at ambient 
and at LN2 temperature. Tests will be r.,ac;lc \vith and 
without tne diffuser. 

i----t-------------------------- ·---- ·····- - ... ·--····· --

22 



SITE SITE NAME 

B-1 

B-1 

24 

HIGH ENERGY 
ROCKET ENGINE 
FACILITY 

SPECIAL TEST 

RESEARCH INSTALLATION 

CENTAUR 
YOQ2273 
(LVD - RF Lacovic; 

RSD - EF Gustke) 

& DESCRIPTION 

Advanced Centaur tests. Data 
will be obtained on pressuriza­
tion and outflow of propellants 
(LHz/LOX) from a battleship 
type Centaur tank. Only one 
propellant will be outflowed in 
any one test; LN2 being substi­
tuted for non-flowing propellant. 

During the first week of July the test facility was 
modified for the Centaur LOX tank pressurization 
tests. 

On July 9 one outflow test and one burp test were 
made using the diffuser and ambient helium. Two 
other outflow tests were made using 14O°R helium, 
one thru the diffuser and one thru the standpipe. 

On July 12, four outflow tests and two burp tests 
were made. Two of the outflow tests were made using 
ambient helium thru the diffuser. The remaining 
tests used 14O°R helium thru the diffuser except 
for one burp test thru the standpipe. 

These tests complete the Block I test schedule. 
Block II testing using flight weight propellant 
ducts will begin in October. 

HELIUM SPHERE TESTS 
YOQ2273 
(LVD - RF Lacovic; 

RSD - JE Sholes) 

The "F" Site helium sphere tests were completed in 
late June. The test rig was moved to "B-1" during 
the first week of July for further testing with 
the Centaur tankage. "F" Site was put in a standby 
condition, and the personnel reassigned to other 
sites. 
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August 1968 

SITE SITE NAME 

B-1 HIGH ENERGY 
ROCKET ENGINE 
FACILITY 

RESEARCH INSTALLATION 

CENTAUR 
YOQ2273 
(LVD - RF Lacovic; 

RSD - EF Gustke) 

& DESCRIPTION 

Advanced Centaur tests. Data 
will be obtained on pressuriza­
tion and outflow of propellants 
(LH2/LOX) from a battleship 
type Centaur tank. Only one 
propellant wil 1. be outf l owed in 
any one test; LN2 being substi­
tuted for non- flowing propellant. 

On August 27, a series of five helium blowdown tests 
were performed using one Centaur bottle at ambient 
temperature . Data we re obtained on gas stratifica­
tion in the bottle during blowdown,using four dif­
ferent control orifices. 

In addition to preparing for this test, consider­
able time was devoted to investigating methods for 
insulating the flight-weight Centaur ducts. There 
are two sets of ducts to be in sulated for future 
tests at B- 1 and B- 2. A technique for insulating 
the ducts has been decided upon and insulation wi 11 
be started the f i rst part of Septembe r when the 
first set of ducts arrive. 

Modifications to the fac i lity for Block II testing 
were initiated. 

·-----ii----------------------------------··--
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S IT E SITE ~iAMt RESEARCH INSTALLATION & DESCRIPTION ·----------------------------------------
B- I 
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HIGH ENERGY 
ROCKET ENG I NE 
FACILITY 

CENTAUR 
YOQ2273 
(LVD - RF Lacovic; 

RSD - EF Gust ke) 

Advanced Centaur tests. Data 
wi 11 be obtained on pressuriza­
tion and outflow of propellants 
(LH2/LOX) from a battleship 
type Centaur tank. Only one 
propellant wil I be outflowed in 
any one test; LN2 being substi­
tuted for non-flowing propellant. 

Modifications for Block 11 Centaur tests continued 
as fol lows: 

I. The outflow I ine was cut and is being altered 
to accept either LOX or LH2 flight-weight ducts. 

2. Two Centaur Engine LOX valves and two Centaur 
Engine LH2 valves were checked out for opera­
tion as duct shutoff valves. 

3. A new helium diffuser for the LOX tank was 
fabricated, cleaned, and is now being installed. 

4. A new quartz view port was installed in the 
LH2 tank. 

Neither LOX or LH2 ducts have been received from 
the contractor. The LOX ducts are expected the 
second week of October. They must be instrumented 
and insulated prior to installation. 

Block 11 Centaur testing wil I start early in 
November. 

''\ 

' r '"-, 
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SITE SITE NAME 

8-1 HIGH ENERGY 
ROCKET ENGINE 
FACILITY 

SECTION 11 

PLUM BROOK ROCKET SYSTEMS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

OCTOBER I 968 

RESEARCH INSTALLATION 

CENTAUR 
YOQ2273 
(LVO - RF Lacovic; 

RSO - EF Gustke) 

& OESCRI PTI ON 

Advanced Centaur tests. Data 
wil I be obtained on pressuriza­
tion and outflow of propellants 
(LH2/LOX) from a battleship type 
Centaur tank. Only one propel­
lant will be outflowed in any 
one test; LN2 being substituted 
for non-flowing propellant. 

The fol lowing items were accomplished in preparation 
for Block 11 Centaur LOX tests: 

I. The LOX diffuser ring fabrication and instal la­
tion was completed. 

2. The high-pressure he! ium bottle instrumentation 
and installation was completed. 

3. The Centaur LOX ducts were received October IS. 
The ducts have been instrumented and one set 
has been insulated. 

4. Using the LOX ducts, the final field fit and 
fabrication of the outflow line was completed. 

All components of the LOX outflow line should be 
cleaned and installed the first week of November. 
Two LOX outflow tests are scheduled for mid­
November. 
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SECTION 11 

PLUM BROOK ROCKET SYSTEMS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

NOVEMBER 1968 

SITE I SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

B- 1 HIGH ENERGY 
ROCKET ENG I NE 
FACILITY 

CENTAUR 
YOQ2273 
(LVO - RF Lacovic; 

RSO - EF Gustke) 

Advanced Centaur tests. Data 
will be obtained on pressuriza­
tion and outflow of propel )ants 
(LH2/LOX) f rom a battleship type 
Centaur tank. Only one propel­
lant will be outflowed in any 
one test; LNz befng substituted 
for non-flowing propellant. 

The LOX outflow line components were fabricated, 
cleaned, and installed the first two weeks of 
November. 

The first test of the Block II series of tests-­
which are to inves t igate the redesigned Centaur 
propellent ducts and tank pressurization hardware- ­
was made on November 20 . It was a two-burn outflow 
tes t using the LOX standpipe for pressurization. 

Outflow Test #2 was made on November 22 using the 
LOX bubbler for pressurization . 1his test was 
aborted during the first bu rn due to human error in 
the operation of the paper tape programmer, caus ing 
LOX tank pressure to decrease rapidly. 

The LOX duct chilfdown time on both test days was 
about 40 seconds from the start of LOX transfer until 
LOX temperature was reached. The pressure drop across 
the LOX duct was cons iderably higher on November 22 
than on November 20. Thi s difference will be 
checked when Outflow #2 i s repeated the first week 
of Oecembe r . 

I nsulation of the second set of LOX ducts (to be 
used at B-2) was completed. One set of LH2 ducts 
was received on November 21. This duct set has been 
instrumented and insulation has been sta rted. The 
second duct set was received on November 27. 
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SECTION 11 · 

PLUM BROOK ROCKET SVSTEKS DIVISION 

TEST OPERATIONS REPORT 

FOR THE _MONTH OF 

. DECEMBER 1968 

SlTE .. SITE NAM~ ~ESEARCH I NSTALLATI.ON & DESCRIPTION 

. 8-1 

... 

: 

HIGH ENERGY ' 
ROC'KET ENG1 NE 
FACILITY . 

CENTAUR 
YOQ.2273 -
(LVD - RF lacov I c.; 

RSD - EF Gustke) 

Advanced Centaur Tests. -Data 
wi 11 be obtained on pres-su r i za­
t ion and outflow of propellants 
(LH2/LOX) from a battleship type 
Centaur tank. Only one propel-
lant wi 11 be outflowed in any · 
one test; LN2 being s~b~tit~ted 
for non-flowing propel I ant . . 

On December 3, the third and final LOX outflow test 
of ·the Block II series was made t·o check out the .. 
redesigned Centaur veh I cl e p.rope l l ant ducts . Thi .s 
wa.s a twp-l>Yrn outflow test using- -the LOX standpipe 
for pressurization. 

The LOX duct chilldown time was about 4'0 seconds 
from ·the start of LOX transfer unt i 1 LOX temperature 

·was reached. The pressure drop across the duct com­
pared -favorabfy with that obtained on the test · of 
November 20. It 'is. suspected that the hi.gher pres­
sure drop f n one duct, observed on the. test of Novem- · 
ber 22 , was caused. by. blockage of the oppos.lte duct ; 

'This blockage was evidently a piece o~ plex igl"ass 
wl,:ich was part of -a wi_ndow int.he thrust barrel. · 

·._ Thi·s window was installed to al law viewlng of p4l_l 
th rough in the LOX sump-wh i I e st i l1 s·i mu:1 at i'ng -~he 
flow d-isturbance of the thrust barrel. When the 
LOX system was disassembled we discovered this win­
dow had broken up. · 

The fol lowing lt~ms were completed· in preparat-ion 
for Block II LH2 tests ! 

1. The ba.ttleship captive firing adapter was modi- .. 
fied to accept · the new larger LH2 eng~ne duct . 
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SITE SITE NAME 

8-1 {Continued) 

24 

RESEARCH INSTALLATION & DESCRIPTION 

2. The second set of LH2 ducts were instrumented. 

3. The insulation on both sets of LH2 ducts was com­
pleted. 

4. Th.e two total probe rakes for checking flow _dis­
tribution in the LH2 duct legs were completed. 

The Block II LH2 outflow tests wil I begin the week of 
January 13 as scheduled. 



SECTION II 

PLUM BR90K ROCKET SYSTEMS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

JANUARY J.969 

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

B-1 HIGH ENERGY 
ROCKET ENG I NE 
FACILITY 

CENTAUR 
YOQ2273 
(LVO - RF Lacovic; 

RSD - EF Gustke) 

Advanced Centaur Tests. Data 
will be obtained on pressuriza­
tion and outflow of propellants 
(LH2/ LOX) from a battleship type 
Centaur tank. Only one propel­
lant will be outflowed in any 
one test ; LN2 being substituted 
for non-flowing propellant.. 

On January 22 the first LH2 test of the Block 11 
series was -performed. The purpose of this test was 
to check the pressure drop across the LH2 duct during 
rated outflow and to verify that GH2 -was not trapped 
over the engine inlet valves during LH2 transfer. 

The LH2 outflow rate was 11 . 3 lb/ sec. and the LH2 
duct leg pressure drops were 0.90 and 0. 96 psi . 
This verified the calculations of the pressure drops. 
Also, on transfer of LH2 there was no evidence of 
GH2 being trapped over the engine valves. 

The next test Ing in 11 8-: 111 wi 11 be one- and two- burn 
LH2 tests using the flight type pressurization panel. 
The panel will be chilled to cryogenic temperatures 
to simulate temperatures at 118-211

• 

The following items have been completed i n prepara­
tion for these tests: 

(I) The enclosure for temperature conditioning the 
flight type pressure panel has been fabricated 
and mounted. 

(2) The LN? - GN 2 heat exchanger for temperature 
condit roning the flight type pressure panel 
has been fabricated. 

The Block II LHz pressure panel tests wi 11 begin 
the latter part of February. However, the pressuri­

· zat i on valves have not passed the acceptance tests 
at the vendor's plant and a delivery slippage will 
cause postponement of the B-1 testing. -25 



SITE SITE NAME 

B-1 
. 

HIGH ENERGY 
ROCKET ENGINE 
FACILITY 

SECT! ON 11 

PLUM BROOK ROCKET SYSTEMS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

FEBRUARY 1969 

RESEARCH INSTALLATION 

CENTAUR 
YOQ2273 
(LVD - RF Lacovic; 

RSD - DD Edie) 

& DESCRIPTION 

Advanced Centaur Tests. Data 
will be obtained on pressuriza­
tion and outflow of propellants 
(LH2/LOX) from a battleship type 
Centaur tank. Only one propel­
lant will be outflowed in any 
one test; LN2 being substituted 
for non-flowing propellant. 

During February the pressurization valves failed to 
pass the vendor's vibration test. This has delayed 
delivery of the pressure panel to Plum Brook and, 
therefore, has delayed the Block 11 pressure panel 
tests. The following tasks were completed in Febru­
ary in preparation for this testing: 

(1) Flight type tubing was installed from the helium 
spheres to the pressure panel location and from 
this location to both the hydrogen and oxygen 
tanks of the BPTV. 

(2) The pressure panel temperature conditioning 
system was completed and checked. 

(3) Nearly all instrumentation was installed for 
the Block II pressure panel LH2 test. 

After these tasks were completed, al 1 "B-1" personnel 
were transferred to the "B-2" faci 1 ity. They wi 11 
return upon delivery of the pressure panel. Block 11 
testing with the pressure panel is scheduled to begin 
the latter part of March. 
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SECTION 11 

PLUM BROOK ROCKET SYSTENS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

MARCH 1969 

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

B-1 HIGH f;NERGY 
ROCKET ENG I NE 
FACILITY 

CENTAUR 
YOQ.2273 
(LVD - RF Lacov i c; 
RSO - DD Edie) 

Advanced Centaur Tests. Data 
wrll be obtained on pressuriza­
tion and outflow of propellants 
(LH2/ LOX) from a battleship type 
Centaur tank. Only one propel­
lant will be outflowed in any 
one test; LN2 being substituted 
for non-flowing propellant . 

Due to further delay in the delivery of the Centaur 
pressure panel to Plum Brook, no personnel were assigned 
to 8-1 during March. The delay has been caused by fail­
ure of the flight-type pressure panel $olenoid· valves 
to pass pe rformai:ice tests·. 
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SITE SITE NAME 

B-1 

. 

HIGH ENERGY 
ROCKET ENG I NE 
FACILITY 

SECTION 11 

PLUM BROOK ROCKET SYSTEMS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

APRIL 1969 

RESEARCH INSTALLATION & DESCRIPTION 

CENTAUR 
YOQ2273 
(LVD - RF Lacovic; 
.RSD - DD Edie) 

Advanced Centaur Tests. Data will 
be obtained on pressurization and 
outflow of propellants (LH2/LOX) 
from a battleship type Centaur tank. 
Only one propellant will be out­
flowed in any one test; LN2 being 
substituted for non-flowing propel­
lant. 

The Centaur tank pressurization panel was received at 
Plum Brook on Apri 1 15. It was installed in B-1, and 
was checked out with the chill system on April 22. 
Two valves failed to operate at the cold temperatures 
(2600R). On April 24 and 25 the two bad valves were 
replaced and the replacements were checked out. LeRC­
Cleveland Centaur engineers decided to run LH 2 pressure 
panel tests with the panel at ambient temperatures to 
increase both the safety and reliability of the pres­
surization solenoid valves. On April 28 a successful 
checkout of the Centaur pressurization panel was made 
with the panel at ambient temperature. Liquid hydrogen 
outflow tests, using the pressurizing panel, are sched­
uled for Hay 1 and 2. 

21 



SECTt ON I I 

PLUM BROOK ROCKET SYSTEMS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

MAY 1969 

SITE SITE NAME · RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 
B-1 H·I GH ENERGY 

ROCKET ENG IN~ 
FACILITY 

CENTAUR 
(YOQ.2273) 

LVO - R.F. LACOVIC; 
RSD - D. D. EDIE 

On May 2 the Centaur tank LH2 outflow tests were made 
using the pressurization panel equipped with Valcor 
solenoid valves. As _In previous LH2 testing, ~he battle­
ship Centaur tank was filled the day before and allowed 
to chill down overnl9ht. Two 2-burn simulation and one 
single-burn simulation test were performed. Two addr­
tional helium burps were made at 3% ullage to verify 
high 1 fquid level ·burp requirements. - Al 1 tests were 
performed successfully and all equipment operated as 
programmed. 

After .this testfng was completed, the LH2 duct and out­
flow connection were removed and the LOX ducts and out­
flow connection were instal Jed. Ag_ain, with the pres­
surization panel at ambient temperatures, four LOX 
outflow tests .were performed on May 14. Valcor solenoid 
valves were used for GHe pressurization of the LOX tank • 
. The first test was a 2-burn simulation with helium gas 
pressu.rizing the -LOX· tank through the standpipe. The 
second test was also a 2-burn si·mulation except that a 
bubbler ring was used dufing LOX tank pressurization. · 
The third and fourth tests were one-burn simulations 
using varying progranvned times for operation of the two 
LOX pressurization solenoid .valves . All equipment per­
formed as programmed • . 

On May 28, three LOX outflow tests were performed. For 
these tests the Valcor pressurization solenoid _valves 
were replaced by Calmec pressurization solenoid valves. 
On a checkout on May 23 it was verified that the Calmec 
valves would operate at 140°R. The first test on May 28 
was a two-burn simulation with the Calmec pressurization 

(Continued on Page 29) 
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SITE · SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 

B-1 · (Continued) 
valves at ambient temperature. The second test was 
identical to the first except that the Calmec pressuri-
zation solenoid valves were chilled to 200°R before the 
test. The third test was a one-burn simulation with 
the ·calmec valves chilled to 140°R before the tests. 
All equipment functioned properly and a11 tests were 
successfu I. 

The completion of these eleven tests during May concludes 
all Centaur testing proposed for B-1 test f ac i Ii ty. 

29 



TASK PROGRAM 
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YOQ2273 CENTAUR TESTS 
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• 

L02 TESTS 
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SITE SITE NAME 
B-1 HIGH ENERGY 

ROCKET ENG I NE 
FACILITY 

SECTION 11 

PLUM BROOK ROCKET SYSTEMS DIVISION 

TEST OPERATIONS REPORT 

FOR THE MONTH OF 

MAY 1969 

RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 

CENTAUR 
(YOQ2273) 

LVD - R.F. LACOVIC; 
RSD - D. D. EDIE 

On May 2 the Centaur tank LH2 outflow tests were made 
using the pressurization panel equipped with Valcor 
solenoid valves. As in previous LH2 testing, the battle­
ship Centaur tank was filled the day before and allowed 
to chill down overnight. Two 2-burn simulation and one 
single-burn simulation test were performed. Two addi­
tional helium burps were made at 3% ullage to verify 
high liquid level burp requirements. All tests were 
performed successfully and all equipment operated as 
programmed. 

After. this testing was completed, the LH2 duct and out­
flow connection were removed and the LOX ducts and out­
flow connection were installed. Again, with the pres­
surization panel at ambient temperatures, four LOX 
outflow tests were performed on May 14. Valcor solenoid 
valves were used for GHe pressurization of the LOX tank. 
The first test was a 2-burn simulation with helium gas 
pressurizing the LOX tank through the standpipe. The 
second test was also a 2-burn simulation except that a 
bubbler ring was used during LOX tank pressurization. 
The third and fourth tests were one-burn simulations 
using varying programmed times for operation of the two 
LOX pressurization solenoid valves. All equipment per­
formed as programmed. 

On May 28, three LOX outflow tests were performed. For 
these tests the Valcor pressurization solenoid valves 
were replaced by Calmec pressurization solenoid valves. 
On a checkout on May 23 it was verified that the Calmec 
valves would operate at 14O°R. The first test on May 28 
was a two-burn simulation with the Calmec pressurization 

(Continued on Page 29) 
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SITE· SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 

B-1 · (Continued) 
valves at ambient temperature. The second test was 
identical to the first except that the Calmec pressuri-
zation solenoid valves were chilled to 2OO°R before the 
test. The third test was a one-burn simulation with 
the Calmec valves chilled to 14O°R before the tests. 
A 11 equipment functioned properly and all tests were 
successful. 

The completion of these eleven tests during May concludes 
a 11 Centaur testing proposed for B-1 test faci 1 ity. 
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