
STATUS OF "F" SITE FROM JULY l, 1961 TO JULY l, 1962 

The liquid hydrogen flow facility has been in various stages of 

construction and modification during this one year period of time. 

Problems have been encountered that have caused delays in making the 

system operational. Such items as flanges in high pressure systems 

with i:k,nographic serrations or no serrations at all have been found,, 

The hydraulic system had to be cleaned out and refilled with a new 

oil. All hydraulic components have been removed and are now being 

rebuilt. 

As of July l, 1962 all piping changes have been completed. The gas 

systems are being pressure checked and blown down to remove foreign 

matter from the lines. 

The major block remaining in this facility is the amount of electrical 

changes that have to be made. The cell is grossly under powered 

electrically and major changes are necessary. 

Checkouts with liquid nitrogen are intended to start by the end of 

September 1962. 
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:,f the pump suction and discharge l Ines. 

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

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

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

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

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

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

g. ~'G" Site - Pilot Plant: 

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

h. Central Control: 

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

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

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



1/28/1963 

PLUM BROOK STATUS REPORT (continued) 

ITEM 
NO 

7 

LABORATORY 

Hydrauli cs 
11F'' Site 

RESEARCH DESCRIPTION 
INSTALLATION (FOR) 

-NIB (Humbel) Experlmental tests of a segment of a 
water to 11 quid hydrogen heat exchanger 
proposed for use tn a water moderated 
nuclear rocket engine 

STATUS: All of the pertinent exlsttng e1ectrlcal, mechanica l, 
cryogenic and gas pressure systans are being checked out. 
Some new equipment such as a variable temperature high 
prsss~re water system ls required. The designs are 
substant ia l ly C0111plete and some of the components such as 
t~e high pressu~e water tanks are already on order. Many of 
the modifications to the facility flow systems have been 
o.-rip 1 etE>d . 

Tr. ;s project requi res rather complex scheduling of 
temperature, pressure and flow of both the hydrogen and water 
systems. The ex isti ng contract with Compudyne Corporation 
was activa t ed t o provide the design for t he required control 
system. The controls system desfgn was reviewed in mid­
January and appears to be sound and progressing satisfactorily. 
Compudyne ts furnlslilng design spectflcations and procure-
ment wil l generally be by NASA. Purchase requests are being 
prepared for mos t of the long lead time items. It is 
plar.ned that the facility wt 11 be operational by May. 
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2/28/1963 

r;;:u: BROOK ROCKET SYSTEMS f~. CI LI Tl ES STATUS RE PORT Gf..1•T !NU ED 

L,-·r,··_,l RESEARCH :::. _, LABOR./\ TORY DES CR I p·:· ! ON 

,. ,· HYDAAUL I CS LI QUI D.J!, HEAT Experirr.em:aJ tes1: s of a s e.grr:c:.:,t of a 
v-1.~tE,r to l ! quid hydtcgen he.~T: e.x.c!-;d:-,gt:H 
proposed for use i:1 a ;,,1att::· r:,ode.r~!:e.d 
n~c lear rocket engine . 

r:; iATUS: 

EXCHANGER 
NIB (L .V.Humble) 

Fac ility buildup conr!nues on sched~le for the ?reposed 
research program . Electri~e! hoo~up and control pa~el ~,Jd:­
ficadons re!Tlain as ;r:a_!or lt i:rns to be. .:.c~;p l etc:,d be.fore c~-::ci-­
oiJt can ,.:01r:nence . 



3/28/1963 

PLUM BROOK STATI ON ROCKET SYSTEMS FAC ILITY STATUS REPORT CONTINUED 

SIT E LABORATORY 

F HYDRAULI CS 

STATUS: 

RESEARCH 
INSTALLATI ON (FO~ 

LI QU ID H2 HEAT 
EXCHAN~ER 

Nl B (L. V. Humble) 

DESCRIPT I ON 

Exper imental tests of a segmer.t of a 
water to 1 iquid hydrogen heat exchanger 
proposed for use in a wate r moderated 
nuc lear rocket eng ine. 

All phases of the hydraulics laboratory operat ional check­
out should begin dur i ng the week uf April 4, 1963. The 
process piping work for the 1 iqu id hydrogen heat exchar.ger 
equipment is about 40% comp 1 ete. Maj or areas of endeavor 
are: electr i cal hookup, control panel modification, and 
equipment procu rement. Compudyne Corporatio!'1 has completed 
al 1 control desig n work and al 1 purchase. reqt:ests have been 
submitted for control equipment and systems, 

Page ll-6 



April 1963 

PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED 

i------,,---------.. o , _ _________________________ _ 

La.BORATORY 

HYDRAULICS 

STATUS: 

RESEARCH 
I NSTALLATI ON (FOR) DESCRIPTION -~~-,.----··---~----------------------+ 
LIQUID H2 HEA"i" 

EXCHANGER ,.~--~-- .. \ 

N l o l L, J. i-k:mb e ,I 

E.x.pe rime rital t ests of a seqn;enr !.1f ·, 
water to 1 iquid hydrogen heat c:xt:;-, ;;i. ;,'.)et 

prcposed for use in a wat&r ~ode ratcrl 
ouc.lea1· rocket eng ine. 

Note @ : A schedule s Ii ppage of two weeks W::i !, caused by 
unan~icipated difficulties encountered in the facility 
chec k out. 

facility check out began during the week of April 8. The 
facility piping has been cold shocked with liquid nitrogen 
and pressure checked on four different occasions. Leaks 
at valves, fittings, and welds have occurred at each pres­
sure check. The malfunctions are be ing repaired as they 
occur and the pressure check should be completed i n one 
week. 

The piping for the liquid hydrogen heat exchanger proj ect 
is 95% complete. Electrica1 hook up of the valves should 
be complete in 2 wee·ks. Check out runs involving the 
heat exchanger should begin in mid-May. 



PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED 

SITE LABORATORY RESEARCH 
IN,TAI IATION (FOR) 

DESCRIPTION 

F HYDRAULICS llQU ID H2 HEAT 
EXCHANGER 

NIB (L.V.Humble) 

Experi mental tests of a segment of a 
water to liquid hydrogen heat exchanger 
proposed for use in a water moderated 
nuclear rocket engine. 

NOTE@ · The schedule has been changed due to difficulties that arose 
during facility checkouts . 

STATUS: Six checkouts were made during the month of May , Five of the 
tests were made using liquid nitrogen a s the working fluid, 
Gas pressurization systems, waste gas burnoff, and the liquid • 
hydrogen controls functioned satisfactorily . Two valves in 
the cryogenic flow lines were found to be defective and were 
removed. The deioni~ed water storage facilities have been 
checked operat lona\ly and are now performing satisfactorily. 

I 

Difficulties of the water heating system required considerable 
rework. Site personnel were also involved in installation anc 
checking out of the heat exchanger mechanical equipment , In • 
eluding valving, controls and instrumentation. All of the pr~ 
cess piping has been completed. 80% of the instrumentation 
and controls including control panels are finished . liqu id 
nitrogen and deionized water test runs are scheduled for the 
first two weeks ln June . 
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SITf LABORATORY 
June 1963 F HYDRAULICS 

RESEARCH 
INSTALLATION (FOR) 

LIQUID H2 HEAT 
EXCHANGER 

(L.V. Humble) 
ODO 625 

DESCRIPTION 
Experimental tests of a segment of a 
water to liquid hydrogen heat exchange 
proposed for use in a water moderated 
nuclear rocket engine. 

STATUS: Facility tankage, valves and lines were checked 
out during the first week of June. All systems performed 
satisfactorily and the facility is considered ready for 
hydrogen operation. Attention was then turned to the 
operation of the research hardware including the associated 
flow and pressure control systems . A series of twelve 
operational runs was made using warm nitrogen gas and 
water. Difficulties were experienced in the simultaneous 
ramping of water, nitrogen gas, and shell pressure. High 
pressure fluctuations resulted in the collapse and conse­
quent failure of the water hoses and expansion bellows 
section. Problems were also experienced in maintaining 
proper control of pressure as programed on the ramp con­
trollers. One run was made using liquid nitrogen, warm 
gaseous nitrogen and water. These flow tests were made at 
below design rates and were not completely successful due 
to the inability to achieve precise pressure control . As 
of June 30, the controller problems are approximately 9C>°/o 
resolved. Another problem arose when the tube bundle, 
inside the heat exchanger, shifted, causing blockage of the 
pressure taps. The heat exchanger was returned to Cleve­
land for repairs . 

Full emphasis is now being placed upon completing the 
nitrogen checkout runs as rapidly as possible. Hydrogen 
runs will be scheduled as soon as the present controller 
difficulties are fully resolved . 

NOTE@ : Due to operational problems in the nitrogen 
checkout runs, the schedule start date for hydrogen testing 
has been delayed. 
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SITI LABORATORY 

F HYDRAULICS 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID H2 HEAT 
EXCHANGER 

0D0625 (L. V,Humble) 

DESCRIPTION 

Experimental tests of a segment of a 
water to liquid hydrogen heat 
exchanger proposed for use in a 
water moderated nuclear rocket engine. 

STATUS: During July, a total of 6 test operations were 

completed at 11 ~ 1 Site. The first 3 test operatfons 

were made using liquid N2 for final checkout of the 

cryogenic and heat exchanger systems in anticipation 

of 1 iquid hydrogen operation. Three run days were used 

with hydrogen in the system. On July 13, the cryogenic 

system was successfully checked out with liquid hydrogen 

and all systems performed well. Subsequent tests 

followed on July 15. One low pressure heat exchanger test 

was completed but several high pressure tests were not 

successful due to automatic programmer malfunction and 

failure of the heat exchanger water hose. The research 

heat exchanger was then modified to avoid shutdown due 

to hose failure. Process piping was retorqued and a 

ruptured stem bellows in a control valve was replaced. 

On July 23, a series of hydrogen runs was made that closely 

approached the requirements of the research program. 

Difficulty was experienced in manually controlling the 

hydrogen system within the time period dictated by water 

tank capacity. Some usable research data was obtained. 

No runs will be made until the second week of August to 

a\\ow contractors to make electrical modifications and 

insta\1 a second H2O tank. 

Page 11-6 
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RESEARCH 
ITE LABORATORY INSTALLATIONS (FOR) 

F HVDRAUL I CS 
LIQUID H7 HEAT 
EXCHANGER 
0D0625 (L.V.Hu~ble) 

Experirr·en:a1 tests of a seg,T.er.'. of a 
·water to I iqt:id rydrogen heat 
exchanger propose:i for use , n a 
water moderated nuclear rocket ergire, 

STATUS: Two test operatlons were ~O"•plete-;J fo, this prnJect 
on August 16 ar,d AJg•;s: 29, 1963. Choked 1 I ow was to1: 0 .d to 
exist through the gaseo~s hydrogen heat exchanger rubes at 
test f'low and ~en1per,ature c.orid i f:lons {A:.g:u.~~ 16+~h rur,). The 
resulting h'gh press·,re diff'eren•ial · .. a,,sed rhe exchan'Je' 
tube bundle to shift and conseqLently. the heat excha0ger Maj 
to be re.turned to lewls fo~ r·epa1 ~s, 

The August 29th operation v,Jas rn.ade :_o v·eri-ty a,._d irnprove 1:est 
data obtained prev;ously. Tempera:.:~e ins:ruITentat;on was 
expanded to obtain Improved heat ba·lances. Test runs were 
made at co~stant water flow rate a~d at vary,ng hydrogen gas 
flov.J rates in order to sec.~re a r-ar.ge o"t data r:ecessary for· 
mapping the syster. 

During the latter part of ·--~uly, t:he 500 gal !on deior1lzed 
water tank was installed. Process piping between this vessel 
and the heat exchanger syste~ was begun August 27. 7~!~ 
additional water capacity is necessa1~ for s1.s:ained r·~ns 1 

which are cor.sidere.d essential to the acqL:!sition o-i. lrr:prove-d 
heat transfer data. 

Also~ during inoperative pertcds_, ~-he cryogeni( piping of ·r·11 

facility proper was repaireJ and high tensile stre~gth bolts 
installed to prevent ft:rther· tlange seal leaks. 

CENTAUR 
INSULATION TEST 

0\/0698 '(J.B. Esga, · 
CENTAUR Ins. Pare!) 
(Pinke! ,; Manson) 

~·est program ·:o develop a I igf-,t. it11elght 
ex"."'.err.al ';'.''::-'._is/ or· syst.e.r-, '_:,:j~~:ab~e for 
I iq: . .dd hydr·og,;;,r boos· \,ehL:les Ar. 
in~Jlated heavy#e1gh- 9000 gal:on 
Ceri".aL.:'"" "":arik w'. ! l bet ;·1 iPJ w·1rh l !q~:.ld 
hydt·oger: ar•d rr.e bo: 1-·oft (·a~.es norii­
to re:J 

STATUS: Orders have been placed 'o' eq,.:iprier· w,ch which to 
modify the present cr·yogenic faLi l dv ,n order ~:o a,2"...orr1rr.odate 
the Centaur tank for ir1 :::, 1;·1a 1 ior, st·:Jdr'e-s. 

rarrighi
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(September 13, 1963) 
RESEARCH 

SITE LABORATORY INSTALLATIONS (FOR) DESCRIPTION 

r:' HVDMULICS 

LIQUID Hz HEAT 
EXCHANGER 
0D0625 (L.V.Humble) 

Experimental tests of a segment of a 
water to liquid hydrogen heat 
exchanger proposed for use in a 
water moderated nuclear rocket engine. 

STATUS: One test operation was completed for this project 
on August 16, 1963. Choked flow was found to exist through 
the gaseous hydrogen heat exchanger tubes at test flow and 
temperature conditions. The resulting high pressure differ­
ential caused the exchanger tube bundle to shift and con­
sequently, the heat exchanger had to be returned to Lewis 
for repairs. 

A test run was also scheduled for August 29th to verify 
and improve test data obtained on previous tests. The 
test was aborted due to a minor hydrogen fire caused by a 
leak in the facility I iquid hydrogen flow lines. The test 
will be rescheduled for September 14th. 

During the latter part of July, the 500 gallon deionized 
water tank was installed. Process piping between this 
vessel and the heat exchanger system was begun August 27. 
This additional water capacity is necessary for sustained 
runs, which are considered essential to the acquisition of 
improved heat transfer data. 

Also, during inoperative periods, the cryogenic piping of 
"F" facility proper was repaired and high tensile strength 
bolts installed to prevent further flange seal leaks. 

CENTAUR 
I NS UAL Tl ON TEST 
OV0698(J.B.Esgar­
CENTAUR Insulation 

Pane I) 
(Pinke! & Manson) 

Test program to develop a I ight weight 
external insulation system suitable for 
I iquid hydrogen boost vehicles. An 
insulated heavyweight 9000 gallon 
CENTAUR tank will be filled with 
I iquid hydrogen and the boi 1-off rates 
monitored. 

STATUS: Orders have been placed for equipment with which 
to modify the present cryogenic facility in order to accom­
modate the CENTAUR tank for insulation studies. 
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'I TE LABORATORY 

F HYDRAULICS 

\ \ 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID H2 HEAT 
EXCHANGER 
0D0625 (L.V,Humble) 

DESCRIPTION 

Experimental tests of a segment of 
water to liquid hydrogen heat excha~ger 
proposed for use in a water moderated 
nuclear rocket engine. 

STATUS: The hydrogen leak, that caused a cell fire during 

me AuauH l~tn run. w~; /ocdtga Jnd rQP~ir~d durina t~~ 
fir~t two week~ of September, Seven te~t r~n~ were com-

pleted on 3 days of operation during the last 2 weeks of 

September. All runs were made to determine the heat transfer 

characteristics of the water to hydrogen heat exchanger. 

During all tests, the water flow and temperature has been 

kept constant while varying the hydrogen flow rates and 

temperatures. ·The third day of tests was terminated when a 

water hose burst due to high pressure created by choked 

flow through the heat exchanger. The new 500 gallon water 

tank will be in operation by the middle of October. 

CENTAUR 
INSULATION TEST 
OV0698 (J.B. Esgar­
CENTAUR Jns. Panel) 
(Pinke] & Manson) 

Test program to develop a 1 ightweight 
external insulation system suitable for 
liquid hydrogen boost vehicles. An 
insulated heavyweight 9000 gallon 
CENTAUR tank will be filled with liquid 
hydrogen and the boiloff rates monitored. 

STATUS: The concrete work has been completed for the 

CENTAUR tank which is scheduled to arrive at Plum Brook on 

October 21st or 22nd. Other equipment is being installed as 

soon as it arrives at Plum Brook. Electrical wiring, light-

ing, TV camera installation and 'H' Bldg control modification 

are 9ra9ressin9 satisfactori\~. ?i?ing ~or\<. is scheduled to 

\ start aurin9 t'ne first ~eel<. of October. 
?age 11-6 



SI TIJ LABORATORY 

F HYDRAULICS 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID H~ HEAT 
EXCHA GER 

0D0625 (L.V ,Hu;;-1ble) 

DESCRIPTION 

Experimental tests of a segment of a 
water to liquid hydrogen heat exchang­
er proposed for use in a water moder­
ated nuclear rocket engine, 

STATUS: No research data runs were made during October, 

Difficulties have been encountered in the fabrication of a 

new heat exchanger, Runs will be scheduled when the heat 

exchanger arrives from Lewis. On October 21st two opera­

tional test runs were made to check out the ope.ration of 

the newly installed 500 gal Jon viater tank, Also a check­

out was made on a new system for automat i ca 11 y cont ro 11 i ng 

water flow to the heat exchanger. 

CENTAUR 
INSULATION TEST 
OV0698 (J.B,Esgar­
CENTAUR Ins.Panel) 

(Pinke! & Manson) 

Test program to develop a lightweight 
external insulation system suitable 
for liquid hydrogen boost vehicles, 
An insulated heavyweight 9000 gallon 
CENTAUR tank will be filled with li­
quid hydrogen and the boiloff rates 
mon i tared. 

STATUS: The Centaur tank arrived at Plum Brook on October 

18, 1963, Work on the tank and equipment support frame has 

been completed, The Centaur tank t,as i~stalled inside the 

frame on the 31st of October, Work on electrical wiring, 

lighting, instrumentation, controls, and pip!ng is continu-

ing, Checkout runs are scheduled for the latter part of 

November, 

NOTE @: Schedule change reflects a re-evaluation of the 

man hours required to complete the test installation, 
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SITE LABORATORY 

F HYDRAULICS 

RESEARCi-1 
I NSTAU .. ATIONS (FOR.) 

LI Ql' JD /i2._HEAT 
EXCf'ANCER 

0D062, ,. "' ,. b' ) :, i,t.. 1J. rr_,;m i e 

DESCRJ PYION 

Experlrne~:al tests of a segment of a 
water to I iquid hydrogen hea~ ex­
cha~ger proposed ior use in a water 
modera~ed n~,:lear rocket engine, 

ST~TlJS: On Nov:mber 5 and 6, eight rnns were completed 
using a new stainless steel-alumlnurn heat exchanger. 
Hydrogen and water flows and pressures were varied. 
Further runs we re stopped by the deve I opment of a J eak 1 n 
a valve in ::he l /q:;/d hydrogen transfer I ine. 

Several of the above runs were che~ked by heat balances, 
a~d were ·wi:.hin l to 4 pe•;cen: relative error, which was 

the exp,,cted acc:iracy. 

Turb:ne f)owmeters will be installed in the 1 iquid 
hydrogen and gaseous ~yd roger l Ines before the next heat 

exchanger test,. 

NOT,!. @ : Al I work on the heat exchanger has been 
stopped ~ntil the 'F' Site CENTAUR tank insulation test 

has been completed. 

NOTE @ : Ins ta l \ at ion of the Compudyne control package 

is scheduled for May 1964. 

CENTAUR 
INSULATION TEST 
OG085l (J.B.Esgar­
CENTALIR Ins. Panel) 
(Pinkel & Ma~son) 

Test prograe to develop a 1 lght­
;;eigh't externa! insulation system 
suitable for liquid hydrogen boost 
vehicles. An insulated heavyweight 
9000 gallon CEN1AUR tank will be 
filled with liquid hydrogen and the 
boiloff rates monitored. 

STATl.:S: During Novee1ber, lns~·lation of the CENTAIJR was 
completed and about 90% of the. associated piping was 
installed. Approximately 75% of the necessary electrical 
work was completed. An es,dfl'.ated 50% of the. controls and 
instrumer,ta·~ion work was fi'.Jished durirg November, ir.~ 
eluding ·':he programm'ing of 'F' Slte control systems 

needed for these tests. 

The entire sys :em shcu l d be ready for checkout and test 
operations during the last two weeks of Dec.ember, 
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SIT LABORATORY 

F HYDRAULICS 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID H2 HEAT 

EXCHANGER 
0D0-625 (H•J:nb I e) 

DESC.~ I PT I CN 

Experi~enta] tests of a s€gmcnt of a 
wa~er to lfqu:d hydrc9e~ r.eat exchanger 
propos~d frr usa i~ a ~eter ~oderated 
nuclear rocket ~191~~,o 

STATUS: Operat l on of this ~eat e~.cr.~nger ,,as suspended dur­
ing December in order that m3ximJm eff::,rt c.c·u1d be placed on 
the Centaur tank insulation pro;ram. KJtu~, consent for thi! 
action was obtained from all res&arcrc pRrso0rel '~valved in 
these programs. 

The heat exchanger app~ra':us is 101,; be' ''3 readied for test 
operation during Ja~uary 8, 9, iO, i964. 

CENTAUR 

INSULATION TEST 

0G0-851 (J,B,Esgar) 
{CENTAUR Ins.Panel) 

(Pinkel & Manson) 

:e,'c prognn to de,;e1cp a 1 ig~t-v,eight 
external i~sulatio~ sys~em suitable for 
liquid hydrogen boost ~fhicles. An in­
sulated he~vy-,1t ic~t 9000 g:111 on CENTAUR 
tank 1,ii!i be fi11,2d 'AJ~,1 liq1~id hydrogen 
and the boiloff ra:es ~onitored. 

STATUS: An LH 2 test run VJ,ss road1c , ,c this f.sc ii; ty on the 
full scale Centaur insulat8d tank duri~g t~is reporting 
period. The test comrnenced on D,~·.c~.T,ber ;9, 1963 and was 
terminated December 22, 1963. A test of 29 ~~urs, 14 minute, 
duration was completed successfull1 uolng 9,280 gi'lllons of 
LH2. Fur~her testing vJI: 1 be acco..ip; i's'.1e.d dJ:-i'rq January 
1964. 

OBJECTIVES OF THE TEST PROGRAM \ffRc: 

(1) The determination of PTV T2~,k ln::_,:J'.--l::icr, tt~,cr:11~1 con­
ductivities from :nea5uring Jf ti~; 2 bollof~ r"'~te. 

(2) Pressure rise rate (6 to 12 PSIG) wit~ln t~e insulated 
PTV tank, with the v~nt vsl,es ~lcs~d, at the 40 tt3 
and 80 ft3 ullage points. 

(3) And, to observe ~ech~~:cal or p~js'.c3l p6rfor~ance of 
this insulation during and fe;) lo'./i~rg d--;t0 tr--::st operatfon 
(warm-up period). 

Modifications are now be-.ln3 _11ad.s i;i i't:'::~:---..,r;1s~:L,,;:f_:,r. and 
mechanical systeMs to correct ~inor d~flci~rciEs ;~ prepar­
ation for the next test operatio~s. 

NOTE @ : Test progrc:m "2S extended. 
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SITE LABORATORY 

F HYDRAULICS 

RESEARCH 
INSTALLATIONS·. (FOR). 

LIQUJO .H2 HEAT 
EXCHANGER 

000625 (Humble) 

DESCRI PT.-ON 

Experimental tests of a segment of a 
water to liquid hydrogen heat exchanger 
proposed for use in a water moderated 
nuclear rocket engine. 

STATUS: On January 10, four warm gaseous hydrogen test runs 
were made to check out a new test shell differential pressure 
controller. This controller was a replacement for one dam­
aged due to water freezing during the first Centaur insul­
ation test. 

One cold hydrogen run was attempted on January 11, but 
liquid hydrogen leaks developed in the cryogenic piping at 
two points. One leak occurred in a valve body flange and 
the other in a pipe flange seal. As a result of these 
liquid hydrogen leaks, only a small amount of pressure drop 
data was obtained. The leaks were corrected and the facility 
could have run the week of January 20, but required services 

could not be supplied since they were scheduled for other 
faci 1 ities. 

On January 30, a total of four test runs was completed in 
which temperature and flow rate of hydrogen wer.e varied in 
accordance with a predetermined test program. Eleven data 
points were obtained during the data acquisition period. 
No significant operational difficulties were encountered 
during the operation. 

CENTAUR INSULATION 
TEST 

OG0851 (J.B. Esgar) 
(Centaur Ins. Panel) 

(Pinkel & Manson) 

Test program to develop a light-weight 
external insulation system suitable 
for liquid hydrogen boost vehicles. An 
insulated heavy-weight 9000 gallon 
Centaur tank will be filled with 
liquid hydrogen and the boiloff rates 
monitored. 

STATUS: The second Centaur PTV insulation Test was 
completed on January 22 through January 24. Test objectives 
were successfully completed. Eight pressure rise tests were 
performed at four ullage points • . BoiJoff rate was sub­
stantially greater than that anticipated; therefore, the 
actual boiJoff test was terminated after 10.5 hours. This 
increased boiloff rate was caused by failure of the vacuum 
bulkhead between the liquid hydrogen and liquid oxygen tank. 
9150 gallons of I iquid hydrogen were used, of which 8300 
gallons were actually boiled off during the test. 

Two or three PTV insulation panels apparently failed in 
addition to five panels which failed during the first test. 
At this time, no further test runs are anticipated. 

rarrighi
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S l Tl LABORATORY 

F HYDRAULICS 

, 20 

RESEARCH 
INSTALLATIONS .. (FOR). 

LIQ.UIO HYDROGEN 
HEAT-EXCHANGER 

DESCRlPTlON 

Experimental tests of a segment of a 
water to l iquid hydrogen heat exchanger 
proposed for use in a water-moderated 
nuc I ear roe ke t eng i ne • 

On February 7, 8, 17 and 18, -a total of 56 successful heat 
transfer test runs were conducted. The week of February 
10-16 was spent in maintenance work such as re-torquing 
cryogenic piping flanges, weatherproofing valving, replace­
ment of instrumentation, and control checkout of the water 
fl<M system. 

On February 27 and 28, a MW series of tests were starte:I 
to map water to hydrogen heat transfer in a new hydrogen 
flow and temperature regime . A total of 20 heat transfe · 
test runs were made. 

NOTE @: A majority of steady state heat transfer data 
has been obtained for this project and all of it should be 
obtained by April 1, 1964. The site will then discontinue 
operations until an automatic control system has been in­
stalled . Transient heat transfer tests will be conducted 
after checkout of that system. 

rarrighi
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SIT! LABORATORY 

F HYDRAULICS 

20 

RESEARCH 
INSTALLl.fflONS .(FOR). 

LIQUID HYDROGEN 
HEAT EXCHANGER 

0D0625(L.V.Humble) 

DESCRIPTION 

Experimental tests of a segment of a 
water to 1 iquid hydrogen heat exchanger 
proposed for use in a water-moderated 
nuclear rocket engine. 

On March 2 and 3, thirty-nine heat exchanger test runs 
were completed and the research engineers decided to defer 
any further test operations until some of the test data 
obtained in previous runs could be reduced and analyzed. 

On March 20, the research engineer requested that a new 
series of heat exchanger runs be made. The water flow 
through the heat exchanger will be reversed and will be 
in the same direction as the hydrogen flow, rather than 
counter-flow, as during past test operations. Modifications 
for this series of runs have been initiated. Test runs are 
scheduled for the second week of April, 

NOTE@ : Lewis engineers have requested a two-week 
extension of the test program. 

CENTAUR Insulation test for Centaur 
OV0687(D.S . Gabriel) vehicle. 

On March 17, the Centaur liquid hydrogen tank was deflated 
from 6 PSIG to atmospheric pressure. This was a test to 
determine the effect of the insulation on the structural 
rigidity of the tank. No adverse effects were observed as 
the tank was deflated. Further testing is not anticipated 
and the Centaur tankage wi 11 be removed from "F" Site. 

rarrighi
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SIT! LABORATORY 

F HYO RAUL I CS 

20 

RESEARCH 
INSTALLATIONS .. (FOR). 

LIQU ID HYO ROG EN 
HEAT EXCHANGER 

0D0625(L.V.Humble) 

DESCRI PTl'ON 

Experimental tests of a segment of a 
water to liquid hydrogen heat exchanger 
proposed for use in a water-moderated 
nuclear rocket engine. 

On April 9 and 10, sixteen heat exchanger tests were com­
pletedt using parallel water- hydrogen flow. A nineteen-
tube stainless steel heat exchanger was used for these tests. 

On April 23 and 24, thirty-one test runs were made , after 
the installation of a new aluminum heat exchanger. These 
tests conclude parallel-flow steady-state heat transfer 
tests, and test apparatus will now be modified for transient 
test operation. 

The CompuDyne automat i c control equipment package was 
received on April 23. This equipment will be installed 

. during May and June. Other \.'IOrk necessary for transient 
tests includes conversion of control valve f rom pneumatic 
to hydraul i c operation and process piping modification. 

Checkout runs are schedu l ed to begin in mid-J une. 

rarrighi
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May 1964 

SITE LABORATORY 

F HYDAAULI CS 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID HYDROGEN 
HEAT EXCHANGER 
0D0625(L.V.Humble) 

DESCRIPTION 

Experimental tests of a segment of a 
water to liquid hydrogen heat exchanger 
proposed for use in a water-moderated. · 
nuclear rocket engine. 

The water to hydrogen heat exchanger test equipment is now 
being modified for completely automatic temperature, pressure 
and flow control operation . Both transient and s teady-state 
tests may be performed by the new configuration. 

During May, a new automatic control unit was installed at 
11H11 Bui-lding after minor shipping damages were repaired. 
About 60% of the wiring for the control unit has been 
completed. 

30% of the auxiliary instrumentation and control panel 
modifications have been completed. 

The pneumatic control valves on the heat exchanger apparatus 
were modified for hydraulic operation and approximately 30% 
of the electrical work has been completed. The portable 
hydraulic pump unit piping installation is completed, and 
about three days of electrical work remains . 

The waste ga~ burnoff line is being extend~d 100 feet and 
all the foundation and structural support work ha,s been 
completed. 

The liquid hydrogen dewar foundations have been repaired. 

Checkout of the test equipment is anticipated to begin about 
June 15 , wtiile full scale transient heat exchanger test 
operations are scheduled for July. 

19 



SI Tl LABORATORY 

F HYDRAULICS 

RESEARCH 
INSTALLATIONS (FOR) DE_SCRI PTION 

. 

LlQU ID HYDROGEN 
HEAT EXCHANGER 
0D0625 (L.V.Humble) 

Experimental tests of a segment of a 
water to liquid hydrogen heat exchang­
er proposed for use in a water-moder-· 
ated nuclear rocket engine. 

During the month of June, "F" Site was down for test equip­
ment modification prior to proceeding with transient heat 
exchanger tests. 

Work completed at this site during June consisted of the fol­
lowing: 

(I) The waste gas burnoff line was extended 100 feet. 

(2) Foundations were poured for a stationary GN2 and GHe 
tube banks. 

(3) Automatic control system package was wired and partially 
checked out. 

(4) Portable hydraulic system completed including wiring. 

(5) "F" Site auxiliary instrumentation panel completely 
modified and standardized. 

(6) "F" Site control panels modified to accept new valving 
and equipment control switches and symbols. 

(7) Additional level and temperature measuring instrument­
ation installed on water supply tanks and heat exchanger 
apparatus. . 

(8) Six hydraulic control valves and twenty-eight remote 
operated valves were rewired to the new automatic con­
trol equipment. 

(9) Checkout of ROVs is now proceeding ( 60'/4 complete) 

(10) Checkout and programming of the test hydraulic control 
valves is about 40'/4 complete. 

(11) Modified operational procedures and check sheets were 
written. 

(12) Preliminary engineering work was completed prior to Ls­
suance of bids for installing new cryogenic valves in 
the "F" Facility piping. The installation work will be 
completed during October. 

Transient tests should begin about July 15. 
NOTE@: Schedule changes are required because of manpower 

reaui rements for 5u5t-,::,,m ·_.__C 111'ut-s 
21 
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July 1964 

S l Tl LABORATORY 

F HYDRAULICS 

22 

RESEARCH 
I NSTALUT IONS . (FOR). 

LIQUID HYO ROG EN 
HEAT EXCHANGER 

P80625(L .V.Humble) 

DESCRI PT roN 

Experimental tests of a segment of a 
water to liquid hyd rogen heat exchanger 
proposed for use in a water-moderated 
nuclear rocket engine. 

Dur ing July, the following work was completed at 11 F1 1 Site, 
prior to transient heat exchanger tests which were begun 
July 27: 

(I) The Compudyne automatic control equipment was checked 
out e lectron ically. 

(2) Wate r f low, temperature, and pressure control systems 
were programmed, then checked out satisfactorily. 

(3) Checkout of remote operated valves on the heat ex­
changer test equipment was completed. 

(4) The heat exchange r hydraulic control valves were 
prograrrmed on the analog computer, then checked out. 

(5) A contract was awarded for the foundations fo r two 
6500 gal Ion deionized water sto rage tanks . 

(6) Bids were issued for replacement of four r emote­
operated, two control, and fou r hand- operated cryogenic 
valves in the 11 F11 Facility piping. Th is contract calls 
for minor modification of the vacuum-jacketed pip i ng. 

(7) On July 23, complete checkout of the water and hyd rogen 
f l ow, temperature, and pressure control system was 
comp le t ed, using I !quid hyd rogen. These tests were 
cons i de red successful a l though al l operating ranges 
were not as wide as 1,1cre anticipated. 

On Jul y 27 and 28 , research data runs were made. 
twelve transient rur1 c, 1,1.J, comµlete<l. 

A total of 



SI Tl LABORATORY 

F HYO RAU LI CS 

22 Augus t 1 96 4 

RESEARCH 
INSTALUJIONS .. (FOR) 

LIQUID HYDROGEN 
HEAT EXCHANGER 
PD0625(L.V.Humble) 

DESCRI PT i-0N 

Experimental tests of a segment of a 
water to liquid hydrogen heat exchanger 
proposed for use in a water-moderated 
nucl ·ear rocket engine. 

A total of 21 transient hydrogen to water heat exchanger 
tests were completed during four operation days in August. 
a 19-tube, 3/1&', stainless steel heat exchanger was used 
for the counter flow tests. 

Present planning calls for completing the test program for 
this heat exchanger by September 4, after which an al~minum 
he.at exchanger of the same co~figuration will be installed. 
About 20 parallel flow transient heat exchanger tests s.hould 
complete the test prbgram. These tests should be finished by 
mid-October 1964. Other items given attention during August 
we re as f o 1 1 ows : 

(1) All 3-inch cryogenic valves (10) have been received for 
installation during October and November. 

(2) New burst discs were installed i n the dynamic vacuum 
systems . 

(3) Metal expansion bellows and flanges were o·rdered for the 
dynamic vacuum sys-terns to replace the Tygon tubing . . It 
is anticipated that the dynamic vacuum pumping time can 
be significantly reduced. 

(4) Bids havebee-~ issued for laying of a 40 x 110 foot 
concrete gaseous supply tr.ailer pad. This work should 
be completed in September and October. 

Future planning calls for installation of an expanded version 
of the present heat exchangers during November. Test opera­
tions using this exchanger should begin in December 1964. 

The test schedule has been changed to reflect the information 
stated above. (Completion of the stainless steel heat 
exchanger by September 4, aluminum heat exchanger by mid­
October ~nd transient expansion test by May.) 



September 1964 

SITE LABORATORY 
F HYDRAULICS 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID HYDROGEN 
HEAT EXCHANGER 
D0625(L .V.Humbie) 

DESCRIPTION 

Experimental tests of~ segment of a 
water to liquid hydrogen heat exchanger 
proposed for use in a water-moderated 
nuclear rocket engine. 

During September, fifty-two heat exchanger runs were com­
pleted on six run days. Twenty-nine of these were steady­
state tests in which pressure diop data was obtained to 
substantiate previous data collected at various hydrogen 
and water flow rates. Twenty-three transient heat exhanger 
tests were made using a new aluminum heat exchanger with 
hydrogen and water in parallel flow. The test program o~ 
this equipment should be completed by October 12, 1964. 

During October, site modification wil I be made to accept 
an expanded version of the pr.esent heat exchanger equip­
ment. Hydrogen flow rates will be increased six times . 
while water flow rate will be increased four times over 
the present values . 



October 1964 

·s I TE LABORATORY 

F HYDRAULICS 

RESEARCH .. 
INSTALLATIONS (FOR) 

LI QUI O HYDROGEN 
HEAT EXCHANGER 

PD0625(L.V. Humble) 

DESCRIPTION 

.. 
Experimental tests of a segment of a 
water to liquid hydrogen heat exchanger 
proposed for use i.n a . water-moderated 
nuclear rocket engine. 

On October 12, three heat exchanger runs were completed. 
During these tests, transient heat transfer data was 
obtained for the 19-tube aluminum heat exc·hanger under 
parallel hydrogen-water flow conditions. An analog device 
was used to correct for the change in liquid hydrogen mass .. 
flow. These changes are caused · by the changing temperatures 
at the 1 iquid hydrogen flpwme"ter entrance. Very good mass 
f I ow control was obtained from these ruri's. 

NOTE: Du ri ng November and December, modifications will be 
completed to accept an expanded version of the present heat 
exchanger equipment. These modifications include installa­
tion of two 6,500 gallon deionized water tanks, new heat 
exchanger, piping, valves, instrumentation, controls, and 
ten new valves in the main liquid hydrogen flow lines. 
Site checkout and research runs are scheduled for January 
1965. 



November 1964 

SliE LABORATORY 

F HYDRAULICS 

RESEARCH 
INSTALLATIONS (FOR) 

LIQUID HYDROGEN 
HEAT EXCHANGER 

PD0625(L. V.Humble)_ 

DESCRIPTION 

Experimental tests of a segment of a 
wate r to liquid hydrogen heat exchanger 
proposed for use in a wate r-mode rated 

. nuclear rocket engine. 

Two 6,500 gallon deionized water tanks with associated 
piping and valves were installed during November. An 
Invitat ion for Bids for the electrical work required to 
operate the expanded heat exchanger was sent out. The 
instal l ation of the ten new li quid hydrogen valves i.n_the 
main flow lines was30% completed. This v~lve installation 
will be delayed abqut two weeks because one of the new 
li quid hydrogen valves had a porous body and wi l l have to be 
replaced. Al l other contracts are on schedule. 

The present heat exchanger equipment will not be dismant l ed 
until all the data tapes have been analyzed to determine if 
any data points should be repeated. 

NOTE: Site checkout and research runs are schedu led to 
start in February. 



December 1964 

SITE LABORATORY 

F HYDRAULICS 

RESEARCH. 
INSTALLATIONS {FOR) 

LIQUID HYDROGEN 
HEAT EXCHANGER 
PD062S(L.V.Humble) 

DESCRIPTION 

Experimental tests of a segment of a 
wate r to liqu id hydrogen heat exchanger 
proposed for use in a water-moderated 
nuclear rocket engine. 

The contract to install ten new valves in the cryogenic 
fl™ fac il ity is 7,'/4 ccxnplete. Difficult ies were encounter­
ed during the high pressure tests . leakage was detected 
around the valve stems and one valve yoke failed.Redesigned: 
yokes will be supplied by the valve manufacturer. Success­
ful cold shock tests have been completed for seven of the 
ten va l ves . 

The design and specifications for the electrical and pi~ng 
work to expand the heat exchanger system have been canpleted 
A purchase request was sent to procurement on December 24. 
The new heater exchange system will increase the hydrogen 
flow rates from 8 #/second to 32 #/second and the water ftow 
rates from 0.43 #/second to 3.0 #/second . 

A contract for the installation of two new 127 conductor 
control cables was awarded December 29. 

NOTE: Heat exchanger tes ts are schedu led to resume by the 
end ·of March or first of Apr i I. 



January 196 5 

RESEARCH 
·s ITE LABORATORY INSTALLATIONS (FOR) DESCRIPTION 

F HYDRAULICS · . 
LIQUID HYDROGEN 
HEAT EXCHANGER 
PD0625 (L .V.Humble) .. 

Experimental tests of a segment of a 
water to liquid hydrogen heat ex ­
~hanger proposed for use i n a water ­
moderated nuc lear rocket engine . 

Site modification cont inued du r ing the month of Janua ry. 

Installation of the new cryogen·ic va lve In t he cryogenic 
flow system is now be ing deferred unt il al l new Pac if ic 
valves are mod i f ied t>y NASA. New yokes have to b_e in­
s tall ed on a ll remote opera ted va lves , therefore a ll remote 
valve s~ems and opera tors -have to be r emoved from the· sys ­
tem , d i sassemb led; both mechan ical ly and e lectr ica l ly , and 
then reassembled with the new yokes . 

Two of the three new pan and ti l t TV Came ras have been in ­
stalled . These cameras will prov i de better control over 
the visual monitor ing during h igh pressure test runs. 

The drawJ ngs have been completed and the equ ipment has been 
ordered for the new 5000 psig gaseous hydrogen trai ler 
stations . The installation is schedu led to sta r t February 
IS . 



February 1965 

SITE LABORATORY 

F HYDRAULI GS 

RESEARCH 
INSTALLATIONS (FO~) 

LIQUID HYDROGEN 
HEAT EXCHANGER 
PD062S(L.V.Humble) 

OESC_RI PTION 

Experimental tests of a segment ·of a 
water to liquid hydrogen heat ex­
changer proposed fo r use in a water 
moderated nucle-a r · rocket engine. • 

During February, new yokes were insta lled on the new 3" 
c ryogenic valves, the valves were repiped hydraul i cally, 
and rewired, Pressure checks revealed a leak in the 
down'stream f lange of the liquid hydrogen dewar d i p tube 
shutoff va lve . A scratch was found on the fla nge gasket 
su rface . This f l ange wi ll be removed and remachined. 

A sel{-regu lat·ing automatic .pressure cont rol system wil l 
be lnst~ ll ed to control ·the liquid hydrogen dewa r pressure 
pneumatica l ly when t he e l ectronic controls have been 
de-ene rgi zed. Th i s wil l allow a cryogenic f lu id to be 
safe ly left in the dewar and it wi l l avoid recooJi ng the 
vessel for a succeedi ng day's operation, resu l t-ing . in 
a substantial monetary sav i ngs. 

The present heat exchange r test equipment is now be ing 
removed so that the instal lat ion cont ractor can begin his 
piping and equipment modification wo r k in April. This 
contract has been delayed because of fiscal matte r s , 
causing an extension of the scheduled test operation date 
from May to Ju ne. 

A cont ract has been let to rewire the TV camera systems so 
they wi 11 conform to Class I, Group B, Div. 1 standa rds . 
This work i s schedu 1 ed to be comp I eted in Ap r·i 1. 
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SITE LABORATORY INST/\ I AT· ::;;~ J 1)F) ------------·--· ... - _______ ,, __ ---------- ------~ 
F· HYDRAULICS 

LIQU ID HYDROGEN 
HEAT EXCHANGER 
PDO62S(L.V.Humb le) 

Exper iment al tests of a segment of a 
water to liqu id hydrogen heat ex­
change r proposed for use in a water 
moderated nuc lear rocket engine. 

During March, various facility components were installed 
and modifications were made . 

(1) One of the new yokes on a 3-inch Pacific valve was 
warped and caused the s tem to score at the gland seal. 
A replacement yoke and four new g land flanges are being 
supplied by Pac if i c. 

(2) Substantial time and effo r t was expended during March 
i n an attempt to seal the out l et flange on the dewar 
shutoff valve. All attempts to date have fai led. 
Before the valve is removed and the flanges replaced, 
anot he r attempt wi l I be made to seal the flange . 

(3) The contract to rewire the TV camera systems was 
started March 22. 

(4) A standby automat i c pressure control sys t em wa s 
i nsta l led on the l iqu id hyd rogen dewa r . Duri ng t he · 
i ni t i al checkout wi th I i qu id nit rogen, i t was d i s­
covered that the d i fferent i al pressure controll er was 
inoperative and it is pre sently b~i ng repa ired. 

(5 ) A forced air convective cooling system was obtained 
and wil l be insta ll ed in orde r to lower the tempe r a­
tu re of the de i on iz.ed wate r afte r it has been ci r cu­
lated t hrough the heat exchanger . 

In o r de r to qu i ckly verify the adequacy of the data obtai ned 
dur i ng a test r un, a Plum Brook compute r pr og r am i s be i ng 

'~-~'-------w-r-i t_t_e_n ___ fo_~_: :d-~--c-~ion ot a 1 imited samp le ot t he test ~ata. 
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·s I TE LOCATION 

F HYDRAULICS 
LAB 

April 1965 

RESEARCH .. 
INSTALLATIONS (FOR) D£SCIU PTt·ON 

• .. 

LIQUID HYDROGEN · Exper I menta I tests of a segment o.f a 
HEAT EXCHANGER water to liquid hydrogen heat exchanger 

proposed for use in wat~r moderated 
PD0625(L.V.Humbl~)nuclear , rocket e~gine . 

In-house work on expanded heat exchang6r modifications 
are proceeding on schedule, although a considerable a­
mount of extra time had to be spent to seat the .dewar 
flange. The outlet flange on the dewar shutoff 'valve 
was finally sealed and work ;is now proceeding on final 
check~t ·of:;lthe vacuum system around the valve assembly! 

The contract for electrical and mechanical work was let 
on April 13. This contract has a 45 day completion date, 
but Union difficulties have already caused a delay in . the 
start of the contract. Completion of the. TV camera system 
rewiring contract has been delaye.d by the late delivery of 
special fittings. 



May 1965 

SITE LOCATION 

F HYDRAUL ICS 
LAB 

RESEARCH INSTALLATION 

LIQUID HYDROGEN 
HEAT EXCHANGER 
PD0625(L.V.Humble) 

& DESCRIPTION 

Exper imental tests of a segment of 
a water to 1 i quid hyd rogen heat ex­
changer proposed for use in wate r­
mode rated nuclear roc ket eng i ne 

Contracts for the e l ectr ical and mechanica l mod if i-cation 
of the heat exchanger test system are proceedin~. About 
7'1o of the electrical work is complete, whil e 8D°lo of t he 
mechanica l modification i s f i nished. 

The hi gh-p ressure gaseous hyd rogen ma ni f o ld has been 
mod i f ied to accept two 5000 ps ig t ra il ers . Electr i cal 
wi ri ng i s about 80% comp lete for th i s system. 

An air- cooled heac exchange r has been insta ll ed to pro­
vide cooled water for the heat exchanger tests . 
Previousl y, liquid nitrogen was used fo r cooli ng. 

Replacement parts were received from Pac i f ic Valve Co. 
to repair the defective c ryogenic valves. These parts 
inc lude new valve yokes, gland flanges, and one valve 
body. The valve operators are al so being reworked . 

A new mockup test heat exchanger has been received and 
is being installed for checkout test runs. Test equ i p­
men·t instrumentation is a l so being instal led. Checkout 
runs are schedu led for mid- July. 

----------- - ----- ----------------- -------J 



SITE SITE NAME 

F 

24 

HYDRAULICS 
LAB 

June 1965 

RESEARCH INSTALLATION & DES CR I PT I ON . 

LIQU ID HYDROGEN 
HEAT EXCHANGE R 

PD0625(L.V.Humble) 

Expe rimenta l tests of a segment of a 
water-to- I iqu ld- hyd rogen heat ex­
changer proposed fo r use in wate r­
mode r ated nuclear rocket eng i ne. 

The build-up and checkout of the heat exchanger program 
systems continued this month. 

The heat exchanger gaseous pressure contro l and flow 
control systems were checked out. Only the hot wate r 
storage tank pressur i zation system remains to be checked. 
Problems we re encountered in welding the hea te r nozzles 
to the hot water storaQe tanks. The tanks a re 
constructed of 347 stainl ess steel , while the nozz les 
we re 304 stainless steel. 347 stainless steel flanges 
were ob t ai ned from Thor surplus equipment, and 347 
stainless stee l piping has been secured to repl ace the 
304 stainless steel mater ial. This work i s present l y 
six weeks behind schedule and i s delaying the water- f l ow 
and pressure checkouts. 

Further checkout of the c ryogenic systems has been delayed 
until the Pacific cryogenic val ves a re repaired and re­
installed. Paci fic Valve Company is making bel a ted 
efforts to rectify a bad situation in supporting repair 
of the valves. Additional redesigned operators and other 
parts should be rece ived f rom Pacif ic by t he first week 
of July so modification wo rk can proceed. 



SITE 
F 

24 

SI TE NAME 

HYDRAULICS 
LAB 

July 1965 

RES EARCH INSTALLATION & DESCRIPTiON 

LIQUID HYDROGEl! 
HEAT EXCHANGER 
PD0625( L .V.Humble) 

Experimental tests of 3 segment of 
a water - to -l iquid-hydrogen heat 
exchanger proposed for use in ,,:,l ter­
moder~ ted nuclear rocket engine. 

Build-up of the heat exchanger test equipment '"'ill be com­
pleted August 6 when the contracted e lectrical work wi ll 
be finished. The presence of contractor personne l i n the 
area has restr i cted system checkout to evenings and Satu r~ 

. days due to hazardous operating condi tions. This has I 
slowed down checkout considerably. 

The process piping work for the wate r transfer and storage-· 
has been comp leted . This. cont ract was completed two 
mont hs afte r the or igina l cont ract completion date. Full 
flow (·,-Jater) test checkouts shou ld be complete by August I 

All parts have been received for repair and ·modification 
of the Pacific Cryogenic Va lve as of Friday, Ju l y 23 . 
These valves shou l d be insta l led and tested by August 2, 
t o allow checkout of the cryogenic flow systems by · 
August 7. A 11 systems shou Id be comp leted and· ready 
for fu ll scale tes~ing by the mi ddl e of August. 

( 



SITE 

F 

SITE NAME 

HYDAAULI CS 
LA B 

RESEARCH INSTALLATI ON _& DESCRIPTI ON 

LI QUI D HYDROGEN 
HEAT EXCHANGER 

PD0625 
( L. V. Humb 1 e) 

Exper imental tests of a segment of a 
water -to -l iquid -hyd r ogen heat ex­
changer proposed for use in water ­
moderated nuclear rocket engine. 

During Aug ust , a ll cont ract work at 11F11 Si te was com ­
pleted , although difficu l ties were st il l exper ienced in 
obta i ning the proper operat i on of the new Pac i fic va lves . 
The t ·roub l e appea r s to be poor va Ive design and wor kman ­
sh ip i n manufacture. 

Checkout tests continue and sa ti sfactor y _tests have been 
made on the heat exchanger w_ater f _l O'M , temperatu r·e, and 
pressure control system, as we ll as hydrogen f low and 
pressure control for ambient temperature gas. The cryo­
oenic f low systems have been,cold shocked a nd pressure 
tested. This wor k , including f i nal retorquing of. the 
piping fittings was comp lete on August 31 . 

A full sc~le li quid hydrogen-water test wil l be conducted 
September 3 using a mock-up heat exchanger. 
Tests with the test heat exchanger shou ld begin the week 
of October 3. 

27 
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SITE 

F 

SITE NAME 

HYDRAULICS 
LAB 

RESEARCH INSTALLATION & DESCRIPTION 

LI QUI O HYDROGEN 
HEAT EXCHANGER 

P00625 
(L . .V. Humb! e) 

Experi men tal tests of a segment of a 
water - to-l iqui d-hydrogen heat exchan~r 
proposed for use in water-moderated 
nuc lear rocket engine. 

On Septembe r 2, the cryogenic system was checked out wi th 
liquid hydrogen . The new Paci fic valves performed satis­
factori ly v,ith exception of hydraulic oi I leaks wh ich 
developed around the valve operators . This deficiency 
was rectified by a reduction in hydrauli c oil operating 
pressure . 

Three full -scale water and l iquid hydrogen runs were com­
pleted on September 10 usi ng a mock- up heat exchanger. 
Hydrogen temperature, f l ow and pressure controls performed 
satisfactoril y; consequently, no f urther co ld hydrogen 
runs are cont emp lated unti 1 t he test heat exchanger i n­
sta lla tion is comp leted. 

Since water temperature contro l has not been completely 
satisfactory, severa I test runs were made on September 16 
and 22 to solve contro l problems. Transport lag is 
thought to be the cont rol problem . Therefore, piping 
modifications are bein~ made to reduce the temperatu re 
sens i ng lag beh,een the con t ro l point and the heat ex­
changer inlet . Th i s will assure proper r amping of temper ­
atu re at the exchanger inlet. 

Tank 7f, a 1250 gallon high pressure de ionized hot water 
storage tank , has beer. inst~l led and piping is about 50% 
complete. Th i s add i tional W?t~r s upply wi 11 r educe the 
cost per data po int by allO\•li ,·.~ several transient t est 
runs to be compl eted for each test run opere1t ion . 

September 1965 25 



SITE 

F 

SITE NAME 

HYDRAULICS 
LAB 

October 1965 

RESEARCH INSTALLATION & OESC~I _PTI ON 

.LI QUI O HYDROGEN 
HEAT EXCHANGER 

PD0625 
(L. V. Humble) 

Experimental tests of a segment of a 
water -to-liquid-hydroge_n heat exchanger · 
proposed for use in water-moderated 
nuclear rqck~t e_ng i ne. .. 

The "installation of the high pressure deionized water tark 
(7F), its process piping, ' insulat.ion and electl"ical wlring 
was completed on October 13. In order. to obtain -the pro­
per wate r temperature cont rol the· connecting pl ping was 
shortened between the water flow meter and the heat ex­
changer. The f 1 ow meter was . moved fr.om t"ts upstream. 
l ocat ion to downstream of the hea t exchanger . 

' ' .. . . 
On ·October 14, four water flow tests were completed using 
the mockup heat exchanger. The water temperature control 

. systems were checked and proved to be . sa.ti sfactory. 

I nstal 1 affon and _ i nst.rumentado,f·o_f :the test heat 
exchanger was .completed o_n October 26 •.. . 

On .- October 28, t hree· full-sea 1~ hydrogen--..,ater heat ex­
changer tes __ ts were si.icces~fl:JP.Y completed._. 

Further testing is -scheduled after the _"H" Building data 
acquisition _modifica·tions are comple_ted. This work is 
schedu~ed -·to be i;ompleted ijoveniber 15. 
(6) Structural modi Hcations to. the tow~r: for the lateral 

pul 1-off s wi 11 begin the first week .in Novemb.er. 

25 



SITE SITE NAME 
F HYDRAUL ICS 

LAB 

RESEARCH INSTALLATION 

LI QU ID HYDROGEN 
.HEAT EXCHANG ER 
PD062S(L. V. Humble) 

& DESCRIPTION 

Experimental tests of ·a segment of a 
water- to- 1 i qu i d hydrogen heat ex­
changer proposed for use in water­
moderated nuclear rocket eng ine. 

The new research heat exchanger was del ivered on Novem­
be r 22 and is now being instrumented and install ed. 

One -quarter of the planned program (twenty steady -state 
and six transient tests) ~s schedul ed to be·· compteted 
during three December test days. 

A Plum Brook computer program is being assembled so that 
a "qu i ck 1 ook11 can be made of the test data before it is 
sent to Cleveland. Data tapes will be duplicated ; then, 
by us ing the Plum Brook tape- handler~equ i pped IBM 1620 
computer, the data will be sampl ed and tested for 
valid i ty . Heat material balance ca l culat ions wi-11 be 
used .tq check the data. The most difficult portion of 
this programming has been completed,. ·Presently , t:'he 
test data can be retrieved, sampled, and printed out in 
base ten numbers . 

November 1965 26 



SITE SITE NAME RESEARCH INSTALLATION DESCRIPTION 

F HYDRAULICS LAB 
LIQUID HYDROGEN 
HEAT EXCHANGER 

PD0625(L.V.Humble) 

Experimental tests of a segment of a 
water-to-liquid-hydrogen heat ex• 
changer proposed for use in water• 
moderated nuclear rocket engine. 

Five test . runs wer:e ·: succes·sful ly completed ,·on 
December 8 . . 

Post-operation computer printout of digitized data ls now 
available for data validity check. Although the complete 
program is not yet finished, data is available as milli­
volt readings. This wlll be of value to the operations 
personnel as ~ell as the research engineer. 

The next test run Is scheduled for January 4, 1966. 

December 196 5 29 



January 1966 

s·1 TE SI TE NAME RESEARCH INSTALLATION & DES CR I PTI ON ,__ __ ..,_ _____________________________ _ 
F HYDRAULICS 

LAB 
LIQUID HYDROGEN 
HEAT EXCHANGER. 

PD0625(L.V.Humble) 

Experimental tests of a segment of a 
water-to-liquid-hydrogen heat ex­
changer proposed for use in water­
moderated nuclear rocket engine. 

Twenty-three hydrogen-to-water heat exchanger steady­
state test runs were completed during operations on 
January 4, 12, 21, and 31; leaving approximately three 
steady-state and six transient test runs to complete 
the present program. Preliminary steps are being taken 
to shut down and secure ·11 F" Site equipment at termi na-
tion of this program. 
The Plum Brook computer program used for operations 
analysis of data is proceeding satisfactorily . Water 
parameters now available in printout form include all 
heat exchanger inlet and outlet temperatures, flow 
rates (corrected for te~perature), and heat loss. 
Hydrogen heat exchanger inlet pressure and outlet 
temperatures are also available, while flow rate and 
inlet temperature printout should be available by 
February 15. The computer program has been of valuabl~ 
assistance to the operations and research engineers in 
establishing the va1idity of data obtained, and has 
helped determine the course of future test runs. 

25 



SITE SITE NAME 

F 

28 

· HYDRAULICS 
LAB 

RESEARCH INSTALLATION & DESCRIPTION 

LIQUID HYDROGEN 
HEAT EXCHANGER 
PD0625(L.V. Humble) 

Experi mental tests of a segment of a 
water-to-I iqu id hyd rogen heat ex­
changer proposed for use in water­
moderated nuclear rocket engine. 

A total of thirteen hydrogen to water heat exchanger test 
runs were completed on three operation days during Febru­
ary: February 11, February 17, and February 24. These 
tests included four steady-state and nine transient runs. 
Examination of test control run data for Jhese operations 
indicates satisfactory data were obtained, the average 
heat balance error being less than l. D°/4. 

NOTE: The above tests complete the present research 
program. The test site will be left in standby, should 
confirmation tests be required. This research program 
was completed two months ahead of the planned test 
schedule. 

Use of the Pl um Brook computer program has enab led 
operations analysis of test data within twenty-four hours 
after test ope rations a re completed. Further test opera­
tion planning ca~ be initiated much sooner than previously 
with more assurance that preceding operation met research 
data requi rements. Work is continuing on this program to 
i ncrease its versatility and scope. 

rarrighi
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March 1966 

SITE SITE NAME 

F HYO·RAULI CS 
LAB 

RESEARCH INSTALLATION 

LIQUID HYDROGEN 
HEAT EXCHANGER 
P00625(L.V.Humble) 

& 0ESCR\PT\ON 

Experimental tests of a segment of 
a water-to-liquid hydrogen heat ex­
changer proposed for use in water 
moderated nuclear rocket engine. 

The test program for PD0625 was co~pleted during February; 
however, test apparatus is being maintained in readiness 
for any data fill-in tests which may be desired. 

Two innovations used at "F" Site were submitted to the 
Technology Utilization Office during March. These were 
an electronic circuit for mass flow control of cryogenic 
hydrogen (40 to 90°R) and a valve position indicator. 

Since the test program has been completed, no further 
status reports will be made. 

25 · 



November 1967 · 

SITE SITE NAME 

F HYDRAULICS LAB 

RESEARCH INSTALLATION 

CENTAUR S-C TANK 
YOV2273(E.R.Jonash) 
(CPO - A.J,Stofan; 

RSD - J . E.Shole s) 

& DESCRIPTION 

Centaur tank cold shock 
test. 

The Centaur S-C tank cold shock test i s tentat ively 
scheduled for late December. The following major 
items were accomplished in November : 

(1) Started checkout of air, gaseous nitrogen, 
gaseou s helium and vacuum system. 

(2) Mounted 5-C tank. 

(3) Repaired and installed insulation panels on 
5-C tank. 

(4) New ROV 1s and control valves were assembled, 
cleaned, and checked out. 

The following major items are in progress: 

(I) lnstal l , f i 11 and vent valves, piping, and 
instrumentation on 5-C tank. 

(2) Clean LH2 tank. 

(3) Cold shock cryogenic system with LN2. 

(4) Control panel modifications at "H" Building. 

L---'--------------------------------~·-
26 
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December 1967 

SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTI ON 

F HYDRAULICS LAB 

26 

CENTAUR 5- C TANK 
YOV2273 (CPO -
A.J.Stofan; RSD -
J . E.Sholes) 

Centaur tank cold shock 
test. 

The Centaur 5- C tank cold shock test is scheduled 
for mid~January . The test was rescheduled because 
of time lost due to inclement weathe r during 
December. The following major items were ·accom­
plished in December: 

(1) Cleaned Centaur hydrogen and oxygen tanks . 

(2) Installed fill lines to Centaur LOX and 
LH2 tanks. 

(3) Installed vent systems for Centaur LOX 
and LH2 tanks. 

(4) Completed control panel modifica t ions at 
11H11 Building. 

The liquid nitrogen cold shock of all cryogenic 
systems is scheduled for early Janua~. 



January 1958 · 

SI TE SITE NAME RESEARCH INSTALLATION & DESCRIPTION 

F HYDRAULICS LAB 

26 

CENTAUR 5-C TANK 
YOV2273 (CPO -
A.J. Stofan; RSD -
J.E:Sholes) 

Centaur tank cold shock 
test . 

On January 5, the Centaur 5-C tank was cold shocked 
with I iquid nitrogen. The LOX tank was filled two­
thirds full with 2,000 gallons of LN2 and the hydrogen 
tank was fi ll ed one-third full with 3,000 gal Ions of 
LN2. No major probems were encountered. 

On January 10, the tank was cold shocked with I iquid 
hydrogen. The LOX tank was again filled with approxi­
mately 2,000 gallons of LN2 and then the hydrogen 
tank was filled. After the intermediate bulkhead had 
cryopumped to 60 microns, both tanks were pressurized 
to their design pressures. The intermediate bulkhead 
did not cryopump as low as had been expected~ No 
leaks could be detected on the post-run examination 
of the tank. Approximately 5,000 manhours were 
expended in prepar ing 11F11 Site and the tank for the 
cold shock. 

The vehic.l e has been moved from "F" Site to Bui !ding 
5131 (Air Compressor Building). The tank was leak 
checked and the intermediate bulkhead given a mass 
spectrometer te~t. Both tests were completed success­
fu ll y. A complete X-ray examination of the vehicle 
wil I be conducted by GOA personnel in February. 



PROJECT 

NARRATIVES ON ADJOINING PAGE 

SITE 

STATUS 

CHANGES: (schedule changes since last report) 

LOX FLOW TESTS F 

LOX FLOW TEST RUN SCHEDULE . . . . . . . 

ITEMS COMPLETED 
Located run tanks, X-rayed and Inspected. 
Work orders written to clean and insulate tank.· 
Reactivated "K" Site 
Telephones Installed. 
Checked out valve control panels. 
Pref iminary instrumentation fl01o1 sheet completed. 
Checked out instrument room and cabling. 
Ordered platinum sensors and bridges from Cleveland 

Instrument Pool. 
Installed controller and manual valve stations at H. 
Control wiring completed to trailer pad. 

ITEMS IN PROGRESS 
Cleaning control valves and other components 
Calibrating pressure transducers, 
Checking out digital subsystems at H Bldg, 
Fabricating LOX tank probe, 

CHANGES : None 

. . . . . 

TASK 

SCHEDULE 

YOV61 

Dec 1973 

5~ complete. 
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Typewritten Text
October 1973



SITE 
F 

SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 
HYDRAULICS LAB 

LOX FLOW TESTS 
(YOV6114) 

SUMMARY 

PSD - R, C. HENDRICKS 
RSD - W. E. KLEIN 

"F" Site is being reactivated to run a series of oxygen 
flow tests. Oxygen will be passed through a choked noz­
zle to see if the principle of corresponding states may 
be applicable to fluid flow problems in general. 

DISCUSSION 

OPERA Tl ONS 
PROGRAM DESCRIPTION 

This is the first report covering a series of oxygen flow 
tests to be run at "F" Site. The flow rates will range 
from 1/4 to 3 pounds per second at pressures up to 1400 
psi. The temperatures will range from saturated liquid 
at atmospheric pressure up to the critical temperature. 
The flows wi 11 include sub-cooled liquid, saturated 
liquid, saturated gas, and warm gas. 

Previous studies of the characteristics of fluid flow 
through choked nozzles have shown that the principle of 
corresponding states may be applicable to fluid flow 
probJlems in general. Numerous tests have been run at 
LeRC In Cleveland, Ohio, using nitrogen and some-tests 
using methane. These results have been extrapolated to 
predict the behavior of oxygen. The purpose of the tests 
at "F" Site is to substantiate the theory that such data 
can be extrapolated to predlc~ the behavior of other 
flu ids. 

CURRENT STATUS 

The run tank was located in the tank storage area in 
Cleveland. The tank has been X-rayed and inspected. 
Work orders for LOX cleaning and insulating the tank 
have been written. These two Items are the pacing 
items for the project, The LOX cleaning will probably 
be done In-house and the method to be used Is now 
under discussion, A purchase request for the tank In-

. sulatlon Is In Procurement, The normal procurement 
cycle would get the Job complete about the end of the 
year. This wlll get us Into cold weather problems and 
maybe manpower problems with other programs, Therefore, 
we will attempt to shorten this time. 

(Continued on Page 11) 

9 



SITE 
F 

. 

/ 

SITE NAHE RESEARCH INSTALLATION & {TASK NO.) - PROJECT ENGINEERS 
HVDRAUL I CS LAB 

LOX FLOW TESTS {Continued) 

The control valves and other flow system components have 
been located and are being LOX cleaned. No problems are 
anticipated in this area • 

The test stand has been reactivated, telephone installed, 
etc, The gaseous nitrogen system was pressurized and no 
problems were encountered. The valve control panels have 
been energized and most of ·the site va Ives have been ··eye 1 e 
checked. No major problems were encountered. Because the 
flow system is relatively small and simple, virtually no 
system installation work will be attempted until the tank 
is in place. 

I NSTRUHENTATI ON 

A preliminary flow sheet is complete. 

The required pressure transducers are now being cali­
brated. 

The site instrument room and cabling check outs are 
complete. 

The digital subsystem at H-Building is now being 
checked and requalified. 

The LOX tank probe is being built by the thermocouple 
shop. 

The platinum sensors and bridges are on order from the 
instrument pool In Cleveland. 

CONTROLS 

All controllers and manual valve stations have been 
installed at H-Buildlng. The wiring Is also completed 
out as far as the trailer pad for all control functions. 
Work orders have been written for build up of all control 
valves and this work Is approximately 50% completed. 

II 



SITE s·1TE NAME RESEARCH iNSTALIJI.TION & {TASK NO.) PROJECT ENGINEERS . 

HYDRAUL i CS LAB 

LOX FLOW TESTS 
(YOV6114) 

OPERATIONS 

DISCUSSION 

PSD - R. C. HENDRICKS 
RSD - W. E. KLEIN 

Very little manp<Mer was expended on F-Site this month. 
We were waiting on the delivery of gaskets and cleaning 
materials for the run tank. 

The tank support stand was completed and the tank is 
now located in the stand. The gaskets and cleaning 
materials were delivered late in the month. Work on 
me1 lographing and cleaning the run tank wi 11 ·start 
the first week in December. The tank will them be 
moved to F-Site and the flew system fabricated. 

The bids for supplying and applying the tank insulation 
were opened November 20, 1973. The job will be awarded 
to Standard Asbestos Manufacturing Company of Cleveland. 
Ohio as soon as the system Is ready. 

INSTRUMENTATION 

The required pressure transducers have been calibrated. 

A logic modification to the digital subsystem at H-Bldg. 
is being made at the present time. Upon completion of 
the modification the subsystem will then be requalified. 

The thermocouple shop is awaiting delivery _of platinum 
sensors from Cleveland for the LOX tank probe buildup. 

CONTROLS 

The control wiring from H-Bldg. to F-Site has been 
checked out and final connections will be made to the 
valves as soon as they are installed. 

The necessary control valves are approximately 80% com­
plete in the valve shop. · · 

7 
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l 
PROJECT 

NARRATIVES ON ADJOINING PAGE 

SITE 

STATUS · 
CHANGES: (schedule changes since last report) 

LOX FLOW TESTS 

LOX FLOW TEST RUN SCHEDULE . . . . . . . . . . . 
ITEMS COMPLETED 
Support stand completed. 
Tank installed in stand, . 
Received tank gaskets and cleaning materials. 
Opened bids for tank insulation. 
Calibrated pressure transducers. 
Checked out control wiring for 11H11 to 11F11 Site. 

ITEMS IN PROGRESS 
Modifying H-Bldg. digital subsystem logic. 
Servicing control valves at valve shop •• • • • • • 

CHANGES: Run schedule changed. 

8 

TASK N 

SCHEDULE 

YOV611 

Feb 1974. 

8°' canpleted. 



PROJECT 

NARRA Tl VES ON ADJOIN I NG PAGE 

SITE 

STATUS 

CHANGES: (schedule changes since last report) 

LOX FLOW TESTS F 

LOX FLOW TEST RUN SCHEDULE ..... . 

ITEMS COMPLETED 
Received gaskets and cleaning materials. 
2250 psig hydrostatic pressure test of tank. 
Fabricated anti-vortex baffle assembly. 
Fabricated and pressure tested mixing chamber. 
Awarded contract for tank insulation~ 
Fabricated and calibrated flow measuring system. 

CHANGES: None. 

T, 

SCHEDULE 

Feb 1974. 

rarrighi
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· SITE SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 

F HYDRAULICS LAB 

LOX FLOW TESTS 
(YOV6114) 

OPERATIONS 

DISCUSSION 

PSD - R. C. HENDRICKS; 
RSD - W. E. KLEIN 

No significant manpower was expended on F-Site during 
December. 

Gaskets and cleaning materials for the run tank were 
received. Hydrostat-i c pressure testing of the tank 
to 2250 psig was completed satisfactorily. Completion 
of final steps in the tank cleaning process is expected 
early in January. 

An anti-vortex baffle assembly for the run tank was fab­
ricated. A redesigned mixing chamber for the LOX fie,,,, 
measuring system was also fabricated and pressure tested. 

The tank insulation job was awarded to Standard Asbestos 
Manufacturing Company of Cleveland on December 26, 1973. 

INSTRUMENTATION AND CONTROLS 

Very little manpower was spent on instrumentation and 
controls preparations for this test because of higher 
priorities for manpower on other tasks during December. 

Probe assemblies for the flow ~asuring system have been 
fabricated and calibrated. Delivery from Cleveland is 
expected the first week in January. 

5 



NARRATIVES ON ADJOINING PAGE 

PROJECT SITE 

I STATUS 

CHANGES: (schedu 1 e changes since last report) 

LOX FLOW TESTS F 

LOX FLOW TEST RUN SCHEDULE ....•. 

ITEMS COMPLETED 
Cleaned LOX Tank •..•.. 
Installed anti-vortex baffle 
Installed tank lid 
I nsta 11 ed tank 
Fabricated and checked vent system 
Cleaned variety of equipment items 
Test section nozzle extension rewelded 
Received temperature sensors and liquid level system 

ITEMS IN PROGRESS 
Valves being assembled. 
Working on tank liquid level probe. 

CHANGES: Schedu 1 e Change. 

TA5K NO. ) 

I SCHEDULE 

YOV6114 

March 1974. 

Jan 25, 1974 

rarrighi
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SITE SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 

. F HYDRAULICS LAB 

LOX FLOW TESTS 
(YOV6 I I 4) 

PSD - R. C. HENDRICKS; 
RSD - W. E. KLEIN 

DISCUSSION 

OPERATIONS 

There was no site manpower expended during January. How­
ever, there was some work accomplished in the Combined 
Shops area. 

LOX cleaning of the tank was completed on January 25, 1974. 
The anti-vortex baffle was then installed and the tank I id 
bolted in place. The bolts were torqued to obtain approx­
imately .032 inch stretch in each bolt. The tank has been 
moved into position at F-Site. 

The LOX tank vent system was fabricated, hydrostatically 
checked, cold shocked, and X-Rayed. It is now ready to 
be installed on the tank. 

The Valve Shop still has some work to do to 
assembly of the valves needed for the test. 
Room has a variety of items which are ready 

complete the 
The CI ean 

to be cleaned. 

A bad weld was found on the nozzle extension of the test 
section. The extension was cut off and rewelded. The 
test section will again be X-rayed and hydrostatically 
checked. 

INSTRUMENTATION AND CONTROLS 

Very little manpower was expended during January. The 
platinum resistance temperature sensors for the flow 
mea_suring system and_ the tank liquid level system have 
now been delivered to Plum Brook. Work is now proceeding 
on the tank I iquid level probe. 

7 



PROJECT 

NARRATIVES ON ADJOINING PAGE 

SITE TASK N~t~ 

[ STATUS SCHEDULE '! 
CHANGES: (schedule changes since last report) 

LOX FLOW TESTS F 

LOX FLOW TEST RUN SCHEDULE ....... 41 Apr-May 1974. 

ITEMS COMPLETED 
Equipment cleaned and moved to test stand. 
Pre] iminary planning for routing of lines & equip­
ment loca t ion acc omplished. 

Tank liquid level probe assemb led and cleaned. 

ITEMS IN PROGRESS 
Valve shop wo rking on valves for test. 

SITE SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENr.lN~~R~ 

F HYDRAULICS LAB 

LOX FLOW TESTS 
(YOV6114) 

OPERA Tl ONS 

DISCUSSION 

PSD - R. C, HENDRICKS; 
RSD - W. E. KLEIN 

YOV6 l 14 

There was very 1 ittle manpower expended during February. 
Most of the equipment needed for the test has been cleaned 
and moved to the test stand. Some preliminary planning 
for routing of lines, equipment location, etc., has 
been accomplished. The valve shop still has three valves 
needed for the test. 

INSTRUMENTATION AND CONTROLS 

No site manpower was expended in February. The tank 
liquid level probe was assembled and cleaned . It will 
be mounted in the tank after the insulation contract 
is complete. 

rarrighi
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'SITE SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 

F HYDRAULICS LAB 

LOX FLOW TES TS 
(YOV6 I 14) 

PSD - R. C. HENDRICKS; 
RSD • W. E. KLEIN 

SCHEDULE - MAY 1974 

SCHEDULE CHANGE - THE SCHEDULE WAS 
MODIFIED DUE TD DELAYS CAUSED PRI­
MARILY TO INCLEMENT WEATHER AND TD 
A SLIGHT DEGREE - LACK OF MANPOWER. 

DISCUSSION 

OPERATIONS 

Manpower was assigned essentially full time to assemble 
and install the system during March. 

Items Completed 

(1) Tank venting and relief system assembled and installed. 

(2) Test rig, flow system and tank fill system installation. 

(3) GHe purge and GOX pressurization and buffer system 
installation. 

(4) GN2 pressure system for test rig and trailer valve 
operators. 

(5) Accumulator and hydraulic pressure system for test 
rig flow control valve operator. 

(6) Tank liquid level probe assembly and flow system 
pressure transducers installation. 

Items in Progress 

(l) Wiring for instrumentation sensors and control valves. 

(2) System leak check and cold shock process. 

(3) Installation of tank and system insulation is sched­
uled to start in mid-April. 

(4) Test runs are expected to begin near the first of May. 

3 
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'SITE SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 

F HYDRAULICS LAB 

LOX FLOW TESTS 
{vov6t 14) 

OPERATIONS 

PSD - R. C, HENDRICKS; 
RSO - W. E. KLEIN 

SCHEDULE - MAY 1974 

DISCUSSION 

Manpower assigned essentially full time to assemble, 
insta 11, .and check out systems during Apr i 1 run schedule 
depends on interface with manpower and .data instrument 
requirements at other sites. 

· ITEMS COMPLETED 

(1) Wiring for instrumentation sensors and control valves. 

(2) System cold shock and leak checks. 

(3) Tank and system insulation job. 

ITEMS IN PROGRESS 

Valve adjustments and operational check-outs. 

3 
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SITE SITE NAME RESEARCH INSTALLATION & (TASK NO.) - PROJECT ENGINEERS 

F HYDRAULICS LAB 

LOX FLOW TESTS 
(YOV6 I 14) 

PSD - R, C. HENDRICKS; 
RSD - W. E. KLEIN 

SCHEDULE - COMPLETE JUNE 1974 

DISCUSSION 

Operational checkout of flow controls and 
Instrumentation was completed at 500 and 1000 psig 
(GN2). 

The following flow data runs were completed 'using 
test rig assembly #1. 

DATE NOZZLE FLUID(S) NOH. INLET FLOW 
ASSEMBLY FLOW TEMP. PRESS. RANGE 

' (OK) {PS I G) 
5-20-74 #I GN2 amb 300-900 

LN2/GN2 94 200-1000 
130 

5-21-74 #I LN2/GN2 111 200-1000 
13D 250-1000 

5-23-74 #I GOX amb 300- 1000 

5-24-74 #I GOX amb 300-1000 
LOX/GOX 93 50-1000 

115 75-1050 
133 300-1050 
136 300-1050 
124 150-1050 

5-28-74 #I LOX/GOX 147 500-1050 
155 500-1000 
160 250-1050 

5-29-74 #1 LOX/GOX 117 850-1400 
96 15-1350 

116 850-_1400 
136 280-1400 

5-30-74 #I LOX/GOX 125 100-1400 
160 I 00-1350 
148 200-1400 
160 900-1400 
116 48-650 

5-31-74 #I LN2/GN2 
I 31 155-650 
80 16-1000 

I 3 I 100-1050 
Test runs should be completed during the first 
week of June. 
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