
STATUS REPORT OF ''J" SITE FROM JULY 1, 1961 = JULY 1, 1962

J-1

The gaseous hydrogen-liquid oxygen rocket test engine has been in
operation for the entire 1 year period. At the same time construction
has been proceeding to support the second phase of work to be done in
the J-1 test rig.

J-2

For the period July 1, 1961 to December 31, 1961, the cell was
operational. The H2-F2 rocket system test program was completed on
December 31, 1961. From December 31, 1961 to May 7, 1962 the cell
was inactive. Construction began on May 8, 1962 on a new H -02 rocket
system. Construction is continuing and should be complete by
August 1, 1962.

J-3

This facility has been under construction for the past 12 months. The
space tank facility will be in partial operation by July 16, 1962.

J-4

The facility was inactive for the first six months of the period. The
next three months were spent in construction and reactivation for a
series of tests of liquid hydrogen tank insulations, From March 2, 1962
to July 1, 1962 the tests were run and the program completed. The
liquid hydrogen tank is now being reinsulated by Goodyear Aircraft at
their plant. When the insulation installation is complete another series
of tests will be run in the facility.

J-5

The fluorine material compatibility facility was operated from July 1, 1961
to March 2, 1962. Since this period of time the cell has been inactive.
New tests are now being discussed between Lewis and Plum Brook engineers.



MEMO to CS Moore, S,15; 'nfo for Yearly exper fac oper rpt For PAS, 7-5-62

"J" Site - Rocket Test Area:

The operation of the various test stands making up the "J"
site are listed below:

"J-1", The gaseous hydrogen - liquid oxygen rocket test engine
has been in operation throughout the year. Work has now pro-
grassed to include the second phase of the test program.

"J-2", The rocket systems test stand ran from July I, 1961 to
December 31, 1961 with an H2-F2 rocket system test program and
from December 31, 1961 to May 7, 1962 the cell was inactive.
The remainder of the year has been spent in preparing for the
new M2-02 rocket system.

"J-3" has not been in operation during the past twelve months
but construction has taken place to prepare for tests for the
Spate rank Facility.

"J-4" has been in operation from March 2, 1962 to July I, 1362
doing tests of liquid hydrogen tank insulation materials. This
program will continue with another series of tests to be done
in the coming year.

"J-5", The fluorine material compatibility facility, was in
operation from the beginiing of the Fiscal Year until March 2,
1962. It has been inactive during the remainder of the Fiscal
Year, as new test programs are prepared.

4. It is hoped that the above material will satisfy your requirements for
information on the Plum Brook operations during Fiscal Year 1962. Should addi-
tional information be required please contact the writer.

Alan D . Johnson
Director , Plum Brook Station

ADJ:ejf

Copies to:
G Hennings
PL Donoughe
PB Sta files



PLUM BROOK STATUS REPORT (continued)

ITEM
NO

7

LABORATORY

Hydraul i cs
"F" Site

RESEARCH DESCRIPTION
INSTALLATION (FOR)

NIB (Humbel) Experimental tests of a segment of a
water to liquid hydrogen heat exchanger
proposed for use in a water moderated
nuclear rocket engine

STATUS; All of the pertinent existing electrical, mechanical,
cryogeni c and gas pressure systems are bel ng checked out.
Some new equipment such as a variable temperature high
pressure water system is required. The designs are
substantially complete and some of the components such as
the high pressure water tanks are already on order. Many of
the modifications to the facility flow systems have been
C'),~p 1eted.

This project requires rather complex scheduling of
te~perature, pressure and flow of both the hydrogen and water
syste~s. The existing contract with Compudyne Corporation
was activated to provide the design for the required control
system. The controls system design was reviewed in mid­
January and appears to be sound and progressing satisfactorily.
Compudyne is furnis~ing design specifications and procure~

mert will generally be by NASA. Purchase requests are being
prepared for most of the long lead time items. It is
plarned that the facility will be operational by May.

8 Rocket Systei'ls
IlJOI S~te

Hydrogen-Oxygen
Rocket Engine
28K (01 sen)

A hydrogen-oxygen rocket engine is
operated over chamber pressure range
of from 200 to 900 psi. Heat transfer
is measured from the combustion gases
to chamber wall. The objective is
to extend heat transfer theory into
the region required for the design of
nuclear rocket nozzles. Presently,
solid copper heat sink engines are
being used. Ultimately, the program
will progress to a highly instrumented
liquid hydrogen cooled chamber

Page II ~7
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PLUM BROOK STATUS REPORT (ccrctl ~ued)

STATUS: The dg has be.sn in~mc:"'e or ]ess~cont~::1UCH!S cpei"atlo:l fer
t~;e past: yea:". :"he :.o]:d copper e.r1g~:~e.s a;e f: red fa:"
pe:"lods of approxirnate]y one to tti\fO seconds a~d f-;eat t;"-3rt;:~,fe:'"

coeff:c~€nt:s 2;e ca]c,\jiated TI'CITl temperature prof:les measu~'E"d

In copper slugs. The solid e~glne program wll] co~tin~e for
ano~her r to six months. The solid engine program II
probab]y conthwe unti] a suitab;e l';quid hydrc'jE;:;: c.:c-o·~ed

e~g!ne is CO~'st~ucted. Such an e~glne has been lieslg~ed and
is u~de;' :onstI'uctlc~ at Lewis Resear=h Cent:e: for the ;2St
sIx ~ont::s.

F:J~~ t~'E P2'St S'[X \iI}e.ek:::~ Tr-:e C:E'~] I,; ~--~9h (-ap~..; ;"y g:;::::,f-,GU:-:;

hydrcqe:l! te~~' has been ut~·~ ized f;):'" bu te:~r:s~ The
blJ~nc.f~ te..:::,.t:3 ::ire be~ng c;)nduc~~E:d to r-":"'';'J :/s ::':li~:CCtt d2'.,:3:"::"
de::-:.l~~~::ng t~~~e r:ot ~:yd:og:E:,.n fac:J~i ;1[(;;' U'::3':':::, ~.a-.Je (:'.0\,2.:"80

n C;':/I} ~...:~te::;~G ~ 5 pO:Jnds per- '38c;:md.

liquid Hyd-ogen­
li qc i d Oxygec
Thrott:ing Tests

Thrct:t~ i ng 2:ld iC'J:rb~s(](m i n:3tab:,:
tests of a :!qu;d=oxyge~ = liquid
hydrogen pressure fed rocket: SYS~8~

STATUS: The !:est: r:g ''tid'S co~p]ete]y rebu~lt d:Jr;ng the ear:}' part cf
1962, a~d has bee~ ~~ ~ore or ~ess contirwcus o~eI2t~0~ sI~ce~

Pro~e;1a~t f~ows and cha~ber p~essure are Jnder c10sed Ioop
autc;r!1,?:1 c cor:t;"'ol and e.ach fi rl n9 COVErs a :"3n98 of test
o:::ndlt1::'r:s. lh~s ;rogram has been I,,.,len St~ppc:->~<.l by le,tAds
Rese2r~h eerier W~!r. bQt~ hardwa~e a~d peop]e~

'0:-" +~~e last,..lu , the regeneratij'lelY cc.)] c-D:nbustlon
cr.ar'lb-sr ;::,r:Ht ]o;-~gft~jdlnany t~HO seconds c:fter a su::,(:es:;~':Jt

~qnitlGn. -he. safety syster.l detec,ted the f3il~Jre and ti-:e
e;,gi~":2, "/\/a2 a~;tc:"::3tL:any sr::..lt down \jlli:~ ;:0 damage to the cen.
7his c:~~a:ns'f;-;;,,~of cha~nel c;')::st:",uct~on~had EleV'c:1 rdllutes of
ec :u!T:.;:a'::ed ~"[Jnr::rng tr~je bef:o;"'e fa! Ljre.

The falt'2:d cO:"Y'jbust1:m chamber ;s bel:19 T'ep~aced ftor::
spare h2~"d"!;JaU"'e C:J ~and and nc ]apse i~ s(h~duL3 ~"in] cc>~:~r

5J20]
This 'fac.l][ty '~,;o'.~.s[:~+~:" of a :;zr2:r::
1eakage: D h; ;j~' \,'-·:~C-:iJln' t::::lnk des r
fer testing flb;eglas a~d reSi~

liquid hydrogen tanks 1~ law pr~s~

sure envirc~~ert¢ Dlff~s:cr of'
hyd roge~ th ro:..;gh the hi:;']] S ::yf !:nc3€

piast~:~ ~:2::ks 1IJaS '!~:-=-, be de~'2;-I'Tlir:ed

by sea ~ 1:19 off t~:~ 'Ja'·:':::":.:,,,;'! :>p:-:::~:e 6~~~-:j

measuring the p:ess~rE rIse ~r ~he

knov-1In va I ume ~



PLUM BROOK STATION STATUS REPORT (continued)

STATUS: The vacuum test rig was built up and Installed during the
first half of 1962. The facility's capability was demonstrated
and validated using a metal tank. The experimental plastic
tanks of approximately 2D .gallon capaci ty were screened in Cleve­
lafld,at' cryogenic:conditions.,,', Host of them fai led. The
best tank was installed at Plum Brook but failed during the
filling operation. No data was obtained and the facility
has subsequently been idle for the past several months.

Recently, a request has been receiv~d from Cleveland
to extensively modify the vacuum tank in IJ_3". The imC1ediate
objective is to make the facility capable of accepting a
larger metal tank Insulated with Linde Insulation. Heat
transfer data would be obtained when the tank was filled with
liquid hydrogen and the insulation exposed to high vacuum
conditions. A longer term objective is to equip the tank
with a large capacity diffusion pump and a heat source. A
solar:envlronment is l:o'peslmiJlltea. '

IJ_4" 51201
(Plnkel)

The facility is a semi-enclosed vertical
stand originally built to study cryogenic
propellant loading and Insulation problems.
It was originally built to accommodate
the old NACA high energy test vehicle.

STATUS: Metal tanks of a few hundred gallon capacity have been in­
sulated by contractors and installed in the IJ_4" facility
for boiloff tests. Several configurations have been evaluat­
ed over the past couple of years. The boiloff tests were
generally conducted in a period of one to two weeks and then
the facility was down for several months awaiting a new
configuration. The principle support effort is that required
to checkout the systems and the instrumentation after the
long idle periods.

IJ_5" Fluorine Hydraulics
Labo ratory

The facility consists of a high pres­
sure liquid fluori ne system installed
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver 1ank
and fluorine is passed through it. The
system is capable of working with a
couple of cubic feet of fluorine with
pressures up to 1500 psi

STATUS: No program exists and the facility has been Idle for the
past year.

Page 11-9



PLUM BROOK STATUS REPORT (continued)

GENERAL The five rigs in IIJII area are very congested. With more
than two rigs active, progress of any one project is general~

ly impeded. Because of the propellant handling, and
extensive high pressure leak testing, the two rocket rigs
exclude people from the other test rigs for long periods
of time, and considerable work Inefficiencies result.
Presently, the two rocket rigs run on alternate weeks
which is a very satisfactory arrangement. Since both the
IJ-3" and "J_4" rigs use only small quantities of hydrogen,
Plum Brook offers no unique capability, therefore any new
programs in the "J-3" and ":1-4" area should be careful1y
considered and probably can 'only be justified on the
basis of expediency.

RESEARCH
INSTALLATION (FOR)

ITEM
NO

9

LABORATORY

High Energy A2G
Rocket Engine A2F
Research Facility AGB

(Gabri el)

DESCRIPTION

NERVA engine propellant feed system
tests. The investigation will include
turbo pump "boot strapping" tests,
fluid instabilities in the engine flow
passages and equipment performance
evaluations. Construction of the
facility is In final stages and some
equipment checkout has begun. All
work at Plum Brook is either on or
aheati of the PERT schedule and no
problems are apparent at this time.
It appears that the pacing items are
still the delivery of the Rocketdyne
turbo pump and engine nozzle. However,
these statements could easi ly be cause
for regret. Many of the major systems,
which includeinstrumentatlon equipment,
the electrical controls and wiring, etc,
are still in the hands of the contractors.
Therefore, no knowledge of the subtle
built-in problems exists.

Checkout and operation of the
steam system Is well underway. Many of
the cold weather freezing problems have
been encountered and are at least partial­
ly solved. Both boilers have been to full
operating pressure and the accumulators
have been charged. The entire steam
system, including the accumulators, shut­
off valves, pressure regulating station,
and second stage ejector, has been
operated. All operations were performed

Page 11-10



CONT I rJiJED

'[\;0 i"Ui! days produced Seven gaseous hyd~c;,g::::,·. b: ,..,ft j"'i"Lc"', ~

~~~ ri'r~:~rs B~:~~e~~ e~ h: : r::~ ~~~~~~~~ ::~~t!t ;'\u:~S:~,~'!,'e.! SCi. i
"burner' configurations. Modification of the facl11ty 15 ~

"near'ing co;npletion to provide this capabi Ilty. Nli,:ie:"o:-"s ~

liquid nitrogen tests VJere made on h..;o rl,h"'l, days to Chf~Ci,~ I
out the propellant controller for future r0ck~t eng1ne r:uf15~ l

Throttling and co,nbustio;l inst2b;'~~+:"f l
tests of a liquid oxygen-liquid hydroge:~~

pressure fed rocket SySt.Ci;'i. i

i
I

Liquid Hydrogen­
Liquid Oxygen

Throttling Tests
(I .A .,Johnsen)

A total of nine da(a runs wer'e made on one rwn day. Tes1:1;jg
was terminated due to engine faJ lure. Nffi~ hardware has bS8il

installed and the program vI/i 1 'I continue v",;U: no r.-;:::,~,or delt,.y

in schedule.

srATUS:

R.n:CKE r
5YS fELlS
ll.,~ ~21 i

PLUM BROOK ROCKET SYSTEt1S FAG I LIT I ES STATUS REPORT

~~

~
~

-------------- !"""·-I~----·-· RESEARCH ""1
S,,~_1--L!\BORATORYINSTAl.L,ATlON (FOR) DESCRIPTION ._~__ .J

,I c I ROCKET Hydrogen-Oxygen A hydr'ogen-oxygen rocket e~9; r" ; s ",c," ··,1! I SYSTEi":S Rocket Engine aled over chamber pressure r";1g", '" fr:T, i
i I "Jo,I" 28K (N.D.Sanders) 200 to 900 psi. Heat trclnstf: is:,0':5- !
j II ured from the comblJstion 9;5c', [0 ,'; d

I'." viall. The objective is to ou:::J ~! transfer theory inco the reg!::;;; r :q:~,,-!Ii

I II ;~~S~~~I~~ s ~;~ i ~~f c~~~,~ ~a ;,,:~., ~':,~:.';:: !'l
" are being used. ~Jlt1:713t~,'jy, '~.r.:: ,:\~

~ l wi 'II progress to d higrdy ;;:5'r'~':":·':'r(-,.1 \1

~, ! Ii qu r d hydro~Jen CG'C'II i.::d ;,h:;.J~,hc(.

I,,
I
~

HUCKEr
'':;VSTr:r1S
qJ~31l

Vacuu~: Environment
Faci I i ty

51201
(I.A.Johnsen)

This faci'lity cOI~sists of a Ilzf'ro 'te,d(r;;C;i::

high vaCUUi--;'1 tank desig:~ed for tesr::ng
fibreglas and resin liquid hydrogen tacks
in low pressure enVir?n",ent,., Diff,'s',.:,:, i
of hydrogen through trw Vvd! [5 df t~;pst" .

plastic tanks was to be dt;t.e::-',::);->2:d b:,
seal ing off th~ va~uui--;I spal"e and r:1c;',?5u: ]';J

lthe pressure rISe In the kn;".",'\:,";, \/L'!'J!"r:e.

S rATUS: Rebuildi,ng cell to facilitate A. D. L!tt'le tar~k. By Ma',! tb:2
i cryogenic valving and changeover to standardized !_H2 trailer
~ should be completed. Test runs wi 1 'I start in J:Jne.
U ROCKET l.inde Tank The facility is a semi-enclosed 'I<:i,:i,:"o'
~I' SYSTEI';S 51201 stand originally buill to s':~jy Cf!(,.g"'ic

IjJ~411 (Plnkel) propellant loading and l;'lsulbtlun P(ct-;~-

\ lems. It "as original iy bu; It tu d'CC,,-(': II

~ dat~ the old NACA high energv lesr J~
vehrcle.

II_l ~, .'~--'-

~\t : I . (,

rarrighi
Typewritten Text
2/28/1963



corri' NUED

1\1. pre,sent, J-4 Test Cell is being put into runnJr\q cund:;~:i':~

for expected boil-off tests on Linde applied supe, 'nsJla',d
test: l:af'k. Expected arrival date of test t2nk 'fith i~sui­

.Jtior, IS ~larch 4, 1963. It 1s anticipated that gr()und
hdndl; ~'-'9 test runs v"i 1 'I commE::nC8 duri;19 the th1 r'd cr' rOLH-'U"i

vJeeks of March. This de-la~1 being caused by the d[ffen.;;~~t

configuration of l.inde Tank wherl co~pared to of tar!(s
for vl/hich the. t.est cell was de-signed.

r"'~Pl}J:~:~OK ROCKET S'/SE'iS FP.CI LI TI ES STATUS REPORT

h:2f ~~j.;::~_~'_"C_lR_Y_;..:H.::"S:.:T.:.:::::~;;:~~..:.f:j\:.:r;:.:g::':'~'--I.(~FO:::.:R.:.!):.- D_E_S_C_R_1_Pl_'1_0_N , _

I I"J4"S~:~~~;
I
•

F I i..i(;T i i'~2,

H'ydra:-ll ics
LabC!ratG~ _

P,Of:KET
SYS rn1S
ilJ =5 11

The fr:::ci 11 ty cuns i' sts \.<1 d II; Jf p;-e-'5S r:..~

1rquid fluorine syst.;: ',S:: I ~l:,;<l ;~: ;::1 58 '
diameter sl2el e':):lt.'.iir::: 'I",~ )v:~;sc!. q tt~"

section is instel Jed b8t'v'Jt:",,~:,(-' ;j ~'-qj~;!'f ~:;'.":d

'I' receiver tank and fL;or;nt-: is p,-;jssr::d
through it. The syste.i 1S ((-:p3ble (.'f

!II". ~~~~~~~e\V:,~~'r,a P~:~~'~~f.~f,~U~~'! ~~~\~; . II

STATUS: No pro9ra~1 exists and the faci I ity has been idle for the'
past year. I

r~c+--------I

I

I

I,
I,

I
I
\ \
L_..L~ --------



3/28/1963

PLUM BROOK STATION ROCKET SYSTEMS FACILITY STATUS REPORT CONTINUED

SITE LABORATORY RESEARCH DESCRIPTIONINSTALLATI ON (FOR)

J ROCKET J-I Hydrogen-Oxygen A hydrogen-oxygen rocket engine is oper-
SYSTEMS 28K Rocket Engine ated over chamber pressure range of from

(N. O. Sanders) 200 to goo psi. Heat transfer is meas-
ured from the combustion gases to chember
wall. The objective is to extend heat
transfer theory into thE' region requi red
for the design of nuclear rocket nozzles.
Presently, solid copper heat sink eng i nes .
are being used. Ultimately, the program
wi 11 progress to a highly instrumented
liquid hydrogen cooled chamber.

STATUS: Facility modific~tions to provlqe larger gaseous hydrogen
weight flows has been completed. Two run days produced four
research data points. This completed the 6 inch di ameter
stack study. A 20" diameter stack is being installed and
more research data runs are scheduled. Preparation continues
for the liquid hydrogen engine program. This operation is
limited to two to three runs per day because the 1arge gase-
ous hydrogen requirement depletes available trailers.

J-2 Liquid Hydrogen - Throttling and combustion i nstabi I i ty
Liquid Oxygen tests of a liquid oxygen-liquid hydrogen

Throttling Tests pressure fed rocket system.
(I. A. Johnsen)

(Continued on next page)
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PLUM BROOK STATION ROCKET SYSTEMS FACILITY STATUS REPORT CONTINUED

SiTE LABORATORY

J (CONTINUED)

RESEARCH
INSTALLATION (FOR) DESCRIPTION

STATUS: J-2 Two run days produced a total of 13 research data runs.
Minor engine failures were noted after the second series of
runs. Engine repai is are being mCKle, and the program wi 11
continue on schedule.

H.-I Hyd rogen-Oxy­
gen Gas Generator
(I.A. Johnsen)

Investigation of tlie gas "generator for the
Aerojet H-I rocket engine program.

STATUS: Plans are progressing for the gas gen~rator tests as man­
power time permits.

J-3 Vacuum Environment
Facil ity
5120

(I.A. Johnsen)
A. D. little Tank

This facility consists of it uzero leakageH

high vacuum tank for testill9 insulated
liquid hydrogen tanks in low pressure en­
vironment. The effectiveness of various
types of insulation on liquid hydrogen
tanks is to be studied.

STATUS: Physical bUilding of the cell is awaiting final decisions by
A. D. Little Company relative to specific requirements of
proc~s5 systems and instrumentation. The design of equip­
ment is progressing but has not been final ized. Project
managements schedule appears optimistic based on past facili­
ty build-up experience. A request has been made to test J-4
Linde tank in J-3 Facility. These tests will be run jf they
do not interfere with the A. D. Little tank tests. As of
this report date no written requirements have been received
from the research engineers relative to the Linde tank tests.

STATUS: J-4 Tank Test faciljty
Linde Tank

The facility is a semi-enclosed vertical
stand originally built to study cryogenic
propellant loading and insulation prob­
lems. It was ortginally built to accomo­
date the old NACA high energy test
vehicle.

Note @- The Linde insulated Ilquid hydrogen tank tests
have been delayed. The tank arrived at Plum Brook with
damaged insulation and was returned to Linde for repair. A
delay of 3 to 4 weeks is expected. When the tank is returned

(Note ® cont i nued on next page)
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PLUM BROOK STATION ROCKET SYSTEMS FACILITY STATUS REPORT CONTINUED

SIT LABORATORY RESEARCH
INSTALLATION (FOR)

DESCRI PTiON

J (CONTI NUED) Note ® cont i oued

J-4 the research engineers wish to install it in J~3. Ope rat ion­
wise this installation will depend on the amount of facility
modification that has been completed in preparation for the
A. D. little tests. Preparations are still being made to
mount the Linde tank in J-4.

Note ®- If Project Management so desires, cold-shock test
will be run on the A. D. Little tank in J-4.

Note ©- Combined propellant tanks, ~uch as the "high energy
test vehicle" tanks, will no longer be tested in J-4. Anti­
cipated programs call for single, insulated, liquid hydrogen
tanks. The facil ity will be modi~jed accordingly.

J-5 Fluorine
Hydraul ics

Laboratory

The facility consists of a high pressure
liquid fluorine system installed in a 38­
diameter steel containment vessel. A test
section is installed between a supply and
receiver tank and fluorine is passed
through it. The system is capable of
working with a couple of cubic feet of
fluorine with pressures up to 1500 psi.

STATUS: No program exists and the facility has been idle for the
past year,

Page 11-9



PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED

April 1963

ITE

J

LABORATORY

ROCKET
SYSTEMS

J-I

RESEARCH
INSTALLATION (FORI

Hydrogen-Oxygen
28K Rocket Engine

(N. O. Sanders)

DESCRIPTION

A hydr0ger;-oxygen rocket engipe i5 "."'l""-r­
ated over chdl"l!:ler presscre l"ange or fr(ll:T1
2eO to 900 p!.i. He"t transfer is ,!It;:,;,S­

ured fr(}fTl the ccmbustiot'l gase.~ to cham­
ber wai I. The objective is 1",,, extend
heat transfer theory into ~he re9i~n

required for the design of nuclear rocke
nozzles. Presently, solid copper h~at

sink engines are being used. Ultimately
the prog!"am will progress to a highly in
strumented liquid hydrogen cooled chambe

STATUS: The gaseous hydrogen burn off tests were completed during
the month of April. Three run days produced a total of
eight research data points. This 4 month series of tests
was made to obtain data necessary for the design of a por­
tion of the hot hydrogen Facility. Equipment used for the
burn off tests is being removed and the cell builti up i~

directed toward resumption of rocket engine fIrings. The
next testing phase will utilize the solid copper heat sink
engines. A hydrogen-air torch will be used instead of
fluorine for er.gine ignition. This new ignition system is
nceded to check out the optical pyrometer for measuring
combustion ~ide wall temperatures of the rocket. A rocket
engine test firing is planned during the week of May 20th.

J-2 Liquid Hydrogen
liQuid Ox.ygen

Thrott I i rig, Tests
(J. A. Johnsen)

Throttling and combustion instability
tests of a liquid oxygen-liquid hydrogen
pressure fed rocket system.

J-2 STATUS continlJ":d on nex.t page 11-9
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ITE LABORATORY
RESEARCH

I NSTAI.L"TI ON (":O"'R:.cl O_E_SC_R_J_PT_I_ON
1

J (CONTI NUEOl

STATUS~ )~2 On Apr,) JOt~ one research data run was nade or 25 ~~c~nd,

du':"otion. Qul"ing the 25 second period. both tr-e ei1~dr'e aJd'
injector suffered burn out failures. Leaks if"' the engine
had been repaired prior to this run with silver SOiCei.

This was the first firir.g after the engine had been r~pai

It is believed that engine failure occurred first '",,:,icl- rF:'­
suited in the injector burn out. This was the las':: r.·~,e!"'·

erative engine of its size available for test firir.lij.•;
new e.,gine of shorter lengtn is being fabricat~c and is e:ll..­
peeted at Pi<.JfTl Brook for installatir.m during the wee!< ()f
May 13th. Cell modifications now in pro9re~~ inc1l!de l.'Jr~1

hydrogen and oxygen flow I ines and valves, instrur:lent
changes, and engine exhau~t system changes to accept the
new engine. Test firings are planned for the last week
of .Kay.

t1-1 Hyd rosen-Oxy­
1en Gas Generator

I.A.Johnsen)

Investigation of the gas generator for
the Aerojet 11-1 roc.ket engine prograM.

STATUS: The ordering of vendor supplied hardware is 9~1c complete.
Drawings for plumbing of flow I ines and for locat·ions of
equipment and dewars are 50% complete. Tentative date for
system check out should be late July.

J-J Vacuum Environment
Facility
5120

(I. A. Johns.en)
A. D. Little Tank

This facility consists of a Ilzero leakag!
high vacuum tank for testing insulated
liquid hydrogen tanks in low pressure e~
vironment. The effectivene~$ of various
types of insulation on liquid hydrogen
tanks is to be studied.

STATUS, Note ®: On Harch 28th it was decided to rebuild the J-3
facility to handle only the Linde tank test. Tank alter­
ationsfor A. D. Little tank will be done after Linde tests
are completed.

The first zt weeks of Apr.il were spent in rebuilding the
fad Iity to accept the Li nde i nsu Iated I iqu Id hyd rogen tank.
The object of the test is to determine the effectiveness of
t~e in5ulat;o~ under vacuum c.onditions.

L.L J_-_3_ST_A_T_U_S__C_O_o_'_'O_"_e_d_O_n_n_e_x_t_p_.g_e_l_1_-_1_0 'p:;:.::ge~liili:_:i9



PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTI NUEO

ITE LABORATORY". RESEARCH DEseR IPT! ON1--+------...1' "'U!llJAT1QN (EQR) -j

(J-) STATUS CONTINUED)J

HATUS,
I

O~e test run vIas made on April 22nd and 23rd. :~ppr'-;... ir'<3t!:.'I~
3S1~ of the :-un was completed when the test was at--ert-:::d CIJf; i
to accident"al shut: down of a vacuum pump. All data obtai~le'

before the shut down was u~uble. The second test run C0~~

menced on April 27th and \.~jl1 continue through May 12,:h, ,
Resea ren data is be i n9 recorded at one hou r i nte rVd 1s c,; <ir! i
lIaround the clockl' basis. \,
The pl!rchase requests for 'llajvr eq'-lipment items f0r (:I','
A. D. Little tank te.sts should be completed ~horU'l' The
demand!> of the Linde test during the month of ,"'.':)1';1 he::,
! imited" the Plum Brook operation engineers time on the
A. D. Li tt Ie proj ect.

STATUS: J-4 Tank Test Facility
II nde Tank

The facility is a semi-enclosed vertical
stand originally built to study cryogenic
propellant loading and insulation prob­
lems. It was originally built toaccomno­
date the old NACA high energy test
vehicle.

I

Note ~: Schedule was delayed because the Linde tank is
presently being tested in J~3 facilit~ after these tests
are completed it will be tested in J-4. Cold shock te~t5

will not be conducted on the A. D. Little tank.

The J-4 facility will be modified to accept the Linde in­
sulated tank now under test in J-3. Testing in J-4 should
begin in late May. Purpose of the test is to determine the
effectiveness of the insulation under atmospheric condition.

1--.1.- ---------:---:~

Page 11-10



PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED

SITE LABORATORY RESEARCH
INSTALLATION (FOR) DESCRIPTION

Throttling and combustion instability
tests of a liquid oxygen-liquid hydrogen
pressure fed rocket system.

Page \ \ ·8

J ROCKET
SYSTEMS

STb,TUS:

STATUS:

'J-I Hydrogen-Oxygen A hydrogen-oxygen rocket engine is oper­
~K RockeL~qine ated over chamber pressure range of from

(N. D. Sanders)1200 to 900 psi. Heat transfer is meas­
ured from the combustion gases to cham­
ber wall. The objective is to extend
heat transfer theory into the region
required for the design of nuclear
rocket nDzzles. Presently, sol id copper
heat s~nk engines are being used~ IJlti­
mately, the progr'am wi I I progress to a
highly instrumented liquid hydro,en
cooled chamber.

The solid copper heat sink engine has been reinstal led in
the test cell. An identification heat check has been made
on the revised thermocouple instrumentation. All pressure
transducers have been recalibrated, cleaned, and reinstalled
in the system. Facility controls have been moved to the new
control panel and have checked out satisfactorily. The mon­
)toring instrumentation changeover to the new control panel
is nearing completion. The electrical hookup of the liquid
hydrogen system, for hydrogen cooled engine test, has been
completed. Items left for completion are final checkout of
instrumentation and electrical systems and checkout of the
engine igniter torch. Runs are scheduled for the first week
of June.

J-2 liquid Hydrogen
Liquid Oxygen

Throttling Tests
(I A. Johnsen)

NOTE (8): The number of run days requested by resea rch
engineers has been increased from six to eight.

NOTE 0: Anticipated start of research runs has been
changed to compensate for delivery of component
hardware.

The 02 and HZ flcvl s,/st€l1l cell modifications have been com­
pleted. Provisions were made to install flush mounted pick­
ups for investigatfon of feed line asci l1ations in the
larger diameter flow lines. All components for the engine
exhaust system modification are fabricated. Minor cell mod­
ifications Wi II be completed when the new test engine is de­
livered to Plum Brook. Depending on the arrival of the test
hardware, research runs are tentatively scheduled for the
week of June 9, \963. Approximately four run days will be
required to complete the present program which will Include
tl'IO ena Ine chari:>':'s,

rarrighi
Typewritten Text
May 1963



PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTI NUED

SITE LABORATORY

J (CONTI NUED)

RESEARCH
I NSTALLATI ON (FOR)

Mol Hydrogen-Oxy­
gen Gas Generator

(I. A. Johnsen)

DESCRIPTION

Investigation of the gas generator for
the Aerojet M-I rocket engine program.

J-3 Vacuum Environ­
ment Faci I i ty

5120
(I. A. Johnsen)

A. D. Little Tank

STATUS:

STATUS:

AII major components requi red for the insta Ilat ion of gas
generator system have been ordered~ Installation will star~

. , , " f' . h "pi"IOr to tne compr(~tIOn 0' tne current program In t,le teSt C

cel I. The 175 cubic foot liquid hydrogen tank wi II be pos­
itioned during mid-June. Specifications for the removal of
the present tanks, modification of the test cell and in­
stallation of the exhaust system are now being written for
contract purposes.

This faci 1ity consists of a "zero leak­
age" high vacuum tank for test i ng i n­
sulated liquid hydrogen tanks in low
pressure environment. The effective­
ness of various types of insulation on
liquid hydrogen tanks is to be studied.

NOTE (8): The schedule has been changed by two weeks which
reflects the present anticipated deliveries of
materials.

"Two tests were completed on the Linde super-insulated
liquid hydrogen tank. The first test was conducted with
the space chamber evacuated to a pressure of five microns.
Data was recol-ded at one hour intervals for eight days.
The second test was made to evaluate the affects of com­
pression of the super-insulation on the liquid hydrogen
boil-off rate. To accomplish this the vacuum chamber
pressure was raised in increments of twenty-five mi Ili­
meters from five microns to two hundred mi Ilimeters of mer­
cury. Data was recorded at thirty minute intervals for
five davs. The test data is now being anal ized by research
engineers.

On May 14, 1963 the Li nde tank was removed from the space
tank and rebui lding of the test cell started for the A. D.
Little tests. The space tank has been raised and modified
and the new floor grating has been installed.

Page I 1-9



PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTI NUE D

DESCRIPTIONSIrE LABORATORY RESEARCH
INSTALLATION (FOR)

.-t-:-----:-~..:..:....:.::.~~::..:.:.:..----------I
J (CONTINUED)

J-4 Tank Test Fac­
i...lJ..!y Linde

Tank
(I. I. Pinkel)

The faei! ity is a semi-enclosed vertical
stand originally built to study cryo­
genic propellant loading and insulation
problems. It was originally bui It to
accomodate the old NACA high energy tes

·vehicle.

STATUS: Modification of the test cell to accept the Linde 5uper­
insulated liquid hydrogen tank has been completed. During
tests in J-3 test cell, a smail leak developed in the in­
sulation. Location of the leak has been determined and the
research eng i neers wi 11 attempt to sea 1 it. I nstrumentat i or
installation and checkout is progressing and tests are
scheduled for the first half of the month of June. The ob­
jectives of the test are; (I) Measure liquid hydrogen boil­
off rates under atmospheric conditions, and (2) Verify re­
sults obtained during initial tests in J-3 when the space
chamber was at atmospheric pressure.

J-5 Fluorine
Hydraul ics
Laboratory

(I. A. Johnsen)

The facility consists of a high pressure
liquid fluorine system installed in a
38' diameter steel containment vessel.
A test section is installed between a
supply and receiver tank and fluorine
is passed through it. The system is
capable of working with 7 cubic feet of
fluorine at pressures to 400 psi.

STATUS: Note ®: No def in i te run schedu I e has been estab I I shed
at the present time.

The cell is being reactivated for material compatibility
tests using liquid oxygen with varying quantities of li­
quid fluorine added. The tests are to study the effects of
liquid fluorine and liquid oxygen mixtures on present day
liquid oxygen propellant and engine system compbnerlts. The
J-5 test cell has been inspected for general operating
conditions and pressure checked. Minor repai r~ have been
made. Drawings are being updated and revisions made where
necessary. Liquid oxygen flow checkouts will be made dUring
the month of June.
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SITE

J

LABORATORY RESEARCH
INSTALLATION (FOR)

ROCKET SYSTEMS J-l HYDROGEN-OXYGEN
28K Rocket Eng.
(N. D. Sanders)

OCO 425

DESCR IPTI ON

A hydrogen-oxygen rocket engine
operated over chamber pressure range
of from 200 to 900 psi Heat t f. • rans er
IS measured from the combustion gases
to chamber wall. The objective is to
ext~nd heat transfer theory into the
region required for the design of nu­
clear rocket nozzles. Presently, soli
cop~er heat sink engines are being used
Ultimately, the program wi II progress
to a highly instrumented liquid hydro­
gen cooled chamber.

Throttling and combustion instability
tests of a liquid oxygen-liquid hydro­
gen pressure fed rocket system.

STATUS: Following complete installation and checkout of all
necessary hardware and equipment, a hot firing of a copper
engine was attempted on June 6, 1963. The purpose was to
measure the combustion side wall temperature with a remote
reading optical pyrometer and compare this with recorded
thermocouple data. Gaseous fluorine previously used as an
ignitor gave erroneous pyrometer results because of flame
discoloration. A hydrogen-air torch was being tried this
time as an ignition source and several "ignition attempts"
were scheduled. Two aborted starts led to discovery of
controller troubles. These were corrected and a third run
was successfully accomplished. A fourth run attempt showed
additional controller problems and further runs were can­
celled. Investigation by the Plum Brook controls group is
presently underway to determine the exact cause of the con­
troller malfunctionings. Runs will be scheduled the first
two weeks of July dependent on proper functioning of the
controller.

J-2 LIQUID HYDROGEN­
LI QU I D OXYGEN

Throttling Tests
(I. A. Johnsen)

OR 9045
NOTE~: Engine and injector failures during operational
test firings have increased the time required to complete
the test program.

STATUS: The present tests Vlill be completed with one more
test day which should be the week of July 7, 1963. The test
run of June 21 resulted in a burned out injector and a crack
in an engine channel. The hardware has been returned to
Lewis for repair and/or replacement.

Flush mounted pressure pickups using a helium purge were in­
corporated in the flow system for the last run and the data
is being analyzed.

Page ; \. 8
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SITE LABORATORY

J (continued)

RESEARCH
INSTALLATION (FOR)

M-I HYDROGEN-OXYGEN
GAS GENERATOR
(I. A. Johnsen)

DES CR IPTI ON

Investigation of the gas generator for
the Aerojet M-I rocket engine program.

tlQII QD: Equipment deliveries and installation work time
estimates have been increased and this is reflected in a
change of operation schedule from August 15 to the end of
September.

STATUS: Work has been completed on the pad for the hydro­
gen tank and the tank is to be placed in position and level
ed on June Z7. The drawings and specifications for contrac
purposes have been completed and the Purchase Request is
being processed. Operations should begin the latter part
of September.

J-3 Vacuum Environ­
ment Faci I i ty

5120
(I .A. Johnsen)

A. D. Little Tank
ORO 399

This facility consists of a "zero leak­
age" high vacuum tank for testing in­
sulated liquid hydrogen tanks in low
pressure environment. The effective­
ness of various types of insulation on
I iquid hydrogen tanks is to be studied

NOTE .0: The schedu Ie ha s been cha nged by two weeks wh i ch
reflects delays in arrival of new equipment to support the
program. Some instrumentation equipment is not scheduled tc
arrive unti I mid-July.

STATUS: The test cel I is currently being rebuilt to accept
the Arthur D. Little Company environmental tankage test pro
gram. Work completed this month includes: (I) extension to
the existing vacuum chamber, (2) panels for equipment mount
ing (3) second floor installation, (4) monorail on the exis
ing roof frame to place the insulated tanks in the vacuum
chamber. Work is progressing on the placement of equipment,
valves, pumps, piping, and the electrical wiring of the tes
cell and the control panels. It is anticipated that a two
shift per day, six day a week operation will be necessary
to complete the facil ity by August I, 1963. With the pre­
sent workload in the "J" area, this type of support does
not appear possible without closing down other cells in the
IIJll area •
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SITE LABORATORY

J (continued)

RESEARCH
INSTALLATION (FOR)

J-4 TANK TEST FACILITY
LINDE TANK

(I. I. Pi nke I )
51210

DESCR IPTI ON

The facility is a semi-enclosed vert­
ical stand originally built to study
cryogenic propellant loading and in­
sulation problems. It was originalh
bui It to accomodate the old NACA hi~h
energy test vehicle.

STATUS: Two research test runs were accomplished on the

Linde super-insulated liquid hydrogen tank. Both tests

were made at atmospheric conditions around the tank and
less than 15 micron vacuum on the insulation. The first
test lasted approximately forty hours. This test was un­

successful due to leakage of the boil-off gas through a
burst disc assembly. Repairs were made and the second test
was run a week later. The second test was successful and
lasted forty-eight hours. That data obtained from the
second test is being analyzed by the research engineers.
Further tests will be scheduled for the last two weeks of
July.

J-5 FLUORINE­
HYDRAUL 1CS

LABORATORY
(I. A. Johnsen)

The facility consists ofa high pres­
sure liquid fluorine system instal lee
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver tank
and fluorine is passed through it.
The system is capable of working
with seven cubic feet of fluorine
at pressures to 400 psi.

STATUS: The schematic flow diagram of the facil ity has beer
redrawn and revisions are being made as definite research
requirements are specified. Actual design and buildup of
the new components in the system are in the prel iminary
stages. The existing system has been functionally checked
and the replacement of existing instrumentation has begun.
A review is in process of the former system. This wi II de­
termine the best method of operation of the cell for the
present test requirements.

Page \\-10



ITE LABORATORY

J ROCKET SYSTEMS

RESEARCH
INSTALLATIONS (FOR)

DESCRIPTION

J-l HYDROGEN-OXYGEN
28K Rocket Enq.

OC0425 (N.D. Sanders)

A hydrogen-oxygen rocket engine
operated over chamber pressure range
~f from 200 to 900 psi. Heat transfer
IS measured from the combustion gases
to chamber wall. The objective is to
ext7nd heat. transfer theory into the
region required for the design of

nuc!ear rocket nozzles. Presently,
solId copper heat sink engines are
being used. Ultimately, the program

will progress to a highly ;~~~~umantQd
Iiquid hydrogen cooled chamber.

STATUS; A total of thirteen runs on 3 days were made this
month. Successful engine ignition was obtained with both
a GH2-Ai r torch and a GH2-G02 torch. The objective of these
tests was to compare combustion wall temperatures as meas­
ured by thermocouples with those seen by an optical pyro­
meter. No direct correlation has been achieved to date.
Further tests of this nature have been cancelled until
some major change is made either to the pyrometer tempera­
ture measuring circuitry or to the problem of flame dis-
co1orat ion.

The next tests in the cell will include cal ibration of a
new injector with LN2 and flow controller checkouts. Hot
firings will then be resumed to endurance test a copper
i nj ector.

J72 LIQUID HYDROGEN­
LI QU 10 OXYGEN

Throttling Tests
(I. A. Johnsen)

OR9045

Throttling and combustion instability
tests of a liquid oxygen-liquid
hydrogen pressure fed rocket system.

STATUS: On July 9, it was decided by Cleveland engineers
that the J-2 cell would not be run so that more effort
could be placed on the J-3 buildup. On July 17, this
decision was reversed since existing equipment in J-2 was
needed for the completion of both J-3 and J-5 test cells.
Manpower was reassigned to the cell to prepare for a run.
On July 26, four runs were completed successfully before
the tests were terminated by engine failure. The cell is
being dismantled for the M-l program and will be reassembled
when parts and manpower become available.

Page 11-9
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SITE LABORATORY

Investigation of the gas generator for

the Aeroj et M-l rocket eng i ne prog ram.

J (Cant i nued)
M-I HYDROGEN-OXYGEN

GAS GENERATOR
(I. A. Johnsen)

ORO 152
STATUS: Items ordered for this program are in the process
of being del ivered. Drawings for moving the control

consoles from the trailers to 5-] control addition are
be i ng prepared.

WliWlfw..T ; $ !'·'·tI,liIlllw_....IlIIl1"'"1'.'.'•••••,, -_..IIIWfII......wAIl:

J-3 VACUUM tN\lIRON­
MENT FAe I L1 TV

(I. A. Johnsen)
A. D. L1ttle Tank

OV0698

This facility consists of a "zero
leakag~1 high vacuum tank for testing
i nsu I ated I iqu id hyd ragen tanks in
low pressure envi ronment. The
effectIveness of various types of
insulation on I iquid hydrogen tanks
is to be studied.

STATUS: On July 9, it was decided by Cleveland personnel
that the test cell would be used for CENTAUR arc tank
insulation tests before the ADL insulated tank was tested.
The test cell construction Is complete for the CENTAUR
tests and checkout of the facility will be made in the time
period before the CENTAUR arc tank arrives. Construction
related to the ADl. tests will continue as manpower is
available from the CENTAUR test program.

NOTE (A): Schedule changes reflect current research
program requirements.

J-4 TANK TEST JACll.ITY
1.1 NDE TANK

('-.-I-.-Pi nke I)
OV0698

The faeil ity is a semi-enclosed
vertical stand originally built to
study cryogenic propellant loading
and insulation problems. It was
originally built to accomodate the
old NACA high energy test vehicle.

STATUS: On ,I~dy 9, it was decided by Cleveland personnel
that the test cell '"ould be used for CENTAUR arc tank
insulation studies. Plans were immediately formulated and
actual modification started a week later. Since the
CENTAUR arc tank will be installed in the J-4 cell before
J-3, some manpower has been diverted from J-3 to assist in
the J-4 modifications. It is anticipated that all modifi­
cations will be complete before the arrival of the CENTAUR
arc tank.

(Continued on Page II-II)
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~ ITE LABORATORY
RESEARCH

INSTALLATIONS (FOR) DESCRIPTION

J J-4 TANK TEST FACILITY LINDE TANK (Continued)

NOTE ceJ: Schedule changes reflect current research
program requirements.

J-5 FLUORI NE­
HYDRAULI cs

LAQORATORV

(I, ~, Jonnsen)

lORa] m

The facility consists of a high
pressure I iquid fluorine system

:nstalled tn ~ )8 1 dl~m~t~r ~t~~1

containment ve~~el, Ate~t ~ectron
is installed between a supply and

receiver tank and fluorine is passed
through it. The system is capable of
working with seven cubic feet of
fluorine at pressures to 400 psi.

NOTE Ge): Based on present manpower available, this
'project is scheduled for its first test run the week of
September 2.

STATUS: Items completed in July were the LN2 baths for
the test section and the weigh tank, parking area for the
LOX and LF2 trailers, the holders for the test samples and
parts for the natural gas disposal system. Completed
specifications and drawings on the burnoff tower and
piping were put out for bid after a safety meeting on July
24. Valving in the test section is being installed as it
becomes available from the shop. Items left to be com­
pleted are mounting of the weigh tank system, installation
of the gas burnoff system, and installation of a heat
exchanger for gaseous 02F2 testing. Laboratory scale tests
using very small quantities of FLaX will be run near the
test cell before the completion of J-5.

Page 11-11
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~ITE LABORATORY
RESEARCH

INSTALLATIONS (FOR) OESCRIPTION

J-l HYDROGEN-OXYGEN
28K Rocket Eng.

OC0425 (N.D.Sanders)

Investigation of the gas generator for
the Aerojet M-I rocket engine program.

J ROCKET SYSTEMS

A hyd ragen-oxygen rocket eng i ne
operated over chamber pressure range
of from 200 to 900 psi. Heat transfer
is measured from the combustion gases
to chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles. Presently,
so lid copper heat sink eng i nes are
being used. Ultimately, the program
will progress to a highly instrumented
I iquid hydrogen cooled chamber.

STATUS: A total of five successful fi rings out of six
attempts were made on two run days this month. The objec­
tive of the first two runS was to evaluate a copper
injector face plate on the basis of endurance under hot
firing conditions. The results from these tests indicate
this injector to have definite promise of successful use
for the extended runs with the future I iquld hydrogen
coo I ed eng i ne.

The remaining runs were to checkout the OIF control
circuitry of the fire valve controller. The engine was put
on condition with fixed valve position, but immediately ,
began to drift off condi tion upon bei ng put on OIF control.
The Plum Brook controls group is investigating this problem
and future runs are anticipated to develop the necessary
control stability.

Several " co ld flow" runs with LN2 were al so made on a new
injector to cal ibrate pressure drop versus weight flow.
These tests also indicated further work was necessary in the
Pc control portion of the fire valve controller.

J-2 M-l HYDROGEN­
OXYGEN GAS

GENERATOR
OROI52(I.A.Johnsen)

STATUS: Equipment for the program is in the process of
being del ivered. The contract for the test cell modification
has not yet been released for bidding. Work has not begun on
the dismantl ing of the test cell due to lack of manpower to
start the work. Drawings related to the relocation of con­
trol functions from the trailers to the B-1 addition are in
various stages of completion.

(Cant i nued on Page I I - 11)
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(September 13, 1963)

RESEARCH
ITE LABORATORY INSTALLATIONS (FOR) DESCRIPTION

J J-2 M-l HYDROGEN-OXYGEN GAS GENERATOR (Conti nued)

NOTE (8).: Schedule has been changed to reflect deliveries
of materials and anticipated cell buildup time.

J-3 VACUUM ENVIRON­
MENT FAC I LI TV

(I.A.Johnsen)
(1.1. Pinkel)

ovo698

This facility consists of a "zero
leakage" high vacuum tank for testing
insulated liquid hydrogen tanks in
low pressure environment. The
effectiveness of various types of
insulation on liquid hydrogen tanks
is to be studied.

STATUS: Two test runs were made during the month of August.
Test program for #1 CENTAUR tank in J-3 was partially com­
pleted on August 21. A hydrogen leak from the CENTAUR tank
to the vacuum chamber necessitated a premature shutdown of
the test. Continuation of the test at this point would be
highly dangerous since the test calls for introduction of
30 KW power into the vacuum chamber with the possibil ity of
arcing during the vacuum chamber evacuation. Subsequent
checks of the system revealed no leakage at ambient tempera­
ture. The research personnel therefore decided to repeat
the test at a later date using LN2 as the cryogenic fluid.
On August 26, the #1 CENTAUR tank was tested in J-3 facil ity
using LN2 as the cryogenic fluid. Tank boiloff was stabi­
lized, then test sequence was followed. The sequence con­
sisted of evacuating the vacuum chamber for 150 seconds to
a pressure of 7 mm Hg ABS., then energizing the heating
section for 60 seconds. The tank insulation surface
attained a temperature of 6400 F. Subsequent investigation
of the tank and insulation revealed that the insulation was
badly burnt, and it was determined that the heater lamps had
been installed improperly which accounted for the burnt
condition of the tank insulation.

NOTE @: CENTAUR arc tank insu 1at ion prog ram has been
extended until October 1.

J-4 TANK TEST FACILITY
LINDE TANK

(I. I. Pinkel)
OV0698

The facility is a semi-enclosed
vertical stand originally built to
study cryogenic propellant loading
and insulation problems.

STATUS: Three tests were made during this report period.
On August 13, a programmed test on #1 CENTAUR tank was run.
The tank was filled with LH2 and boiloff data waS recorded.
The liquid level sensors did not function correctly. In­
spection of the tank after test shutdown revealed that an

(Cont i nued on Page 11-12)
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ITE LABORATORY
RESEARCH

INSTALLAT IONS (FOR) DESCRI PTI ON

J J-2 M-l HYDROGEN-OXYGEN GAS GENERATOR (Continued)

NOTE @: Schedule has been changed to reflect del iveries
of materials and anticipated cell buildup time.

J-3 VACUUM ENVIRON­
MENT FAC IL1TY
(I. A.Johnsen)
(I. I.Pinkel)

OV0698

This facility consists of a "zero
leakage" high vacuum tank for testing
insulated I iquid hydrogen tanks in
low pressure envi ronment. The
effectiveness of various types of
insulation on 1iquid hydrogen tanks
is to be studied.

STATUS: Two test runs were made during the month of August.
Test program for #1 Centaur tank in J-3 was partially com­
pleted on August 21. A hydrogen leak from the Centaur tank
to the vacuum chamber necessitated a premature shutdown of
the test. Continuation of the test at this point would be
highly dangerous since the test calls for introduction of
30 KW power into the vacuum chamber with the possibility of
arcing during the vacuum chamber evacuation. Subsequent
checks of the system revealed no leakage at ambient tempera­
ture. The research personnel therefore decided to repeat
the test at a later date using LN2 as the cryogenic fluid.
On August 26, the #1 Centaur tank was tested in J-3 facil ity
using LN2 as the cryogenic fluid. Tank boiloff was stabi­
lized, then test sequence waS followed. The sequence con­
sisted of evacuating the vacuum chamber for 150 seconds to
a pressure of 7 mm Hg ABS., then energizing the heating
section for 60 seconds. The tank insulation surface
attained a temperature of 6400 F. Subsequent investigation
of the tank and insulation revealed that the insulation was
badly burned.

NOTE @: Centau r arc tank i nsu 1at ion prog ram has been
extended until October I.

J-4 TANK TEST FACILITY
LINDE TANK

(1.1. Pinkel)
OV0698

The facility is a semi-enclosed
vertical stand originally built to
study cryogenic propellant loading
and insulation problems.

STATUS: Three tests were made during this report period.
On August 13, a programmed test on #1 Centaur tank was run.
The tank was filled with LH2 and boiloff data was recorded.
The I iquid level sensors did not function correctly. In­
spection of the tank after test shutdown revealed that an

(Continued on Page \\-12)
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~ITE LABORATORY
RESEARCH

INSTALLATIONS (FOR) DESCRIPTION

J-5 FLUORI NE­
HYDRAUL ICS

LABORATORY
(I. A. Johnsen)

(ORO I37l

J J-4 TANK TEST FACILITY LINDE TANK (Continued)

insulation panel had separated from the tank skin during
the test. Research personnel decided to continue the test
program in J-3 utilizing #1 Centaur tank. A programmed
test on #Z Centaur tank was run in J-4 on August 24. The
tank was filled with LHZ and boiloff data was recorded.

Attempts by the United Controls I iquid level sensor repre­
sentative to adjust sensors were to no avail and the sensors
did not function. Inspection of the tank after boiloff was
completed revealed that approximately 2/3 of the insulation
had separated from the tank skin during the program. The #2
tank was again tested on August 28 to verify boiloff results
obtained in the test of August 24th.

NOTE ®: Centaur arc tank insuiation program has been
extended until October 1st.

The facility consists of a high
pressure I iquid fluorine system
instalied in a 38' diameter steel
containment vessel. A test section
is installed between a supply and
receiver tank and fluorine is passed
through it. The system is capable of
working with seven cubic feet of
fluorine at pressures to 400 psi. The
facil ity is presently being reworked
to test FLOX and gaseous 02F2 as well
as LF2.

STATUS: Lack of manpower has delayed work in the cell con­
siderably. Some welding and other fabrication work was sent
to Lewis to expedite the cell buildup. Since J-3 and J-4
test cells are now operational, welders and electricians will
be diverted to J-5 cell during the early part of September
to complete that aspect of the modification. Problem areas
exist in schedul ing the necessary instrumentation tech­
nicians and mechanics into the test cell and still keeping
data producing facilities in J area running.

NOTE ~ : Schedule has been changed to reflect delays in
the cell buildup due to interference from the operating
rigs (J-I, J-3, J-4).
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J-l HYDROGEN-OXYGEN
28K Rocket Eng.

OC0425 (N.D.Sanders)

ITE LABORATORY

J ROCKET SYSTEMS

RESEARCH
INSTALLATIONS (FOR) DEseRI PTI ON

A hydrogen-oxygen rocket engine
operated over chamber pressure range
of from 200 to 900 psi. Heat transfer
IS measured from the combustion gases
to cha!'lber wa] 1. The objective is to
extend heat transfer theory into the

, 'dregIon requIre for the desIgn of
nuclear rocket nozzles. Presently,
solid copper heat sink engines are
being used. Ultimately, the program
will progress to a highly instrumented
liquid hydrogen cooled chamber.

STATUS: A total of 19 runs on 4 days were made this month.
The obj ect ive of these runs was to check out the Pc and OfF
controlling circuitry of the fire valve controller. Accurate
control of these parameters is of prime importance in the
heat transfer work to be dorce at J-I. To date, system
stabil ity with fast accurate response has been obtained only
at the 300 psia chamber pressure. A satisfactory arrange­
ment between system pressures and controller response
characteristics has yet to be determined for 600 psia
chamber pressures. Future tests are planned to meet this
objective. A modification to the J-l test cell structure is
scheduled to begin early in October. Cell operations will be
curtailed approximately 3 weeks during the cell modification
construction period.

J-2 M-I HYDROGEN­
OXYGEN GAS
GENERATOR

OROI52(I.A.Johnsen)

Investigation of the gas generator for
the Aerojet M-l rocket engine program.

STATUS: All hardware, except for some valves and the
hydraulic pump system, has been received for the M-l gas
generator program. Delivery is expected on the valves by
October 30th. The pump contract is now ready to be awarded.
The bids for the cell modification have been received and
are being reviewed. All equipment which is unnecessary for
the new program has been removed from the test cell. Tenta­
tive instrumentation lists have been compiled and distributed
to the groups concerned. The necessary funding for the
move of control functions from J control trai lers to B-1
control addition has been approved by Plum Brook Station
and ~as sent on 9-23~63 to the lewis Budget Office. The
plans for the move are ~e\l under~ay and should progress
rapidly ~hen money is made available.
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RESEARCH
SITE LABORATORY INSTALLATIONS (FOR)
I:I-:-="':":':"~~-':":":':::':"'::~~~~~ ~DE~SC~R~I ~PT~IO~N~ _

J (eontlnued)

J~3 VACUUM ENViRON­
MENT FAC ILI TV

This fad] ity consists of a Ilzero
~eakagell hi?h vacuum tank for testing
I nsu I ated 11 qu id hyd rogen tan ks in
low pressure environment. The
:ffecti~eness of various types of
~ nsu Iat I on on 1 i qu id hyd rogen tanks
IS to be studied.

STATUS: Three test runs were made during the month of
September. The intial vacuumlheatin3 cycle test of #2

CENTAUR tank was made on September 3. The test was unsuc-

cessful due to Incorrect thermocouple instal1at;on. As a
~~~ult, no tgmpgrdture ddtd WdS recorded and test WBS re­
scheduled to September 5. The test program for #2 CENTAUR
tank was successfully completed September 5, using LN2 as
the cryogenic liquid. Leakage of hydrogen gases from #2
CENTAUR tank necessitated usage of LN2 during the vacuum/
heating cycle. All objectives of the test were achieved;
tank insulation and wrap were broken in areas where GN2
was trapped between insulation and the tank skin. The test
program for #3 CENTAUR tank was successfully completed,
September 12, using LH2 as ~he cryogenic 1iquid. Inspection
of the tank after shut down revealed that several areas of
insulation and wrap were separated fro~ the tank. Several
thermocouples on the heated portion of the tank short­
circuited, during the test; however, the remaining thermo­
coul'les fully sati sfied research data requi rements.

NOTE @ : CENTAUR arc tank i nsu I at i on prog ra'1l has been
extended unt i I October 15th.

J-4 TANK TEST FACILITY
LI NDE TANK

(1.1. Pinkel)
OV0698

The facil ity is a semi-enclosed
vertical stand originally built to
study cryogenic propellant loading
and insulation problems.

Page 1\-\0

STATUS: Two tests were made during this report period. On
Sept. 9, a programmed test on #3 CENTAUR tank was run using
LH2 as the cryogenic 1iquid. Boiloff data was satisfactorily
recorded for research purposes. The "United Controls" point
level sensors functioned correctly on this test. Inspection
of the tank after shutdown revealed a small area where
trapped air had broken the insulation to tank bond. Goodyear
personnel repaired the failure and #3 CENTAUR tank was then
mounted in J-3 facil ity. On September 28, the initial test on
#4 CENTAUR tank was run, using LH2 as the cryogenic liquid.
Boi\off data ~as satisfactori\y recorded for research ?ur­
poses. ihe #4 C£~i~UR tank, ~ound ~ith ~y\ar and fiberg\a:,
provided the same results as ?revious tests. The insu\atlon
to tank bond fai\ed on #4 CE~T~UR tank. \



f) ITE LABORATORY

J (Cont i nued)

RESEARCH
INSTALLATI ONS (FOR)

Jo5 FLUORI NE-
HYDRAULICS

LABORATORY
(I. A. Johnsen)

OROl3?

DESCRIPTION

The facility consists of a high
pressure liquid fluorine system
installed in a 38' diameter steel
containment vessel. A test section
is installed between a supply and
receiver tank and fluorine is passed
through it. The system is capable of
working with seven cubic feet of
fluorine at pressures to 400 psi. The
faci1 ity is presently being reworked to
test FLOX and gaseous 02F2 as well

~j lfJ.
STATUS: During the month, work on mechanical and e1ec-

trical items progressed sufficiently so that pre-run

test cell checkouts could be started. I tems completed are:

test section tubing, test section bath tubing, weigh tank

tubing, weigh tank bath tubing, FLOX fill system, vent and

waste disposal system, control tank wiring, test closet

wiring, fill system wiring, weigh tank wiring, and electri-

cal checkout of the overall system. The burnoff stand and

the installation of burners, valves, orifices and tubing for

the FLaX burnoff system were completed and an observation

periscope installed in the control tank. Sample tests were

run on the heat exchanger with a water bath evaporating

liquid nitrogen. Results verified operational capabil ity,thus,

it wi 11 be used for gaseous 02F2 tests.A pressure check of the

general system has been performed and repairs completed. LOX

checkout runs will be made following the installation of

control instrumentS. Further research instrumentation

installation is required before beginning FLaX research runS. I
Page II - \\



SITE LABORATORY
RESEARCH

INSTALLATIONS (FOR) DESCRIPTIGN

J ROCKET SYSTEMS
J-I HYDROGEN-OXYGEN

28K Rocke: Erg.
OC0425 (N.D.Sanders)

A hydrogen-oxygen rocket engine oper­
ated over c~~~ber pressure ranS8 of
froc' ZOO to 900 psi. Iiea: transfer is
~easured from the conbustion gases to
ch2~ber w211. The objective is to ex­
tend heat transfer theory into the re­
gien required for the design of nuclear
rocket nozzles. Presently, solid cop­
per heat sink engines are being used.
Ult:mately. the program '·",ill progress
to a highly Instrume,ted liquid hydro­
gen cooled cha~bcr.

STATUS: A tota] of seven test runS \A1ere r.:2Jde th [s r:1onth 0 The
purpose of these tests was to develo? fire valve controller
stabi lity for a rocket engine operating between 300 and 500
PSIA chamber pressures. All objectives were met successfully.
The fire valves reta'ned their f~st response characteristics,
the desired chamber pressures were obta;~ed with good accuracy
and oscillations in chanber pressure were s~211 in anplitude.

The test cell operations were curtai]ed this ~onth because on
October 14th modifications to t~e test cell structure were
started and presently the syste~ pip'ng is being altered.
Checkout of the new LHZ system with Liquid Nitrogen is sched­
uled to be started early in November.

Operations should reSu~e bv ~id-Nove~ber with a series of
tests to evaluate a transplratlor cooled injector.

J-Z M-l HYDROGEN­
OXYGEN GAS
GENERATOR

ORO ISZ-T I .A.Johnsen)

~nvestiga:ion of the g~s generator for
the Aerojet M-l rocket engine program.

NOTE QY: Program has been cancelled.

\

J-3 VACUUM ENVIRON­
MENT FAe I LI TV

OR0397 1.1 .Pinkel
I • A. Johnsen

Th i 5 fac i 1 j'ty cons i sts of a !Izera
leakage lt high V2CUU:T! tank for testing
insulated liquid hydcogen tanks in low
pressure environ~ent. The effective­
ness of various types of insulation on
liquid hydrogen tanks is to be studied.

Page 22
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J-3 VaCUUM Environment
[ac iIi ty (Cont)

STATUS: Two sUCcessful l
Centaur Arc Tank #4 in IIJ~~Jlt~s\runs were.cof11pJeted on the
October. The last test es cell during the month of
the Centaur tests t b' on the IO~h of October, concluded

,0 e ~erformed In J-3 test cell.

Pres~ntly, the test cell is being modified to at LIW~ C~m~~ny t~~t cDtiguWfon. Th~ VdCU~;e;h~;;;r h';)~
een evacuated to 2 X 10- torr and bo"h LN - d

h b h k ' 2 an water systems
ave een c ec ed out. A. D. Little Company tests are sched-

uled to start Nov~~ber 18, 1963.

SITE

J

LABORATORY RESEARCH
INSTALLATIONS (FOR) DESCRIPTION

_.~---~-~~~-~--------I

J-~ TANK TEST FACILITY The facility is a semi-enclosed verti-

LINDE TANK c31 stand orig;na Ily bUilt to study
0. r. Pinkel) cry0genic propellant loading and insu-
(I. A. Johnsen) lation problems.

OFO 567
STATUS: On October 4, this faci lity was used to test a new
10,000 gallon liquid hydrogen dewar to see if the dewar met
specifications. The test lasted about five days, and it was
found that about 1* times more hydrogen boiled off than was
specified.

On October 21, 1963, the Centaur Arc Tank #4 was tested using
liquid hydrogen as in previous tests. The purpose of this
test was to evaluate the performance of the tank's insulation
after a simulated flight test in J-3 facility.

During the test, a silver solder joint in the vent line
cracked which caused the boil-off data obtained from the gas
meter to be incorrect. However, the elapsed time boil-off
of the liquid was comparable to previous test, so the test
results were acceptable.

J-5 FLUORINE-HYDRAULICS
LABORATORY (OR0789)

(I. A. Johnsen)

Cont i nued on Page 24

The facility consists of a high pres­
sure liquid fluorine system installed
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver tank
and fluorine is passed through it.
The system is capable of working with
Seven cubic feet of fluorine at pres­
sures to 400 psi. The facility is
presently being reworked to test FLOX
and gaseous 02F2 as well as LF 2 .

t'age Lj



SITE

.1

LABORATORY
RESEARCH

INSTALLATIONS (FOR)

J-5 Fluorine-Hydraulics
Laboratory (cont)

DESCRIPTION

STATUS: During the first part of OctobEr, all ~echanical

and electrical items were completed and the test cell flow

system was checked out with LO Z' On October 18, 1963, twenty-

five test runs were completed on five test specimens at vari-

ou~ ~LOX e~~t~~t~~tio~~ and pressures from ~~ ~~I~ to 4cc PSIG

A sharp-edged Rulon "A" test speci.l1en of an orifice configur-

ation burned out at a FLaX mixture of 5rlo fluorine and a pres-

sure of 400 PSIG.

On October 25, 1963, five new test specimens of the same mat-

erials used in the previous tests were exposed to concentrat-

ions of FLaX from 5~1o to 10~1o fluorine, and pressures from 25

PSIG to 400 PSIG. Thirty test runs were completed without

reactions.

No difficulties were encountered in disposing of the FLaX

mixture. On October 18, 1963, 62 pounds of FLOX were burned

off and on October 25, 382 pounds were burned off.

Prior to the next test runs, differential pressure trans-

ducers will be inserted across each orifice test specimen to

determine the point at which the material starts reacting

wi th the FLaX.

J
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RESEMClJ
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J ROCKET SYSTEMS
J-I HY~RCGEN~CXY2EN

28K Ro:k~t EreS..
OC0425 \N.D.Sandees)

A hydrogen-oxygen rocket engine
oper;'ate,d oyer chamber p~es;;vre range
of fr08 200 :0 900 psi. Heat trans­
fer is ~easured fro~ the combustion
gases to chamber wall. The objective
if to extend heat transfer theory
!nto ~he region required for the
de'3 ~ 90 of r,~c, J e.a J" rocket nozz J es.
Presently, solid copper hea~ sink
engines are being used. Ultimately,
the program wi~i progress to a I

highly instrumented J iquid hydrogen
coo~ ej c"a",be;',

STAT:JS: Test cell operat.ions were curt.ailed this month
because o. modifications to both the cell structure and to
the system piping. All alterations have been completed
and hydrostatic pressuce checking has been finished on the
altered piping system.

Operational checkouts o. the new U'2 system were held up
pending receipt of addit~onaJ te~perature measuring
instrumentation. This equipment is now on hand and is
presently being installed. Prel iminacy tests with liquid
nitrogen are scheduled for December. Prior to the porous
face injector tests, the gaseous hydrogen flow line will be
cleaned. Equipment is on oeder to provide cleaning to the
5 micron range.

J-3 VAC~0M ENVIRON­
MENT FA: ILI if

OFo567 (I. I. Pinkel)
OR0397(I,A.Johnsen)

This facili'::y cor,si::'ts of a H zero
leakage" high vacu~~ tank for testing
insclated J [quid hydrogen tanks in
low pressure environment, The effec­
t!ve~ess of various types of insu~

lation on J iquid hydrogen tanks to be
studIed.

\

STATUS: Preparations continl'ed for :he Ar'~hur D. little Co.
tank insulation tests. D~:r'ing thIs report period~ 1 iqu~d
nitrogen and water checkout runs were pe"fo~med on all NASA
thermal environment systems. The high vacuum condrtions re­
quired for this test program have not been obtained because
of the high frequency of vacuum leak. in new components.
Continuous leak detection has been reqclred during the past
month.

NOTE <Al: It is ant i c i pated that checkout runs of the
Arthur D. Little tank and components will begin in the
second week of December with actu,al testing commencing in
1ate December.
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I)ESCRl pnONSITE LABORATORY

rT-------;;R;-;ES:-;::E7.AR::;:C~H ~~-~~~-~~~~~~. ------,

INSTALLATIONS (FaR)

J (Cont i nued)

J-4 TANK TEST FAC.

OG08S1 (I. Uinkel)

The faci] ity is a semi-enclosed
'Jertical stand originally built to
study cryogenic propellant loading
and insolation problems.

STATUS:
plished
next

During this report period, no work was accom­
in this facility. The test requirements for the
test program have not been received.

NOTE QY: Two previous programs were cancelled and the
CENTAUR jettison insulation test added.

J-5 FLUORlNE-hlDRAUliCS
LABORATORY

OR0789 (I. A. Johnsen)

The fae:l ltv consists of a high
pressure liquid fluorine system
installed in a 38' dia. steel
containment vessel. A test
section is installed between a
supply and receiver tank and
fluorine is passed through it.
The system is capable of working
with seven cubic feet of fluorine
at pressures to 400 psi. The
faci 1i ty is present Iy be i ng re­
worked to test FLOX and gaseous
02F2, as well as LF2.

STATUS: Ninety-six test runs on chree run days were
accomplished during November. The r~ns were made at
various flow rates, press~res, and FlOX concentrations.
Reaction of a majority of the test specimens with FLOX
was obtained. After the second run day, It was di s­
covered that the flow system downstream of the specimens
had become conta~inated from the reaction of the specimens
with ~he FLOX. It was decided to run the next series of
tests without trying to remove the contaminants. At the
end of the third run day, it was fo~nd that the tank and
) ines upstream of the speci~ens had also become contami­
nated. It was then decided to completely clean the
facility tanks, Jines, and valves, so the contamination
would not have an influence on the res~lts of che test
program. The cleaning is expected to take one week to
accompl ish. Testing should resume in IT.1d-Oecember.
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SITE LABORATORY
RESEARCH

INSTALLATIONS (FOR) OESCR IPTI ON

J ROCKET SYSTEMS
J -I HYDROGEN -OXYGEN

28K Rocket Eng.
OC0-425 (N.O .Sande,,)

A hydrogen.oxygen rocket engine
operated over chamber pressure range
of from 200 to 900 psi. Heat trans­
fer is measured from the combustion
gases to chamber wall. The objective
is to extend heat transfer theory in­
to the region required for the de­
sign of nuclear rocket nozzles. Pre­
sently, solid copper heat sink en­
gines are being used. Ultimately,
the program will progress to a highly
instrumented liquid hydrogen cooled
chamber.

STATUS: ihe J-l test cell has been undergoing a build-up
program for the past month. Although the main emphasis has
been in preparing for the testing of a transpiration cooled
injector, some work has also been done on the liquid hydrogen
system.

The following work was done during the month of December:

(1) Work has been started on the setup for the cleaning of
the GH 2 fuel line.

(2) All IRes for the liquid hydrogen system were installed.

(3) Additions to the control panel for the liquid hydrogen
system were completed.

The following work is planned for January:

(1) Complete the cleaning of the GH 2 fuel line.

(2) Checkout of the control system for the liquid hydrogen
fire valve.

(3) Installation of a new Potter flowmeter ;n the liquid
oxygen system.

(Continued on Page 23)
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SiTE LABORATORY
RESEARCH

INSTALLATIONS (FOR) DESCRIPTION

J J-l HYDROGEN-OXYGEN (Continued)

The tentative date for a test firing with the transpiration
cooled injector is late February. Manpower shortage could
be a major problem if increased emphasis is placed on pro­
jects such as CENTAUR, B-1 Facility, or the operation of
other cells at "J" Site. Therefore, the late February date
is subject to further delay.

NOTE ® :
date had to

Due to a manpower shortage the operation start
be extended.

J-3 VACUUM ENVIRON­
MENT FAC I LI TV

OFO-567 (1.I.Pinkel)
ORO-397 (I.A.Johnsen)

This facility consists of a I~ero

Ieakage" high vacuum tank for test ing
insulated liquid hydrogen tanks in
low pressure environment. The effec­
tiveness of various types of insula­
tion on liquid hydrogen tanks to be
studied.

STATUS: One LHZ test run was made in this facility on the
Arthur D. Little Company's insulated tank during this re­
porting period. The test commenced on December 20 and was
terminated on December 23 so contractual obligations at the
test cell could be fulfilled. During the first 12 hours of
the test, a cold guard system designed to prevent heat trans
fer down the neck of the tank was not operational. The re­
maining 44 hours of testing were conducted at specified con­
ditions. Pressure measurements in the 10-7 Torr range were
obtained during the majority of the test. At this writing,
it is not known if the test correlates with theoretical re­
sults extrapolated from LNZ testing at Arthur D. Little Co.

The roof of the test cell is noW being modified and is due
to be completed by January 8. Further testing is scheduled
to start January ZO, 1964 on the above tank, or other A. D.
Little tanks.

J -4 TANK TEST FAC.

OG 0-85 1 (I. I •Pin ke 1)

The facility is a semi-enclosed vert­
ical stand originally built to study
cryogenic propellant loading and in­
sulation problems.

73

STATUS: Since the test program for CENTAUR jettison insula­
tion has not been received, no work could be accomplished
during December.



ITE LABORATORY

J

RESEARCH
INSTALLATIONS (FOR)

J-5 FLUORINE-HYDRAULICS
LABORATORY

ORO-789 (I. A. Johnsen)

DESCRIPTION

The facility consists of a high pres
sure liquid fluorine system installe
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver tank
and fluorine is passed through it.
The system is capable of working
with seven cubic feet of fluorine
at pressures to 400 psi. The fac­
ility is presently being reworked to
test FLOX and gaseous 02F2 as well a
LF2'

STATUS: Due to contamination buildup in the system, a com­
plete cleaning and flushing was performed. Solvents used for
this were: acetone, 30% nitric acid, deionized water, and
acetone respectively. Following the cleaning" 79 runs were
performed on December 10, 1963. New, high flow velocity
tubular test pieces were used.

During this set of tests, KEL-F 82 reacted at '60%, 400 PSIG,
and 5#/sec. flow; Teflon FEP reacted at 7~Io, 400 PSIG. and
5#/sec. flow; and Rulon A reacted at 10~Io, 300 PSIG at 4#/sec
Teflon TFE and KEL-F 81-3 did not react.

The system was refitted with new vent valves in the test
closet and readied for the next set of tests •. On December 18
1963, 27 runS were performed. The tubular test specimens
were again used.

During this set of tests, KEL-F 82 reacted at 75%, 200 PSIG,
at 3#/sec. flow; Teflon FEP reacted at 85%, 400 PSIG and 5#/
sec. flow; Halon reacted under static conditions following
run at 85%, 400 PSIG, at 5#/sec. flow; and nickel-filled
Teflon reacted at 10~Io, 300 PSIG at 4#/sec. flow.

Because of contamination from burnouts, the system is again
undergoing a cleaning and flushing procedure. Also, due to
faulty operation, all Hannifin Solenoids mounted in the test
closet were replaced by Skinners for more positive actuation.
The next anticipated run date will be in early January 1964.
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J ROCKET
SYSTEItS

J -I HYOROGEN-OXYGEN
28K Rocket Eng.

OC0425 (N.D,Sanders)

A hydrogen-oxygen rocket engine oper­
ated over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases to
chamber wall. The objective is to ex­
tend heat transfer theory into the re~

gion required for the design of nuclea
rocket nozzles. Presently, solid cop­
per heat sink engines are being used.
Ultimately. the program will progress
to a highly instrumented liquid hydro­
gen cooled chamber.

STATUS;
for the

Preparations continued during this
testing of the transpiration cooled

report period
injector.

Continued on Page 24
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RESEARCH
SIT LABORATORY INSTAlUlTI ONS (FOR) OESCRI PTiON

J ROCKET SYSTEMS J-l
The following work was accomplished during January:

1. Installation of the hydrogen gas flow and vent lines
was camp Ieted.

2. Cleaning of the hydrogen gas flow line was started.

3. The new liquid oxygen flowmeter was installed and the
liquid oxygen line was cleaned and pressure checked.

4. The liquid oxygen flowmeter was checked out with liquid
nitrogen. A constant discrepancy was noted between it and
the liquid oxygen Venturi. This is being investigated.

5. Calibrations were made on the liquid hydrogen fire valve
controller.

The following work will be accomplished in February:

1. Cleaning of the hydrogen gas flow line will be com­
pleted.

2. Clean the porous face injector.

3. Pressure check and install the injector-engine assembly.

4. Install pressure pickups.

5. Install and checkout the Shawmeter.

The tentative date for a test firing with the transpiration
cooled injector is still late February.

J-3 VACUUM ENVIRON- This facility consists of a "zero leak­
MENT FACiliTY age" high vacuum tank for testing insu­

OF0567 (I. 1 .Pinkel)lated I iquid hydrogen tanks in low pres­
OR0397 (I .A.Johnsen)sure environment. The effectiveness of

various types of insulation on liquid
hydrogen tanks is to be studied.

STATUS: During this reporting period, testing was resumed
on the first Arthur D. Little Co. aluminum-mylar multifoil
insulated cryogenic tank. On January 20th, the tank was
filled with liquid hydrogen; liquid nitrogen was used in the
cold guard system with 800 F water environmental control
surrounding the vacuum chamber. The tank was permitted to
boi loff unti 1 January 23. The "boi I-off" rate on this test
was apprOXimately 5~1o higher than anticipated from extrapo­
lated date from liquid nitrogen tests performed at Arthur D.
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SITE LABORATORY
RESEARCH

INSTALLATIONS (FOR) DESCRI PTION

J Little Co., at Cambridge, Mass. To determine if thermal
degradation of the insulation had taken place during the
tank's six-month storage at Plum Brook, the tank was refilled
with liquid nitrogen on January 23 to duplicate the tests at
Cambridge. This test was allowed to "boil-off" until the
28th, and, once again the boil-off rate.was higher than anti­
cipated.

The tank was refilled on the 30th with liquid hydrogen in
the tank and cold guard systems, and it is anticipated that
the test will be terminated by February 3.

NOTE (i\): A. O. Li tt Ie tests have been extended to Februa ry
28, 1964.

J-4 TANK TEST FAC.
OG085 I (1.I.Pinkel)

The facility is a semi-enclosed vertical
stand originally built to study cryogenic
propellant loading and insulation prob"
lems.

STATUS: A test program has not been received for the Cen­
taur jettisonable insulation tests.

NOTE ~ : Latest information now indicates that testing
will not begin until the first week of April.

J-5 HYDRAULICS The facility consists of a high pressure
LABORATORY fluorine-oxygen system installed in a 38'

OR0789 (O.S.Gabriel)diameter steel containment vessel. A
test section is installed between a sup­
ply and receiver tank and fluorine, oxy­
gen or mixtures of fluorine and oxygen
are passed through it. The system is
capable of working with seven cubic feet
of liquid at pressures to 400 psi.

STATUS: From January I, to January 16, the cell was readied
for a run following a general flushing and cleaning of flow
tanks. As a precaution to prevent valve hang-up, the Han­
nifin solenoids were replaced with Skinners. The Skinners
provide more positive action in the cold environment.

On January 16, twenty-six runs were made during which Kynar,
Kel-F 81A and Rulon A were burned out. On the 26th run,
Rulon A burned out with additional reactions, causing exten­
sive damage to the test cell. A complete survey revealed
that it would take four to six weeks' work to rebuild the
cell in a manner minimizing further delays from damage or
contamination.

Continued on Page 26



SIT LABORATORY
RESEARCH

INSTAL~TIONS (FOR) DESCRIPTION

J ROCKET SYSTEMS

Modifications and repairs include:

I. Flanging of flow tanks and system valves for ease of
removal and cleaning.

2. Construction of a new test section bath.

3. Replace the test closet with a containment system util­
izing a jet engine transport pod.

4. Replace, replumb and rewire all damaged equipment.

As of January 31, the following has been accomplished:

1. One tank has been modified.

2. Liquid nitrogen tank bath has been repaired.

3. Test section bath has been constructed.

4. Engine pod is ready for installation.

Testing is expected to resume in early March.

NOTE ~: Test program has been delayed six weeks due to
damages sustained in test cell explosion.
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SYSTEMS

J-I HYDROGEN-OXYGEN
28K Rocket Eng.

OC0425 (N.D.Sanders)

A hydrogen-oxygen rocket engine
operated over chamber pressure range
from 200 to 900 psi. Heat transfer
is measured from the combustion
gases to chamber wall. The obj ec·
tive is to extend heat transfer
theory into the region required for
the design of nuclear rocket nozzles.

Preparations continued during this report period for the
testing of the transpiration-cooled injector. For approxi­
mately three weeks, a great deal of effort has· been devoted
to cleaning the gaseous hydrogen fuel line. with repeated
flushing of Dow Chlorothene Nu passed through a 2-micron
fi Iter.

Difficulty has been experienced in obtaIning an accurate
determination of the size of the particles in the fluid
samples taken from the line. Cox Instrument Company has
been requested to take a sample of the fluid discharging
from the 2-micron filter. Results of this analysis will
be compared with those made by Plum Brook personnel.

However, on February 29, Lewis and Plum Brook engineers
agreed that further efforts to clean the line would be of
minor value. Work is now being directed toward the back­
flushing of the porous-face injector. A S-mlcron filter
has been installed In the gaseous hydrogen pressurizing
line to the liquid hydrogen tank, as well as the instal­
lation of an orifice assembly to measure the flow of
pressurizing gas. The vacuum jacket on the I iquld hydrogen
tank has been pumped down to 50 microns and the dip tube
vacuum jacket to 20 microns. The entire liquid hydrogen
system is now ready for pressure checking and cold flows.
Liquid hydrogen temperature and I iquld level measuring
Instrumentation have to be connected.

(Continued on Page 24)
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Necessary alterEtions w re
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The contract to fill the voids in
was started this '"onth. Problells
grout flowed under the floor and
This distorted the cell piping.
made to realign tne piping.

DESCRIPTION

, "

NOTE @: As a rosult of the d ,ay i1 determini J the
c l',an line' ; o' H. gaseou hydrJjen 1 ne. the tel:at ive
daLe for i' test firing wich the transpiration-cooled in­
jector has no;: been extenjed to mid-March.

--.-----------------------------1
J-3 VACUUM ENVIRONMENT

FAC IL1TY
OF0567 (1.I.Pinkel)
OR0397 (I.A.Johnsen)

This faci 1ity consists of a "zero
leakage" high vacuum tank for test­
ing insulated liquid hydrogen tanks
in low pressure environment. The
effectiveness of various types of
insulation on liquid hydrogen tanks
is to be studied.
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On February 3. the test started on January 20 was completed
on the first A. D. Little Aluminum-Mylar multi-foi I insul­
ated tank. Test data indicated higher boil-off rates than
on previous tests at A. D. Little Company. Tank inspection
revealed Some thermal degradation of the insulation had
taken place near the brazed joint on the tank neck. The
cause for this condition was not determined. The tank was
returned to A. D. Little for further inspection and tests.

NOTE ®: The second A. D. Little tank was scheduled for
testing on February 17, but since the tank insulation was
destroyed during a test at the A. D. Little Company faci I ity
no new Plum Brook schedule has been eS.tabl ished. Minor cell
modifications for the ADL tank tests were continued during
February. Contractor maintenance work in the cell pre­
vented the starting of any major modification work.

On February 6, a rapid chamber evacuation test was conducted
to evaluate the pumping capacities required to simulate the
launch profile of a missi Ie. The test results are being
analyzed and more tests are scheduled for March.

Initial planning and purchasing of equipment for the Linde
super-insulated test tank were completed this month. All
equipment is scheduled to be delivered by early April and
testing should start by mid-April.
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DESCRIPriON

NOTE ®: Test schedule change reflects oresent equipment
de I ivery dil tes .

J-4 TANK TEST
FACILITY

OG0851 (I . I • Pin ke I )

A facil ity to study LH2 tank
insulation.

The detailed test program has not been received for the
Centaur jettisonable insulation tests.

NOTE ~: Test program has been extended through September.

J -5 HYDRAUL I CS
LABORA TORY

OR0789 (D.S.Gabriel)

The facility consists of a high pres­
sure fluorine-oxygen system installed
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver tank and
fluorine, oxygen, or mixtures of fluor­
ine and oxygen, are passed through it.
The system is capable of working with
seven cubic feet of liquid at pressures
to 400 psi.

This report period has been spent rebuilding the test cell
due to damage sustained in the run of January 16, 1964. As
of February 29, the following repair and re-work has been
accompl ished:

(1) The second flow tank was flanged and valves rebuilt.
Both tanks have been reinstalled.

(2) The jet engine shipping container has been modified and
installed.

(3) The test section bath has been installed.

(4) The test section and nineteen vent valves have been
rebui It.

(5) All flow lines and operators on the flow tanks have
been rebu i 1t .

(6) Test section valves and operators have been installed.

(7) A new burnoff system with surge tank was designed and
installed.
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Work to be accomplished before testing can proceed:

(1) Installation of LN 2 level switches.

(2) Wiring valves and spark plugs for burnoff.

(3) Installation and checkout of automatic flow controller.

(4) Pressure check system to assure its pressure-tight
ca pa biIi ties . 5top all lea ks .

(5) Pickle the system with fluorine gas.

(6) Perform the complete pre-run setup and checkout.

A test operation is tentatively sCheduled for March 10 and
11 .

NOTE ®: The test date has been re-scheduled from March
1 to March 10. The site rebu; lding will take longer than

originally planned because Some of the personnel that were
scheduled to work at the site had to be reassigned to other
test facilities.
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J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

OC0425(N.D.Sanders)

DESCRIPTION

A hydrogen-oxygen rocket engine
operated over chamber pressure range
from 200 to 900 psi. Heat transfer
is measured from the combustion
gases to chamber wall. The objective
is to extend heat transfer theory
into the region required for the
design of nuclear rocket nozzles.
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Early this month, cleaning of the porous-face injector was
completed. This consisted of reverse flushing with Dow
Chlorothene Nu passed through a 2-micron filter.

On March II, two successful firings were made, using the
porous-face injector with a Rockide-coated steel engine,
at 300 PSIA chamber pressure. The results showed that the
injector performed satisfactorily, with no evidence of hot
spots. Face temperatures leveled off below 4000 F. in less
than one second.

No runs were scheduled during the week of March 16, as
Lewis Research engineers requested a hold until the repaired
Shawmeter was returned from the factory.

On March 26, two full duration firings were made, using the
porous-face injector with the steel engine. Their purpose
was to check out the Shawmeter, used to determine the
combustion wall temperature. Although the engine throat
was severely burned during the first run, results from these
tests were conclusive enough to prove the Shawmeter unworthy
of further testing. The flame discoloration had the same
effect as during previous tests, that of driving the meter
off scale, rendering the measurement valueless.

Pressure checking of the liquid hydrogen system began this
month, but difficulty was encountered with facil ity hard­
ware. This problem is being corrected and the system should
be pressure checked and ready for cold flows with 1iquid
nitrogen by mid-Apri 1. .

Copper engine tests, using the porous-face injector are
scheduled to start the week of April 13.

rarrighi
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J-3 VACUUM ENVIRONMENT
FACILITY

OF0567 (I. I. Pinkel )
OR0397 (I, A. Johnsen)

OESCRI PTI ON

This facil ity consists of a "zero
leakage" high vacuum tank for
testing insulated liquid hydrogen
tanks in low pressure environment.
The effectiveness of various types
of insulation on liquid hydrogen
tanks is to be studied.

The test cell was inactive until March 13 because of the
required mechanical demands to support other test cells.
On March 14; a nude ionization guage was installed and the
chamber was continuously evacuated until March 23, reaching
an ultimate pressure of 2.8 x 10- 8 mm of Hg. On the fol­
lowing day, the second in a series of rapid chamber evacu­
ation tests was performed. This test was to determine if
the diffusion pump had sufficient pumping capacity to
simulate the ascent of a typical missile between the alti­
tudes of 50 to 250 miles. A third rapid evacuation test was
performed on March 26.

The major portion of the evacuation equipment required for
the Linde tank super-insulation tests had been received by
March 20 when Plum Brook welders started the fabrication of
this system. Late deliveries of some equipment will post­
pone completion of this system until April 10.

NOTE @ : 1tis ant i c i pated that test i ng of the Li nde
tank will begin in mid-April and continue for one month.
The second Arthur O. Little tank is scheduled to arrive
the week of May 3, but the second tank testing schedule
has not been established.

J-4 TANK TEST
FACILITY

OG0851 (I. I. Pin ke 1)

A facility to study liquid hydrogen
tank i nsu 1at ion.

Contact was made with the Cleveland engineer responsible
for the jettisonable insulation tests, The program was
discussed in general terms, but as yet no definite program
requirements have been establ ished. Lewis personnel will
contact Plum Brook operation engineers when the facil ity
build-up and instrumentation requirements have been
final ized. No work was accomplished on this project.
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J-5 HYORAULI CS
LABORATORY

OV0789(O.S.Gabriel)

OESCRI PTI ON

This facility consists of a high pres­
sure fluorine-oxygen system installed
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver tank, and
fluorine, oxygen, or mixtures of fluo­
rine and oxygen, are passed through it.
The system is capable of working with
seven cubic feet of liquid at pressures
to 400 ps i.
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The rebuilding of the test cell continued during the first
half of this report period. Between March 1 and March 12,
the 1iquid nitrogen bath level switches were installed,
burnoff tower wiring (valve spark plugs, and instruments)
was completed, the system was pressure-checked, evacuated,
and pickled with fluorine gas.

On March 13, eight runs were made after complete pre-run
setup and checkout was performed. Materials tested were
Halon, Teflon FEP, KEL-F AmorphOUS, Kynar and Lucite. The
Lucite reacted at 300 psi and 4 pound per second flow at
50% concentration. Additional reactions downstream blew
out a section of 3/4" flow line, a 3/4" Annin 1600 series
valve, and stressed a 3/4" Annin 3400 series flow control
valve. Shrapnel did extensive damage to tubing, piping and
electrical wi ring near Tank #2. Repai rs were begun immedi­
ately which included the following:

(1) Rebuilding fill valve, crossover valve, and damaged
piping.

(2) Building up a new flow control valve which had the
flange blown off and a possible stressed body.

(3) Installed a new bellows and spool piece on flow tank
bath leading to Tank #2, and replaced the former 1/4"
vent 1i ne wi th a 3/4" vent.

(4) Tubed in new operator 1i nes and 3/4" vent.

(5) Rebuilt flow tank 1iquid nitrogen bath.

(6) Removed, cleaned, and reinstalled Flow Tank #2.

(7) Rewired all valves located near Tank #2.
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(8) Modified burner heads On tower.

(9) Removed, cleaned, and reinstalled five downstream
section valves.

(10) Evacuated system after pressure check.

(11) Pickled system and performed completed pre-run
operat"ion.

On March 30 and 31, forty-six runs were made with the
following materials: Halon, Teflon, FEP, Kynar, Rulon and
Viton A. Due to reactivity of Viton-A, the concentrations
were begun at 5~1o. Burnouts occurred on all five specimens.
System damage was slight, consisting of contaminated flow
valves, flow lines and burned out burnoff heads.

Burnoff improvements will be made before the next run
scheduled on April 9 and 10. Equipment for gaseous FLOX
runs will be installed and checked out by mid-April.
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J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

OC0425(N.D.Sanders)

DESCRIPTION

A hydrogen-oxygen rocket engine
operated over chamber pressure range
from 200 to 900 psi. Heat transfer
is measured from the combustion gases
to chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles.
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On April 14, three full duration runs were made at a
chamber pressure of 500 psia. The porous-face injector was
used with the No.2 copper engine. The object of the test
was to determine if the transpiration-cooled injector
produced a temperature profile along the engine walls
different from that obtained with the copper face plate
injector. Preliminary investigation of the data indicates
this injector will produce nearly identical results for
heat transfer studies. No further runs of this type are
being scheduled. During the above tests, the fire valve
controller did not perform satisfactorily on Pc and OIF
control. Desired conditions could be obtained only by
fixed valve position control. Therefore, further "Control­
le~' checkout runs were scheduled using a steel engine with
the porous-face i~ector. The controller conditions
chosen were the same as those scheduled for the first runs
with the liquid hydrogen-cooled engine.

On April 28, five runs were made to check the controller
operation. However, the fuel pressure regulator developed
trouble during the last two runs and failed to pass the
required flow. Thus, the controller setup still remains to
be finalized for operating at 300 PSIA chamber pressure.
Runs will also be scheduled in the near future at 600 PSIA
chamber pressure.

·The I iquid hydrogen system has been pressure checked to
200 PSIG. Several leaks ,were encountered, including leaky
valve bodies. The system is again being readi~d for
checking at higher pressures.

Controller checkout runs are expected to continue til mid­
May.

NOTE ~ : Further controller checkouts are necessary
before setup of the I iquid hydrogen engine can be installed.

rarrighi
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J-3 VACUUM ENVIRONMENT
FACILITY

OF0567 (I. I. Pinkel )
OR0397 (I. A. Johnsen)

DESCRI PTiON

This facility consists of a "Zero
leakage" high vacuum tank for test­
'ng insulated I iquid hydrogen tanks
in low pressure environment. The
effectiveness of various types of
insulation on I iquid hydrogen tanks
is to be studied.

During April, the test cell was being modified to accept the
Linde super-insulated test tank. A separate vacuum manifold
has been constructed for evacuation of the Linde insulation
and a bleed valve has been installed for controlling the
chamber vacuum in the diffusion pump range.

On April 22, the insulation and chamber were evacuated in
preparation for a test run. During the evacuation, a small
section of the Linde insulation vacuum bag was torn by the
shifting of an ionization gauge, and a large chamber leak
was located between the adapter flanges. Both of these items
have been repaired and chamber pressures in the low 10- 7 Torr
range have been recorded. The best obtainable pressure on
the Linde insulation was 100 microns, after four continuous
days of pumping. To further reduce this pressure, a baking
of the insulation under vacuum at 2600 F. was initiated on
Apri I 28. Baki ng wi 1 I cont i nue unt i I pressure of the i nsu­
lation stabi I izes. A pressure of I X 10-5 Torr in the
insulation must be obtained before testing can start. It is
anticipated that I iquid hydrogen testing will begin on May 6
and terminate in late May.

Arrangements are being made to test an Arthur D. Little
polyurethane foam insulated, or an aluminum-mylar multifoil
insulated, tank in mid-July.

NOTE ® : Due to pre-operation difficulties, the Linde
tank testi ng wi I I start May 6.

NOTE ® : The
in mid-July.

A. O. Little insulated tank tests will begin

23



SITI LABORATORY
RESEARCH

INSTALLATIONS (FOR). DESCRI!'TtON

J ROCKET SYSTEMS
J-4 TANK TEST

FACILITY
A facility to study liquid hydrogen
tank insulation.

A new vacuum-jacketed liquid hydrogen transfer line was
installed in the cell during Apri 1. Lewis Research engi­
neers associated with the Centaur jettisonable insulation
test program are expected to provide information about the
program on May 4.

New plans call for the installation and testing of a
1iquid hydrogen tank insulated by Arthur D. Little in the
facility. The A. D. Little tank is to arrive at Plum Brook
in early May. Personnel are not available to be permanently
assigned to the A. D. Little test program at this time;
therefore, this program will be undertaken when and if the
manpower becomes avai lable from other test cells.

NOTE @ : A. D. Li ttle tank tests have been added to the
"J-4" schedu 1e.

NOTE ® :
tentatively

Centaur jettisonable insulation tests have been
postponed until July.

OV0789{D.S.Gabriel)

J-5 HYDRAULI CS
LABORATORY

This facility consists of a high pres­
sure fluorine-oxygen system installed
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver tank,
and fluorine, oxygen, or mixtures of
fluorine and oxygen, are passed through
it. The system is capable of working
with seven cubic feet of liquid at
pressures to 400 psi.

On Apri I 9 and 21, runs were made with 1iquid FLOX. All
test specimens were burned out while making 24 runs on
Apri 1 9, and 22 runs on Apri 1 21. In each instance, system
damage incurred was minimal. On April 9, two burners were
damaged during burnoff operations, and on April 21, one IRC
was burned out on test 'sect i on No.5.

On April 29, gaseous checkout runs were made to determine
functional operation and control of the gaseous FLOX system
using liquid oxygen. The results of the checkout test
i nd i cated fu rther mod i f i cat ions were needed. Cont ro1 va 1ve
relocation, the installation of a flow surge dampener, and
a new operating procedure have been instituted and will be
checked out with liquid oxygen on May 1. The first FLOX
run is scheduled for May 5, using 1/4" tubular test pieces
similar to those run in liquid FLOX.
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J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

OC0425 (N. D. Sande rs)

DESCRIPTION

A hydrogen-oxygen rocket engine
operated over ch·amber pressure range
from 200 to 900 psi. Heat transfer
is measured from the combustion gases
to chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles.

On May 8 and 13, eleven test runs were made. Their purpose
was to complete the determination of fire valve controller
gain settings which would produce stable performance over
an operating range of 300, 450, and 600 PSIA chamber pres­
sures. The porous face injector was found to be damaged
following the tests on May 8, therefore, the high-flow
copper face plate injector was used for the higher chamber
pressure runs on May 13. The satisfactory results of these
tests completed the research requirements of initial oper­
ating conditions for the liquid hydrogen cooled engine.

Effort for the balance of the month was directed toward the
preparation of the liquid hydrogen system for operation with
the liquid cooled engine. Minor modifications were made,
both electrically and mechanically, and the entire system
was successfully pressure checked to 1000 PSI. A vacuum of
50 microns has been maintained in the liquid hydrogen tank
vacuum jacket.

On May 28, the liquid hydrogen system was filled with liquid
nitrogen and several flow-tests were made. The tests showed
that liquid hydrogen level and temperature instrumentation
modifications are necessary and these modifications are
presently being made. Three valves developed trouble and are
now being repaired. Also, the controller has to be altered
to improve its stability on weight flow control. Further
tests of this nature are scheduled for the week of June 15th.
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J-3 VACUUM ENVIRONMENT

FACI LITY

OF0567 (1. I. Pinkel)
OR0397 (I. A. Johnsen)

c

OESCRI PT ION

This faci I ity cons ists of a "Zero
leakage" high vacuum tank for test­
ing insulated I iquid hydrogen tanks
in low pressure environment. The
effectiveness of various types of
insulation on liquid hydrogen tanks
is to be studied.
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On May 8, an evacuation of the Linde super-insulated test
tank, which had begun .on April 25, was terminated when the
aluminum foi I vacuum bag was torn while attempting to verify
the integrity of the vacuum bag. The final pressures
reached during this evacuation were 3.8 x 10-4 Torr in the
upper insulation and 12 microns on the lower insulation.
The test requirement was 1.0 x 10-4 Torr on both insulation
readouts.

On May 21, after the vacuum bag was repaired are-evacuation
of the insulation and chamber was initiated. Failure of
the chamber to pump down to test conditions was traced to
a leak in the welded Linde flange adapter. Whi Ie attempting
to bring the chamber and insulation to atmospheric pressure
to repair the leak, the insulation was overpressurized and
consequently destroyed. The formal test program for the
Linde tank was abandoned; however, data will be obtained on
neck heat transfer characteristics in early June.

It is anticipated that an Arthur D. Little polyurethane and
aluminum-mylar multifoil insulated tank wi 11 be tested in
mid-July.

NOTE ~: Schedule changes were required because of oper­
ational difficulties encountered with Linde tank testing as
mentioned above.
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J-4 TANK TEST
FACI L1TY

OESCRI PTI ON

A facility to study 1iquid hydrogen
tank insulation.

Due to the concentration on lJ_3" test cell, the work on
lJ_4" test cell was not started unt i 1 the 1atter part of
May. This facil ity is now being readied to perform an
insulation integrity and a heat flux test on the Arthur D.
little tank.

The jobs that have been completed for the A. D. Little
tests are:

I. The liquid hydrogen transfer line was insulated.

2. The facil ity piping was cold-shocked and pressure
checked.

3. The tank was installed.

4. Existing instrumentation has been checked and re­
cal ibrated.

5. A I iquid nitrogen spray bar, for cooling the exterior
of the tank has been designed and is being built.

It is expected that the fi rst test wi I J begin June 8.

Work on the Centaur jettisonable insulation test was
started this month:

I. The necessary vacuum pumps have been located.

2. A firing circuit is now being designed.

23



sin LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALL!TI ONS·. (FOR)

J -5 HYDRAUL ICS
LABORATORY

OV0789 (D.S .Ga br ie I)

OESCRI PTI ON

This facility consists of a high pres­
sure fluorine-oxygen system installed
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver tank,
and fluorine, oxygen, or mixtures of
fluorine and oxygen, are passed through
it. The system is capable of working
with Seven cubic feet of liquid at
pressures to 400 ps i .
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On May 1, a checkout of the system was made, using a new
flow controller. After several check runs to set gains,
successful automatic system control was achieved. Necessary
system modifications included: Switching from downstream
to upstream control, reduced Cv in the control valves, man­
ual pressure control with the downstream valve, a surge
chamber to damp out pu Isat ions.

On May 5, a series of 32 runs resulted in routine burnout
of all ~ive specimens in various concentrations of 300 psi
gaseous FLOX at 700 F. Flow velocities ranged from 50H/sec.
to choked flow through the 1/4" diameter specimen orifice.

Installation of a larger surge chamber and line vent up­
stream of the condenser were indicated by run results;
these were both installed for the May 19 run.

On May 14, checkout runs were made to see if a pressure
feedback controller could be used in the system. After
repeated unsuccessful attempts, it was decided to use man­
ual control as long as it was satisfactory and practical.

On May .19, 15 runs simi lar to the May 5 runs were made, but
in this case, three of the materials did not burn out.
Minor system damage was done when line five, containing
Viton A, reacted. Damage was limited to the burning of an
Annin valve and several tubing lengths. Inv.estigation of
the system after clean-up revealed contamination in several
I ines and the dip tube on the receiver tank. These test run
components wil I be disassembled and cleaned prior to the
first of June tests.

Gaseous FLOX runs wi I I be made for approximately three
months. After this, a high pressure (1500 PSIG) system
wi II be installed so that both high pressure I iquid and gas
can be run. The high pressure flow tank has been delivered
and it wi 11 be insta lied as soon as the low pressure runs
are completed.



SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS (FOR)

J-I HYDROGEN-OXYGEN
28K ROCKET ENG.

oc0425 (N.D.Sanders)

OESCRI PTI ON

A hydrogen-oxygen rocket engine oper­
ated over chamber pressure range from.
200 to 900 psi. Heat transfer is
measured from the combustion gases to
chamber wall. The objective is to ex­
tend heat transfer theory into the re­
gion required for the design of nu­
clear rocket nozzles.

On June 19, the liquid hydrogen system was filled with liquid
nitrogen and several flow tests were made. Prior to these
tests, three valves had been reworked, and additional in­
strumentation had been added for both liquid hydrogen temp­
erature and level measurements. The purpose of these tests
was to checkout this new instrumentation, and to adjust the
fire valve controller gain for stable operation on weight
flow control. Results of these tests are as follows:

(1) Satisfactory operation bf the controller was obtained
with a LH 2 tank pressure of 300 PSIA, but not at 600
PS IA.

(2) Liquid hydrogen level and temperature instrumentation
in the' LH 2 tank did not work completely satisfactori Iy.

(3) Liquid hydrogen temperature instrumentation in the flow
I ine performed satisfactori Iy.

The above problems are being worked on and should be cor­
rected prior to the next series of tests scheduled for the
week of July 13.

Work has begun on replacing existing instrumentation cables
into 11J_JII Test Cell with new cables, terminal boxes, con­
duit, etc., in an effort to "clean-upll the instrumentation
system for the cell.

The site modifications of the new 50DO psi GH 2 trailers are
now complete and the electrical contract of the trai ler
hardware wiring was completed. The plumbing of the trailer
hardware is nearing completion and a performance checkout
is scheduled for ~uly.
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J-3 VACUUM ENVIRONMENT
FACILITY

OFOS67 (I. I. Pinkel)
OR0397 (I. A. Johnsen)

DESCRIPTION

This faci 1ity consists of a "Zero
leakage" high vacuum tank for test

ing insulated liquid hydrogen tanks
in low pressure environment. The
effectiveness of various types of
insulation on liquid hydrogen tanks
is to be studied.
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On June 22 and 23, the Linde "super-insulated" cryogenic
propellant tank was tested with LH 2 . The primary purpose of
this test was to observe the degree that the cold boil-off
gases would prevent heat· transfer through the neck tube into
the insulated tank under low boil-off conditions. During
this test, the boil-off rate was approximately O.l#/hr. -7
Chamber pressure during the entire test was below S X 10
Torr. Test results are now being analyzed. The tank was
dissected on June 30 to observe Linde's method of applying
"super-insulation" to both curved and cylindrical shells,
and to inspect for thermal degradation and damage on hidden
layers of insulation. This concluded the Linde tests in
the J-3 Facil ity.

The test cell is now being modified to accept the Arthur D.
Little Inc. polyurethane and laminate insulated tank. This
test program calls for an extended hard-vacuum with both
LN

2
and water environmental shielding and is scheduled to

begin in late July.

NOTE @: The remainder of the program involving the Linde
tank has been cancelled. The follow-up tests on a NRC tank
have also been postponed.
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J -4 TANK TEST
FAC ILI TY

OG0851 (1.I.Pinkel)

DESCRI PTI ON

A facility to study liquid hydrogen
tank insulation.

From June 9 through June 11, five tests were pei formed on
an Arthur D. Little urathane foam insulated cryogenic tank.
The objective of these tests was to determine the heat flux
value of the insulation and to investigate the foam~ integ­
rity under cryogenic conditions. The test summary is as
follows:

Date Test Results-- --
June 9 LN Z Soil-off #1 Heat Flux = 96.8 STU/hr ft Z

June 9 LN Z Soi I-off #Z Heat Flux = 96.3 BTU/hr ftZ

June 10 LH Z Soi I-off #I&Z Heat Flux = 93.0 STU/hr ftZ

June II LN Z in tank, spray AIumasea I bag bl istered.
foam wi th LNZ Foam integrity - good.

June II LN Z in tank, spray Air pockets under bag
foam wi th LN Z Foam integrity ~ good

All test objectives were met and the tank returned to
Arthur D. Litt 1e.

Effort for the balance of the month was directed toward
preparation for the Centaur Jettisonable Insulation Tests.
The vacuum system was installed and the detonator circuit
completed.

A LN Z checkout of the system was completed on June Z7, 1964.

The first of the Centaur series tests will be made on July
I, 1964.

Z5
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J ROCKET
SYSTEMS

J -5 HYDR~h.1 CS
LABORATORY-------

DV 0789 (D _S •Gab r I( i )

Th i '-) fa c i 1 i t yeo nsis t S 0 f a h i qh pre S

'.;'JI(' ; 1u()rine~'oxy~y~n system iil",t,j!I,:~,i

II'" '.J )8 1 diameter steel conta,inii1_"ni

'vi_~ssej. A test section is if"; 1.'I11,~d

tk~ I " <.:'en ::1 SUPP 1Y and f"FCe i \
ai\cl fluurine, OXY:JGfl, I); '-""ixturt:S ul
f-lut)rlne and uXyljen, pa:-,scd
t hr()IJ~:jh it. The ~,/steifl is Cdpdb Ie
(If \\i,-;.r"king ~\Iith ~)(:\/en cubic feel ut

liq\Jld cit pressures tCi 401) p~l.

The June runs Vh~(e d c;JnlinuaLion of the sl~ries stdilt:d il\

May. GaseOIlS FLOX at lUG F and 300 ps i preSSllrc \,!as \-IJrl

through five 1/4;1 dia;l1et(;~r tubll'lar ::ipeCllilens tach rlJi1 da,/.

On June 5, a series of
out of two specimens.
run at flow velocities

eiljllteell runs resulted ii, tht; blirl-,­

Concentrations of 50 to 10Cf,{, \'Ie,'e

of 50 to 500 fps.
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On June 16, ten nJns resulted in burnout of only one speci
men. Concentrations vle,'e 80 and 100',{" and flow velocities
again ranged from 50 to 500 fps.

On June 23, a decisiorl vias made to delay the planned high
pressure tests in favor of spi II tests. The spi II tests
wi 11 involve dumping app,'oxil1lately 15 pounds of FLOX on
various test media. Reactivity and type of reaction are to
be photographed. ~L:cessar\/ rnodificat ions tl) the test cell
should be completed by the end of July. During bui Id"up 01

the spill stand, ga")t::()lJ'::, runs \'iil1 be continued.

On June 30, eight run:; i-esulted in bUrnU1Jt of L"JO specimen.
Concentrations of 60 and lUay, were (Lin at flcM veloci lies of
50 to 500 fps.

NOTE ®: The spi II tests are tentatively scheduled f',,' "~,"~
last week in Jufy, and one more gaseous FLOX run ''Ii II be ii,"",
prior to the spil I tests.
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J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

PC0425(N.D.Sanders)

DESCRIPTION

A hydrogen-oxygen rocket engine oper­
ated over chamber pressure range from
200 to 900 PSI. Heat transfer is
measured from the combustion gases to
chamber wall. The objective is to ex­
tend heat transfer theory into the re­
gion required for the design of nuclear
rocket nozzles.

Efforts during the month of July were directed towards com­
pletion of plumbing and instrumentation of the 5000 PSI
gaseous hydrogen trailers and in leak-checking the liquid
hydrogen dewar vacuum jacket.

The 5000 PSI gaseous hydrogen trailers are now complete and
checkout of the trai lers wi I I commence in August upon receipt
of the modified flex hoses.

The leaks in the liquid hydrogen dewar vacuum jacket have
been repaired and cold flow tests scheduled. The purpose of
additional cold flow tests is to check out instrumentation
and to adjust fire valve controller gain for stable operation
above 300 PSIA tank pressure.

The liquid hydrogen-cooled rocket engine was received from
Lewis Research Center on July 28. Since the engine was not
pressure-checked at Lewis, the engine wi I I have to be checked
prior to its installati,,". It is anticipated that cold flow
testing of the engine wi I I commence early in September.

J-3 VACUUM ENVIRONMENT
FAC I LITY

OR0399 (S.S.Manson)
PG0852 (I.A.Johnsen)

Th i 5 fac i 1 i ty cons i sts of a "zero
leakage", high vacuum tank for test­
ing insulated liquid hydrogen tanks
in low pressure environment. The ef­
fectiveness of various types of in­
sulation on liquid hydrogen tanks is
to be studied.

24

During the month, the test cell has been modified to accept
the Arthur D. little, Inc., polyurethane, fiberglas and alum­
inized mylar cryogenic propellant tank.

On July 27, a liquid nitrogen run "as initiated to establish
a qualitative comparison between J-3 test cell and the A. D.
Little test cell in Cambridge, Massachusetts. This run was
terminated on July 30 due to the large variance between test
data and theoretical expectations. Analysis of the data ob­
tained indicated faulty operation of the neck heat shield.

rarrighi
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J ROCKET
SYSTEMS The Arthur D. Little tank neck shield was reworked on July

31 by NASA personne I. AII work was performed under the
direction of the A. D. Little representative at Plum Brook.

Further A. D. Little tests, using LN
2

and LH , wi II be per­
formed in J-3 facility during the month of A6gust.

Upon completion of the Arthur D. Little tests, the test cel I
will be modified to accept a Ilmu lti_foi]lI insulated tank. as
designed by the Materials and Sresses Section, Lewis Research
Center. The estimated test date for this tank is November
1964.

A fac iii ty to
insulation.

S.S .Manson)

J -4 TANK TEST
FAC ILITY

QG085 I (1.I.Pinkel &

OR0399 (I.A .Johnsen)

study liquid hydrogen tank

On July 1, the first of a series of Centaur jettisonable
insulation tests was performed. The primary purpose of
these tests is to investigate methods of jettisoning the
insulation from a liquid hydrogen-filled Centaur arc tank.
This first test proved to be unsuccessful, although the
detonators on both sides of the tank were exploded. The
detonation did not propagate along the explosive cutting
charges as planned. It is thought that the cold tempera­
tures affected the performance of the detonators and that
nicks on the ends of the cutting charges kept the detonation
from propagating.

On July 20, another test was performed on the same tank.
This time, the detonators were mounted away from the tank
wall and the ends of the cutting charges were known to be
free of nicks. The detonation propagated along the full
length of the cutting charges, but a combination of frost
and a few uncut strands of the fiberglas cinch wrap pre­
vented the insulation from failing off the tank.

The Centaur tank has been returned to Goodyear to be rein­
sulated and ~ls expected back about September I for further
test ing.

25
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J -5 HYDRAULI CS
LABORATORY

OV0789
(D.S .Gabri e I)

OESCRI PTI ON

This faci I ity consists of a high pressure
fluorine-oxygen system installed in a 38'
diameter steel containment vessel. A
test section is installed between a sup­
ply and receiver tank, and fluorine, oxy­
gen, or mixtures of fluorine and oxygen,
are passed through it. The system is
capable of working with seven cubic feet
of liquid at pressures to 400 PSI.

,

26

On July 14, a series of ten runs resulted in burnout of
four out of five test specimens. Gaseous flox at 700 F.
and 300 PSI was run at flow velocities of from 50 to 500
FPS. The specimens were either 1/8" diameter X I" tubular
configurations or 0.2" diameter X 1/2" tubular configura­
tions. Duration (30 minute) runs were made on the 1/8"
specimens and normal 30 second runs were made on the other
test pieces.
Burnout of Leg 5, Viton A, caused sufficient damage to the
test faci lity to make extensive rebui Iding necessary in
order to perform further flow tests. A decision was made
to de lay system repa i rs in order to make f Iox sp ill tests
as soon as possible. The first spi II test is scheduled
for August 3. System repair wi II continue whenever pos­
sible while the spill tests are being conducted.
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A hydrogen-oxygen rocket engine
operated over chamber pressure range
from 200 to 900 PSI. Heat transfer is
measured from the combustion gases to
chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles.

The liquid hydrogen-cooled rocket engine was assembled to an
injector and installed in the thrust stand. All "secondary"
plumbing systems to the engine were made up and connected.
This included a 1iquid nitrogen cooling system and a vacuum
manifold setup for the engine instrumentation housings. In
order to make the instrumentation hook-up easier, modifi­
cations were made to the connections to the engine cool ing
tubes pressure taps. Also, modification had to be made to
the engine chamber pressure-checking gear because it was
unusable as received from Lewis.

On August 18, the I iquid hydrogen engine chamber was pres­
surized to 50 PSIG and the outside wrap was checked for leaks.
Also, a vacuum was pulled on the instrumentation housings.
Leaks were found between the cooling tubes, putting pressure
under the wrap, around the tubes. Leaks were also found in
the engine wrap and into one instrumentation housing. On
August 19, the engine was removed from the stand and sent
back to Lewis for repairs.

The 5000 PSI gaseous hydrogen trailers were sent to Gas
Handling for pressurizing to 3000 PSI with gaseous nitrogen
for regulator performance tests. The pressurizing was halted
when excessive leakage through the.main remote ball valves on
both trailers was found to exist. Upon disassembly of these
valves, dirt was found in the seats. Dirt was also found in
the main discharge lines of the trailer. It was also found
that moisture in one of the regulators had sufficiently
affected the working parts to make it unusable. The other
regulator was found to be in "I ike new" condition. Di rt was
also found in t:he-SUOO PSI trailer gas cylinder, indicating a
need for thorough cleaning. Efforts have begun toward having
these trai lers cleaned by an outside contractor. Performance
tests will be delayed until cleaning and repairs are made.

On August 24, an attempt to run liquid nitrogen through the
1iquid hydrogen system for controller checkout at higher tank
pressures and flow reates was aborted due to controller mal­
functioning. The main electronic timer which controls all
events sequencing, developed trouble and failed to work. By
August 31, the controls group isolated the problem and were

rarrighi
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taking corrective measures. Controller checkouts are
tentatively scheduled for the second week of September. It
is anticipated that cold flow checkouts of the engine will
begin in late September.

The engine testing has been rescheduled from September to
October.

J-3 VACUUM ENVIRONMENT
FACI L1TY

OR0399(S.S. Manson)
PG0852 (I. A. J oh nse 'I)

This facility consists of a "zero
leakage", high vacuum tank for
testing insulated liquid hydrogen
tanks in low pressure environment.
The effectiveness of various types
of insulation on I iquid hydrogen
tanks is to be studied.

A faci I ity to study 1iquid hydrogen
tank insulation.

On August 15, the testing of the Arthur D. Little, Inc.
cryogenic calorimeter was concluded. This testing sequente
was started on July 27 and a total of five different test
conditions was made during the 18 run days. The tests in­
cluded both liquid nitrogen and liquid hydrogen in the
calorimeter and cold guard; warm water and liquid nitrogen
in the calorimeter environmental surroundings; and hard
vacuum and helium-purged environments. During all phases of
testing, the boiloff rate was greater than expected. However,
a high degree of correlation between different run conditions
was established. The calorimeter has been returned to
A. D. Little for further liquid nitrogen testing at their
laboratory.

The next scheduled test is a foil insulated tank, developed
by the Materials and Structures Division's Structures
Protection Section. Testing is scheduled to start in
November.

J-4 TANK TEST
FAe1 LI TY

OG0851 (I. I.Pinkel &
- S. S,-Manson)

OR0399(1. A. Johnsen)

The Arthur D. Little, Inc. calorimeter tests were cancelled,
so no manpower was expended in this stand during August.

The second Centaur arc tank test is now scheduled to start
the end of September.
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J-5 HYDRAULI CS
LABORATORY

OV0789
(D.S. Gabriel)

DESCRIPTION

This facility consists of a high pres­
sure fluorine-oxygen system installed
in a 38' diameter steel containment
vessel. A test section is installed
between a supply and receiver tank, and
fluorine, oxygen, or mixtures of fluorin'
and oxygen, are passed through it. The
system is capable of working with seven
cubic feet of liquid at pressures to
400 PS I.

26

On August 3, 10, 17 and 25, spill tests were made with
FLOX. These tests involved spilling from five to ten
pounds of several liquid oxygen-fluorine mixtures onto
various test media. The purpose of these tests was to
determine the hypergolic reactivity of FLOX and to see
how this reactivity affected dispersion of the toxic
products. A total of 24 spills were made into the fol­
lowing media: Water, JP-4, sand, charcoal, limestone,
asphalt, dirt, water-soaked sand, JP-4 soaked sand, coke,
oi I-soaked sand and concrete. Data was in the form of
photographic and meterological information. Several severe
reactions caused minor equipment damage, but this did not
interfere with normal run scheduling.

Some progress was made in building up the high pressure
flow system. The completion date for this rework has been
rescheduled from September to October.
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J.J HYDROGEN-OXYGEN A hydrogen·oxygen rocket engine operated over
28K ROCKET ENG. chamber pressure range from 200 to 900 PSI.

PC042S(N.D.Sanders) Heat transfer is measured from the combustion
gases to chamber wall. The objectiye is to ex­
tend heat t~ansfer theory into the region re·
qui red for the design of nuclear rocket nozzles.

Most of the effort this month was devoted to liquid nitrogen flows in
the liquid hydrogen system for fire valve controller checkout. The
trouble in the main electronic timer which developed in August was

'corrected and on Sept. 10 and 15. several cold flows were made. Severe
instabil)ty was encountered on both days at all conditions of tank
pressures and flow rates. Reduction of the data showed need for a
smaller trim in the fire valve. The valve was removed, a new plug and
seat were made in the Machine Shop, and the valve was reinstalled. On
Sept. 23, with the valve Cv reduced to almost half, another series of
cold flows was made. The result was stabil ity over a wide range of
tank pressures and frow rates. Insertion of a restriction in the flow
lines on Sept. 24, to simulate engine cool ing tube pressure drop, had
no apparent effect on performance stability.
On Sept. 30, several runs with liquid hydrogen were made to check out
the entire engine cooling system. Good, stable performance was obtained
from this controller over a range of tank pressures from 600 to 900
PSIG. The burnoffs also performed satisfactorily.
Considerable work was expended on the 1 iquid oxygen system. The flow
line was completely reworked to provide proper inlet conditions to each
of two flow measuring devices. It was felt that the poor comparison of
measurew~nts from these devices was partly attributable to poor inlet
conditions. The entire LOX system was also extensively cleaned by the
flushing of NASOa, and most of the valves were rebuilt. Upon reassembly
I iquid nitrogen flows will be scheduled for re-comparison of the flow
measuring devices.

~

The 5000 PSI gaseous h~d-ragen trailers were being cleaned by Dow
Industrial Co. during the last week of September. Sufficient parts are
on hand for the reassembly of one of these trailers. Fol lowing this,
performance tests with gaseous nitrogen at 3000 PSIG wil I be made.
One other event to be scheduled prior to the installation and cold
flows of the LH2 engine will be a hot firing using a steel engine. The
purpose will be a final performance check of al I propellant systems,
supporting equipment such as the controller, and operating procedure.

23
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J-2 LIQUID HYDROGEN
FACILITY

OROl37 (I.A.Johnsen)

This is
capable
1iqui d

DESCRIPTION

a liquid hydrogen facility
of handling 145 pounds of
hydrogen at 250 psi.

Rebui Iding of "the 'cell was accomp I ished
paration for acceptance tests to be run
test tank for the Cryogenic Propellant

Modifications included:

this month in pre­
on the five foot
Tank laboratory.

J-3 VACUUM ENVIRONMENT
FACI LI TY

ORD399 (S. S. Manson)
PG0852 (I. A. Johnsen)

I. Removal of old LOX tank and equipment.

2. Tubing in a new fill system including necessary purges
and tank pressurization equipment.

3. Rebuilding of the vent system.

4. Installation of preliminary instrumentation.

Final eel 1 mOdifications will be possible when Contractor­
furnished equipment and attendant instrumentation becomes
available.

A liquid nitrogen checkout, follo.-Jed by a liquid hydrogen
checko~t, is planned for early October. First research
runs are expected to Commence sometime in December 1964.
Additional checkout runs may be made prior to this date
to validate instrumentation system operation.

This facility consists of a "zero
leakage". high vacuum tank for
testing insulated liquid hydrogen
tanks in low pressure environment.
The effectiveness of various types
of insulation on liquid hydrogen
tanks is to be studied.

Activity in the Test Cell has been limited during this month
due to a lack of a firm research testing schedule, and de­
mands of other test cells in the area. Minor modifications
accompUshed,during this reporting period include the paint·
ing of ~he-vacuum chamber and the LN 2 flash tank. All cryo­
genic lineS have been insulated and covered during this
month.

Several modifications to the Test Cell have been initiated
this month. A pr.oposal for extending the entrance of the
Test Cell has received budget approval and is n~1 being de­
signed by the Civil Engineering Branch. A Purchase
Request for caulking and painting of the

Cant i nued on Page 25
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SYSTEMS Test Cell has been prepared and is presently out for bids.

A cost estimate for upgrading of the electrical equipment
of the Cell to conform with accepted hydrogen environment
conditions has been obtained. This proposal is now pend-
ing budget approval. These three modifications will greatly
improve the operating conditions and safety of the Cell under
long duration cryogenic insulation tests.

The next scheduled teSt is a foi 1 insulated double-guarded
calorimeter as developed by the Materials and Stresses
Division's Structures Protection Section. The anticipated
testing date would be in late November or early December.

Contract negotiation with Arthur' D. little, Inc. has pro­
vided funding for testing of two A. O. Little calorimeters
in this fiscal year. The testing period dates for these
tests have not yet been established.

A facility to
insulation.

J-"f TANK TEST
FACI LilY

OG0851 (1.I.Pinkel
&- S.S .!'\anson)

OR0399(I.A.Johnsen)

study liquid hydrogen tank

J -5 HYDRAULI CS
LABORATORY

OV0789
(O.S.Gabriel)

25

No manpower was expended in this facility during the month
of September. Work wi 11 resume upon the arrival of the
se~ond Centaur arc tank. The tank is scheduled to arri~e

at Plum Brook about the middle of October.

This facility handles up to 175 pounds of
F~OX in various concentrations at pres­
sures from 0-1500 PSIG, in both 1iquid
and gaseous state. Specimens are tested
under flow conditions for capabilities to
withstand high fluorine ~oncentrations.

high flow velocities. The system also
has an attached spi 11 unit capable of
spill testing with up to 30 pounds of FlaX

On September I, .~4, two LOX sp ill tests were camp 1eted.
The purpose of the tests was to determine the relative times
between LOX and FLaX when spilled in JP-4 to simulate a
launch pad accident. On the second test, a detonation on
the spill pad occurred. The spi II test equipment was damaged
to some extent. Since the spill test data was complete, the
damaged equipment was not rebuilt.

Work began immediately on rebuilding the FLaX compatibility
rig to resume liquid flow testing of non-metallic specimens
at 1500 PSIG. Twenty-eight valves, two spool pieces, several
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special fittings, and all test section fittings and holders
were hydrostatically tested to 2250 PSlC. The high pressure
tank was installed and the valves mounted in place. A com-
plete rewiring and retubing was done to accommodate the new
system and repair usable parts of the original low pressure
system.

A LOX checkout run was made on September 28 to verify oper-
at ion of the automatic controller on the liquid system and
check all system functions. Minor repairs were made and
fol lowing a complete system retorque, runS wi 11 begin in
early October.

---~---~--_. -
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J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

PC0425 (N. D. Sanders)

DESCRI PTION

A hydrogen-oxygen rocket engine
operated over chamber pressure range
from 200 to 900 psi. Heat transfer is
measured from the combustion gases to
chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles.

I· .

The liquid oxygen system was reassembled early this month
and flow tests with liquid nitrogen were ·made on October 10
and 19 for cold shock and flow meter comparison purposes.
These tests showed differences in weight flow measurements
of approximately one per cent between a venturi and turbine
type flow meter. These differences were considered satis­
factory, since they were within the accuracies of the
j nstruments.

In the September liquid hydrogen and nitrogen tests, the
hydrogen tank liquid level optical type spot sensors were
inoperative. When the liquid sensors were inspected, it was
found that they had come apart in the tank. The entire
I iquid hydrogen flow system, upstream of the liquid hydrogen
fire valve, was disassembled and inspected for the missing
components. This was done to insure that the missing parts
could not block the I iquid hydrogen coolant passages in the
engine. Different type sensors were installed but showed
unsatisfactory operation during checkouts on October 21 and
29. These units are being re-checked at the present time.

The 5000 psi gaseous hydrogen trailer, No. 48, has been
completely reassembled and pressure-checked to 3000 psi with
gaseous nitrogen. On October 21 and 29, performance checks
were made of the trailer and regulator assembly. The data
indicates satisfactory pressure regulation with fairly good
response characteristics.

A steel_engi~ with a copper face injector assembly has
been installed in the thrust stand for a hot firing
scheduled for the first week of November.

NOTE: During November, the hydrogen gas trailers will be
performance-checked to 5000 psi with nitrogen and hydrogen
gas. Also, the I iquid hydrogen-cooled engine will be
installed in preparation for I iquid nitrogen cold flow tests.

26
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J-2 LIQUID HYDROGEN
FAC 1LITY

OROl37 (I. A. Johnsen)

This is a liquid hydrogen facility
capable of handling 145 pounds of

. l'i qu id hyd rogen at 250 ps i .

.

On October 26, a successful liquid nitrogen checkout was
made. Equipment was checked. boil-off and warm-up informa­
tion was obtained.

NOTE: The liquid nitrogen checkout was delayed due to the
late delivery of the new burst discs, leaky regulators, and
delays in the instrument installation. Preparations are now
be i ng made for a Ii qu i d hyd rogen checkout run wh i ch is
scheduled for mid-November. Instrumentation is being
installed for the research runs which are scheduled for
Decembe r.

J-3 VACUUM ENVIRONMENT
FACI L1TY

OR0399 (S. S. Manson)
PG0852(1. A. Johnsen)

This facility consists of a "zero
leakage". high vacuum tank for
testing insulated liquid hydrogen
tanks in low pressure environment.
The effectiveness of various types
of insulation on liquid hydrogen
tanks is to be studied.

No m3npower was expended in this facility during the month

of October. Personnel will be assigned to the test cell

as soon as a test date is established for the double-

guarded calorimeter.

J -4 TANK TEST----FACILITY
OG0851 (1.1.Pinkel

&S. S. Manson}
OR0399 (I. A. Johnsen)

A facility to study liquid hydrogen
tank insulation.
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No manpower was expended in this faci lity during the

month of October. Work will resume about the middle of

December after the second Centaur tank is delivered.
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J-I HYDROGEN-OXYGEN
28K ROCKET ENG.

PC0425(N.D.Sanders)

OESCRIPTION

A hydrogen-oxygen rocket engine
operated Over chamber pressure
.range from 200 to 900 psi. Heat
transfer is measured from the
combustion gases to chamber wal I. .
The obj ect ive is to extend heat
transfer theory into the region
required for the design of nuclear
rocket nozzles.
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The November 3 run was canceled because of instrumentation
difficulties.

On the November 9 run, two hard starts were experienced
during preliminary ignition tries and since other difficul­
ties had extended the operation time beyond the al lotted
work hours, the run was cancelled after these two starts.

On November 13, three successful ignition tries were
accomp I i shed.

On November 18, a successful series of steel engine hot
firings were made with good performance from al I systems.
Duri ng these fi rings, I iquid hydrogen was flowed through
an engine bypass line to simulate the operational conditions
that would be encountered in the I iquid hydrogen-cooled
engine. Since the tests were successful, no further steel
engine firings will be made.

During the early November performance tests on the 5000 psi
gaseous hydrogen trai ler, leaks developed at three flanges,
causing a delay in the testing. The necessary repair parts
were received on November 23, and the trailer was reassembled
The performance checks at 5000 psi with both gaseous nitrogen
and gaseous hydrogen will be done in December.

The instrumentation groups are working on the I iquid hydro­
gen cooled eng-ine Instrumentation system. The del ivery of
the gold-cobalt thermocouple ampl ifiers was extended to
December 2 and this will cause a delay in the system com­
pletion. The engine is scheduled to be installed in late
Decembe r.

rarrighi
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J-2 LIQUID HYDROGEN
FACILITY

ORO 137 (I. A. Johnsen)

DESCRIPTION

This is a liquid hydrogen facility
capable of handling 145 pDunds Df
liquid hydrDgen at 250 psi.

During NDvember, no work was accDmpl ished in this area.

A liquid hydrDgen checkDut is scheduled fDr December. The

"K" Site five-foDt tank is scheduled tD be installed and

tank testing started by the end Df December.

-------~------~

J-3 VACUUM ENVIRONMENT
FAC ILl TY

OR0399 (5. S. Manson)

This facility consists of a 11 zero ll

leakage", high vaCUum tank fDr
testing insulated liquid hydrDgen
tanks in low pressure environment.
The effectiveness Df variDus types
Df insulatiDn Dn liquid hydrDgen
tanks is tD be studied.

During November, no work was accompJ ished in this area. The

dDuble-guarded calDrimeter tank tests are scheduled tD

start in mid-March.

------- -----------------------------1
J-4 TANK TEST FACILITY A facil ity tD study liquid hydrDgen

tank insulation.

ND manpDwer- was expended in this faci I ity during the

month Df NDvember. The test prDgram scheduled for "J-4"

has been ca~elled and there are nD immediate tests planned

fDr this facility.
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SIT! LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALl1\TI ONS (FOR)

J-5 HYORAULICS
LABORATORY

OV0789
\O.S. Gabriel)

OESCRI PTiON

This facility handles up to 175 pounds
of.FLOX in various concentrations at
pressures from 0-1500 psig, in both
I iquid and gaseous state. Specimens
are tested under flow conditions for
capabi I ities to withstand high
fluorine concentrations, high flow
velocities. The system also has an
attached spill unit capable of spill
testing with up to 30 pounds of FLaX.
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Following the October 30 run, contaminated portions of the
system were cleaned and rebuilt. In the interest of safety,
all high-pressure valves were removed, checked, rebui It,
and reinstalled. The bellows seal hel ium supply system was
also rebuilt. Preparations were made for the next run and
test specimens installed.

On November 20, fourteen runs with fluorine and FLOX
(80% fluori ne) were made. All test sections burned out
at flow rates to 2.1#/sec. and pressures to 1100 psi.
Little system damage occurred but the flow I ines were
contaminat~d. The contaminated I ines are being cleaned
and simi lar high-pressure I iquid tests are scheduled for
December 10.

The high-pressure I iquid testing is scheduled to be
completed by early January. The cell will then be
converted for high-pressure gaseous FLaX testing.



SIT LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS (FOR)

J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

PC0425(N.D.Sanders)

DESCRIPTION

A hydrogen-oxygen rocket engine
operated over chamber pressure
range from 200 to 900 PSI. Heat
transfer is measured from the
combustion gases to chamber wall.
The objective is to extend heat
transfer theory into the region
required for the design of nuclear
rocket nozZ Ies.

26

Most of the effort this month was devoted to cell modifi­
cation and performance checking of the Feedback System's
5000 PSI GH 2 trailer regulator.

All leaks in the 5000 PSI GH 2 system that had developed
during November were re~aired and another series of checks
Were made with 2500 PSIG GN Z on December 3. For these
tests, an Apco pressure regulator was installed in the
flow line. Since this regulator is required for low chamber
pressure rocket engine firing, a check was needed to deter­
mine if there would be any interacting effects between reg­
ulators. The seat of the Feedback regulator leaked at out­
let pressures above 1000 PSIG but it was considered within
acceptable limits. During sixteen tests the Feedback reg­
ulator performed satisfactorily at varying flow rates from
6#/second to 18#/second and the data showed no interaction
between the regulators.

On December 12, the trailer was pressurized to 4900 PSIG
wi th GN 2 . When full tra i ler pressure was put into the
Feedback regulator, the seat leakage was so excessive that
the performance check had to be canceled. The regulator
was disassembled and it was found that the main operating
parts had been damaged. The damaged parts Were repaired
by the machine shop. A survey of other Company regulators i
being made for possible replacement of the Feedback regula~~

On December 17, the continuous liquid level probe, with a
new control unit, and the liquid level spot sensors were
checked with lN2 i,,-the LH 2 tank. Both units performed
satisfactori ly.

The instrumentation group continued their work on the liquid
hydrogen cooled engine instrumentation. The gold cobalt
thermocouple amplifiers were delivered on December 28 and
are now being acceptance checked.

NOTE: The research rocket engine is now scheduled to be
installed by mid-January.

rarrighi
Typewritten Text
December 1964



SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS (FOR)

J-2 LIQUID HYDROGEN
FACILITY

ORO 137 (I .A .Johnsein)

OESCRI PTION

This is a liquld hydrogen facility
capable of handling 145 pounds of
liquid hydrogen at 250 PSI.

Preparations were made for the LH 2 check-out. The test

capsule is now scheduled to be del ivered January 11.

Final mechanical,electrical and instrumentation work

cannot be completed until the test capsule has been

installed.

J-3 VACUUM ENVIRONMENT
FACI LITY

OR0399 (S. S. Manson)

Th is fac iii ty cons ists of a "zero"
leakage, high vacuum tank for
testing insulated liquid hydrogen
tanks in low pressure envi ronment.
The effectiveness of various types
of insulation on liquid hydrogen
tanks is to be studied.

No manpower was expended in this facility during the month

of December. Preparations for the double-guarded calori-

meter are scheduled to begin by mid-January. The double-

guarde~ calorimeter tests are scheduled for mid-March.
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SITI LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALl1ITI ONS (FOR)

J-5 HYORAULI CS
LABORATORY

DESCRIPTION

This faci 1ity handles up to 175 pounds
of FLOX in various concentrations at
pressures from 0-1500 PSIG, in both
liquid and gaseous state. Specimens
are tested under flow conditions for
capabil ities to withstand high fluorine
concentrations, high flow velocities.
The system also has an attached spill
unit capable of spi II testing with up to
30 pounds of FLOX.

"\,
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During the first two weeks of December the fol lowing measure,
were taken to prevent premature test specimen burnouts:

(1) The 'J' Site Helium manifold was cycle flushed with
tri-chloroethane through a five micron filter.

(2) All the fluorine and helium equipment including the
tanks, tubing, fittings, and valves were disassembled,
cleaned and reinstalled using fluorine clean procedures

On December 15, seven runs were made. Three test specimens
experienced premature burnouts, one showed surface reaction
from a previous run, one specimen cracked due to shock and
could not be tested. Investigation showed particles in the
hel ium system so the following steps were taken:

(I) A five micron fi lter and a cold trap were installed in
the test sect i on he 1i um purge line.

(2) The test specimens were cleaned, examined with a mag­
nifying glass and the cleaning solvent evacuated from
the pores of the specimens.

(3) Specimen holders were cleaned and examined during
specimen installation.

(4) To check pickling effects, two of the specimens were not
pickled.- ,

On December 23, six tests were made on four specimens. All
specimens burnedout prematurely. A fifth specimen which was
not tested was examined and found to have metallic particles
on its surface.

NOTE: Further helium purge system modifications and pro­
cedural changes wi II be made before the next checkout run
which is scheduled for ,January 6. ,



SIT LABORATORY

J ROCKET
SYSTEMS

RESEARCH
IN$TAL~TIONS (FOR)

J-l HYDRUGEN-OXYGFN
28K ROCKET ENG.

PC042S(N.O. Sanders)

DESCRIPTION

A hydrogen-oxygen rocket engine
operated oyer chamber pressure
range from 200 to 900 ps i. Heat
transfer is measured from the. com­
bustion gases to chamber wall. The
objective [s to extend heat transfer
theory into the region required for
the design of nuclear rocket nOZZles.
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During .lanuary various mechanical system modifications were
made to the test cell.

Oue to the fact that the GH 2 Apco regulator had a sluggish
response and minor seal leaks, it vJas decided to install a
ne\" Apco regulator. On Januar'y 27, the new unit was checked
at various weight flows. It had sluggish response character­
istics that were worse than the original unit plus the fact
that it had a considerable overshoot of pressure on shutdown.
Therefore, it was decided to reitlsta1l the original Apco re­
gulator.

The Feedback Systems regulator has been modified, rebuilt
and reinstalled on the 5000 psi GH 2 trailer. The regulator
has been pressure-checked to 3000 psi with GN 2 and if time
permits, it wi 11 be checked out before the cooled engine is
installed on February 6.

The vacuum system for both the fuel system and the engine
cool ing system was extensively re·.~rorked so that better
vacuums could be Obtained.

The liqllid hydrogen-cooled engine instrulnentation work was
continued through January. All of the procured equipment
was delivered by mid-January. Based on the remaining work­
load and assuming no major instrument operational problems
are encountered, the first engine cold flow tests are sched­
uled [0 begin by mid-March.

NOTE: As not~d abOVe, the scheduled start date has been
changed from January 15 to March 15.

rarrighi
Typewritten Text
January 1965



S:7E LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS (FOR)

J-2 LIQUID HYDROGEN
FACILITY.

OROI37(I.A.Johnsen)

OESCRI PTiON

This is a liquid hydrogen facility
capable of handling 145 pounds of
liquid hydrogen at 250 psi.

During January, or'e liquid hydrogen tests was made on the
tlK

II Site research tank bottom package.

On January 12, the package IVas installed.
and electrical IVork IVere completed by the
hour warm helium check indicated that the
met the warm requiremel1ts~ Its leak rate
5 X 10-9 cm3!sec., at a seal differential
ps i .

Necessary piping
19th and a one
seal configuratio
IVas approximately
pressure of 175

~ -~ . . --.--------1

On January 21, a li~uid.hydrogen run IVas made. No leak
larger than I X 10- cm3!sec. IVas recorded. Greater mass.
spectrometer sensitivity could not be achieved because of
an internal electrical drift. An attempt to obtain higher
sensitivity by using helium was not successful. Due to
possible external leakage sources, the recorded leaks
could not be definitely traced to the internal seals.

Modifications to the leak detector and piping systems IVere
made to eliminate the high background readings and to in­
crease the leak sensitivity of the mass spectrometer.

NOTE: The run scheduled for January 28 had to be canceled
because of a vacuum pump failure and the non-availability
of liquid hydrogen. The next test is scheduled for the
first IVeek of February.

J-3 VACUUM ENVIRONMENT
FACILITY

OR0399 (S. S. Manson)

This faei j lty consists of a Ilzeroll
leakage, high vacuum tank for test­
ing inslllated liquid hydrogen tanks
in low pressure env i ronrnent. The
effectiveness of various types of
insulation on liquid hydrogen tanks
is to be studied.

No manpolVer IVas expended in this faci lity during the month
of January. Bui Id-up for the double-guarded calorimeter
IVill begin in early February. The double-guarded calori­
meter tests are tentatively scheduled to start in Apri 1.
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SIT LABORATORY
RE$EARCH

INSTALUTI OMS. (FOR) DESCRIPTION

J ROCKET
SYSTEMS

..

J-5 HYDRAULI CS This faci 1i ty handles up to US pounds
LABORATORY of FLOX in various concentrations at

(OV0789) press.ure from 0-1500 psig, in both 1iquid
(D.S.Gabrie1)and gaseous state. Specimens are tested

under flow conditions for capabilities
to withstand high fluorine concentrations,
high flow velocities. The system also has
an attached spill unit capable of spill
testing with up to 30 pounds of FLOX.

A run was made on December 23, to see if the premature
burnouts experienced in November had been eliminated by
system modification. P,-emature bu·rnouts were still ex­
perienced and the following additional modifications were
made:

(l)

(2)

(3)

(4)

(5 )

(6)

(7)

A separate high pressure helium source was installed.

A new dryer was added to the system.

A sintered bron<:e fi Iter was added.

A filter was added to the test specimen purge line.

All upstream be1.1ows were flushed with fi ltered solvent

The cold trap was removed fran the helium purge line.

The specimens were cleaned and surfaces evacuated to
30 microns.

'>',
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(8) The purge system and check valves were cleaned and
inspected at· the test site.

(9) The entire flow system and high pressure helium system
was dismantled and cleaned.

(10) The syst9ll1 wa!rpickled for fourteen hours and the spec­
imens- .for -th'i rty minutes.

The January 12 run had to be canceled when three test speci­
mens cracked while being immersed in LN 2 • The January 14 .
run was canceled because there was an indication that the·F2
tankb8d_~' developed a high pressure leak. On Jan­
uary 19, 14 runs were made on Teflon specimens. One specim~
ran to its expected burnout point while the other three

·burne~ out prematurely. The last specimen was inspected and
metallic particles were found on its surface .

•



RESEARCH ,

'SIT LABORATORY INSTAlLATIOIlS (FOR) OESCRI PrION

J ROCKET " .' .
SYSTEHS' (Continued)

Using laborator~ filter equipment, extensive samples were
again-tpken from every conceivable point in the helium and
Fl flow system. All helium components were disassembled
and inspected. The worst item appeared to be the brass
particles from a Grove regulator in the n~l·i.um purge syst~m.

The system wi 11 be reassembled using ultra clean-methods
and the ~rove regulator wi II be replaced by.an all aluminum
un;t.

The next run ; 5 scheduled for February 2.



SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS (FOR)· . OESCRIPTION

.

J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

PC0425(N.D.Sanders)

A hydrogen-oxygen rocket engine
Qperated over chamber pressure
range from 200 to 900 ps i. Heat
transfer is measured from the
combustion gases to chamber wal I.
The obj ec t ive is to extend heat
t ransfe r theory into the reg i on
required for the design of nuclear
rocket nozzles.
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The regulator for the 5000 psi gaseous hydrogen trailer
was reassembled and installed on the trailer; however, the
regulator still hascto be tested.

On February I, the steel engine was removed from the stand
and the I iquid hydrogen-cooled engine was instal led. The
system for evacuating the I iquid hydrogen engine instru­
mentation housings was completely reworked. Provision for
remote isolation of each vacuum chamber and for the re­
cording of the individual vacuums was added as requested
by research engineers. All mechanical connections to the
engine were made, including the 1iquid hydrogen coolant
flow 1ines. to the vacuum chambers, pressure transducers,
and temperature probes. Considerable time was involved in
locating and repairing leaks in the engine vacuum chambers.
The I iquid hydrogen system was pressure checked to 800 psig.
Three valves required overhaul due to adverse weather
effects. The 1iquid hydrogen engine manifold and tubes
were pressure checked to 200 psig and a small leak was
found in the wrap around the tubes.

The instrumentation system for recording the liquid hydro­
gen·engine temperature data has been completely installed
and checked out. The lines to "H" Bu i Iding have been
checked for noise, continuity, and patching.

On February 23, a tape recording of all channels of data
on the 4 KC digitizer was reviewed by Lewis Research
personnel. - They expressed satisfaction with the noise
level; therefore, the first I iquid nitrogen cold flow
through the I iquid hydrogen engine was scheduled for March
3. One problem with the special platinum resistance
balance panels has to be corrected prior to the March 3
run date. There is excessive voltage output when the
sensor is at ambient temperature.

,

rarrighi
Typewritten Text
February 1965



SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS (FOR)

J-2LIQUID HYDROGEN
FAC IliTY

OR0137(I.A.Johnsen)

OESCRI PTiON

This is a liquid hydrogen facility
capable of handLing 145 pounds of:
1iquid hydrogen at 250 psi.

On February 2, a I iquid hydrogen test was made on the "K"
Site tank bottom feed-through -package. Hydrogen sensi-'
tivi-ty of 5 x 10- 8 cm2/sec was possible during this test,
due to the successful modifications of the test cell and
the mass spectrometer. Shortly after initiating transfer,
a cold gas I eak in excess of 3 x 10-6 cm3/ sec was re.corded
at a 40 psig pressure, but after the tank bottom was
covered with I iquid, the leak decreased. Shortly after
pressurizing the tank to 175 psia, a leak of 5.6 x 10-6
cm3/sec developed. This leak "cleaned up" and subsequently
reappeared when the tank was vented and then repressuri zed.
An attempt to heat cycle the package was unsuccessful due.
to the inabil ity of the mass spectrometer to pump down the
cold chamber to a stable pressure.

On February 4, the warm package was pressurized with hel ium
to 175 psia. A sniffer probe with a maximum sensitivity of
1.5 x 10- 7 cm3/sec was used to detect any leakage source.
Negative results were obtained on all welds and outer seals,
but both inner conoseal rings showed leaks of approximately
1.5 x 10-4 cm3/sec. The package was then disassembled for
shipment back to the contractor. The bolt torques were
checked and were found to be from 70% to 80% below pre-run
values. This check was made after several heat cycles had
taken place.

An instrumented test section with a
arrangement is due early in March.
allocated for testing this package.

modified bolting
Twenty days have been

OR0399 (5. S. Manson)

J-3 VACUUM ENVIRONMENT
FACILITY

This facil ity consists of a "zero"
leakage, high vacuum tank for
testing insulated liquid hydrogen
tanks in low pressure environment.
The effectiveness of various types
of insulation on I iquid hydrogen
tanks is to be studied.

Preliminary modifications to the test cell for the double­
guarded calorimeter test program were initiated this month.
Modifications to the cell and checkout included:

(Cont i nued on Page 28)

( I ) Installation of a 4" emergency vacuum chamber
pressu re 1i ne.

Dver-
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SIT LABORATORY
RESEARCH

INSfALUTI ONS (FOR) OESCRIPTION

J ROCKET
SYSTEMS

J-3 VACUUM ENVIRONMENT FACILITY (Continued)
.

(2) Leak-tightness tl'leckout of the vacuum chamber.

(3) Initial fabrication of fill and vent probes for
double-guarded calorimeter.

.

(4) Sizing of a control valve for 'rocket ascenUsimulation
tests.

(5) Ordering of all hardware required for test support.

The double-guarded calorimeter testing is scheduled to
start the middle of April.

J-5 HYDRAULI CS
LABORATORY

(OV0789)
(0.5. Gabriel)

This facil ity handles up to 175 pounds of
FLOX in various concentrations at pressure
from 0-1500 pSig, in both liquid and
gaseous states: Specimens are tested
under flow conditions for capabilities to
withstand high fluorine concentrations,
high flow velocities. The system also has
an attached spill unit capable of spill
testing with up to 30 pounds of FLOX.

On February 2, 5, 12, and 19, FLOX research runs were
successfully conducted. Premature burnouts were el iminated
and a 11 run days produced usable data.

On February 2, six runs were accompl ished and one high-flow
burnout recorded before the facil ity was shut down due to
inoperative valves.

The specimens were replaced and heater wire was installed
on the valve heads. The ruft was completed on February 5.
Twenty-one runs, using various concentrations of FLOX,were
made on February 5' and five specimen burnouts were re­
corded. -- - --

On February 12, twenty runs were accompl ished and five
burnouts were recorded. 100% 1iquid fluorine and 70% FLOX
were used during this run.

On February 19, seventeen runs and five burnouts were
recorded. 100% I iquid fluorine, 70% FLOX and 60% FLOX
were used during this run.



RESEARCH
SIT LABORATORY INSTALLATI ONS (FOR) DESCRIPTION

J ROCKET
SYSTEMS

The February 26 test run was cancelled due. to adverse
weather conditions causing -electrical"power failures.
This run'is rescheduled for the week of March I. and wi 11
complete the current FlOX prog ram..

A short program has been scheduled for the month of
.

test
Apri I to determine the cause of premature burnouts whjch
occurred during the months of November and December 1964.



RESEARCH
SIT LABORATORY INSTALLATIONS (FOR) OESCRIPTION

J ROCKET
SYSTEMS

J-l HYD ROGEN- OXYGEN A hydrogen-oxygen rocket eng i ne
28K ROCKET ENG. operated over chamber pressure

PC042S(N.D.Sanders) range from 200 to 900 psi. Heat
transfer is measured from the
combustion gases to chamber wall.
The objective ; 5 to extend heat
transfer theory i oto the reg ion
required for the design of nuclear
rocket nozzles.

On March 3,"1 iquia nitrogen was flowed through the cooling
tubes of the I iquid hydrogen-cooled engine. The test goals
were to cold shock the engine with 1iquid nitrogen and to
check the cal ibration of the temperature measuring instru-
mentat ion at 1iquid nitrogen- temperatures. Tests were run
at tank pressures of 400 psig and 600 psig and weight flow
rates were 10.7 lb./sec. and 2D lb./sec.

24 March 1965,
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SYSTEMS This was the first time that the engine had been cold

shocked and, structurally, the eng'ine showed no harmful
results from the liqu,id nitrogen tests. Both engine'
coolant temperature measurement systems were unsatisfactory
and they provided no usable data. The temperature of the
I iquid nitrogen in the engine was higher than anticipated
and platinum resistor output voltage exceeded full scale.
The lead wires of the gold cobalt thermocouples were adding
EMF to that produced by the junction, and thereby completely
distorted the output data.

On March 9, the liquid hydrogen engine was returned to
Lewis Research Center for repairs. The entire gold-cobalt
thermocouple system was replaced by a chromel-constantine
thermopyle system. The platinum resistors will remain, but
minor modifications are required. The liquid hydrogen
engine was returned to Plum Brook on March 29. Reassembly
and installation began immediately in preparation for a
I iquid hydrogen cold flow through the cool ing tubes scheduled
for April 2. Hot firing of the engine is scheduled for mid­
April, if the liquid hydrogen cold flow data is satisfactory.

The new APeO regulator, which had shown sluggish response
characteristics during initial tests in January, has been
disassembled and modified. The outlet pressure sensing,
circuit has been altered to increase sensitivity during low
flow rates. On March 29, several flow checks were made,
showing much faster response of the regulator. This regu­
lator will be used for the first hot firing of the liquid
hyd rogen eng i ne.

The Feedback Systems regulator that had been previously
rebuilt was used for the above flow checks. Excessive seat
leakage was still a major problem. A survey of the field of
large pressure regulators has resulted in the ordering of a
unit from Sky Valve, Inc., of Syracuse, New York. Delivery
is expected within two months. This unit will replace the
existing Feedback Systems regulator for one of the 5000 psi
gaseous hydrogen trailers. If this first regulator gives
satisfactory performance, a second unit will be purchased for
the remaining high-pressure trailer.

The remainder of the month was devoted to cell maintenance
and general preparation for the first hot firing of the,
I iquid hydrogen cooled engine. A new porous-face injector
was also backflushed with NA-500 solvent. -
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SIT LABORATORY
RESEARCH

INSTALLATI ONS (FOR) DESCRIPTION

J ROCKET
SYSTEMS

J-2 LIQUID HYDROGEN
FACILITY

OR0137 (I.A.Johnsen)

T~is is a liquid hydjogenfacility
capable of handling 145 poands of
liquid hydrogen at 250 psi.

The. instrumented test package was received on March 9 at
Plum Brook. A warm helium check on March 12 indicated that
a leak in excess of 10-4 cm3/sec. wJs present. On March
13, the package was dismantled and tested with a portable
probe. No leaks greater than allowed by the specifications
were found on the conoseals or on fourteen of the fifteen
instrument connectors. Cne feed-through connector was
found to have a faulty weld with a leak in excess of 10-5
cm3/sec. The package was returned to the contractor in
California for repair.

Repairs cannot be made until. a new feed-through connector
is available. Since the lead time will be approximately
10 days, the capsule will not be available for testing at
Plum Brook until approximately ~pril 10.

.

,
J-3 VACUUM ENVIRONMENT

FAC ILilY

PG0852 (S. S. Manson)
OR0399 (I.A. Johnsen)

This faci 1ity consists of a "zero"
leakage, high vacuum tank for
testing insulated 1iquid hydrogen
tanks in low pressure environment.

. The effectiveness of various types
of insulation on liquid hydrogen
tanks is to be studied.

The test facil ity is undergoing modification and checkout
for the double-guarded calorimeter tests. The calorimeter
is scheduled to be del ivered the second week of April, and
testing will ·probably begin the first week of May.

The following tasks were completed during this reporting
period:

(1 ) - ,
Dewar_H-30.~as derimed and evacuated.
vacuum rise was monitored and resalts
the vacuum jacketing is sound.

The rate of
indicate that

26

(2)· Initial fill and vent modification were started on
the dewar to make it compatible with the research
prog ram.

(3) Designs and procurement for the missi Ie ascent
simulation portion of the test program were completed.

'.
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The vacuum chamber emergency vent system was installed
and checked out.

J ROCKET
SYSTEMS

(4 )

All of the required parts are scheduled to be del ivered "
by Apri I 30,

I
Lewis personnel have indicated a need for the test facility
to conduct tests under a newly issued contract with Arthur
D. Little Company. The tests are tentatively scheduled for
the 1st and 3rd quarters of FY66.

J- 5 HYD RUAL ICS
LABORATORY

OV0789
(D.S. Gabriel)

This facility handles up to 175 pounds of
FLOX in various concentrations at pressure!
from 0 - 1500 psig, in both liquid and
gaseous states. Specimens are tested
under flow conditions for capabilities to
withstand high fluorine concentrations,
high flow velocities. The system also has
an attached spill unit capable of spill
testing with up to 30 pounds of FLOX.

On March 1, thirteen research runs were made on five test
specimens. Although flow rates of 4 lb/sec and pressures
of 1000 psi were reached, three of the burnouts were classed
as premature, based on previ GUS data.

On March 19, a run was made to determine if metal particle
contamination was the cause of premature burnouts. Five
teflon test samples were prepared. Two were left uncontami­
nated. The other three samples were del iberately contami­
nated with brass filings, stainless steel filings, and a
combination of brass and stainless steel, respectively. Only
one premature burnout was encountered. The other burnouts
occurred far beyond previous data in flow rate and concentra­
tion. It appears that metal particles have not been the
cause of the consistent failures experienced during December
1964 and January 1965. Further metal contamination tests
have been suspended.
On March 30, the final research run was made, completing the
Lewis Research Center program. In this test, the five
specimens were burned out during 33 runs, with 70%, 75%, and
85% FLOX concentrations and 100% LF2. The test cell will be
deactivated and maintained on a standby basis.
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SITE LOCATION
RESEARCH

INSTALIATI ONS .(FOR)

.

OESCRI PUON (

J ROCKET SYSTEMS TEST SITES

J- I ROCKET
ENGINE
SITE

28K ROCKET ENGINE
PC0425 (N. D. Sande rs)

A hydrogen-oxygen rocket engine
operated over chamber pressure range
from.200 to gOO ps.i. Heat transfer
is measured from the combustion gases
to chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles.

On April 6, a I iquid hydrogen cold flow test on Engine #1
was attempted. Flow conditions were approximately five
pound/second for 15 seconds with a tank pressure of 700
psig. The test was aborted due to excessive hydrogen
leakage from the engine cooling tubes during the pre-coo)
flow. Post run pressure checks revealed cracked solder
joints in the vacuum chamber connections, an opening at
one location in the engine wrap, and some small leaks in
the joint between the cooling tubes and the exit manifold.
No conclusive engine temperature data was obtained from
either the new Chrome I-Constantan thermocouples for the
previously installed platinum resistors.

Five additional days of cold flows were made this month
for the purpose of proving the temperature measuring
instrumentation. Because the test engine was known to
leak, liquid nitrogen was used, eliminating possible fire
hazard.

On April 15, data was obtained which showed that the
Chromel-Constantan thermocouples were operating properly.

Exami nat ion of the recorded temperatures showed that th.e
results were strongly influenced by the methods used to
install the thermocoupies.

The remaintng four run days were devoted to obtaining data
from the platinum resistors. On April 26, the sensors
performed satisfactorily.

On April 27, the liquid hyd,ogen Engine #1 was removed
from the test stand and returned to Lewis Research Center.
Tentative plans are to discard the present method of
attaching the temperature measuring instrumentation to the
outside of the engine cool ing tubes. Work is presently

•
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,

underway to determine the best method of installing the
Chromel-Constantan thermocouples di rectly into the liquid
hydrogen flow in the cool ii"lg tubes. Engine #1 wi I I be used
as a test unit for this installation.

Liquid hydrogen-cooled Engines #2 and #3 were brought to
Plum Brook this month for pressure checking.' A smal I leak'
in the cool ing tubes of Engine #2 could not be located
during prel iminary lo.w pressure gas checks. A leak around
one tube pressure tap on Engine #3 was repai red and the
engine then proved to be pressure tight.- Fol lowing a 'cold
shock in a liquid nitrogen bath on April 27, both engines
were hydrostatically pressure checked to 900 psig with
hel ium. Small leaks at tube pressure taps in both engines
showed up at approximately 600 psig. Leakage was also
observed from the cooling tubes into the voids beneath the
engine wrap on Engine #2. This engine was returned to
Lewis Research Center on April 30. Engine #3 was satisfac­
torily repaired and is now leak~tight at 600psig with
hel ium gas. '

Engine #3 is scheduled to be cold shocked with liquid
hydrogen during the first week of May. Following satis­
factory performance during this test and a post run high
pressure gas check, it will be returned to Lewis. Liquid
hydrogen temperature measuring instrumentation will then '
be installed. Engine #1 will then be cold flowed with,
I iquid nitrogen to check the thermocouples install,ed
directly in the I iquid hydrogen flow in the cooling tubes.
No tentative date has 'been set for the first hot firing of
~u.id hydrogen-cooledei"lgine. , _

J-2 LI Q.UI D HYDROGEN
TEST STAND

"K" SITE TANK TESTS
OROI37(I.A.Johnsen)

Tests are to be run on a
instrumented tank bottom for a
13-foot diameter test tank.

_ C"J

Fai lure of the "K" Site, 13-foot diameter, tank during
hydrostatic testing at the contractor's plant delayed
shipment of the test fixture until April 28. Therefore,
J-2 hydrogen testing will not be possible until early May.

On April 12, a leak test was made on NASA serrations. The
test fixture utilized a 2-inch 150 psi stainless steel blind
flange. The "standard" four concentric serrations were

(Cant i nu"d on Page 28)
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J-2 LIQUID HYDROGEN TEST STAND

"K" SITE TANK TESTS (Cont inued)

.

sealed with a Schedule 80·dead soft aluminum gasket. The
serrations had a 8.3 X 10-7 cm3/sec _chilldown (cold gas)
leak rate;, once liquid h~dr0gen covered the flange, no
leak larger than 5 X 10- cm 3/sec. was detected (maximum
mass spectrometer sensitivity 5 X 10-8 cm3/sec.). The
test was run for 26 minutes at 175 psid and for 44 minutes
at 265 psid.· .

J-3 VACUUM ENVIRONMENT TANK

TANK INSULATION TESTS
PC0852 (S. S.Manson)

Various liquid hydrogen tanks will
be tested under a vacuum environ­
ment. The effectiveness of various
types of insulation wi 11 be. studied.

The double-guarded calorimeter test program has been
delayed approximately two to four months due to a calori­
meter failure during hydrostatic testing by the NASA con­
tractor. ·Since this type of failure may be repetitive,
a redesign of the calorimeter may be requi red.

The following tasks were completed during this reporting
period:

(1) The H-30 storage dewar has been modified into a
research dewar for "J-3" cell.

(2) Vent lines for the H-30 dewar and cold guard vent
lines were completed.

(3) The dewar pressurizing and vent purge panels were
completed.

(4) The water environment system was checked out. The
water was heared from 450 F. to 950F.

(5) Fabrication of the controlled evacuation rate plumbing
was initiated. This will enable the vacuum chamber
pressure to be controlled to simulate the ascent of a
missile for a 90-second period.

(6) Assembly and checkout of an absolute back pressure
regulation system for the calorimeter and cold guard
vents were initiated. This system,using mercury

reservoirs,will dampen changes in atmospheric pressure
by a factor of 150.

•
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,

~-+-------_.__....-"--------------.....-j
J ROCKET SYSTEMS TEST SITES

J-l ROCKET
ENGINE SITE

281~"-',"()CJSIL.fJi§.lNE A hyd rogen-oxygen rocket eng i ne
operated over chamber pressure range

PC0425lN.D.Sanders) from 200 to 900 psi. Heat transfer
is measured from the combustion
gases to chamber wall. The objective
is to extend heat transfer theory
into the region required for the
design of nuclear rocket nozzles.

On May I, I iauid hydrogen was flowed through the cool ing
tubes of liquid Hydr-ogen Engine #3. A total of five runs
was made. Tank pressures ranged from 200 psig to 700
psig, and I !ouid hydrogen ~/eight flows from 5 to 20 lb/
sec. Therc~ was no evidence of any hydrogen leakage during
these t2StS. A post-run gas pressure check showed a
minor leak had developed at a cooling tube pressure tap
joint Thi" is a .'lv€!' solder joint and is repairable.
The engine was then returned to Lewis for installation
of temperatul-e measuring instrumentation.

On May 20 and 21, I iquid nitrogen was flowed through the
cool ing tubes of Liquid Hydrogen Engine #1. This engine
had been returned from Lewis with chromel-constantan
thennocouples installed in the 1 iquid flow in the cool ing
tubes. No conclusive temperature data was obtained from
these te ts. "fhe delta-temperature measuring setup gave
answers of 3S high as 6° when a reading of zero should
have been obtained.

On May 28, I iquid nitrogen vias flowed through a small
section af a 1 iquid hydrogen-cooled engine. Approxi­
mately 25 feet of copper tubing to the test piece inlet
was immersed In -I iquid nitrogen in an attempt to re­
condense any gas in the 1 iquid nitrogen flow stream.
Three eli ff',:cence test setups were tried: fj rst, the
test sect'on 'Nas completely immersed in a liquid nitrogen
bath; second, the test section was left in the atmosphere
wi th no 1 iquid nitrogen around it; and third, the test
section wl<;!eft in the atmosphere, but 1 iquid nitrogen
was flowed into an insulated box around the thermocouple
installati8n< A maximum of 0.25 degree ~ T was recorded
during any of the above tests. These results indicate
that previous test results may have been distorted by
at least two factors: first, vapor may have been in the

L-_-L.. ...<_~__..
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SITE LOCATION RESEARCH INSTALLATION

.

& DESCRI PTI ON

J ROCKET SYSTEM TEST SITES

1iquid stream to the test pieces; and second, the thermo­
couple junctions may not all have been at the same
temperature. Further tests are being planned to eliminate
these variables and their effects.

Based on the above-mentioned test results, emphasis has
now been placed on performing some smaller-scale tests.
Thei r purpose would be to evaluate various methods of .
thermocouple installation, insulation of the units from
ambient conditions, and data readout methods. Full scale
engine testing may be temporarily halted until satis­
factory results are obtained from the small-scale tests .

.

J-2 LI QUID
HYDROGEN
TEST STAND

"K" SITE TANK TESTS
OR0137(I.A.Johnsen)

Tests are to be run on an
instrumented tank bottom for
a 13-foot diameter test tank.

Several warm hel ium checks of the "K" Site test fixture
were made in early May. Leak indications were sometimes
evident, but no definite source could be located. An
attempt was made on May 11 to test the package in liquid
hydrogen. Shortly after chilldown, the mass spectrometer
indicated full scale reading. The test was terminated
when the capsule vacuum rose significantly. The cono­
seal gaskets were replaced when leakage was detected at
the inner seal tap. Further testing with a special probe,
after an extended period of pressurization, revealed that
five instrument connectors were leaking beyond specifica­
tion limits. One leak was in excess of 3 x 10-5 cm/3/sec.
The package is being shipped back to Lockheed for repair,
or redesign and rework.
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SITE LOCATION RESEARCH INSTALLATION & DESCRIPTION

J ROCKET SYSTEM TEST SITES

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS Various liquid hydrogen tanks will
PC0852(S. S. H.anson) be tested under a vacuum environ-

ment. The effectiveness of various
types of insulation wi 11 be studied.

Due to th~ failure of the double-guarded calorjmeter
during hydrostatic testing, the manpower e~pended in
this test cell has been marginal. However ~ the following
tasks were completed during this record i n9 period:

. (1 ) The mercury constant backpres5ure system has been
completed. The accuracy of this sytem will be
verified upon the procurement of an accurate mano-
meter. Another constant backpres5ure system based
on the IlCartesian Diver" principle will a1so be
tested to establish the advantages of each system.

(2) I ni t i a 1 checkout of the controlled evacuation system
was completed.

- (3) Modifications to the H-30 dewar were completed.

,



SITE SITE NAME

.

RESEARCH INSTALLATION & . DESCRI PTI ON

J ROCKET SYSTEMS TEST SITES

J- I ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen rocket engine
operated over chamber pressure

PC0425(N.D. Sanders) range from 200 to 900 psi. Heat
transfer is measured from the
combustion gases to chamber wall.
The obj ect is to extend heat t rans­
fer theory into the region required
for the design of nuclear rocket
nozzles.

Two newly-designed high-pressure Bendix optical level
sensors were checked out in the faci I ity I iquid hydrogen
tank. On June 2, the tank was filled with I iquid nitrogen
and on June 4, it was filled with I iquid hydrogen. The
tank was pressurized to 1000 psig on both days. The
sensors proved to be reliable and will be used in the tank
as high-level and low-level indicators.

On June 22, liquid hydrogen was flowed through a small
section of a I iquid hydrogen-cooled engine. Thermocouples
immersed in the stream of 1 iquid hydrogen were terminated
on a copper tube in an insulated box. Liquid nitrogen
flowing through the copper tube kept the terminations at
a constant temperature. A temperature differential
measuring system gave results of 0.17 degree A Delta T
of zero should have been obtained. On June 27 and 28, the
simulated engine cold-flow test was repeated. The inlet
piping to the test piece was changed in an attempt to
el iminate any two-phase flow. No appreciable improvement
in the data was obtained. Future tests wi 11 be performed
to try to obtain the Delta T of less than O. I degree.

The Flowmatics 5000 psi regulator is being hydrostatically
pressure checked and wil I be mounted on a 5000 psi gaseous
hydrogen trai ler early in July. Following the installation
the regulator wi II be tested.

26
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SITE SITE NAME RESEARCH INSTALLATION & DESCRI pnON

J ROCKET SYSTEM TEST SITES

J-2 LIQUID
HYDROGEN
TEST STAND

"K" SITE TANK TESTS
ORO 137 (I. A. Johnsen)

Tests are to be run on an
instrumented tank bottom for a
13-foot diameter test tank.

.

The cell has been put in a llstandby!l condition, since the
contractorls redesigned package is not expected for some
time. Related torque relaxation and cryogenic seal ing
te-sts are presently being conducted and are showing
promi 5 i n9 resu 1ts.

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS
PCO 852 (S. S. Manson)

Various I iquid hydrogen tanks wi) I
be tested under a vacuum environ­
ment. The effectiveness of various
types of insulation wi 11 be
studied.

Due to the delay in the test program, manpower expended in
this test cell has been very smal I.

A series of tests performed o-n absolute pressure-
control ling devices was inconclusive. Both the Cartesian
diver and mercury-compensating devices do compensate for
changes in barometric pressure; however, neither was
capable of maintaining a constant back-pressure of ± .1 mm
of Hg for extended periods as requested by the research
engi neers.

During the weeksof June 21 and June 28, the faci I ity was
used to check out vacuum instrumentation for use at
IlKll Site.
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SITE SITE NAME RESEARCH INSTALLATION & OEseR I PTI ON

J ROCKET SYSTEMS TEST SITES

J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen rocket engine
operated over cha~ber pressure

PC0425(N. D. Sanders) range from 200 to 900 psi. Heat
transfer is measured from the
combustion gases to chamber wall.
The object is to extend heat trans­
fer theory into the region required
for the design of nuclear rocket
nozzles.

Most of the testing this month \...a5 limited to flowing
LN 2 through a small section of a liquid nydrcgen cooled
engine. The goal was to develop a satisfactory instal­
lation of thermocouples designed to measure the temper­
ature difference between two stations one inch apart in
the lH2 fla,..t stream. Various configurations ~Iere used
in the physical layout of both the thermocoupl~ reference
junc~ions and the copper e~tension wires in an attempt tu
eliminate noise and external EMF effects. rhe results
have not been satisfactory. Efforts are still being
expended in this direction.

Tne installation of tne four-incn Flowm~atics pressur~

regulator on a 5000 psi trailer nas been cOffipleced and
satisfactory pressure checked to 3000 psi. A perform­
ance check will be made August 4.

J-2 LIQUID
HYDROGEN

TEST STANO
"K" SITE TANK TESTS
ORO 137 ( I .A .Johnsen)

Tests are to be run on an
instrumented tank bottom for
a 13-foot diameter test tank.

26

No manpower was expended in the facility during tnis
report period. Cryogenic sealing and bolt relaxation
tests were continued as part of anotner related exper­
iment.

Tne Lockneed Hodifi~d Test Capsule is scheduled to be
delivered to Plum Brook in November.



SITE' SITE NAME RESEARCH I NSTALLATI ON & OESCRI PTI ON

J ROCKET SYSTEM TEST SITES

J-3 VACUU,M
ENVIRONMENT'
TANK

TANK I NSULATI ON TESTS Various I iqu i d hydrogen tanks \'Ji 11
PCO 852 (S • S. Manson) be tested under a vacuum environ ...

ment. The eff~ct;veness of var-':'
ious types of insulation will be
studied ..

Due to the lack of a def i.n i t i ve test program, manpower
expenditures In the test ce II have been 1imited to ~Niin-

tenance for this report i"9 reri od ..

Tests on <:In absolute back pressure device were cont i lll••~d

during this month.. The Cartesian-Diver <levi ce is st i 11
not capable of maintaining a constant back pressure of
~ 0.1 mm for extended periods. An ~I.!ctrical circuit Is
being constructed to control tile temperatllre of th~ ~~ev i c-;
toO.loF. to minimize temperature - pressure fluctuations.

-



SITE SITE NAME RESEARCH I NSTALLATI ON & OESCRI PTI ON

August 1965

J ROCKET SYSTEMS
TEST SITES

.
J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen rocket engine

pce 425 operated over chamber pressure

(N. D. Sanders) range from 200 to 900 psi. Hea t
transfer i~ measured from the com-
bustion gases to chamber wall. The
object ;s to extend heat transfer
theory into the region required for
the design of nuc lear rocket nozzles.

Three days this month were devoted to testing of resea rch
hardware. These tests again consisted of flo..... in9 LN2
through a sma 11 section of a liquid hydrogen cooled en-
gi ne. To date, all attempts at accurately measuring a
very sma 11 temperature difference between two stations
one inch apart in the lNZ flow stream have proved to be
unsuccessful. Typical troubles encountered have been
excessive drift of thermocouple output. errat ic output.
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SITE SITE NAME RESEARCM INSTALLATION & OESCRI PTiON

J J-I ROCKET
ENGINE SiTE

J-2 LIQUID
HYDROGEN
TEST STAND

false indications of a temperature difference, and
inconsistency in the results. A variety of install'ations
have been tried, but none have produced dependable,
accurate data. New approaches to the problem are being
considered but no definite decision has been made as to
the next step in the prog~am.

The four-inch Flowmatics pressure regulator installed on
a 5000 psi gaseous hydrogen trailer has been performance­
checked using gaseous nitrogen. Trailer pressure (regu­
lator inlet pressure) ranged from 5000 psig down to 2000
psig. Flow rates were between 1 and 34 lb./sec. The test
"resul ts were very encouraging. Leakage through the
regulator seat was negl igible. Response characteristics
were satisfactory. The only difficulty encountered with
the regulator was the excessive wear on the Teflon seat.
According to the Flowmatics Company, this is not a
typical trouble, and a slight change in operating pro­
cedure should eliminate this problem. Following the
installation of a new seat, the next step will be a
complete per'~ormance che.ck with gaseous .~'y'dro~e~':'_'__'__-1

"K" SiTE TANK TESTS
OROI37(I.A.Johnsen)

Tests are to be run on an
instrumented tank bottom for
a 13-foot diameter test tank.

No manpower has been expended in the cell this month.

will be submitted untilstatus reports
res'umed.

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

It is expected that at least two months will be required
before the calorimeter is insulated and delivered to
Plum Brook. Tests continued this month on an absolute
backpressure device, The Cartesian diver manostat was
found to be capable of maintaining a constant backpres~

sure of 0.5 mm for extended periods.

TANK INSULATION TESTS
PG08s2 (S.S.Manson)

No further

1-c,,;-,;;;-;,",,"__.!~~~L!2~L}_5
J-3 VACUUM
ENV I RONHENT
TANK
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SITE SITE NAME RESEARCH INSTALLATION & OESCR IPTI ON

J J -5 HYDRAULI CS
LAB

HADLEY VALVE TESTS Valve tests with liquid fluorine

The Hadley valve assembly was tested to a limited extent
this month.

On August It, the valve was cycled fifty-one times in
liquid fluorine at 20 psi. In spite of the fact that
considerable seal leakage was encountered, after testing
no visible damage was evident. A decision to continue
testing was agreed upon in spite of leakage in both the
shaft seal and valve seal.

Subsequent attempts to fluorine cycle the valve were
unsuccessgul. On August 19, termination of testing was
necessitated when an IRe burst and burned following
pressurization of the liquid fluorine in the valve
assembly. On August 26, the test was terminated when
Valve 199 on the fluorine trailer could not be opened
because the stem had stripped from the valve yoke.

---+----------------------------------



SITE SITE NAME RESEARCH INSTALLATION & OESCR I PTI ON

J ROCKET SYSTEMS
TEST SITES

J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
PCO 425

(N. D. Sanders)

A hydrogen-oxygen rocket engine
operated over chamber pressure
range from 200 to 900 psi. Heat
transfer is measured from the com­
bustion gases to chamber wall. The
object is to extend heat transfer
theory into the region required for
the design of nuclear rocket nozzles.

The 5000 psi gaseous hydrogen trailer No. 48 was fi lJed
with gaseous hydrogen to 3000 p9i.-g early this month.
Performance checks of the trailer four-inch Flowmatics
regulator were then conducted on September 15. Due to
pressure pick-up cal ibration problems the tests results
were inconclusive. The performance trends, however, were
encouraging, showing good response and stable regulation.
Testing was resumed on September 29 with 2500 psig trailer
pressure. Investigation of the data showed stabl,e reg.ula­
tion over a wide range of flow rates. Response character­
istics looked good, but were obviously affected by the
lack of an "accumulator" volume in the dome pressure sup­
ply line. An accumulator will be installed before the
next checkout runs.

The four-inch pressure regulator that was received from
the Sky Valve Company of Syracuse, New York on September

"21, is now being installed on the remaining 5000 psi

26
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SITE' SITE NAME

J J-l ROCKET
ENGINE SITE

RESEARCH INSTALLATION & DESCRIPTION

J -3 VACUUM
ENVIRONMENT
TANK

gaseous hydrogen lrailer No. 47. All electrical hardware
on this trailer is being modified to comply with the cur­
rent safety committee standards. Performance testing of
this regulator will start in November.

No research hardwar~ testing was rlone at Plum Brook this
month. Small-scale tests were conducted at lewis Research
Center-Cleveland. ThesE': consisted of flowing liquid nitro­
gen through a small section of a liquid hydrogen cooled.
rocket engine. The problem of measuring a very small
temperature differenllal betweer. t\10 points one inch
apart in a 1 iquid h}'dr"'gel". stream has not yet been satis­
factorily solved.

-------·-----------1

TANK INSULATION TESTS
PF0852 (S.S.Monson)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

Fabrication of the copper calorimeter by the Atomic
Energy Commission in Paducah, Kentucky is scheduled
to be completed October 1. The calorimeter will then
be insulated at Linde and the PB test program will
be started. Eventually, a self-evacuating type insul­
ation will be developed.

The major manpower expenditure in this reporting
period has been updating the test cell equipment
to Class I, Group B, Division I standards. The
cartesian diver back pressure regulator has been
approved by the research engineers and is now being
incorporated into the calorimeter and cold guard vent
systems.
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J J-5 HYORAULI CS
LAB

HADLEY VALVE TESTS Valve tests with liquid fluorine.

On September 13, testing of the modified Hadley valve
was completed. The valve was cycled 2400 times in liquid
fluorine at pressures between 20 to 100 psi. The tests
were terminated when the valve operator upper bearing
seized.

Several other deficiencies were encountered. Leakage
on both the shaft and flow seals was excessive. Tn.
valve could not be opened if chi! led down while closed
or if a' greater than 20 psid existed on the seal. It
was also found that the sea 1 had a slight score mark.
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RESEARCH INSTALLATION OESCRI PTION

J ROCKET SYSTEMS
TEST SITES·

J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PCO-425

(N. O. Sanders)

A hydrogen-oxygen rocket engine
operated over chamber pressure
range from 200 to 900 psi. Heat
transfer. is. measured from the com­
bust lon gases to chamber wa 11. The
object is to extend heat transfer
theory Into the region required for
the design of nUc1ea"f rocket nOZZles.

Gaseous hydrogen performance checks of the Flomatics
regulator on hydrogen trailer No. 48 were conducted at
3 oao psig. on October 5. The test data shOwed that the
slow response characteristics indicated in last month's
tests have" been sat i sfactor i tv corrected by the addi t ion
of an.accumulator installed in the dome pressure 'supply
line.

The Sky Valve pressure ¥egulator"has been installed on
gaseous hydrogen trailer No. 47. The installation of the
mechanical and-electrical hardware should be completed by
mi d-November.

Three days this month. were devoted to testing research.
hardware. These tests consisted of flowing liquid nitrogen
and liquid hydrogen through a small section of a liquid·
hydrogen coo1ed eng Ine. The tes ts We,re conducted to deter­
mine the temperature differentIal between two points one
inch apart in the coolant stream. The res·ults of the tests
were satisfactory with both liquid nitrogen and liquid
hydrogen flows. The thermocouples will now be installed
?n t~e liquid hydrogen cooled engine #3 in preparation
for test firing during January.
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SITE SITE NAME RESEARCH I NSTALLAT ION & OESCR I PTI ON

J J-l VACUUM
ENV IRONMENT
TANK .

TANK'INSULATION TESTS . Various 1iqui d hydrogen tanks
PF0852 (S.S. Mo'n,on) wi 11 be tested under a vacuum

environment. The effectiveness
of vari ous types of insulation
'will be studied.

The double guarded calorimeter was del i'lered to lewis
Research Center-Cleveland on October 12. The calorimeter
wa~ helium leak checked on October 28 and sent to Linde
to have the insulation installed. It is ey.pect~d that the
cCi!lorimeter will be returned to Plum Brook the .Iatter j.lart"
of December and that the research testing will be sta ited
by mid-January.

A test on a super-insulated self-evacuating panel is
scheduled for December. Panels of this insulation
wi 11 be bonded to a Centaur arc tank that wa5 tested ; n
J-3 and J-4 Test Cells, two years ago. Phillips discharge
vacuum gauges wi 11 be attached to the panels to allow pres
sure monitoring during both the tank fill and the chamber
evacuat i on.
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SiTE SITE NAME

J ROCKET SYSTEMS
TEST SITES

J-I ROCKET
ENGI NE SI TE

RESEARCH INSTALLATION & OESCRI PTI ON

28K ROCKET ENGINE
PC0425 (N. D. Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

2]

Early this month, the installation of all mechanical
hardware on #47 gaseous hydrogen trailer (5000 ps) was
completed, and the electrical equipment installation is
now almost completed. Depending on the llJ_IIl test sched­
ule, the initial pressure-checking and operational tests
should begin by mid-December.

Liquid hydrogen Engine No.3 was delivered to Plum Brook
November 30. The thermocouple setup which proved satis­
factory during October1s small scale tests has been in­
stalled on this engine. The engine has a total of four
instrumentation stations which will measure both the,
I iquid hydrogen temperature and pressure. A lIfaci I lty
shakedown" test, consisting of the hot firing of a steel
engine, is scheduled for early December. This steel
engine has been installed in the test· stand and final
hookup of all systems is being completed. Following the
"facility shakedown" tests, liquid hydrogen Engine No.3
will be installed in the test stand, cold flowed and hot
fired. The hot firing will occur in late December or
early January.

A liquid hydrogen system check was made this month. The
I iquid hydrogen tank was pressure-checked and filled with
liquid nitrogen. Some minor problems were encountered
such as leaks through valve seats and body halves. The
valves are being repa; red.
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SITE SITE NAME RESEARCH I NSTALLATI ON & OESCRI PTI ON

J ROCKET SYSTEMS
TEST SiTES (Cont i nued)

J-3 VACUUM
ENV IRONMENT
TANK

TANK INSULATION TESTS Various liquid hydrogen tanks
PF08S2(S.S. Manson) will be tested under a vacuum

env ironment. The effectiveness
of various types of i nsul at ion
will be studied.

The ai r-Fi lIed semi - pane 1 for attachment to the C<:lntau r
ace t~nk was delivered on November 30. The carbon
dioxide backfilled semi-panel is not 5chedu 1ed to be
del ivered until the first part of ,January. ThereFore,
testing of the conductance capability of the air-filled
semi-panel wi 11 be done during the month of December,
with crya-pumping tests scheduied for early January.

The double-guarded calorimeter is expected to be de-
l ivered early .in January; however. testing of this tank
is dependent upon completion of the semi-panel tes t s.
The refore, the earl iest possible test date is mid-
February for the double-guarded calorimeter.
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SITE NAME RESEARCH INSTALLATION
ROCKET SYSTEMS
TEST SITES

& OESCRI PTI ON

J-I ROCKET
ENGINE SITE

28-K ROCKET ENGINE
PC0425{N.D.Sander~)

A hydroqen-oxy~en engine operated
over chamher :)re!!'':ollre J""<Jr:ge from
200 to 9CO psi. a~-'lt tl"ilrlsfe.· is
measured f~om the como~5tion gases
to cha~bcr w~1 1. The object is tc
exter.d heat ~ra~sf~r t~eory into
the region reQuir~d f0~ the desi9~

of nuclear ro~ket n~zLle~.

TANK INSULATION TESTS
PG852 (5.S. Manson)

,

30

J-3 VACUUM
ENVIRONMENT
TANK

On Oecemt~r 10, eight hot firings ~ere ~ad~ witr. ~

rockide-coated steel engine. The o"jec:ti,,~ ..,as rJ r:l"'al
"fa::ility shak2da"'mJ< test prior to Ins~:~!I:n9 ~_i,:wid

Hydrogen bgille #.1. Although,r.lecI'!inicCiII·" ~hp. fdcility
functioned properiy, the fire "'<:.I:~ :'~nt ..~,J·I~;-- Gl'; not ,
lJpply t.he desired chai1ilier o"CS$ure 01' t~e ;p.,....;ir~d per- !

cent or fuel. Post-run invcs;:';':J~ticn di~cl.:':i~d (::rrors
in several phases of the setup ~f t~e inp~r 5jg~a! to
the controller. A thorough investi9atloll of t~e con­
troller gave no indicatior. of rnalfllnctionin9 cf any
circuit. Another series of runs, identicai ir. purpose
to this set, is scheduled for the fir~t week in Jan~ary,

It is hoped that the liquid Hydrogen Engine #3 can be
instal led in the test stand immediately following this
next series of tests.

No testing was done on #47 gaseous hydrogen trailer
(,OOO psi) this month, Initial presslll'e-checking and
operational tests ~hould begin by mid-January.

Various liquid hydrc~en tanks
will be te~ted under a vacuum
environment. The effectiveness
of various types of insulation
will be studied,

Test data has been recorded on the air-filled semi-panel
insulation as attached to the Centaur arc tank. The
purpose of this test is to determine the conductance
capabilities of the insulation panel--i.e., the ability
of gases to flow from all regions of the panel while
being evacuated.



SITE SITE NAME RESEARCH INSTALLATION & OEseRI PTION

J ROCKET SYSTEMS
TEST SITES (Continued)

TANK INSULATION TESTS (Continued)

Initial tests on this panel insulation were conducted
from December 20 to December 22. During this test, an
atmospheric compressive load was maintained on the panel.
Since an ultimate pressure of 150 microns was achieved,
the atmospheric compression on the panel was a major
factor in slowing or preventing the flow of gases within
the panel s.

On December 22, the atmospheric compressive load was
removed from the panel. Since that time, pressure read­
ings on the panel have steadily decreased. At this
reporting time, the pressure is 10 microns. These test
conditions will be maintained until January II, when the
Centaur tank will be filled with liquid hydrogen to test
the cryo-pumping ability and ultimate vacuum of the panel.

A carbon dioxide backfilled semi-panel is scheduled to
arrive in mid-January. This panel will be tested only
for cryo-pumping ability. If this test does not produce
a satisfactory vacuum {(10-4 torr), evacuation and sub­
sequent carbon dioxide backfilling of the panel will be
conducted at Plum Brook.

The double-guarded calorimeter is expected to be delivered
in early January; however, testing of this tank is de­
pendent upon completion of the semi-panel tests. There­
fore, the earliest possible test date is mid-February for
the double-guarded calorimeter.



SiTE SITE NAME

J ROCKET SYSTEMS
TEST SITES

RESEARCH INSTALLATiON & OESCRI PTI ON

J-I ROCKET
ENGINE SITE

28-K ROCKET ENGINE
PC0425(N.O.Sanders)

A hyd ragen-oxygen eng i ne ope rated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

26 January 1966

On January 5, four hot firings were made with a rocklde­
coated steel engine. The objective of the test was a
final performance check of all propellant systems. sup­
porting equipment. and operating procedure. The results
of the test were satisfactory.

The next three weeks were devoted to the installation
and pressure checking of liquid hydrogen engine #3 and
its supporting equipment. On January 25, three liquid
hydrogen cold flows were made. The objectives of this
test were to prove the temperature measuring instrument­
ation and to verify the structural Integrity of the en­
gine. An identical instrumentation setup had been
checked out previously In a small test section under law
pressure and law flow rates. Preliminary investigation
of the temperature data showed the results to be satis­
factory. The main problem now appears to be the struct-



SITE SITE NAME RESEARCH INSTALLATI ON OESCR IPTI ON

28-K ROCKET ENGINE (Cont;nued)

J ROCKET SYSTEHS
TEST SITES

ural integrity of the engine. Small leaks in the engine
caused minor fire damage to some test cell instrument
wires. Before another liquid hydrogen test run is made,
all exposed wires in the area around the engine will. be
placed in metal conduit or wrapped with fire and heat­
resistant tape.

Liquid hydrogen engine #4 is scheduled to arrive at
Plum Brook on February 4, for an initial cold shock and
high pressure gas leak check. The results of these
tests will determine whether engine #3 or #4 wilt be
used for a hot firing.

NOTE: Because of the above reasons the hot firing has
been rescheduled to March. No testing was done on #47
gaseous hydrogen trailer (5,000 psi) this month.
Initial pressure checking and operational tests should
start the first part of February. and wi II take about
four weeks.

J-2

IIK'\SITE TANK TEST
OROI37{I.A.Johnsen)

Tests are being conducted on the
instrumented tank flange for the

"K"Site 13-foot diameter test tank.

The K-Site instrumentation lid was returned to Plum
Brook on January 10, for acceptance testing. This lid
had been at Lockheed for repairs and testing since
May 1965. Preliminary warm checks with gaseous helium
indicated leakage in two of the IS connectors. Replace­
ment of the connectors was done at Plum Brook by
Lockheed personnel. One of the connectors had to be
replaced twice because of excessive leakage. Following
repairs, the lid was leak checked in a warm condition
and all connectors appeared good. The lid was then
cold shocked with liquid nitrogen and another connector
failed. The I id has been returned to Lockheed for
further re-design and/or repai r.

27



SITE SITE NAME RESEARCH INSTALLATION & OESCR IPT ION

J ROCKET SYSTEMS
TEST SITES

J-J VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS Various liquid hydrogen tanks
PG0852 (5.S. Manson) will be tested under a vacuum

envi ron:ment. The eff-ect i veness
of various types of insulation
will be studied.

During this reporting period, the Centaur arc tank was
qualified for testing under vacuum conditions by hydro­
static testing to 33 psi. cold shocking and leak checking.

On Ja~uary 11, a test run was performed using 1iquid
nitrogen with a gaseous nitrogen chamber purge.

On January 28 a test run was made to determine the ultimate
cryopumping ability of the insulation. The insulation
pressure was 130 microns prior to liquid hydrogen filling.
The final vacuum produced by cryopumping was 1.3 X 10-4
Torr.

The next test run is scheduled for February 1. Test con~

ditions will be liquid hydrogen in the tank with a gaseous
nitrogen chamber purge to evaluate ground hold conditions.

A carbon dioxide backfilled semi-panel is scheduled to
arrive in early February. This panel will be tested only
for cryopumping ability. If this test does not produce a
satisfactory vacuum « 10-4 Torr), evacuation and sub­
sequent carbon dioxide backfilling of the panel will be
conducted at Plum Brook.

The double-guarded calorimeter was received on January 25.
Testing of this calorimeter is dependent upon completion
of the semi-panel tests. Therefore. early March is the
earl iest possible test date for the double-guarded calor­
imeter.

28
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SITE SITE NAME RESEARCH I NSTALLATI ON & OESCRI PTI ON

J ROCKET SYSTEMS
TEST SITES

J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated
PC0425(N.0.Sand.rs) over chamber pressure range from

200 to 900 ps i . Heat transfer is
measured from the combustion gases
to chambe r wa I 1• The object is to
extend heat transfer theory into
tho region requ ired for the design
of nuclear rocket nozzles.

The final series of performance checks on the high
pressure gaseous hydrogen trailer No. 48 were completed
th is month. Th. evaluation report of the 4-inch Flow·
mat i cs regulator on this trailer is now being final ized.
This trailer has been in use for several months and has
been givi ng satisfactory performance.

Liquid hydrogen cooled engine No. 4 arrived at Plum Brook
February 24. On February 28, the engine was pressurized
to 600 psig while i rrroe rsed ;n I iquid nitrogen. No indica-

tion of leakage was observed. Following warm-up to
(tont i nued on Pan. 30)

rarrighi
Typewritten Text
February 1966



SITE SITE NAME

J ROCKET SYSTEMS
TEST SITES

RESEARCH INSTALLATION & OESCRI PTI ON

J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE (Continued)

ambient temperature, the engine was repressure-checked
to 600 psig and again no leakage could be found. The
engine was then sent back to Lewis-Cleveland for the
installation of the temperature and pressure instrumenta­
tion. The engine is scheduled to be returned to Plum
Brook during the week of March 21. Approximately It
weeks will be required to instilll the engine prior to
cold flow tests with liquid hydrogen.

Consigerable effort has been expended this month toward
the goal of minimizing the exposure of instrumentation
and control cabling t9 any fire which might occur in the
test cell. Conduit runs are being extended as close as
is practical to flow control valves and to temperature
and pressure transducers. This work should be completed
by mid-March.

J- 3 VACUUM
ENV IRONMENT
TANK

TANK INSULATION TESTS
PG0852(S.S.Manson)

Various 1iquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

30

During February, four test runs were performed, to
various Linde semi-panel type insulation configurations
which were attached to the Centaur sector tank. All
test panels were evacuated by cryopumping on the lower
one-third of each panel.

On February I, a test was made to evaluate the ultimate
vacuum of the evacuated panel by both diffusion and
cryopumping techniques, while the panel was continiously
subjected to atmospheric compressive load. The lowest
pressure obtained in this test was 8.0 x 10-4 torr.

The February 9 test was identical to the February I test,
except that the atmospheric compressive load was removed
from the test panel. The l~st pressure obtained in
this test run was 7.2 x 10-" torr.



SITE SITE NAME RESEARCH I NSTALLATI ON & OESCRI PTiON

J ROCKET SYSTEMS
TEST SITES

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS (Continued)

On February 18, a test run was made to evaluate the
ultimate vacuum of the carbon dioxide backfilled semi·
panel by cryopumping action alone. The test panel had
been exposed to atmosphere for about one week, 50 some
degree of diffusion was expected to limit the ultimate
pressure. The final test results as monitored at three
vacuum locations were:

Near side
/'tid-panel
far side

20 microns
2S mi crans
6 mi crans

The evacuated panel was also monitored during this test.
The ultimate vacuum obtained in this panel by diffusion
and cryopumping techniques was 5.1 x 10-5 torr. The
ultimat~ vacuum obtained by cryopumping only. was 5 to
6 x 10- torr.

On February 24, since it was felt that atmospheric
diffusion had limited the cryopumping ability of the
carbon dioxide panel, the panel was re-evacuated and
backfilled with instrument grade carbon dioxide.
Paladium oxide was also added to the panel to act as
hydrogen to water converter. Since the test program
for the evacuated panel was completed, the same procedures
were accomplished on this panel. The final test results
are as follows:

If the test results are still unacceptable, this test
program will be temporarily deleted until testing of.
the thermal effectiveness of this insulation as appl led
to the double·guarded calorimeter is completed. Con­
tractual obligations on the double-guarded calorimeter
necessitate its return to Linde by April I.
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J ROCKET SYSTEMS
TEST SITES

J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PC0425(N.D.Sanders)

A hyd ragen-oxygen eng j ne operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

Engine No.4 was delivered to Plum Brook on Harch 16.
This engine has six instrumentation stations for measuring
liquid hydrogen temperature. Leakage from the chamber to
the outside was discovered during a final pressure check
of the engine-injector assembly. Provisions had been made
between the cooling tubes for the installation of hot gas
side thermocouples. Sealant failure in these unused holes
allowed the leakage. The situation was corrected at Plum
Brook by LewiS-Cleveland personnel. Another cold shock
pressure-check procedure showed that the repai rs were
satisfactory. Engine No.4 has been installed in the
test stand and is being prepared for a liquid hydrogen
cold flow early in April.
Liquid Hydrogen Engine No.5 was cold shocked in a
liquid nitrogen bath and pressure checked to 600 psig
this month. No evidence of any leakage could be found.
The engine was then returned to lewis-Cleveland for
installation of the instrumentation. -

The conduit extensions mentioned in the status report
for February are completed. Instrumentation wi res are
reconnected and all circuits are being checked out.

The first performance checks of the Sky Valve regulator
installed on high pressure Gaseous Hydrogen Trailer #47
showed severe oscillations in regulated outlet pressure.
The -use of a bui It-in adjustment feature gave no appre­
ciable improvement in the regulator1s performance. No
recommendations have been received from the Sky Valve
Company concerning this problem.

25

rarrighi
Typewritten Text
March 1966



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J-3 VACUUM
ENV I RONM.ENT
TANK

TANK INSULATION TESTS
PG0852(S.S.Manson)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

26

The eleventh, and final, test on the Linde semi-·panel
type insulation was completed on March 1. Test pres­
sures obtained in the carbon dioxide cryopumped panel
were 50, 30, and 27 microns at various pressure taps.
Data obtained at Plum Brook compared favorably with
data obtained by Linde throughout the entire test pro~

gram. Although several techniques for obtaining lower
panel pressures are stil I to be tried, the test program
was terminated to permit testing of the double-guarded
calorimeter in fulfillment of contractual obligations.

The test insulation on the double-guarded calorimeter is
identical in composition with the semi-panel insulation;
however, the insulation was not encapsuled in panel form
casing material. The test period began on March 18 and
terminated on March 28 with twenty-four hour data acqui­
sition on March 23 and 25.

The apparent "K" valve for the insulation obtained in
this test was 3.0 to 3.5 BTU!hr ft 2, which makes it the

. best insulation tested to date in "IlJ-3 11 cell.

Test operations will be terminated on April I, by action
of the Area 20 Safety Committee in regard to the"elec­
trical safety of the test cell. A review safety meeting
is scheduled for April 5 to determine jf a revised system
is acceptabl e.

Pending approval of the Area 20 Safety Committee, the
double-guarded calorimeter will be reinsulated with 8

'panels of Linde insulation and is scheduled to be tested
j n mid-May.
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SITE SITE NAME RESEARCH INSTAllATION & DESCRIPTION
J ROCKET SYSTEMS

TEST SITES

J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated
PCOt~25 (N. D.Sanders) over chamber pressure range from

200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The obj ect is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

Engine No.4 was cold flowed with lH~ on April 8. The
coolant temperature instrumentation id not operate within
the acceptable accuracy limits. Minor changes were made

in the jnstr~mentation before engine #4 was hot fired
on Apri I 22. During the hot firing the engine was pre-
maturely shutdown because of low coolant flow. The data
showed that the coolant control valve was choked because
of the high rate of heat flux into the coolant during
engine combustion. Changes in the programming and sizing
of the coolant valve are being investigated. Engine #4
was too badly damaged to be used again.

On Apri I 26,. lH~ cooled engine #6 was cold shocked and
pressure checke. No leakage was found. The engine was
sent back to lewis-Cleveland for the installation of
temperature instrumentation. This engine will be hot
fired in late Hay.

2b



SITE SITE NAHE RESEARCH INSTALLATION & DESCRIPTION

J-J VACUUH
ENVIRONMENT
TANK

TANK INSULATiON TESTS
PG0852 (S.S. Hanson)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of Insulation
will be studied.

During this reporting period the test cell work has been
progressing on the upgrading of the electrical systems
to Class I. Group 8. Division II rating. This action is
in accordance with the Area 20 Safety Committee review of
AprilS. It is anticipated that the facility will be
ready for testing by May 13.

The double-guarded calorimeter, insulated with eight
Linde semi-panels. is scheduled for test program init­
iation between May 23 and 31.

The following individual test series are anticipated
for this program:

(1) Ground hold thermal performance.

(2) Controlled evacuation of the vacuum chamber to
simulate boost environment thermal performance.

(3) Space environment thermal performance.

TANK INSULATION TESTS (Continued)

a. Panels valved off from chamber.

b. Panels open to chamber.

(4) Permeability effects on the insulated system during
a prelaunch period and resulting vacuum performance
demonstration.
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SiTE SITE NAME

J J-I ROCKET
ENGINE SITE

RESEARCH INSTALI.ATI ON & DESCRIPTION

1,-....1(

2BK ROCKET ENGINE
PC0425(N,O,Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer Is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

On May 3 and 11, several liquid nitrogen cold flows were
made with liquid hydrogen engine #3. The purpose of
these tests was to determine the pressure drops across
the engine and downstream control valve versus weight
flow. On the basis of these tests, the control valve is
being replaced with another valve that has a 60% greater
flow capacity (C v = 320).

On May 18, seven hot fl rings were made with a rockide­
coated steel engine. The purpose of these tests was to
develop a procedure for slowly bringing chamber pressure
up to its full value. The copper injector was damaged
during these firings. The suspected cause of damage was
the programming of the LOX purge valve. Because of the
electrical circuitry. the LOX purge valve closed when
the lOX control valve opened. A change in the circuitry
has been made to keep the purge on until the lOX flow
bui Ids-up pressure 1n the 1nj ector dome.

Another steel engfne hot fl ring wi II be made during the
fl rst week of June to verify that the cause of injector
damage has been eliminated and to Improve the slow start­
up procedure developed during the last hot firing.

During the hot firing of liquid hydrogen engine #4. the
coolant valve was choked because of the high rate of heat
flux into the coolant during engine start-up. This prob­
lem is being Investigated by the controls group at lewis­
Cleveland and at Plum Brook. It has been proposed that a
control valve upstream of the engine. as well as the one
downst ream, may be needed.



SITE SITE NAME .RESEARCH INSTALLATION

J ROCKET SYSTEMS
TEST SITES

J-3 VACUUM
ENVIRONMENT
TANK

& DESCRI PTI ON

TANK INSULATION TESTS
OR0852(S.S.Manson)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

During this reporting period. an intensive effort has been
maintained to upgrade all electrical systems to Class I,
Group B. Division I I rating. This task was completed on
Hay 16. Since this date, manpower has been primari Iy
schedu.1ed for preparing the double-guarded calorimeter
for testing. The anticipated test date is June 6.

The test program will consist of the following individual
test series:

(I) Ground hold thermal performance test (2 day test
period) .

(2) Controlled evacuation of the vacuum chamber to
simulate boost environment thermal perfonmance (5
day test period).

(3) Space environment thermal performance with insulation
panel evacuation by carbon dioxide cryopumping (4
day test period).'

(4) Space environment thermal performance with insulation
panels e~haustjng to chamber vacuum (4 day test
period)._. l- :....----.:...- --"
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SITE SITE NAME RESEARCM INSTALLATiON & OESCR IPTI ON

J J -1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated
PC0425(N.D.Sander.) over chamber pressure range from

200 to 900 psi. Heat transfer ;s
measured fram the combustion gases
to chamber wa 11 • The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

On June I and June II, a total of 16 hot firings were
made with a rockide coated steel engine. The purpose
of these tests was to develop engine start-up procedures
that would give a slow rise In chamber pressure. Engine"
start-ups were successfully made with both a h19h and a.
low Pc Injector at 300 and 150 psla chamber pressufe5.

TWo new hydraulic control valves have been installed in
the LH 2 flow lines. This valve upstream of the engine
will control inlet manifold pressure. This Is an entirety

Continued on Paoe 26
1

June 1966



R~S~ARCH INSTALLATION & OESCR IPTI ON
i
. .; -: ROCKET

ENGINE SITE (Continued)

new system including the controller, and must be checked
out completely. A large valve has been installed down­
stream, and will control LHZ weight flow through the
engine. LH Z cold flow tests with Engine #4 are scheduled
for mid~July. Hot firing tests are scheduled for late
July or early August. The hot firing tests will not be
run until satisfactory performance has been achieved with
the entire LH Z system.

Analog studies of the lHZ system are being conducted by
the Plum Brook Controls group. Various methods of con~

troJling the coolant during engine combustion are being
investigated.

Test runs of June Z, 8 and 15 were aborted due to an
excessive boiloff rate in the cold guard section of the
:=.l..'.__ ~.:~~:!"!~ calorimeter. Test data for these runs
was not obtained as the hydroger, :L~, ,~:-;_l.f :":':It 1.­

maintained for a sufficient period of time to obtain
meaningful boiloff data. The high rate of heat flux
in the guard section can be directly attributed to a
lack of cryopumping in the tank guard insuJation.

J-3 VACUUM

I
I EN\! IRONMENT

TI\NIi\

I

I

TANK INSULATION TESTS
OR08S2 (I.A. Johnsen)

Various liquid hydrogen tanks
will be testeG under a vacuum
environment. The effective~ess

of var!ous ty~"'s of insulation
wi I J be <;tud;ed

26

Since the last test date, several large leaks in the
guard insulation system have been located and repaired
with Harmeo cement. A leak in the lHZ calorimeter is
impossible to repair without disassem61ing the calor­
imeter. A larger evacuation system has been installed
in an attempt to overcome the leakage. The next test
run is planned for July 5.
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SITE SITE NAME RESEARCH INSTALLATION & OESCRIPTION

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PC0425 (N.D. Sande rs)

A hydrogen-oxygen engine operated
over chamber pressure range from 200
to 900 psi. Heat transfer is meas­
ured from the combustion gases to
chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

The study of various methods of controlling the liquid
hydrogen coolant flow through the engine was completed
in early July. The decision was made to control the
engine inlet pressure during both the transient and
steady state portions of the hot firing and to control
weight flow only during the steady state portion.

On July 21, Liquid Hydrogen Engine #4 was cold flowed
with liquid hydrogen. The purpose of this test was to
check out the two new hydraulic control valves and the
new pressure controller.

With the modifications as determined from the July 21 run,
another liquid hydrogen cold flow was made on July 28.
After one run, the seat in the liquid hydrogen tank
pressurization regulator had to be replaced. The cold
flow was completed on July 29. All test objectives were
successfully accomplished.

A hot firing of Liquid Hydrogen Engine #4 is scheduled
during the first week of August.

On July 7. liquid Hydrogen Engine #7 was pressure checked
to 700. psig with gaseous nitrogen. No leaks were found.
The engine was then returned to Cleveland.

(--------------------

25.



SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTI ON

J J-3 VACUUM
ENV IRONMENT
TANK

TANK INSULATION TESTS
ORI327(I.A.Johnsen)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

26

The test run of July 11 was aborted due to a high boiloff
rate of the guard tanks of the double-guarded calorimeter.
The high balloff was caused by a hydrogen leak from the
measure tank into the guard insulation. A 4-inch dif­
fusion pump installed in the guard evacuation line failed
to overpower the leakage.

As three previous test runs were also aborted for identi­
cal reasons, the upper half of the guard insulation was
removed, allowing unrestricted venting of the leak into
the chamber vacuum system. Since four of the eight Linde'
test panels were ruptured by thermal movement in the
previous runs, each panel was also allowed to vent to the
chamber to produce the hard vacuum initially planned to
be obtained by carbon dioxide cryopumping.

Test data under these conditions was acquired from July 25
to July 29. The approximate Q/A for the three panel thick
shingle insulation was 0.85 BTU/hr. ft 2. A test run of
May 25 established a Q/A of 0.39 BTU/hr.ft2 for the basic

I
insulation concept. The higher heat flux is predomi-
nately contributed by the insulation casing material.
This completed the test program with Linde under
Contract NAS3-6289.

No test programs are currently scheduled for this
fad Ii tv.
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SIlE SIlE NAME RESEARCH I NSTALLATI ON & OESCR I PT I ON

J J-I ROCKET
ENGINE SITE

28K ROCKET ENG I NE
PC0425 (N.O.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The obj ect is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

On August 4, an attempt was made to hot·fire liquid
hydrogen cooled engine #4. Several problems which
developed during the day prevented more than a low Pc
ignition checkout run. Both liquid level measuring
units in the liquid hydrogen tank failed to operate
properly. leakage through the seat of the I iquid hydro­
gen weight flow control valve during tank pressurization
decreased the available liquid hydrogen for a test run.
A broken stem in the Flomatics pressure regulator on
the gaseous hydrogen trailer #48 required the trailer
pressure to be bled down to the 2400 psi manifold
pressure.

On August 11, a successful hot firing of liquid
hydrogen engine #4 was made. During the run, the
liquid hydrogen weight flow and engine inlet pressure
controls performed properly. The engine appeared to
be cooled satisfactorily, although several of the leaks

(Cant i nued on Page 28)

27



SiTE SITE NAME RESEARCH INSTALLATION & DESCRI PTiON

J J-l ROCKET
ENGINE SITE (Continued)

28K ROCKET ENGINE (Continued)

which had previously been repaired, reappeared.
cracks were also discovered in the mesh surface
porous face injector.

Several
of the

Investigation of the data showed that the gaseous hydro­
gen fuel flow was only ~k of the total weight flow,
instead of the desired 15%. As a result, a series of
steel engine hot firings were made on August 18 to check
out the entire fuel weight flow control. During these
tests, the desired fuel flow again was not obtained.
Severe oscillations also occurred in gaseous hydrogen
regulator outlet pressure.

On August 22, gaseous nitrogen flows through the fuel
system indicated that a modification to the fuel pres­
sure regulator had el iminated the pressure oscillations.
During the week of August 22, the controls group made
several modifications to the fire valve controller. On
August 31, another series of hot firings of a steel
engine was made. The results of these tests were com­
pletely satisfactory. The gaseous hydrogen fuel flow
showed no evidence of the oscillations which had occurred
during the previous tests on August 18. The desired
gaseous hydrogen weight flow was obtained with the fire
valve controller performing properly.

Liquid hydrogen cooled engine #5 will be brought to Plum
Brook and installed in the test stand immediately. A
hot firing of this engine is tentatively scheduled for
the week of September 12.

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS
OR 1327 ( I. A. Johnsen)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

Since completion of the double-guarded calorimeter test
program on July 29, the main effort in the facility has
been directed in upgrading the electrical systems to meet

Class I, Group B, Division II requirements. This effort
will be maintained until mid-September, whereupon testing
of the Centaur arc tank will begin.

The arc tank has been insulated at Linde with six panels
of carbon dioxide backfilled insulation. The objective
of this program will be to measure the carbon dioxide
cryo-pumping ability of each panel.



SiTE SITE NAME

J J-I ROCKET
ENGINE SITE

RES EARCH I NSTALLAT 1,0::ll: :.&__..:D;.:E;:S.:.C;;.RI;.:P;;.T;;.1O:;N.:.- -l

28K ROCKET ENGINE
PC042S(N.D.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 p~ j. Heal transfer is
measured from the combustion gases
to chamber wal J. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

Liquid hydrogen cooled engine No.5 was received
September 1, and was installed in the test stand on
September 6. The hot firing, scheduled for the week
of September 12, was delayed one week because of
excessive noise on the cables to "H" Bui lding.

On September 22, a successful hot firing was made. The
desired run duration of 8 seconds at 300 psia chamber
pressure was obtained. Post-run pressure checks showed
the engine to be pressure-tight. The temperature data
from the hot gas side thermocouples corresponded with
the expected values. The absolute and differential
temperature measurements from the thermocouples illll1ersed
in the I iquid hydrogen coolant stream were questionable.
A temperature gradient with depth in the coolant tube
was indicated.

Based on the results of the September 22 test, the
irrmersion depth of the J iquid hydrogen coolant thermo­
couples is being changed. This work is being done at
Plum Brook by Lewis-Cleveland personnel, while the
engine remains in the thrust stand. Two defective
thermocouples will be replaced. The next hot firing is
scheduled for the first week of October.

On September 26, I iquid hydrogen cooled engine
cold shocked and pressure checked to 900 psi.
found to be pressure tight and was returned to
for installation of instrumentation.

No. 8 was
It was
Cleveland
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SITE SITE NAIIE RESEARCH INSTALLATION & DESCRIPTION

J J-3 VACUUH
ENVIRONHENT
TANK

TANK INSULATiON TESTS
ORI 327 (I. A. Jo~nsen)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

During this reporting period. the main effort in the
facility has been directed in upgrading the electrical
systems to meet Class I, Group B, Division II require­
ments. This task is expected to be completed by
October 10.

Cryopumping tests of Linde semi-panels as attached to
the Centaur arc tank are scheduled to begin on October 24.
Various grades of carbon dioxide and gaseous nitrogen
will be evaluated.

The Arthur D. Little gold mylar insulated calorimeter is
scheduled for testing in January.

The double guarded calorimeter with a purge multilayer
insulation system is scheduled for April testing. Both
ground hold and space environment thermal effectiveness
will be evaluated. Rapid evacuation tests to simulate
a typical missile ascent will also be performed to
evaluate transient heat fluxes.

------'--------------------1
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PC0425(N.O.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

.

Nine hot firings of LH 2 Engine No.5 were made during
three days this month. Five of these firings were good
data producing runs. Run duration averaged approximately
ten seconds. The engine was pressure checked following
each serieS of runs and found to be pressure tight.

Data from the liquid hydrogen coolant thermocouples
showed a definite temperature gradient with depth in the
coolant stream. This phenomenon is being explored by
repeating run conditions and varying the thermocouple
immersion depth. The absolute liquid hydrogen tempera­
ture measurements compare favorably with the expected
results. Data from the hot gas side thermocouples has
been satisfactory.

Run conditions to date have been as follows:

Chamber pressure - 300 psig
LH2 engine inlet manifold pressure - 600 psig

minimum; 900 psig maximum
LH2 coolant weight flow - 11.0#/sec. minimum;

16.0#sec. maximum

The next series of runs is scheduled for the first week
of November. The immersion depth of several liquid
hydrogen thermocouples has been readjusted. For these
runs previous conditions ~ 11 be repeated. The next
step in the program will be to increase chamber pressure
while duplicating other previous run conditions.

{Continued on Page 2~

25
October 1966



SITE SITE NAME RESEARCM INSTALLA TI ON & DESCRIPTION

J J -I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PC0425(N.O. SaDders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer Is
measured from the combustion gases
to chamber wall. The object is t
extend- heat transfer theory into
the region required for the desig
of nuclear rocket nozzles.

On November 1. three hot firings were m~d~i~h lH~ _
cooled engine No.5. The series of tests at a chamber
pressure of 300 psia is completed. The lower ranQe. of
coolant system parameters was extended to a weiQht flow
of 9.7 lb/sec at ~n inlet manifol~ pressure of 60p p~ig.

During post run pressure checks, three small leaks were
discovered in the engine cooling tubes. The engine was
removed from the stand and sent to Lewis-Cleveland for
repairs. Engine No.6 was received on November 10,
following re-adjustments on the lH2 thermocouples1depths
Initial pressure checks showed a leak at Station No.6
so the engine was returned to lewis-Cleveland for re­
pairs. On November 21, Engine No.6 was returned.
Pressure checks were satisfactory, and the engine was
installed in the stand. The next series of tests are
scheduled for the first week of December. These tests
will be at 450 psi chamber pressure.

(Continued on Page 26)
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SITE SITE NAME RESEARCH INSTALLATION & DESCRI PTI ON

J J-l ROCKET
ENGINE SITE (Continued)

2Br. ROCKET ENGINE

Several performance tests were made this month with the
Skyvalve pressure regulator for the high pressure GHZ
trailers. Results were unsatisfactory, Further tests
of the Skyvalve wi II not be made. In spite of contractor
and NASA efforts, the regulator persormance was unstable
at high flow rates.

J -3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS
ORI327 (I.A. Johnsen)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

26

On November 18 the cryopumping performance of six Linde
self-evacuating multi-layer insulation panels was tested.
Three test panels were backfilled with instrument grade
C02. and the remaining three panels with water pumped
GNZ. AII six pane I s were attached to a Centau r Arc Tank.
Under atmospheric ground hold conditions. with the tank
fi~ed with LHz,the CO2 panels cryopumped into the low
10 torr range. They remained at this pressure during
the duration of the test. The GN2 backfilled panels were
capable of cryopumping to the law micron range during the
ground hold portion of the test. As would be expected
the cryopumping action of the GN2 panels was considerably
more sluggish than the CO 2 panels. Under space vacuum
conditions, all panel pressures increased to the 20 to
100 micron range. Subsequent investigation of the panels
showed they were leaking on the surface next to the
tank wall, which explained the high test pressures. The
leaks occurred when a vacuum was drawn in the vacuum
chamber. This has been a continuing problem with the
self-evacuating insulation system. Since these panels
are not repa i rab Ie. th is test camp Ieted the tes t i ng of
panel insulation systems.

The Arthur D. little Gold-Hylar insulated calorimeter is
scheduled for testing in February. A fifty-gallon vacuum
insulated flash dewar is under fabrication to minimize
cold guard liquid hydrogen consumption.

!he dou~le-g~arded calorimeter. with a purged multilayer
Insulation, IS scheduled for testing in April. Both
ground hold and space environment thermal effectiveness
will be evaluated. Rapid evacuation tests to simulate
a typical missile ascent will be performed to evaluate
transient heat fluxes.

rarrighi
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SITE SITE NAME RESEARCH I NSTALLATI ON & OESCR I PTI ON

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated
PC042S(N.D.Sanders) over chamber pressure range from

200 to 900 ps i . Heat transfer ; s
measu red from the combustion
gases to chambe r wa I 1. The object
; s to extend heat transfer theory
into the reg i on requ ired for the
design of nuclear rocket nozzles.

During December, six test firings with Engine No. 6
were attempted and four were successfuly completed, on
two run days. Three of these tests were at a chamber
pressure of 300 psia. The test conditions duplicated
previous runs with Engine No. 5. to allow comparison
of data between the two eng i nes. The final test was
made at 450 psia Pc. This was the first time one of
the LH2 cooled engines was tested at a chamber pres-
sure above 300 psia. The engine performed sat i sfac-
torily during all runs. However, several hot-gas-s i de
thermocouples at critical locations became defective.
The loss of these thermocouples reduced the amount of
data obtainable and, therefore, Engine No. 6 was
removed from the test stand. Since the engine is st i 11
pressure-t ight. Lewi s-C Ieve Iand personne I a re at tempt-
ing to repair the defective thermocouples.

26
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SiTE SITE NAME RESEARCH INSTAllATION & DESCRIPTION

J J- J ROCKET
ENGINE SITE (Continued)

28K ROCKET ENGINE (Continued)

Before each series of runs, metals of various melting
temperatures were plated Onto the engine combustion wall.
We wanted to confirm the engine wall temperature data·
of the hot-gas-side thermocouples by observing which
metals did not melt during the tests. Photographs of
the platings were taken before and after each firing for
comparisons. The results compared favorably with the
thermocouple data.

Engine No.9 was cold-shocked and pressure-checked to
1200 psig this month. The engine is pressure-tight
and was returned to Lewis-Cleveland for installation of
all instrumentation.

Engine No.7 is being completed in Lewis-Cleveland. and
should arrive at Plum Brook during the first week of
January. Engine testing is scheduled for the week of
January 16.

J-l VACUUM
ENVIRONMENT
TANK

TANK INSUlATI ON TESTS
ORll2?(I.A.Johnsen)

Various I iquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
wi 11 be studied.

A 50-gallon vacuuf!l"' insulated 1iquid hydrogen flash dewar
was installed this month. The dewar will be used to
minimize cold-guard liquid hydrogen consumption on the
Arthur D. Little gold-mylar insulated calorimeter. This
calorimeter is scheduled for testing in March.

The double-guarded calorimeter, with a purged multilayer
insulation, is scheduled for testing in April. Both
ground hold and space environment thermal effectiveness
will be evaluated. Rapid evacuation tests to simulate
a typical missile ascent will be performed to evaluate
transient heat fluxes.
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SITE SITE NAME RESEARCH INSTALLATiON & OESCRI PTiON

. J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425(N.O.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer
is measured from the combustion
gases to chamber wa 11. The
object is to extend heat transfer
theory into the region required
for the design of nuclear rocket
nozzles.

26 January 1967

LH2 cooled engine No.7 was received at Plum Brook on
January 5 and was installed in the test stand on
January 12. A two-day installation delay was caused
bec~~se of the added requirement to purge the area
between the engine and the instrument boxes.

On January 20, four test firings were made, two tests
at 300 psia chamber pressure and two at 450 psia.
Holes were_found in two cooling tubes after the final
run. and the engine was sent to Lewis-Cleveland for
repai r on January 23.

We have spent considerable time on cell maintenance
this month. New operator lines were installed to all
the lF2 ignition system valves. The K bottle supply
for loading the GH2 systems I regulators was· replaced
by two of the area1s permanent stor~ge bottles.

Engine No. 6 is scheduled to be returned early in
February for a short series of tests at chamber



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE {Continued}

pressures of 600 psia and possibly 700 psia. The
purpose of these tests will be to find the upper limit
of chamber pressure that the engine can be run at and
still be satisfactorily cooled by the existing lH2
system. Engine No.8 is being instrumented in lewis­
Cleveland and should be completed near the end of
February. The four stations of hot-gas-side ther~

couples are being installed differently than on previous
engines. This engine will be initially tested at 300
psia to compare temperature data from the other engines.

J-) VACUUH
ENVIRONHENT
TANK

TANK INSULATION TESTS
YORZ02)(I.A.Johnsen)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

A 50-gallon liquid hydrogen dewar designed to minimize
calorimeter cold guard consumption was evacuated, cold
shocked and leak tested. The dewar will be mounted on
the test cell roof next month.

The double-guarded calorimeter was helium leak tested.
A leak rate of approximately 2 X 10-4 cc/sec was
established between cold guard and measure volumes.
The neck tube leak rate was below 10-8 cc/sec.

The environmental baffles were repaired, leak tested
and installed during this report period.

The cryopumping ability of several gases at liquid
nitrogen temperatures was established. These tests
are being performed to find the optimum gas to use
with the self-evacuating insulation program.

(Continued on Page 28)

27



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J- 3 VACUUM
ENVIRONMENT
TANK (Continued)

TANK INSULATION TESTS (Continued)

The gases tested this month were:
ULTI MATE CRYO-

Gas PUMPED VACUUM

Freon IZ (CCIZFZ)

Freon ZZ (CHCIFZ)

.Acetylene (CzHZ)

Propane (C3H8)

Carbori Dioxide (C02)

Rough Vacuum (I X IO-ITorr)

1. 0 X 10- 3 Torr

Z.5 X 10-Z Torr

8 X 10-] Torr

Z X 10-] Torr

8 X 10- 3 Torr'

5 X 10-3 Torr •

z8

The next scheduled test program is the Arthur D.
Little gold-mylar insulated calorimeter and is
scheduled for the month of Harch.

Improvements to the self-evacuating insulation
concept will be tested in July and August. The
system will again be retested after a 30 day
storage period to determine degradation due to
atmospheric permeability.

The projected schedule for the insulation technology
program at lewis-Cleveland indicates almost continu­
ous testing throughout the 1968 fiscal year.



SITES ITE NAME RESEARCH INSTALLATION & OEseR IPTI ON

28K ROCKET ENGINE
YPC042S(N.D.Sanders)

J J -I ROCKET
ENGINE SITE

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer
is measured from the combustion
gases to chamber wall. The object
is to extend heat transfer theory
into the region required for the
design of nuclear rocket nozzles.

LH 2 cooled Engine No.6 was installed, pressure checked,
and cold shocked by February 6. One unsuccessful
attempt was made on February 9 to hot fire this engine at
a chamber pressure of 600 psia. The coolant inlet mani­
fold cracked approximately one second after ignition and

the run was te~minated by the safety circuit. Temper­
ature and pressure cycles during previous runs had
apparently weakened the engine in this area. Design
changes have been incorporated in later engines to
reduce the possibili~y of this faiJ~re recurring.

Engine ~o. 8 was installed and cold shocked on February
21. The installation of the hot-gas-side thermocouples
at four stations on this engine has been changed in an
attempt to better the quality of the combustion-wall
temperature data. Hot firing of this engine is sched­
uled for early March.

J -3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS
YOR202l (I.A.Johnsen)

Various liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

During this reporting period, the major activity was
preparing the test cell for the Arthur D. Little calor­
imeter. The IRe and auxiliary trailer purged boxes and
conduit were completed'. The only non-explosion permanent
equipment remaining in the cell is the thermocouple box.

A simulated A.D.L. cold guard coil was installed to
checkout the operation of the LH2 supply system. A
temperature of ~170F + lor was maintained on a liquid.
hydrogen consumption of 200 gallons/hour. No leaks
were encountered during the seven hours of testing.

The A.D.l. calorimeter is scheduled to arrive in the
first week of March. The insulation consists of five
layers of gold mylar separated by silk netting material.
The heat flux will be evaluated under lN2 and lH2 con­
ditions.

rarrighi
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SITE
J

SITE NAME
J-I ROCKET
ENGINE SITE

RESEARCM INSTALLATION

28K ROCKET ENGINE
VPCO~25 (N.D.Sanders)

OEseRI PTI ON

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

On March 8. two successful hot firings were made with
lH 2 cooled engine No.8. Chamber pressure of 300 psia,
ana coolant inlet manifold pressure of 700 psig. were
held constant for each run. Coolant weight flow was
changed from 12.5 lb/sec for the first run. to 11.2 lb/
sec for the second run. After the second firing. two
small holes in the engine cooling tubes were discovered
during pressure checks. The engine was returned to
Cleveland on Harch 10.

The next series of research data runs in J-I will be with
a copper engine (wire wrap profile). The installation of
all temperature instrumentation on lHZ engine No.9 was

held up pending. the results of tests on engine No.8. It
wIll take approximately three months to complete ·thls
engine. DurIng this time, copper engine tests wfll be
made. The goal of these tests is to extend the range
of the hot-g8s-side heat transfer data obtained in
previous copper engine tests.

A roekide coated steel engIne was installed in the test
stand on Harch 29. A short series of tests will be made
with this engine to verify proper start-up procedures.
A very short Pc rise-time is required for the copper
enaine tests.

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS
VOR2023 (I.A .Johnsen)

VarIous liquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

Testing ot" the.A'-th~~· D. little calorimeter began on
Harch 16 and continued to March 30. The calorimeter is
Insulated with five layers of gold mylar foil with 14­
mesh silk netting separators. An lNZ heat flux of 0.3Z
BTUthr ft Z was measured. This corresponded to the heat
flux obtained at Arthur D. little and insured calibration
of the facilities. A heat flux of 0.39 BTuthr ft Z was
obtained with lHZ testing.

The next scheduled test program will be the LInde self­
evacuating multilayer insulation system. An exact test
date for this system has not been established due to the
uncertainty of obtaining copper for the calorimeter con­
struction.
Checkout of a bolloff back pressure regulation system n­
will be made next month.

rarrighi
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SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTION

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC042S(N.O.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to cham be r wa I 1. The obj ec t j 5 to
extend heat transfer theory into
the region require~ for the design
of nuclear rocket nozzles.

Nineteen (19) test runs were made on four run days
this month. These tests. using a rockide-coated
steel engine with a copper-face injector. were made
to verify proper start-up procedures. A very short
Pc rise-time is required for the copper engine tests
which are next on the schedule.

The series of tests on April 4 were terminated after
only four starts because of troubles with the fire
valve controller. On April II, only one run was made.
Controller problems again caused an early termination.
A burned-out check valve in the liquid fluorine igni­
tion system allowed only three runs on Apri I 21. The
troubles with the controller had been cleared-up
before this series, and it performea properly during
each run.

On April 26, eleven runs were made. Chamber pressure
was 300 psia for all runs. Satisfactory f~st-starts

were verified for 15 and 20 percent fuel. The thi rd
attempt to start with 28 percent fuel ended with a
detonation in the LOX dome of the injector. Damage
to the injector was extensive.

A new porous-face injector has been installed for the
completion of these start-up tests. I t is hoped that
one more series of tests. scheduled for the first week
of May. will conclude the rapid-start tests at 28 per­
cent fuel. The No.3 copper engine can then be
installed for the heat transfer tests.

'-----_------- -J
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SITE SITE NAME RESEARCH INSTALLATION & OESCRI PT ION

J-3 VACUUM
ENVI RONMENT
TANK

TANK INSULATION rESTS
YOR2023(I.A.Johnsen)

Various 1 iquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied .

•

No manpower was assigned
reporting period .

to the test cell during this

.The following major cell modifications are being
contemplated for future test programs:

(I) The addition of a Kinney Model KOH-8so vacuum
pump to the existing mechanical pump system.
This will provide a total roughing capacity of

1150 C.F.K. The additional pump will be used
for rapid evacuation of the chamber to dupli­
cate the ascent of a missile for studying
interstitual pressures of a multilayer insula­
tion system. The additional pump should per­
mit duplication of the missile ascent curve
for a total of 3 minutes, covering the pressure
raoge from atmosphere to one micron.

(2) A 12- to IS-inch extension to the chamber to
permit additional cold-guard insulation for
the calorimeters.

(3) A longer cryogenic baffle will be required with
the chamber extension to insure continuous
environmental control to the outer layer of tank
i nsu 1at ion.

An exact test date for the next program (Linde
self-evacuating panels) has not been established
due to the uncertainty of the fabrication
completion date of the calorimeters.

reporting period.

The following major eel! modifications are being
contemplated for future test programs:

(I) The addition of a Kinney Kadel KOH-8so vacuum
pump to the existing mechanical pump system.
This will provide a total roughing capacity of

(Continued on Page"30) II _.....L.. :....-__-=-----
(- .
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SITE NAME

J-I ROCKET
ENGINE SITE

RESEARCH INSTALLATION

28K ROCKET ENGINE
YPC0425 (N. D. Sanders)

& OESCRIPTION

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region requi red for the design
of nuclear rocket nozzles.

On Hay la, five successful test firings were made. A
new porous-face injector was used with a rockide­
coated steel engine. These tests were made primarily
to develop a very short chamber pressure rise~time

with a 28 percent fuel mixture. Two runs were made
with this porous-face injector to compare the start-ups
at 15 and 20 percent fuel with those obtained previ­
ously with the copper-face injector. All goals were
successfully accomplished.

Copper engine No.3 has been installed in the test
stand. Final connections of all pressure pickups
and engine thermocouples are nearly completed. Hot
firings of this engine are scheduled for the first
week of June.

LH2 engine No. 10 was cold shocked and pressure
checked on May 11. The engine was pressure4tight
and was returned to Lewis-Cleveland for installatlon
of al I thermocouple instrumentation.

A considerable amount of work was aecompl ished this
month on the instrumentation system between "J_III Test
Cell and the Auxiliary Instrument Trai ler. New con­
duit runs were installed, new cable was pulled, and
new termination boxes have been installed in the
test cel I. Signal conditioning equipment has been
relocated and a new scanner system has been installed
in the Auxiliary Trailer. Improvements in the data
qual ity and instrumentation capacity are expected;
also, the general area appearance will be improved.

~--L _
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SITE SITE NAME RESEARCH INSTALLATI ON & OESCRI PTiON

J J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS Various liquid hydrogen tanks
YOR2023{I.A.Johnsen) will be tested under a vacuum

envi ronment. The effectiveness
of various types of insulation
will be studied.

No work was accomplished in the facility during this
reporting period. Preliminary sketches for the
add i t ion of a 1411 extension to the vacuum chamber,
an additional 850 C. F. M. rough i n9 pump and a I cnger
baffle were completed this month. Engineering for
these jobs wi II be handled by the Plum Brook Engineer"ing
Division, and is expected to be completed by July 15.

~_. _... - . .. . -- - ". -
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SITE SITE NAME ~ESEARCH INSTALLATION & OESCRI PTJ ON

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC042S(N.D.Sandecs)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustiongases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the de­
sign of nuclear rocket nozzles.

24

A total of ten test firings were made on four run
days this month using two different copper engines.
These tests were made to extend the hot-gas-side
heat-transfer data obtained in earlier tests with
copper engines No. 's I and 2.

On June 9. 13 and 14. nine test firings were made on
copper engine No.3. Run conditions were 300 psia
chamber pressure with fuel weight flows of 15. 20,
and 28 percent. Thermocouple rods had been installed
at several additional axial locations along the
engine. Static and differential pressures along
the engine axis were also obtained during the firings.

Following the above tests, copper engine No.2 was
installed in the test stand. This engine had thermo­
couple instal lations at locations 60 degrees apart
in the chambe~. The purpose of testing with this
engine was to determine if a circumferential tempera­
ture profile was produced in the combustion chamber
by the injector. One test firing was made on June 29,
at a chamber pressure of 300 psia, and a fuel weight
flow of 15 percent. Investigation of the Jow Pc,
porous-face injector immediately after the run showed
the face platEwas beginning to warp. Therefore, it
was decided to el iminate any further copper engine
testing with this injector and to save it for the
future I iquid hydrogen engine tests.

Copper engine No.2 will be reinstalled in the test
stand with the old high Pc porous-face injector used
for previous I iquid hydrogen engine tests. This
injector has severe face~pJate warpage. The effect
of this warpage on the combustion chamber temperature
profile will be investigated.

liquid hydrogen-cooled engine No.9 arrived at Plum
Brook this month. Installation of this engine in
the test stand will begin immediately after the
completion of the copper engine tests.



SITE SITE NAME RESEARCH INSTALLATION & OESCRIPTION

J J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS Various 1iquid hydrogen tanks
YOR2023(I.A.Johnsen) wi 11 be tested under a vacuum

environment. The effectiveness
of various types of insulat.ion
wi 11 be studied.

A holding pump and evacuation 1 j ne were installed to
a II oW rap i d eye 1i n9 of the chamber diffusion pump.

The l i nde tank wi thout insulation was installed for
checkout of the back-pressu.re control system. The
testing of this system is expected to be completed
in July.

Drawings have been completed for the installation of
a 141• chamber extension, an 850 C. r.M. rough i ng pump,
and a longer cryogenic baffle.

It is anticipated that the semi-system insulation
will be ready for test i n9 by mid-August,
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SITE SITE NAME RESEARCH INSTALLATION & OESCR I PT ION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425(N.D.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
2DO to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wal I. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

28

A total of six test firings were made on three run
days th is month. Copper eng i ne No. 2 was used for
all tests, with two different injectors. The pur­
pose of these tests was to determine if a circumfer­
ential temperature profile was produced in the
combustion chamber by the injectors.

On July 7, one run was made with the old high Pc
porous-face injector which had been used for the
previous liquid hydrogen cooled engine tests. This
injector had severe warpage on the face plate. Run
conditions were 300 psia chamber pressure and 15%
fuel.

On July 14, a second run was made with this same
engine-injector combination. For this run, the
engine had been rotated 30 degrees C.C.W., with
respect to the injector, from its previous position.
Run conditions again were 300 psia chamber pressure
and 15% fuel. Since thermocouples had been instal led
in the engine chamber at locations 60 degrees apart,
this rotation al lowed a temperature comparison at
30 degree intervals.

On July 21, three successful fi rings were made in
four attempts. A low Pc copper-face injector was
used with copper engine No.2. Chamber pressure
again was 300 psia, but with two fuel weight flows,
15 and 20 percent fuel, for the fi rst two runs.
The third run programmed a slow rise in chamber
pressure (approx. 1.5 seconds to full value), to
simulate the 1iquid hydrogen cooled engine start-ups.

This month's tests completed the current program of
copper engine firings. Liquid hydrogen cooled engine
No.9 is now being installed in the test stand. The
hot fi rings of this engine wi 11 be delayed sl ightly,
pending the completion of the modifications to the
instrumentation system into the test cell. The major

rarrighi
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-l
28K ROCKET ENGINE (Continued)

delay will be due to the installation of a new
patch board, scheduled to be del ivered August 4.
Testing of 1 iquid hydrogen engine No.9 should
begin by mid-September.

--------~-_.---~- ------~----------

J-3 VACUUM
ENV IRONMENT
TANK

TANK INSULATION TESTS
YOR2023 (I. A. Johnsen)

Various liquid hydrogen
tanks wi 11 be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

The test cell is being prepared for the Linde
Self-Evacuating Multilayer Insulation Test Pro­
gram. This program is scheduled to start in
late September.

The constant backpressure vent system for both
the calorimeter and cold guard tanks is being
fabricated. The system is expected to maintain
a constant pressure within 0.0002 of a psi.

Instrumentation at the control trai ler for use
with the scanner system is almost complete.
Local readings will be taken from a digital
voltmeter system.

Parts have been received for the constant
temperature envi ronmental cont rol system.

It is anticipated that the major emphasis for
next month will be the completion and checkout
of the backpressure control system.
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-I ROCKET
ENGINE SITE

18K ROCKET ENGINE
YPC041S(N.D.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

Most of this month's activity was in preparation for
the hot firing of 1 iquid hydrogen cooled Engine No.9.
This engine had been installed in the test stand 0.1
July 28. The temperature and pressure instrumentation
has been connected, and at present the complete instru­
ll'entation system is being checked out. Since the last
firing of a liquid hydrogen cooled engine, all instru~

ment cables between the test cell and the auxiliary
instrument trailer have been replaced and a new patch­
board instal led. A liquid nitrogen cold flow for a
system checkout is scheduled for September 1. The
hot firing of Engine No.9 is scheduled for Sept. 8.

Two other 1iquid hydrogen cooled engines were cold­
shocked in liquid nitrogen, pressure-checked, and
returned to LeRC-Cleveland this month. Engine No.8
had a nickel·plating over some holes which had occurf"ed
during the last hot firing. Engine No. 12 is a new
engine and the cold-shock/pressure-check is a standard
procedure for all new engines before installation of
temperature instrumentation. 80th engines checked
satisfactory.

1----------------------------- ------
J-3 VACUUM
ENV IRONHENT
TANK

TANK INSULATION TESTS
YOR2023(I.A.Johnsen)

Various I iquid hydrogen tanks
will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

Preparations are nearly completed for the testing of
the Linde self-evacuating multilayer insulation. The
insulated calorimeter is scheduled to arrive in mid­
October. The test program has therefore been resched­
uled to start the first part of November.
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SITE SIrE NAIIE RESEARCH INSTALLATION & OESCRI PTI ON

J-3 (Cont i nued)

TANK INSULATION TESTS (Cont inueil)

T~e constant backpres5ure vent system control valves
have been installed and are being readied for their
electronics. The delta P transducers for this system
had to be refabricated in an explosion-proof box and
are near campi et ion.

The constant temperature cont rol system heat exchanger
is being fabricated and is expected to be installed
within the next two weeks.

The controlled evacuation system is being readied for-
the test program scheduled for the first part of next
year. Necessary parts for the 850 cfm roughing pump
arrived and the pump was then test operated. It is
expected to be installed the latter part of this year.

Maj or emphas i s during the next two weeks will be
checkout of all vacuum measuring equipment and the
constant backpressure system.
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-l ROCKET
J ENGINE SITE

28K ROCKET ENGINE
YPC0425 (H.O.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to gOO psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

26

On September 1, liquid nitrogen under high pressure was
flowed through Liquid Hydrogen Cooled Engine No.9 for
a system cold shock and pressure check. Two more liquid
nitrogen cold flows were made on September 8 during which
all instrumentation, controls, and mechanical hardware
systems were completely checked out.

On September 15. two hot firings were made with Engine
No.9. Both firings were with 300 psia chamber pressure
and 700 PSIG coolant inlet manifold pressure. Coolant
weight flow was changed from 12.65 lb/sec. for the first
run to 15.35 lb/sec. for the second run. During post run
pressure checks. two small holes in the engine cooling
tubes were discovered. Only four out of the thirty
originally installed hot-gas·side thermocouples were
judged capable of producing dependable data for any
further tests. The engine was returned to Lewis-Cleveland
on September 20.

September 1967



SITE SITE NAME

J J -I ROCKET
ENGINE SITE

RESEARCH INSTALLATION

28K ROCKET ENGINE (Continued)

& OESCR IPTI ON

TWo new porous-face injectors for the U-tube contour
engines were back-flushed with trichloroethane solvent
this month. These will be stored at Plum Brook until
testing with the U-tube type engine begins.

The next engine scheduled to be fired in IIJ-l" will
be liquid hydrogen engine No. 10. This engine became
damaged structurally during the installation of the
hot-gas-side thermocouples. It has been repaired and
is presently being tested for both leaks and structural
integrity. The estimated delivery date to Plum Brook
is October 9.

J -3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS
YOR2023 (I.A.Johnsen)

Various liquid hydrogen
tanks will be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

The aluminum double-guarded calorimeter has been
fabricated by Lockheed, and is being insulated at
Ltnde. The semi-panel system is anticipated to be
ready for testing in early November.

The remote reading Veeco ionization gage has been
checked out and is currently being installed as a
permanent addition to the cell. The eductor system
has been sized for the constant backpressure vent
system. Checkout of this system has been delayed
due to an apparent leak in the backpressure reference
transducer system. .

The chamber extension, baffle and concrete vacuum
pump base have been cancelled. The Plum Brook
Engineering Design Division is now planning on
shock mounting the Kinney vacuum pump.
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SITE SITE NAHE RESEARCH INSTALLATiON & OESCRIPTION

J J~ I ROCKET
ENGiNE SITE

28K ROCKET ENGINE
YPC0425(N.O.Saoders)

A hydrogen-oxygen engine oper­
ated over chamber pressure
range from 200 to 900 psi.
Heat transfer is measured from
the combustion gases to the
chamber wall. The object 1s
to extend heat transfer theory
into the region required for
the design of nuclear rocket
nozzles.

liquid Hydrogen Cooled Engine No. 10 was r.cei ....d.
cold shocked, and pressure checked to 1000 PS1G
this month. The copper face injector to be ysed
with this engine arrived at Plum Brook on October
30. These items are now being assembled for
immediate installation in the test stand. The
hot firing of this"engine is tentatively sched­
uled for mid-November.

f-----------~---- ----------~ --.-----~--

J~3 VACUUM
ENV IRONHENT
TANK

TANK INSULATiON TESTS
YOR2023(I.A.Johnsen)

Various I iquid hydrogen
tanks will be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

The aluminum staekable double-guarded calorimeter
insulated with Linde self-evacuating panels was
received at Plum Brook on October 30. and testing
will start during the week of November 13.

The initial test sequence consists of a ground­
ho~d heat flux followed by a simulated missile
ascent and a space-hold heat flux. After a 30­
day soak period. the sequence wi II be repeated
to determine degrading effects of the long-term
storage.
Principle problem areas in the test eel I are the
controlled backpressure vent system and the con~

trolled environment temperature system. Due to
extensive cell modification since the last test
program, checkout of various sub-systems have now
been initiated.
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J J-I ROCKET

ENGINE SITE
28K ROCKET ENGINE
YPC042S(N.O. Sanders)
(C&ECO - L.Bryant;
RSO - G.O.Mackay)

A hydrogen-oxygen engine
ope rated ave r chambe r pres­
sure range from 200 to 900
psi. Heat transfer is
measured from the combustion
gases to the chamber wall.
The obj ect is to extend
heat transfer theory into
the reg ion requ ired fo r the
design of nuclear rocket
nozzles.

The hot firing of LH2 cooled Engine No. 10, sched-.
uled for November, was cancelled. Twenty hot~gas­

side thermocouples. out of a possible total of
thirty-two, were found to be inoperative during
pre-run checks. Ten had been deleted because of
difficulties during original installation, and
ten more fai led during pre-run lN2 cold shocks.

The GH2 fuel line is presenfly being modified in
the test cell. This change will allow instal1a...
tio" of either the new U-tube design or the old
wire-wrap design engines in the test stand. A
series of hot firings of a rockide coated U-tube
design steel engine is tentatively scheduled to
begin in December. These tests will be run to
determine injector performance and ignition
start-up procedures.

TANK INSULATION TESTS Various I iquid hydrogen
YOR2023(I.A.Johnsen) tanks will be tested under
(CRD - J.R.Faddoul, a vacuum environment. The
I.E. Sumner, and effectiveness of various
J.R.Barber; RSD - types of insulation will
T.C.Cintula) be studied.

A test run was started November 27 on the Linde
semi-panel insulation applied to the aluminum
stackable double-guarded calorimeter. The test
sequence consisted of ground hold performance
followed ,by a rapid evacuation to space hold
conditions. The net heat flux under each condition
of testing was slightly higher than desired; how­
ever, it was still low enough to represent an
excellent insulation system. The same test sequence
will be repeated after a 30-day air environment soak
to determine the degradation to the insulation. The
final test will be at space vacuum conditions with
the insulation panel valves open to the vacuum
chamber.

The next test prog ram wi II be the 'IT rans i ent Vent i ng
of a Multilayer Insulation" which will probably
begin in early March.



SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTI ON

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425 (C&ECD ­
L. Bryant; RSD -
G. D. Mackay)

A hydrogen-oxygen engine
operated over chamber pres­
sure range from 200 to 900
psi. Heat transfer is
measured from the combustion
gases to the chamber wall.
The object is to extend heat
transfer theory into the
region required for the
design of nuclear rocket
nozzles.

On December 21, the Rockide-coated steel U-tube
engine, fitted with a 300 Pc injector, was test
fired. The injector performance and ignition
start-up procedures were tested. The test data
is applicable to liquid hydrogen cooled U-tube
engines which are scheduled to be tested at
J-I site. A total of five successful test
firings were made, two for ignition tests and
three for i nj ector performance.

The 500 Pc U-tube injector wi II now be instal led
for a similar performance evaluation. This·
injector wi 11 subsequently be used for both
liquid cooled U-tube and copper engines.

A series of cold flow tests to determine inJec­
tor pressure drop characteristics is scheduled
for January.

J-J VACUUM·
ENVI RONMENT
TANK

TANK INSULATION TESTS
YOR2023 (CRD - J.R.
Faddoul, I.E.Sumner,
and J.R.Barber; RSD ­
T.C.Cintula and D.G.
Perdue)

Various liquid hydrogen
tanks will be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be soodied.

26

During December, the environmental tank was
altered to accept the KD-850 vacuum pump, and
an additional ionization gage was added for
measu r j n9 tank pressure.

The Linde semi-panel insulated calorimeter is
undergoing a 30-day atmospheric soak which

. wi 11 be terminated in January. The same test
sequence which was conducted on November 27.
1967 will be repeated. This test is scheduled
for the week of January 8.

rarrighi
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January 1968

SITE SITE NAME RESEARCH INSTALLATION & DESCRI PT ION

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen~oxygen engine operated
YPC0425 (C&ECD - over chamber pressure range from
L.Bryant; RSD - 200 to 900 psi. Heat t ransfe r ; s
T.C.Cintula) measured from the combustion

gases to the chamber wal I. The
obj ect ; s to extend heat transfer
theory into the reg ion requ ired
for design of nuclear rocket
nozz les.

A total of 12 test firings was made this month on 2
U-tube contour rockjde~coated steel eng i nes wi th a
500 Pc porous face i nj ector. Desired chamber pres-
sure for these runs was 400 psia. The test firings
we re made to develop start~up techniques. such as
valve sequencing and position settings, appl icable
to research engines.
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SITE SITE NAHE RESEARCH INSTALLATION & DESCRIPTION

J J.J (Cont i nued)

28K ROCKET ENGINE (Continued)

Both steel engines experienced erosion of the rockide
coating, with the los5 of some metal at the throat.
and are now being repaired at lewis·Cleveland. Upon
completion of repairs, the series of tests will be
continued at chamber pressures of 600 psia.

J-J VACUUH
ENV IRDNHENT
TANK

TANK INSULATION TESTS
YOR202J (CRD - J.R.
Faddoul, I.E. Sumner,
and J.R.8arber; RSO ­
D. G. Perdue)

Various liquid hydrogen
tanks will be tested under
a vacuum envi ronment. The
effectiveness of various
types of insulation will
be stud ied.

The program for the "Light-Weight Multi-Layer
Insulation Syste~l. Contract No. NAS3-7953. was
completed on January 26. ,

Two tests were conducted. The first test was con­
ducted during the period from January 8 to January 16
to determine the insulation performance after a
30-day atmospheric soak period. The second test
was conducted January 22 and 23 to determine the
insulation performance at space-hold conditions
with the valves to the insulating panels open to
the chamber. The results from the second and third
tests are similar to the results obtained from the
first test conducted on November 27. '196].

The KD 8so vacuum pump is presently being prepared
for installation into the test cell.

The copper calorimeter is in Lewis-Cleveland being
prepared for the J-3 vacuum chamber I id. Tests
for the copper calorimeter are scheduled for March
1968.
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SITE SITE NAME RESEARCH INSTALLATION & OESCRI Prl ON

J J-I ROCKET
ENGINE SITE

28K ROCKET
YPC0425
(C&ECO - L

RSO - TC

ENG I NE

Bryant;
Cintula)

A hydrogen-oxygen engine
operated over chamber pres­
su re range from 200 to 900
psi. Heat transfer is meas­
ured from the combustion
gases to the chamber wall.
The obj ect is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles. '

A total of 12 test firings were made this month on
the U-tube contour steel nozzle with 3 500 Pc porous
face ; nj ector.

Optimum valve settings and position sequences now
have been established for 400 and 600 Pc slow and
fast rise start-ups for this test configuration.
During the last reporting period, the 300 Pc slow
rise start-up was evaluated.

On February 21, an 800 Pc test firing was attempted
with this nozzle-injector combination. The firing
resulted in destruction of the solid steel nozzle.
There was only minor damage to the injector and to
the test facility.

Delivery of three new solid steel U-tube contour
nozzles is expected shortly, and the next test is
scheduled for the week of March 25.

TANK INSULATION TESTS
YOR202J
(CRO - JR Faddoul,

IE Sumner, & JR Barber;
RSD - DG Perdue)

Various liquid hydrogen
tanks wi' I be tested unde r
a vacuum environment. The
effectiveness of various
types of insulation"will
be studied.

26

No test operations were scheduled during February.
The month was spent preparing the test cell for the
next configuration. The equipment is being modified
to accept the copper heat transfer tank. The KD-8so
vacuum pump was installed, and check-out runs are
scheduled for March. The major portion of the
instrumentation changes for the copper heat transfer
tank are scheduled to be completed in March, and
tests are scheduled to start in April.

rarrighi
Typewritten Text
February 1968



SITE SITE NAME RESEARCH INSTALLATION & OESCR I PT ION

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425 ( , ' ',,_,
(C&ECO - t, Bryant;

RSO - TC Cintula)

A hydrogen-oxygen engine
operated over chamber pres­
sure range from 200 to 900
psi. Heat transfer is meaS­
ured from the combustion
ga ses to the chambe r wa I I •
The object is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles.

This reporting period was spent in r~building the
test cell. All major systems have been checked
and the cell is expected to resume research oper­
ations in the first week of April.

The initial test firings will be with the H-Tube
Contour Steel Engine with a 500 Pc injector.
Firings at chamber pressures of 400 and 600 PSIA
will be made to determine if preViously established
valve settings and position sequences are still
opt imum.

Wire wrap contour LH2 cooled engine #12 wi II be
installed immediately following the steel engine
checkout. The purpose will be to determine if
a new thermocouple configuration is suitable for
research data. If successful, thiS engine will
be returned to lewis-Cleveland for complete
instrumentation.

J -3 VACUUH
ENVIRONHENT
TANK

TANK INSULATION TESTS
YOR2023
(CRO - JR Faddou I.

IE Sumner & JR Barber;
RSD - DG Perdue)

Various liquid hydrogen
tanks will be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

24

No test operations were scheduled during March.
Efforts were devoted to preparing the test cell
for testing the copper heat transfer tank in
April. The KO 850 vacuum pump was checked· out
and ao percent of the cell instrument work was
cOl"flJleted.

Insulation is presently being installed on the
copper heat transfer tank. Tests are scheduled
for Apri I.

rarrighi
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425
(C&ECD - RJ Quentmeyer;

RSD - T Cintula)

A hydrogen-oxygen engine
operated over chamber pres­
sure range from 200 to 900
psi. Heat transfer is meas­
ured from the combustion
gases to the chamber waJ J.
The obj ect is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozz 1es.

A total of 19 test firings were made during April.
The test configuration was the steel U-tube contour
nozzle with the 500 Pc injector. These test fi rings
were to evaluate start-up characteristics, and to
substantiate optimum performance from previously
establ ished valve settings after rebui Iding.

The facility is now being prepared to accept the
LH2 cooled wire wrap engine #12. Test firings
wil I be made at chamber pressures of 300 and 450
psia. This test configuration will be used to
evaluate two different methods of thermocouple
installation for measurement of LH2 cool ing prop­
erties. This program will start in May.

J-3 VACUUM
ENV IRONMENT
TANK

TANK INSULATION TESTS
YOR2023
(eRD - JR Faddoul,

IE Sumner & JR Barber;
RSD - DG Perdue)

Various liquid hydrogen
tanks will be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

24

No test operations were performed during April. The
instrument equipment required to measure boiloff was
not del ivered on schedule. Efforts were devoted to
preparing instrumentation and control equipment for
the test operation. Vacuum pump-down checks were
performed to determine the capabilities of the con­
trollers. The test eel I work is 90% complete. The
research tank insulation installation is completed.
Research tests will start in May pending receipt of
the Hastings flowmeter.

".I.
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SITE SITE NAME RESEARCH INSTALLATION & OESCRI PT I ON

J J-I ROCKET
ENGINE SiTE "

A hydrogen-oxygen eng i ne
operated over chamber pres­
sure range from 200 to 900
psi. Heat transfer is meas­
ured from the combustion
gases to the chamber wall.
The object is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles.

Quentrneyer;
Cintula)

• RJ
- T

28K ROCKET ENGINE
YPC0425
(CRO

RSO

A total of four test firings were made this month
on the wire-wrap lH2-cooled engine #12, with a
low Pc copper injector with cooling holes. Two
runs at a chamber pressure of 300 psia were ful1­
duration firings suitable for data acquisition.
One six-second test firing was made at 450 Pc,
and useful data were obtained. During all runs,
engine perFormance was excellent. Temperature
measurements were consistent at all stations.

Wire-wrap engine #6 is now being installed for
investigation of engine coolant flow characteris­
tics. A LN2 cold flow test is planned for the
end of the month.

The next research test program will be the LH2­
cooled U-Tube Contour Engine. Test firings are
expected to begin in late June.

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS
YOR2023
(CRD - JR Faddoul,
IE Sumner & JR Barber;
RSO - DG Perdue)

Various liquid hydrogen
tanks will be tested under
a vacuum environment. The
effectiveness of various.
types of insulation will
be studied.

During Hay, the test cell and research tank were
being prepared for June testing. Efforts were
devoted to checki n9 boi 1off and pressure measur; ng
instrumentation. The remaining work to be completed
is as follows:

(I) Connection of thermocouples and pressure
transducers thru the chamber lid.

(2) Insulation of the bottom cold guard on the
research tank.

22 (3) InstallatIon of research tank In vacuum
chamber.
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SITE SlTE NAME RESEARCH INSTALLATION & DESCRIPTION

J J -1 ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425
(CRD - RJ Quentmeyer;
RSD - TC Cintula)

A hydrogen-oxygen engine
operated over chamber pres­
sure range from 200 to 900
psi. Heat transfer is meas­
ured from the combustion
gases to the chamber wall.
The object is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles.

This month has been spent in preparing the liquid
hydrogen cooled U-tube contour engine for test
firings. Engine #1 was found to be leaking at
a brazed joint around the coolant tubes after
cold shocking and pressure testing. It was
returned to Cleveland for repair.

Engine #3 was acceptable after cold shocking and
pressure testing. Engine instrumentation can now
be installed. The manifold piping necessary for
this engine Is essentially complete except for
qualification checkout.

Test firing of Engine #3 is scheduled for late July.

J J-3 VACUUM
ENV I RONHENT
TANK

TANK INSULATION TESTS
YOR2023
(eRD - JR Faddoul,

IE Sumner & JR Barber;
RSD - DG Perdue)

Various liquid hydrogen
tanks wi 11 be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

24

On June 26 and 27, boi l-off tests were conducted
on the copper heat transfer tank. The tank and
insulation were tested at vacuum chamber pressures
of 760 and 100 TORR. Nitrogen gas was used to purge
the chamber and helium gas was used to purge the
insulation. The boil-off rates were 1568 SCFH at
at 760 TORR and 1020 SCFH at 100 TORR. The test
was terminated because of difficulty with the
interstitial pressure measuring system. The test
will be rescheduled to be completed in July.
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SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTI ON

J J-I ROCKET
ENGINE SITE

28K ROCKET ENG I NE
VOR0425
(CRD - RJ Quentmeyer;

RSD - TC Cintula)

A hydrogen-oxygen engine
operated over chamber pres­
sure range from 200 to 900
psi. Heat transfer is meas­
ured from the combustion
gases to the chambe r wa 11.
The obj ect is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles.

26

This month has been spent in preparing the liquid
hydrogen cooled U-tube contour engine for test
firings. A test run date of August I has been
established. This will be the first firing of a
liquid cooled engine of this configuration in
IIJ_l" Test Cell. Considerable effort has been
spent in the fabrication of the manifold piping
for this engine. All manifold piping has now
been co1d- shocked, X- rayed and pressu re- checked.

Following the test of the liquid hydrogen U-tube
contour engine. the facility will be modified for
the installation of either the copper wire wrap
engine or the copper U-tube engine for heat trans-
fer studies. Nearly one month of build-up time
"Jill be required for either engine.
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SITE SITE NAME

J (Continued)

RESEARCH INSTALLATION & DESCRIPTION

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATiON TESTS
YOR2023
(CRD - IE Sumner &
JR Barber; RSD ­
DC Perdue)

Various liquid hydrogen
tanks will b@ tested under
a vacuum environment. The
effectiveness of various
types of insulation wi J I
be studied.

During July. nine boil-off tests were conducted on
the copper heat transfer tank. The insulation used
on the copper tank was a composite design of 30
layers of double aluminized mylar separated by dexi­
glass and a fiberglass sublayer wrapped, in a sealed
mylar bag. The multilayer insulation was purged
with nitrogen and the. fiberglass was purged with
he) ium. The purges were discontinued for space
hold conditions. The results of the tests are as
follows:

7/10/68
7/11/68
7/11/68
7/12/68
7/16/68
7/16/68
7/18/68
7/19/68

Vacuum Chamber
Press. (Torr.)

760.0
100.0
10.0

1.0
6. 2x 10-

4
6

2.4xI0­
4.0xI0- 2
2.0x10RI

Hel ium Purge
to the Insu­
lation (psia)

100.0
30.0
10.0
5.0
0.0
0.0
1.0
1.0

Soi I-off
Rate (SCFH)

1605.0
1191.0
975.0
700.0

5.77
6.22

60.0
380.0

7/31/68 Conducted four-hour, controlled pumpdown
simulating the "K11 Site pumpdown rate on
the 7 1 tank.

Three additional tests are scheduled during
August. After completion of these tests, the
copper tank will have additional insulation
installed, and the same series of tests will be
repeated.
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SITE SiTE NAME RESEARCH I NSTALLATI ON & DESCR I PT ION

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
YOR0425
(eRD - RJ Quentmeyer;

RSD - Te Cintula)

A nyd."(r; ... ,-/r")(':',:;,·n engine
operated oyer chamber pres­
sure range from 200 to 900
psi. Heat transfer is meas­
ured from the combustion
gases to the chamber wall.
The object is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles.

The LH2 cooled U-tube contour engine was fired on
August 8, at a chamber pressure of 300 psi. Al­
though the firing was successful, several engine
coolant tubes burned out at a location 2 inches
from the injector. At this area, localized
heating of the entire circumference of the engine
was evident.

To investigate the circumstances of the localized
heating. an instrumented, forged steel,U-tube
contour engine is being installed. The low Pc
porous face injector is having additional hydrogen
holes drilled over half of the injector circum­
ference to provide a cooling profile. This con­
figuration is scheduled for testing on September 5.

The next test program will be the copper U-tube
contour engine. This program is expected to be
completed by October IS and be followed by testing
of a fully instrumented lH2 cooled U-tube engine.

J-3 VACUUM
ENV IRONMENT
TANK

TANK INSULATION TESTS
YOR2023
(CRD - IE Sumner &
JR Barber; R5D ­
DC Perdue)

Various liquid hydrogen
tanks wi 11 be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

During August, three controlled pumpdown tests
were made. The tests were conducted on August 12,
13, and 16. A four-hour controlled pumpdown simu­
lating the "K" Si te pumpdown rate on the 7' tank,
a one-hour controlled pumpdown rate, and a controlled
pumpdown rate simulating the Saturn ascent, were
conducted. The insulation used for these tests was
the same as used for the space hold tests during
July. A repeat of the Saturn ascent pumpdown will
be conduc ted In Septembe r. Then. add I tiona 1 1 nsu 1a- 27
tion will be instal led on the copper tank and the
same series of tests which were conducted during
July and August will be repeated.
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September 1968

RESEARCH INSTALLATION

28K ROCKET ENG INE
YOR0425
(CRO RJ Quentmeyer;

RSD - TC Cintula)

& OESCRIPTION

A hydrogen/oxygen engine
operated over chamber pres­
sure range from 200 to 900
psi. Heat transfer is meas­
ured from the combustion
gases to the chamber wall.
The obj ect is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzl es.

Test firings were made on September 5 and 7 on the
U~tube contour steel engine and low Pc porous face
injector configuration. Both runs were at a chamber
pressure of 300 psia. The injector was modified for
these firings by adding additional fuel coolant holes
at the injector circumference. These holes provided
J5%. 7-1/2%. and 3-3/4% additional fuel coolant
capabilities to the injector. based on complete
circumferential coverage. A Kistler crystal high­
frequency transducer indicated stable combustion
throughout each test run.

The next test date or engine configuration has not
been established.

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS
YOR2023
(CRD ~ IE Sumner &
JR Barber; RSD ­
DG Perdue)

Various liquid hydrogen
tanks will be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

During September three controlled pumpdown tests
were made. The tests were conducted on September 131
20, and 23. All the tests were conducted to simu~

late the Saturn ascent pressure curve. Difficulty
was en~ountered in pumping the chamber from I Torr
tg 10- Torr because gf nitrog~n gas condensing on
the fIll and vent pipes r~6lde the vaeuum EAafflbar.
A Saturn ascent pressure curve test using helium in
the vacuum chamber instead of nitrogen is scheduled
for October. After this test additional insulation
will be instal led on the copper tank and the back
pressure control system will be modified to control
from atmospheric pressure to the high vacuum region.L2'a-l-------------------------.l



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-I ROCKET
ENG INE SITE

28K ROCKET ENGINE
YOR0425
(CRD - RJ O_uentmeyer;

RSD - TC Cintula)

A hydrogen/oxygen engine
operated over chamber pres­
sure range from 200 to 900
ps i. Heat transfer is meas­
ured from the combustion
gases to the chamber wall.
The obj ect is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles.

On October 15, a test firing was made with the
U-tube contour steel nozzle and low Pc porous face
injector configuration. The injector was modified
for this test by having additional fuel coolant
holes dril led along the injector ci rcumference.
These holes were sized to provide 3-3/4%, 2%, and
0% additional fuel coolant capabilities to the
injector, based upon complete circumferential
coverage. The firing was made at a chamber pres­
sure of 300 psia.

The U-tube copper nozzle and modified low Pc
injector configuration was tested on October 29
and 31. Heat transfer data was obtained for the
following test parameters:

Pc % Fuel-
150 15-1/4
300 15-1/4
300 20
300 24
400 15-1/4

The U-tube copper nozzle will continue to be tested
during the month of November. The copper nozzle
wil I be mated to the high Pc modified porous face
injector to obtain heat transfer data at the follow­
j ng cond i t j ons:
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J- 1 ROCKET
ENGINE SITE (Continued)

28K ROCKET ENGINE (Continued)

Pc

500
600
600
600
800

% Fue 1

15-1/4
15- 1/4
20
24
15-1/4

Late in November, a U-tube contour copper nozzle
and unmodified high Pc porous face injector con­
figuration wi 11 be tested. The test faci 1ity wi 11
terminate operations with this firing.

---------------------------_._----------
J-3 VACUUM
ENV IRONMENT
TANK

TANK INSULATION TESTS
YOR2023

(CRD - IE Sumner &
JR Barber; RSD ­
DG Perdue)

Various I iquid hydrogen
tanks wi 11 be tested under
a vacuum envi ronment. The
effectiveness of various
types of insulation wi 11
be studied.

30

On October 2 a test was conducted to simulate the
Saturn ascent pressure curve. Hel ium was used to
purge the insulation and vacuum chamber for this
test. A simulated altitude of 300,000 feet was
obtained in less than three minutes. The space
hold boil-off was 3.8 SCFH.

The upper tank was removed from the chamber and is
presently being insulated for tests starting in the
latter part of November.

The aluminum tank was del ivered to Goodyear Company,
Akron, for preinsulation fabrication. This tank
will be completed for testing in December.



SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTiON
J J-I ROCKET

ENGINE SITE
28K ROCKET ENGINE
YOR0425
(CRD - RJ Quentmeyer;

RSO - TC Cintula)

A hydrogen/oxygen engine
operated over chamber pressure
range from 200 to 900 psi.
Heat transfer is measured from
the combustion gases to the
chamber wall. The object is
to extend heat transfer theory
into the region required for
design of nuclear rocket
nou les.

A total of eleven test firings were made in the
month of November with the instrumented copper
nozzle of U-tube contour and modified porous face
injector. Heat transfer data were obtained for
the following listed test parameters:

Pc % Fuel-
150 15 1/4
500 15 1/4
600 20
600 24
800 15 1/4

An additional test was added to the program and is
scheduled for December 10. This test will investi­
gate the effect of various hydrogen flowrates thru
the peripheral coolant holes in the injector. Heat
transfer data will be compared for the follOWing
conditions:

Pc

600
600
800

% Fuel

15 1/4
24
15 1/4

This information will complete the copper nozzle
test program. No future test programs are antici­
pated for J-l Test Cell.
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SITE SITE NAME

J (Cont i nwed)

RESEARCH INSTALLATION & OESCRIPTION

J- 3 VACUUM
ENV I RONHENT
TANK

TANK INSULATION TESTS
YOR2023
(CRD-IE Sumner &
JR Barber; RSD .
DG Perdue)

Various liquid hydrogen
tanks will be tested under
a vacuum environment. The
effectiveness of various
types of insulation will
be studied.

30

On November 25, 26, and 27. sixteen steady state
data points were taken. The insulation system
used for this test was 30 layers of mylar separated
by silk netting for the Mll and a 3/411 thick fiber­
glass matting covered with a mylar bag for the sub­
layer. The upper tank was u~ed for this test.
Helium and nitrogen gases were used for the vacuum
chamber gases. The results are listed below:

80i Joff Chamber Press. Sublayer He Chamber
in SCFH 1n TORR Purge (PS IG) Gas

S.S I X 10-S --- Ha
24.S I X 10- 3 --- "

199.0 1 X 10- 2 --- "
SS5.0 I X 10- 1 --- "

1460.0 1.0 --- "
2030.0 10.0 --- "
2700.0 100.0 --- "
2730.0 760.0 6 --- "

9.S2 I X 10- --- GN2
14.6 3 X 10-4 o. I "
57.0 3 X W 3 0.5 "
76.0 I X 10- 1 \.0 "

232.0 \.0 2.0 "
960.0 10.0 S.O "
940.0 100.0 10.0 "

3000.0+ 760.0 38.0 "

Three Saturn Ascent Pressure Tests are scheduled
for this insulation system in December, which will
complete the proqram on the copper tank in J-3.
J-3 is the only facility presently capable of rapid
pumpdawn testing. A strong case was made to try a
new configuration before the facility is bulldozed.
Therefore, the aluminum test tank was sent to Good­
year for installation of a foam sublayer and is due
back on December 6. Multilayer insulation blankets
have been fabricated and will be installed when the
tank is received. Testing will be carried out from
December 16 through December 20, and the program
will be terminated.



SITE SITE NAME

J J-l ROCKET
ENGINE SITE

RESEARCH INSTALLATION & OESCRI PTI ON

28K ROCKET ENGINE
YOR0425
(CRD - RJ Quentmeyer;

RSD - TC Cintula)

A hydrogen/oxygen engine
operated over chamber pres­
sure range from 200 to 900
psi. Heat transfer is meas­
ured from the combustion
gases to the chamber wall.
The obj ect is to extend heat
transfer theory into the
region required for design
of nuclear rocket nozzles.

On December 10, four test firings were made with
the U-tube contour copper nozzle and a modified
porous face injector. These runS were made at
identical conditions to previous runs, to compare
heat transfer effects of different injector de­
signs. This series of runs was in addition to
the original "finish up" program.

No further rocket engine tests are scheduled for
the facility.

1---------------------------- ---
J-3 VACUUM
ENV IRONMENT
TANK

TANK INSULATION TESTS
YOR2023
(CRD - IE Sumner &
JR Barber; RSD ­
DG Perdue)

Various liquid hydrogen
tanks wi I I be tested under
a vacuum environment. The
effectiveness of various
types of insulation wi II
be studied.

30

During December, six Saturn Ascent pressure tests
were conducted and six steady state data points
were taken. Four Saturn Ascent pressure tests
were performed on the copper tank and two on the
aluminum tank. All the steady state tests were
performed on the aluminum tank. Insulation and
testing of the aluminum tank was an addition to
the original project closeout program.
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SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J- 3 (Cont i nued)
TANK INSULATION TESTS (Continued)

The insulation system used for the aluminum tank
consisted of a 3/4"-thick, high-density foam over
the aluminum tanks" with a mylar vapor barrie.r
covering the foam. Three MLI insulating blankets,
consisting of ten alternate layers of mylar and
dexiglass each, covered the vapor barrier. The
results of the tests are 1isted below:

I


	J Site Status Reports (1963)
	J 0163
	J 0263
	J 03631
	J 03632
	J 03633
	J 04631
	J 04632
	J 04633
	J 0563
	J 0663
	J 0763
	J 0863
	J 0963
	J 1063
	J 1163
	J 12631
	J 1263

	J Site Status Reports (1964)
	J 01641
	J 0164
	J 02641
	J 0264
	J 0364
	J 0464
	J 0564
	J 0664
	J 0764
	J 0864
	J 09641
	J 09642
	J 09643
	J 09644
	J 1064
	J 1164
	J 1264

	J Site Status Reports (1965)
	J 0165
	J 0265
	J 0365
	J 0465
	J 0565
	J 0665
	J 07651
	J 07652
	J 08651
	J 08652
	J 08653
	J 09651
	J 09652
	J 09653
	J 10651
	J 10652
	J 11651
	J 11652
	J 12651
	J 12652

	J Site Status Reports (1966)
	J 01661
	J 01662
	J 01663
	J 02661
	J 02662
	J 02663
	J 03661
	J 03662
	J 04661
	J 04662
	J 05661
	J 05662
	J 06661
	J 06662
	J 07661
	J 07662
	J 08661
	J 08662
	J 09661
	J 09662
	J 10661
	J 11661
	J 11662
	J 1266
	J 12661
	J 12662

	J Site Status Reports (1967)
	J 01671
	J 01672
	J 01673
	J 0267
	J 0367
	J 04671
	J 04672
	J 05671
	J 05672
	J 06671
	J 06672
	J 0767-
	J 08671
	J 08672
	J 09671
	J 09672
	J 1067
	J 1167
	J 1267

	J Site Status Reports (1968)
	J 01681
	J 01682
	J 0268
	J 0368
	J 0468-
	J 0568
	J 0668-
	J 07681
	J 07682
	J 0868
	J 0968
	J 1068-
	J 11681
	J 11682
	J 1268-




