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':\/0 (un days produced Seven gase.ous hydtC9:~'-' t:'·, .. J t dd "i::<\

points. Based en this and pervious data t:'j". resc;C'l,d:
engii~eers r'equested larger hydrogen ~vc.ight f\~)'.<s a·;1d L'.\~y~·!· ~

burner configurations. Modification of the iaci lity is !
\

nearing co~pletion to provide this capabi lity. Nu~erQ~S ,
liquid nitrogen tests were made on two run days to ch~ck I
out the propellant controller for future r0cket engine runs.,,
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PLUM BROOK STATION ROCKET SYSTEMS FACILITY STATUS REPORT CONTINUED

SITE LABORATORY RESEARCH
INSTALLATION (FOR) DESCRIPTION

3/28/1963 J ROCKET
SYSTEMS

J-l Hydrogen-Oxygen
28K Rocket Engine

(N. D. Sanders)

A hydrogen-oxygen rocket engine is oper
ated over chamber pressure range of from
200 to 900 psi. Heat transfer is meas
ured from the combustion gases to chamber
wa 11. The obj ect ive is to extend heat
transfer theory into the region required
for the design of nuclear rocket nozzles.
Present I y, so ri d coppe r heat 5 i nk eng i nes .
are being used. Ultimately, the program
will progress to a highly instrumented
liquid hydrogen cooled chamber.

STATUS: Facility modifications to prov:~e larger gaseous hydrogen
weight flows has been completed. Two run days produced four
research data points. This completed the 6 inch diameter
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 large gase
ous hydrogen requirement depletes available trailers.

Page 11..7



PLUM BROOK ROCKtT SYSTEMS DIVISION STATUS REPORT CONTINUED

~ITE LABORATORY
RESEARCH

INSTALLATION (FOR) DESCRIPTION

April 1963 J ROCKET
SYSTEMS

J-l Hyd rogen-Oxyge.n
28K Rocket Engine

(N.D. Sanders)

A hydrogen-oxygen rocket engine i s ·;~"'r

ated over chamber press~re ran~e QT i~»

200 to 900 p5 i. Heat t rans:ft.t' L, 1'1 .. :;,

vred from the combustion ga5~~ to chalTi
ber wai I. The objective is !"r- extend
heat transfer theory into ~he re9i~n

required for the design af nuclear rocke1
nozzles. Presently, sol id copper heat
sink engines are being used. Ultimately
the program will progress to a highly in
strumented I iquid hydrogen cooled chamoo

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 t e
burn off tests is being removed and the cell builti up is
directed toward resumption of rocket engine firings. The
next testing phase ill utilize the solid copper heat sink
engines. A hydrogen-air torch will be used instead of
fluorine for engine ignition. This new ignition system s
needed to check out the optical pyrometer for measuring
combustion si e wall temperatures of the rocket. A rocket
engine test firing is planned during the week of May 20th.

J-2 Liquid Hydrogen
Li QU i d Oxyge n

Throttl i rig Tests
(I.A.Johnsen)

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

Page 1 ,..a



May 1963

PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED

SITE LABORATORY RESEARCH
INSTALLATION (FOR) DESCRIPTION

J ROCKET
SYSTEMS

sra.TUS:

'J-l Hydrogen-Oxygen A hydrogen-oxygen rocket engine is oper
.?§..K R;).£ket_lnqj~ 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 nozzles. Presently, sol id copper
heat sink engines are being used. Ulti
n~tely, the program wi! 1 progress to a
highly instrumented liquid hydrofen
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 neariqg 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.

Page 11-8



June 1963

J

SITI

J

LABORATORY RESEARCH
INSTALLATION (FOR)

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

oeo 425

OEseR I PTI ON

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
ext~nd heat transfer theory into the
region required for the design of nu
clear rocket ~ozzles. Presently, solie
cop~er heat sInk engines are being used
Ultimately, the program wi II progress
to a highly instrumented liquid hydro
gen cooled chamber.

STATUS: Foll~Jing 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 lIjgnition attempts

ll

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.

\
Page ~ \-8



July 1963

SITE LABORATORY
RESEARCH

INSTALLATIONS (FOR)
J ROCKET SYSTEMS

J-l HYDROGEN-OXYGEN
28K Rocket Eng.

OC0425 (N.D. Sanders)

DESCRIPTION

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

nuclear rocket nozzles. Presently,
solid copper heat sink engines are
being used. Ultimately, the program

will progress to a h'ghly ;~~~~umDnt~d
I;quid hydrogen cooled chamber.

STATUS: A total of thirteen runs on 3 days were made this
month. Successful ehgine 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-
co 1orat ion.

I

The next tests in
new i nj ector wi th
firings will then
i nj ector.

the ce 11 wi 11 inc 1ude ca 1 i brat i on of a
LN2 and flow controller checkouts. Hot
be resumed to endurance test a copper

\
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August 1963

plTE LABORATORY
RESEARCH

INSTALLATIONS (FOR) OEseRI PTiON

J-I HYDROGEN-OXYGEN
28K Rocket Eng.

OC0425 (N.D. Sanders)

J ROCKET SYSTEMS

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 chambe r wa II. The obj ect i ve is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles. Presently,
sol id copper heat sink engines are
being used. Ultimately, the program
will progress to a highly instrumented
I iquid hydrogen cooled chamber.

STATUS: A total of five successful firings 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 iquid hydrogen
cooled engine.

The remaining runs were to checkout the olr 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" nms 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.

I Page ~ \-'0



J-l HYDROGEN-OXYGEN
28K Rocket Eng.

OC0425 (N.D.Sanders)

September 1963

SITE LABORATORY

J ROCKET SYSTEMS

RESEARCH
INSTALLATIONS (~OR) DESCRIPTION

A hydrogen-oxygen rocket engine
o~erated over chamber pressure range
of from 200 to 900 psi. Heat transfer
Is measured from the combustion gases
to chamber wal J. The objective is to
extend heat transfer theory into the

c· ;

regIon requIred for the desIgn at
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 done at J-l. 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.

,
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October 1963

SITE LABORATORY
RESEARCH

INSTALLATiONS(FOR) DESCRlPTIGN

J ROCKET SYSTEMS

J-J HYDROGEN-OXYGEN
28K Rocke~ EQ9..

OC0425 (N.D.Sanders)

A hydrogen-oxygen rocket engine oper
ated over c~~~b6r pressure ranse of
from 200 to 900 ps[. Heat transfer is
~easured from the conbustion gases to
c~a~ber wall. The objective ~s to ex
tend heat transfer theory into the re
gion required for the design of nuclear
rocket nozzles. Presently, solid cop
per heat sink engines are being used.
Uit;mately, t.he program ·,."ill progress
to a highly instrume~ted liquid ~ydro

gen cooled cna~bcr.

STATUS: A tota 1 of seven test runs were r.:ade th i S rlopth. The
purpose of these tests was to develo~ fire valve controller
stabi lity for a rocket engine operatlng 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 obt~;~ed with good accuracy
and oscillations in chanber pressure were s~cl1 in anplitude.

The test cell operations were curtailed 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 by ~ld-Nove~ber with a series of
tests to evaluate d transpiration cooled ~nJector.

\
Page: n"



SITE LABO RATORY

November 1963

RESEMC~

INSrALLAT~J~S (FOR) DESCRIPr~ON
1--f---------~~-...::..~:.....--~~ __;:..::..:_..::.::_~_~_~ __1

J ROCKET SYSTEMS
J~I HY~RCGEN~CXY~EN

28K Ro:ket ~r.:3.

OC0425 (N.D. Sanders)

Ahydrogen-oxygen rocket engine
ope.l:,at.e,j o\;er chamber p;oeS5vre range
of from 200 ~o 900 psi. Heat trans
fer is ~easured fran the combustion
gase s to chambe r wa II. The abj ect i ve
if to extend heat transfer theory
1nto the region required for the
de'3igo of r.uelear rocket nozzles.
Presently, solid copper heat sink
engines are being used. Ultimately,
the program will progress to a I

highly instrumented J iquid hydrogen
coo -~ eJ (;ha~be;~.

'~ \

SrAT;JS: rest cell operations were curtailed this month
because of modifications to both the cell structure and to
the system piping. All alterations have been completed
and hydrostatic pressu~e checking has been finished on the
altered piping system.

Operational checkouts of the new U'2 system were held up
pending receipt of additional te~perature measuring
instrumentation. This equipment Is now on hand and is
presently being installed. Prellmina;-y tests with liquid
nitrogen are scheduled for December. Prior to the porous
face injector tests, the gaseous hydrogen flow line will be
cleaned. Eq~lpment Is on o.der to provide cleaning to the
5 micron range.
--~--_.---~-.~.~-~.~---------~--_.._.-------1

I
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~ITE LABORATORY
RESEARCH

INSTALLATIONS (FOR) DESCRIPTION

J ROCKET SYSTEMS
J -I HYDROGEN-oXYGEN

28K Rocket Eng.
OC0-425 (N.D.Sanders)

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 objeet;ve
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: T.he J-I 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 GH2 fuel line.

(2) All IRCs 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:

(I) 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 flowmetef in the liquid
oxygen system.

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 IIJIISite. Therefore, the late February date
is subject to further delay.

NOTE Q9 : Due to a manpower shortage the operation start
date had to be extended.

(Continued on Page 23) I
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January 1964

J ROCKET
SYSTEMS

J-l HYDROGEN-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 0

chamber wall. The objective is to ex
tend heat transfer theory into the re
gion required for the design of nuclear
rocket nozzles. Presently, solid cop
per heat srnk engines are being used.
Ultimately. the program will progress
to a highly instrumented liquid hydro
gen cooled chamber.

STATUS: Preparations continued during this report period
for the testing of the transpiration cooled injector.

The following work was accomplished during January:

I. Installation of the hydrogen gas flow and vent lines
was completed.

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;

I. 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.



February 1964

SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATiONS (FOR)

J-I 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 obj ec
tlve is to extend heat transfer
thea ry into the reg Ion requ I red fa r
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
filter.

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 5-micron 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 liquid 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 liquid level measuring
Instrumentation have to be connected.

The contract to fill the voids in the cell walls with grout
was started th is !'Ionth. Prob Iel"IS were encounterE d when ':he
grout flowed under the floor and caused the floor to rise.
this distorted the cell piping. Necessary alter2tlons wre
made to realign the piping.

NOYE @: As a r;sult of the d, ,ay 11 determlni 'J the
ch~anline: j o' t~, gaseou hydn,len lne, the tel:ative
date for <i test firing wich the transpiration-cooled in
jector has nO\l,' been extenjed to mid-March.

I

I

---_._-------------------



March 1964

SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
I NSTALLATI ONS·. (FOR).

J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

OC0425(N.D.Sanders)

DESCRIPTrON

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.

22

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 11, 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 anq ready for cold flows with liquid
nitrogen by mid-April. •

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



April 1964

SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATI ONS (FOR)

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.

22

On April 14, three full duration runs were made at a
chamber pressure of 500 psia. The porous-face injector was
used wi th the No. 2 coppe r eng i ne. The obj ect 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
fi xed va 1ve pos i t jon cont ro 1. The refo re, fu rthe r "Cont ro 1
le~l checkout runs were scheduled using a steel engine with
the porous-face injector. 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 1iquid hydrogen engine can be installed.



May 1964

SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS (FOR)

J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

OC0425(N.D,Sanders)

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 tran5fer 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 faceplate 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 ~ydrogen 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 stabi I ity on weight flow control. Further
tests of this nature are scheduled for the week of June 15th.

21



June 1964

SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS (FOR)

J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

OC0425 (N.D.Sanders)

OESCRI PTI ON

A hydrogen -oxygen roc ket eng i ne oper
ated over chamber pressure range from.
200 to 900 ps i.. Heat trans fer is
measured from the combustion gases to
chamber 0alt. 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 fi I led 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 areas follows:

(I) Satisfactory operation ~f thecohtroller was obtained
with a LH

2
tank pressure of 300PSIA, but not at 600

PS fA.

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

(3) Liquid h~drogen temperature instrumentation in the flow
line performed satisfactori ly.

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 IIJ_1 1I Test Cell with new cables, terminal boxes, con
duit, etc., in an effort to IIclean-upll the instrumentation
system for the cell.

The site modifications of the new SODO 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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SITI LABORATORY
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INSTALLATI ONS .(FOR) DESCRIPTION
J ROCKET

SYSTEMS J-l HYDROGEN-OXYGEN
28K ROCKET ENG.

pC0425(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 nuclear
rocket nozzles.
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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 1 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 installatj0n. It is anticipated that cold flow
testing of the engine wi 1I commence early in September.
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A hydrogen-oxygen rocket engine
operated over chamber pressure range
from 200 to 900 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.

24

The liquid hydrogen-cooled rocket engine was assembled to an
injector and installed in the thrust stand. All Jlsecondary"
plumbing systems to the engine were made up and ·connected.
This included a I iquid nitrogen coolihg 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 1iquid 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 ~erformance 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 "l ike new' condition. Dirt was
also found in t':he-SUOO PSI trailer gas cylinder, indicating a
need for thorough cleaning. Efforts have begun toward having
these trailers 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
taking corrective measures. Controller theckoutsare

"1
tentatively scheduled for the second week of September. It e
is anticipated that cold flow checkouts of the engine will
begin in late September.

The engine testing has been rescheduled from September to
October.
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SITE LABORATORY
RESEARCH

I NSTALLAr IONS --(FoR) DlSCRJPTION
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SYSTEMS

J-I HYDROGEN-OXYGEN
28K ROCKET ENG.

PC042S(N.D.Sanders)
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J

A hydrogen-oxygen rocket engine opera ed 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 ~ansfer theory into the region re
quired for the design.of nuclear rocket nozzles.

Most of the effort this month was devoted to liquid nitrogen flows In
the I iquid hydrogen system for fire valve con roller checkout. The
trouble in the main electronic timer which developed in August was
corrected and on Sep . 10 and 15 several cold flows were made. Severe
instabil.ity was encountered on both days at all conditions of tank
pressures and flow rates. Reduc ion 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, ana her series of
cold flows was made. The result was stabi I ity over a wide range of
tank pressures and fl'ow rates. Insertion of a restriction in the flow
I ines on Sept. 24, to simulate engine cool ing tube pressure drop, had
no apparent effect on performance stabi lity.
On Sept. 30, several runs with 1iquid hydrogen were made to check out
the entire engine cooling system. Good, stable performance was obtained
from this can roller over a range of tank pressures from 600 to 900
PSIG. The burnoffs also performed satisfactorily.
Considerable work as expended on the 1 iquid oxygen system. The flow
line was completely reworked to provide proper inlet; condi ions to each
of wo flow measuring devices. It was felt that the poor comparison of
measurements 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
1 iquid nitrogen flows wi 11 be scheduled for re-comparison of the flow
measuring devices.
The 5000 PSI gaseous h~d-rQ~en~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 a d cold
flo 5 of the LHZ engine wi 11 be a hot firing using a steel engine. The
purpose wi 11 be a final performance check of all propellant systems,
suppor ing equip ent such as the controller, and operating procedure.
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SITE 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 pressu re range
from 200 to 900 psi. Heat transfer is
measured from the combustion gase~ to
chamber wall. The ·objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles.

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 1iquid 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 2l 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_engin£: 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 1iquid hydrogen-cooled engine will be
installed in prep~ration for 1iquid nitrogen cold flo~ tests.
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SITE LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALLATIONS'. (FOR).

J-I HYDROGEN-OXYGEN
28K ROCKET ENG.

PC0425(N.D.Sanders)

DESCRIPTION

A hydrogen-oxygen rocket engine
operated Over chamber pressure
. range from 200 to 900 ps i . Heat
transfer is measured from the
combustion gases to chamber wal I.
The objective 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
accompl ished.

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, 1iquid hydrogen was flowed through
an engine bypass I ine 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 trailer, 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 1iquid hydro
gen cooled e_ngine_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
December.
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SITf LABORATORY

J ROCKET
SYSTEMS

RESEARCH
INSTALUTI ONS. (FOR)

J-l HYDROGEN-OXYGEN
28K ROCKET ENG.
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·DESCRIPTION

A hydrogen-oxygen rocket engine
operated over chamber pressure

. r.ange from ZOO to 900 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 nozZ Ies .

Z6

Most of the effort this month was devoted to cell modifi
cation and performance checking of the Feedback System'~

5000 PSI GH Z trailer regulator.

All leaks in the 5000 PSI GH Z system that had developed
during November were re~aired and another series of checks
were made with 2500 PSIG GN 2 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 rt was consfdered 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
with GNZ. When full trailer pressure was put into the
Feedback regulator, the seat leakage was so excessive that
the performance check had to be canceled. The regulator
was dfsassembled and it was found. that the marn operating
parts had been damaged. The damaged parts were repaired
by the machine shop. A survey of other Company regulators is
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 hNZ In-the LH Z tank. Both units performed
satisfactorily.

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.
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PC0425{H.D. Sanders)

DESCRIPTION

A hydrogen-oxygen rocket engine
operated over chamber pressure
range from 200 to 900 ps i. Heat
transfer is measured from the com
bustion gases to chamber wall. The
obj ect ive is to extend heat transfer
theory into the r~gion required for
the design of nuclear rocket nozzles.
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During January various mechanical system modifications were
made to the test ce 11.

Due to the fact that the GHZ Apco ~e9ulator had a sluggish
response and minor seal leaks, it vJas decided to install a
l1e,'\I 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 reinstall the original Apco re
gulator.

The Feedback Systems regulator has been mod1fied, rebuilt
and reinstalled on the 5000 psi GH 2 trailer. The regulator
has been p~es5ure-checked to 3000 psi with GN2 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 liquid hydrogen-cooled engine instrumentation work was
continued through January. All of the procured equipment
was delivered by mid-January. Based on the remaining work
load and dssuming no major instrument operational problems
tIre encountered, the first engine cold flow tests are sched
uled (0 begin by mid-March.

NOTE: As not~d abbve, the scheduled start date has been
changed from January 15 to March 15.
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J ROCKET
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J-I HYDROGEN-OXYGEN
28K ROCKET ENG.

PC0425(N.D.Sanders)

DESCRIPTION

A hydrogen-oxygen rocket engine
qperated over chamber pre~sure

range from 200 to 900 psi. Heat
transfer is measured from the
combustion gases to chamber wall.
The obJec t i ve 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 has.:.to be tested,

On February I, the steel engine was removed from the stand
and the 1iquid hydrogen-cooled engine was installed. The
system for evacuating the liquid hydrogen engine instru
mentation housings was completely reworked. Provision for
remote isolation of each vacuum chamber and for the re
cording of the individual vacuum~ was added as requested
by research engineers. All mechanical connections to the
engine were made, including the I iquid hydrogen coolant
flow I [nes. to the vacuum chambers, pressure transduc~rs,

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 I iquid hydrogen engine manifold and tub~s

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 a! I 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.
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J-1 HYDROGEN-OXYGEN
28K ROCKET ENG.

PC042S(N.D.Sanders)

DESCRIPTION

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

24 March 1965,

On March 3,-1 iqui~ nitrogen was flowed through the cooling
tubes of the 1iquid hydrogen-cooled engine. The test goals
were to cold shock the engine with I iquid nitrogen and to
check the cal ibration of the temperature measuring instru
mentation at liquid nitrogen temperatures. Tests were run
at tank pressures of 400 psig and 600 psig and weight flow
rates were 10.7 lb./sec. and 20 lb./sec.



DEseRI ~'THm'-.------.;....---------,--...4
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 eng·ine'
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 wi res of the'gold cobalt thermocouples were adding
EMF to that produced by the junction, and thereby completeiy
distorted the output data.

,....-or--------~.. -- .....------- .... -.-.-. -.-.--...---.--'------,-_------..,
RESEARC~i

SITE LABORATORY INSTALLATIONS (For)..--1----------_---
J ROCKET

SYSTEMS

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 hyd~ogen 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 APCO 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
hydrogen engine.

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 r~gulator 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 fi rst hot fi ring of the.
I iquid hydrogen cooled engine. A new porous-face injector
was also backflushed with NA-500 solvent. -
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J-I ROCKET
ENGINE
SITE

28K ROCKET ENGINE
PC0425(N.O.Sanderi)

A hydrogen-oxygen rocket engine
operated over chamber pressure range
from,200 to 900 psi. Heat transfer
is measured frqm the combustion gases
to chamber wa II. The obj e'ct i ve 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 we~e ~pproximately five
pound/second for 15 seconds with a tank pressure of 700
psig. The test was aborted due to excessive hydrogen
1eakage from the engine cool'ing 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 extt 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 th~t the
Chromel-Constantan thermocouples were operating properly.

Examination of the recorded temperatures showed that the
results were strongly influenced by the methods used~o

install the thermocouples.

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

On April 27, the liquid hydrogen 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 cooling tubes. Work is presently
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·s ITE loeATI ON
RESEARCH ..

INSTALLATIONS (FOR) ; .. DESCIU PTtON

underway. to determine the best method of instal I Lng the
Chromel-Constantan thermocouples di rectly into· the I iql,dd
hydrogen flow in the cool ihg tubes. Engine #1 will be used'
as a test unii for this inst~llation. .

Liquid hydrogen-cooled Engines #2 and #3 were brought to
Plum Brook this month for pressure checking. A sma'll leak'
in th~cool i~g tubes of Engine #2 could not be located
during preliminary lo.w·pressure gas checks. A·leak .around
one tube pressure tap on.Engine #3 was repaired and. the
engine then proved to be pressure tight." Following 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 cooJ ing 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 Fs now leak~t~9ht at 600'pslg with
hel ium gas. .

Engine #3 is scheduled to be cold shocked withl1quid
hydrogen during the first week of May. Following satis~

factory performance during this test ~nd a post run high
pressure gas check, it will be returned to Lewis. LIquid
hydrogen temperature measuring instrumentation will then
be i'nstal led. Engine #1 wi 11 then be cold flowed with:
liquid nit~ogen ~o che~k the thermocoupl~s installed
directly in the liquid hydrogen flow in the coolln~ ~ubes~

No tentative date has 'been set for the first hot firing of
~~Jd..h'ydrogen-coo)~d_ ..~ngi~e.. _'._ ., . _
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SITE LOCATION RES EARCH i ~,S ff\f-LAT ION & DESCRIPTION
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A hydrogen-oxygen rocket engine
operated over chamber pressure range
from 200 to 900 psi. Heat transfer I
is measured from the combustion '
gases to chamber wall. The objectivel
is to extend heat transfer theory
fntothe region required for the
design of nuclear rocket nozzles.

PCOI -('N'I'I <;; •. ,J . )+2~ ,_ .LI ••• dn"ers

•. J-l ROCKET
ENGINE SITE

J ROCKET SYSTEMS TEST SITES

281' R'JCKET c<IC'IN_~.,!-;...,_,,_.!;.!.~_'_.J=

On May 'i, ] iquid hydrogen was flowed through the cool ing' I

tubes of Liquid Hydr-ogen Engine #3. A total of five runs I
w~s made. Tank pressures ranged from 200 psig to 700 I
psig, ahd 1 iuuid hydrogen weight flows from 5 to 20 lb/ I
sec. There was no evidence of any hydrogen leakage during
these tests. A post-run gas pressure check showed a I
minor leak had developed at a cooling tube pressure tap ,
joint, Thl:' is a silver" solder joint and is repairable.
The engine was then returned to Lewis for installation
of temperature measuring instrumentation.

On May 20 and 21, liquid nitrogen was flowed through the
cool ing tubes of liquid Hydrogen Engine #1. This engine
had been returned from Lewis with chromel-constantan
thennocouph~s installed in the liquid flow in the cooling
tubes. No conclusive temperature data was obtained from
these tests. The delta-temperature measuring setup gave
answers of as high as 6° when a reading of zero should
have been obtained.

On May zB, 1iquid nitrogen was flowed through a small
section of a 1iquid 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 1iquid nitrogen flow stream.
Three difL:cence test setups were tried: first, the
test section was completely immersed in a liquid nitrogen
bath; second, the test section was left in the atmosphere
wi th no 1iquid nitrogen around it; and third, the test
section was left 1n the atmosphere, but I iquid nitrogen
was flowed into an insulated box around the thermocouple
installatL')n. A maximum of 0.25 degree h 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 ha~~ been in the

liquid stream to the test pieces; and 'second, the thermo
couple junctions may not all have been at the same
temperature. Further tests are being pl~nned 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.
Their 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 untl1 satis
factory results are obtained from the small-scale tests.

'\
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SITE SITE NAME RESEARCH INSTALLATION & . OESCRI 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. Sande rs) range from 200 to 900 ps i . Heat
transfer is measured from the
combustion gases to chamber wall.
The obj ect is· to extend heat trans
fer th~ory 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 lity 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 berel iable 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 liquid hydrogen-cooled engine. Thermocouples
immersed in the stream of I 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
eliminate any two-phase flow. No appreciable improvement
in the data was obtained. Future tests will be performed
to try to obt~in the Delta T of less than O. I degree.

The Flowmatics 5000 psi regulator is being hydrostatically
pressure checked and will be mounted on a 5000 psi gaseous
hydrogen trai ler early in July. Following theinstallatiori
the regulator wi I I be tested.
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SITE SITE NAME RESEARCH INSTALLATION & DES CR IP-T IaN

J ROCKET SYSTEMS TEST SITES

J -I ROCKET
ENGINE SITE

28K ROCKET ENGINE A ydrogen-oxygen rocket engine
operated over chawber pressure

PC0425(N. D. Sanders) range from 200 to 900 psi. Heat
transfer is measured from the
combustion gases to chamber wall.
T e object is to extend eat rans
fer heory into the region equired
for the de'ign of uclear rocket
nozzles.

Most of the testing this month '...,as limited to flowing
LN Z through a small section of a liquid hydrogen cooled
engine. The goal was to develop a satisfactory instal
lation of thermocouples designed· 0 measure the temper
ature difference between t ...,o stations one inch apart in
the LH2 flQl..\l strea . Various configurations \olere used
in the physical layout of both the thermocouple reference
junc~ions and the copper extension wires in an attempt tv
eliminate noise and external EMF effects. The results
have not been satisfactory. Efforts are still being
expended in this direction.

The installation of t e four-inc Flowmatics pressure
regulator on a 5000 psi railer has been cOffipleted a~d

satisfactory pressure checked to 3000 psi. A perfor 
ance check will be made August 4.
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SITE SITE NAME RESEARCH INSTALLATION & OEseRI PTI 0

J -1 ROCKET
-ENG I NE SITE

28K ROCKET ENGINE
PCO 425

(N. D. Sanders)

August 1965

J ROCKET SYSTEMS
TEST SITES

A hydrogen-oxygen rocket engine
opera ed over chamber pressure
range from 200 to 900 psi. Heat
transfer i~ measured from the com-
bustion gases '0 chamber wall. The
ohject is to extend heat transfer
theory into the region required for
the design of nuclear rocket nozzles.

Three days this month were devo ed 0 esting of research
hardware. These tes 5 again co sisted of flowing LN2
through a small section of a liquid hydrogen cooled en
gine. To date, all attemp s at aeeura ely measuring a
very small temperature differe ee between two sta ions
one inch apar in the LNZ flow stream have proved 0 be
unsuccessful. Typical troubles encountered have been
excessive drift of t ermocouple output, erratic output,

false indications of a temperature difference, and
i~consistency in the results. A variety of install~tions

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 program.

The four-inch Flowmatics pressure regulator in~tall~d on
a 5000 psi gaseous hydrogen trailer has been performance
checked using gaseou~ nitrogen. Trailer pres~ure (regu
lator inlet pressure) ranged from 5000 psig down to 2000
psig. Flow rates were between I and 34 l'b./sec. The test
·results 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 51 ight change in operating pro
cedure should el iminate this problem. Following the
installation of a new seat, the next step.will be a
complete p~rfo.r~ance ,check with gaseous hydrogen.



September 1965

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J ROCKET SYSTEMS
TEST SITES

J -, ROCKET
ENGI NE S lTE

28K ROCKET ENGINE
peo 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 filled
with gaseous hydrogen to 3000'psii:'g early this month.
Performance checks of the trai ler four-inch Flowmatics
regulator were then conducted on September 15. Due to
pressure pick-up calibration 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 regula
tion over a wide range of flow rates. Response character
istics looked good, but were obviously affected by the
lack of an "accumu lator'l 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

gaseous hydrogen lrai ler o. 47. All electrical hardware
n this trailer is being modified to comply with the cur

rent safety c ictee standards. Performance testing of
th is regu lator wi II 5 ta rt in November.

No research hardware E.sting was cone at Plum Brook this
mon h. 5, all-scale es s were conducted at Lewis Research
Center-Cleveland. The$e co sisted of flowing liquid nitro
gen through a small sec ion of a liquid hydrogen cooled.
rocket eng i ne. The prot> lem of measur i n9 a very sma' I
temperature differenlial between two points one inch
apart in a I iquid hydr~gen stream has not yet been satis
factorily solved.

---------~-----_·_----------I



SITE SITE NAME RESEARCH INSTALLATION &. OEseR I PH ON

· ..

J ROCKET SYSTEMS
TEST 51 TES'

J -1 ROCKET
E GI ME 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
bust i"on gases to chamber \'ia 11. The
object is 0 extend heat transfer
theory inta the region requirea for
the des ig" of nuc lea'r rocket nozzles.

Gaseous hydrogen performance checks of the Flomatics
regulator on hydrogen trailer No. 48 were conducted at
3 000 pslg. on October 5. The test data shOwed that the
slow response characteristics rndicated in last month's
tests have been sati~factorily corrected by the addition
of an.accumulator installed In the dome pressure 'supply
II ne.

The Sky Valve pressure regulator'has been installed on
gaseous hydrogen trailer No. 47. The installation of the
mechanical and .electrical hardware should be completed by
ml d-NQvel11ber.

Three days thi~ month were devoted to iesti~~ research _
hardware. rhese tests consisted of flowing' liquid nitrogen
and liquid hydrogen through a small s~ction of a liquId'
hydrogen coo] ed eng ine. The tes t s' We,re conducted to deter
mine the temperature differentfal between two po~nts one
Inch apart in the coolant stream. The res·ult's of the" tes,ts
Were satisfactor.y 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 INSTALLAT ION - & DESCRIPTION

J ROCKET SYSTEMS
TEST SITES

J-l ROCKET
ENGINE SITE

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

A hyqrogen-oxygen engine operated
over chamber pressure range from
200 to goo psi. Heat transfer is
measured from the combustion gases
to ehambe r wa I J. The obj eet is to
extend heat transfer theory into
the region required for the design
of nuclear rocket n02z1es.

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

Liquid hY9rogen'Engine No.3 was delivered to Plum Brook
-November 30. The thermocouple setup which proved satis
factory during Octbber1s small scale tests has been in
stalled ~n this engine. The engine has a total of four
instrumentation stations which will measure both the
1iquid hydrogen temperature and pressure. A lIfaci 1ity
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
l'faciJity shakedown" tests, liquid hydrogen Engine No.3
will ,be jnsta~led 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 repaired.
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December 1965

SITE

J

SITE NAME RESEARCH INSTALLATION
ROCKET SYSTEMS
TEST SITES

& DESCRIPTION

J-l ROCKET
ENGINE SITE

28-K ROCKET ENG1NE
PCo42S(N.D.Sander:l

A hydrogen-oxY3en ~n9i e operated
over chamber ::lres,:;" e <'H'~ge from
200 to gec. ps i . Heat I-a sfe.- is
mea ur d f~o tre ~O b~stion 9as~s

to chamber ~,,~ I 1. he ooj ect is to
ex .. r.d heat ... ra ....sf. t eor- into
t e rpgion required for the des·g.
of nuclear rOCK t OoZL e~.

o Oece~b2f 10, eight ho Tlr n 5 ,~r ma e wit. a
rockide:o-coated steel engine. The 0 j crive ...ras a r;nai
"facility sha edownll tes prior :n~~... !1:n9 '.i "id
Hydrogen E:1:gi,e trio ~,Ithoug", ,ect":"ni -ally th~ facility
functioned proper'y, th ir .. I:.., :~ntr(.]·• .:, -',,1 not

lJPP!Y t;"e desired chaillt-er or-.S5ure C',' t!-e; '.'J.Jir::d per
cer:t of fuel. Post-run inves~i-.-()tic. discl,';_ errors
in severa! phases of the setup of ·,e i p~~ 5is~al to
the controller. A thorough investi9~ Ion of t. e con
troller gave no indication of malfunctioning of ~ny

circuit. Another series of runs, identicai ir. purpose
to this set, is scheduled fo the fir~t week in January.
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
(5000 psi) this month. Initial presslll"e-checking and
operational tests should begin by mid-January.
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January 1966

SiTE SITE NAME

J ROCKET SYSTEMS
TEST SITES

RESEARCH INSTALLATioN _& DESCRI PTI ON

J-l ROCKET
ENGINE SITE

28-K 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.

On January 5, four hot firings were made with a rockide
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 IaN
pressure and low flow rates. Preliminary investigation
of the temperature data showed the results to be satis
factory. The main problem ~ow appears to be the struct-
ural int~9rity of the engine. Small leaks in the engine
caused minor fire damage to some test ce11 instrument
wires. Before another liquid hydrogen test run is made.
a 11 exposed wires j n the a rea a round the eng i ne wilt. be
placed in metal conduit or loJrapped with fire and heat
resistant tape.

Liquid hydrogen engine #4 is scheduled to arrive at
Plum Brook on February 4, for an in'itial cold shock and
high pressure gas leak check. The results of these
tests will determine whether engine #3 or #4 will be
used for a hot firing.

NOTE: Because of the above reasons the hot f i ri n9 has
been rescheduled to March. No testing was done on #47
gaseous hydrogen trailer (S.OOO psi) this month.
Initial pressure checking and operational tests should
start the first part of February. and will take about
four weeks.



February 1966

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J ROCKET SYSTEMS
TESt SITES

J-l ROCKET
ENGI E SITE

28K ROCKET ENGINE
PC042S{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 heory into
the region required for the design
of nuclear rocket nozzles.

The final series of performance checks on the high
pressure gaseous hydrogen trailer No. 48 were completed
this month. The evaluation report of the 4-inch Flow
matics regulator on this trailer is now being final ized.
This trailer has been in use for several months and has
been giving satisfactory performance.

Liquid hydrogen cooled engine
February 24. On February 28,
to 600 psig while immersed in
tion of leakage ~as observed.

No. 4 arrived at Plum Brook
the engine was pressurized
I iquid nitrogen. No indica

Following warm-up to

ambient temperature. the engine was repressure-checked
to 600 pslg 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 1~
weeks will be required to install the engine prior to
cold flow tests with liquid hydrogen.

Consiperable effort has been expended this month toward
the goal of minimizing the exposure of instrumentation
and control cabling tp 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.



March 1966

SITE SITE NAME RESEARCH INSTALLATION & OESeR\ PTlON

J ROCKET SYSTEMS
TEST S lTES

J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PC042S{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 I J • The obj ect 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 March 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 cool ing 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 repairs 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
I iquid 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 wires 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 ~se of a built-in adjustment feature gave no appre
ciable improvement in the regulator's performance. No
recommendations have been received from the Sky Valve
Company concerning this problem.
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May 1966

SITE SITE NAME

J J-1 ROCKET
ENGINE SITE

RESEARCH INSTALLATION & DESCRIPTION

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

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

On May 3 and 11, ,several I iquid 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 (Cv = 320).

On May 18, seven hot firings were made with a rockide
coat.ed 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
builds-up pressure in the injector dome.

Another steel engfne hot fl ri'ng wi 11 be made during the
first 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
cool ant va Ive was choked because of the' ,h i gh 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
downstream, may be needed.



SITE SITE NAME RESEARCH I STALLATION & DESCRIPTION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
Pco42S(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 chambe r wa 11. The obj ect is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

I

L

,On June I and June 11, 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 high and a.
low Pc injector at 300 and ISO psla chamber pressures.

Two new hydraulic control valves have been Installed in
the LH2 flow lineS. This valve upstream of the engine
will control inlet manifold pressure. This Is an entlrely
new sys em 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. lH2 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
trol ling the coolant during engine combustion are being
investigated.

rarrighi
Typewritten Text
June 1966



July 1966

SITE SITE NAME RESEARCH INSTALLATION & DESCIU PTI ON

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PC042S(N.D.Sanders)

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 obj eet is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

The study of various methods of control I ing 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. Al J 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 I

to 700 ps'ig with gaseous nitrogen. No leaks were found.
The engine was then returned to Cleveland.

1-------------------------·--------

25.



August 1966

SITE SITE NAME RESEARCH I NSTALLATI ON & OESCR I PT I ON

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 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 el19ine appeared to
be cooled satisfactorily, although several of the leaks

(Continued on Page 28)
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SITE SITE NAME RESEARCH INSTALLATION & OESCRI 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 ~~ 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 e, 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 abi lity of each panel.



SiTE SITE NAME

J J- J ROCKET
ENGINE SITE

RES EARCH I NSTALLAT J.Q:.:r~: :.&__...;O;.:E:.:S.:.C:;.RI;.:P:;.T.:.JO:;N.:.- -l

28K ROCKET ENGINE
PC042S(N.D.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 p~ i. Heat t raosfer 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.

Liquid hydrogen cooled engine No. 5 was received
September I, 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 1ding.

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, liquid 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 NAME RESEARCH INSTALLATION & DESCRIPTION

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PC042S(N.O.Sander s)

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~
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SITE SITE NAME RESEARCM I NSTRLLATI ON & OESCR I PT I ON

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 e.ngine 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 Ib/sec at ~n inlet manifol9 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 NoYenber 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 -1 ROCKET
ENGINE SITE (Continued)

28K ROCKET ENGINE

Several performance tests were made this month with the
Skyvalve pressure regulator for the high pressure GH2
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
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.

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 Is were attached to a Centau r Arc Tank.
Under atmospheric ground hold conditions, with the tank
filled with lHZ.the CO2 panels cryopumped into the low
10-5 torr range.. They remained at this pressure during
the duration of the test. The GNZ backfi lIed panels were
capable of cryopumping to the Jow micron range during the
ground hold portion of the test. As would be expected
the cryopumping action of the GNZ panels was considerably
more sluggish than the COZ panels. Under space vacuum
conditions, all panel pressures increased to the ZO to
tOO 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 repairable, this test completed the testing of
panel insulation systems.

The Arthur D. little Gold-Mylar insulated calorimeter is
scheduled for testing In February. A fifty-gal1on 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 Apri I. Both
ground hold and space environment thermal effectiveness
will be evaluated. Rapid evacuation tests to simulate
a typical missi Ie ascent will be performed to evaluate
transient heat fluxes.

rarrighi
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December 1966

SITE SITE NAME RESEARCH I NSTALLAT ION & DESCRIPTION

J J- I ROCKET
ENGINE SITE

28K ROCKET ENGINE
PC042S(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 chamb r wall. The object
is to extend heat trans er theory
into the region required for the
design of nuclear rocket nozzles.

During December, six test fi rings 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 condi ions duplicated
previous runs with Engine No.5, to allow comparison
of data between the two engines. The final test was
made at 450 psia Pc. This was the first ti one of

he LH2 cooled engines was tested at a chamber pres
sure above 300 psia. The engine performed satisfac
torily during all runs. However, several hot-gas-side
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 still
pressure-tight, lewis-Cleveland personnel are attempt
Ing 0 repair the defective thermocouples.

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.



SITE SITE NAME RESEARCH I STALLATlON & OESCRl PTION

. J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425{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
obj ect is to extend heat transfer
theory into the region required
for the design of nuclear rocket
nozz 1es.

26 January 1967

LH2 cooled engine No.7 was received at Plum Brook on
January 5 and was instal led in the test stand on
January 12. A two-day installation delay was caused
because 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 GHZ systems' regulators was· replaced
by two of the area's permanent stor~ge bottles.

Engine No.6 is scheduled to be returned early in
February for a short series of tests at chamber



February 1967

SITE SITE NAME RESEARCH INSTALLATION & OEseR IPTI ON

28K ROCKET ENGINE
YPC042S(N.D.Sanders)

J J -1 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 possibil i~y of this fail~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 cambustion-wall
temperature data. Hot firing of this engine is sched
uled for early March.



SITE
J

SITE NAHE
J-I ROCKET
ENGINE SITE

RESEARCH INSTALLATION

28K ROCKET ENGINE
VPC0425 (N.D.Sanders)

DESCRipTION

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 Harch 8. two successful hot firings were made with
lH Z 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 lbl
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 March 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 LH2 engine No.9 was

held up pending. the results of tests on engine No.8. It
will take approximately three months to complete this
engine. DurIng this time, copper engine tests will be
made. The goal of these tests is to extend the range
of the hot-gas-side heat transfer data obtained in
previous copper engine tests.

A rockide coated steel engine was installed in the test
stand on March 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.

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 chambe r wa I 1. The obj ec tis to
extend heat transfer theory into
the region requjre~ for the design
of nuclear rocket nOlzles.

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 Apri 1 11. 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 b~en 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. It is hoped thdt
one more series of tests. scheduled for the first week
of May, wil I 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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May 1967

. I
'SITE 'SITE NAME RESEARCH INSTALLATION & DEseRI PTI ON

J J-I ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425(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.

On May 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. Twa runs were made
with this parous-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 accompl ished.

Copper engine No.3 has been installed in the test
stand. Final connections of al J pressu e pickups
and engine thermocouples are nearly co pleted. Hot
firings of this engine are scheduled for the first
week of June.

LH2 eng i ne No. 10 was co Id shocked and pressu re
checked on May 11. The engine was pressure-tight
and was returned to Lewis-Cleveland for installation
of all thermocouple instrumentation.

A considerable amount of work was aecompl ished this
month on the instrumentation system be ween "J-l 11 Test
Cell and the AuxiJ iary Instrument Trailer. New con
duit runs were installed, new cable was pulled, and
new termination boxes have been installed in the
test cell. 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 expec ed;
also, the general area appearance will be improved.

~--- ~I
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June 1967

SITE SITE NAME .RESEARCH I NSTALLATI ON & DESCRIPTION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
VPC0425(N.D.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 ps i. Heat transfer is
easured from the combustiongases

to chamber wa II. The obj ect is to
extend heat transfer theory into
the region req ired 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 ade to extend the hot-gas-side
hea -transfer data obtained in earlier tests with
copper engines No.'s I and 2.

On June 9 13 and 14 nine test irings were made on
copper engine No.3. Run conditions were 300 psia
chamber pressure with fuel weight flows of 15, 20.
and 28 percen 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.

Fol lowing the above tests, copper engine No.2 was
instal led in the test stand. This engine had thermo
couple instal lations at locations 60 degrees apart
in the chamber. 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 psJa, and a fuel weight
flow of 15 percent. Investigation of the low 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 liquid 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 1 iquid hydrogen engine tests. This
injector has severe face-plate warpage. The effect
of this warpage on the comb stion chamber temperature
profile will be investigated.

Liquid hydrogen-cooled engine No.9 arrived at Plum
Brook this month. Installation of this engine in I
the test stand will begin immediately after the
completion of the copper engine tests.



July 1967

SITE SITE NAME RESEARCH INSTALLATION & OEseR 1PTI ON

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425(N.D.Sanders)

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 ps j • Heat t ransfe r 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 this month. Copper engine 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 firings 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 first two runs.
The third run programmed a slow rise in chamber
pressure (approx. 1.5 seconds to full value), to
simulate the I iquid hydrogen cooled engine start-ups.

This month1s 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 firings of this engine wi II be delayed sl ightly,
pending the completion of the modifications to the
instrumentation system into the test eel I. The major
delay will be due to the installation of a new
patch board, scheduled to be del ivered August 4 ..
Testing of I iquid hydrogen engine No.9 should
begin by mid-September.



August 1967

SITE SITE NAME RESEARCH I STALLATIO &- DESCRIPTION

J J-l ROCKET
E GINE SITE

28K ROCKET ENG I NE
VPC0425(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 chambe r wa II. The obj ect 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 connec ed, and at present the complete instru
mentation system is being checked out. Since the last
fi ri ng of a 1iqu i d hyd rogen cool ed eng j ne, all i nst ru
ment cables between the test cell and the auxil iary
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 o. 9 is scheduled for Sept. 8.

Two other 1 iquid hydrogen cooled engines were cold
shocked in I iquid nitrogen, pressure-checked and
returned to LeRC-Cleveland this month. Engine No.8
had a nickel ·plating over some holes which had occur~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. Both engines checked
satisfactory.

24
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September 1964

RESEARCH
SITE LABORATORY INSTAlLATIONS·. (FOR) DISCRIPTION

J ROCKET
SYSTEMS

J-l HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine opera ed 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 objective is to ex~

tend heat ~ansfer theory into the region re
quired for the design.or nuclear rocket nozzles.

Mos of the effort this month was devoted to liquid nitrogen flpws In
the I iquid hydrogen system for fire valve controller checkout. The
trouble in the main electronic timer which developed in August was
corrected and on Sep . 10 and IS several cold flows were made. Severe
instabil.ity 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 as reinstalled. On
Sept. 23, with the valve Cv reduced to almost half, ana her series of
cold flows was made. The result was stabi 1ity over a wide range of
tank pressures and fl'ow rates. Insertion of a restriction in the flow
I ines on Sept. 24, to simulate engine cool ing tube pressure drop, had
no apparent effect on performance stability.
On Sept. 30, several runs with 1iquid hydrogen were made to check out
the entire engine cooling system. Good, stable performance was obtained
from his controller over a range of tank pressures from 600 to 900
PSIG. The burnoffs also performed satisfactorily.
Considerable work as expended on the I iquid oxygen system. The flow
line was completely reworked to provide proper inlet condi ions to each
of two flow measuring devices. It was felt that the poor comparison of
measurements 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
1iquid nitrogen flows wi II be scheduled for re-comparison of the flow
measuring devices. - .....,
The 5000 PSI gaseous h~drQ&en 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 wi II be a hot firing using a steel engine. The
pu rpose wi II be a f ina I pe rformance check of all prope II ant systems,
supporting equip ent such as the controller, and operating procedure.

23



October 1967

SITE SITE NAME RESEARCH INSTALLATIO & DESCRIPTION

J J-I ROCKET
ENG I E SITE

28K ROCKET ENGINE
YPC0425(N.D.Sanders)

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 Is
to extend heat transfer theory
into the region required for
the design of nuclear rocket
nozzles.

Liquid Hydrogen Cooled Engine No. 10 was r celved,
cold shocked, and pressure checked to 1000 PSIG
this month. The copper face injector to be used
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 .

..-------------------- ---_.__._- ._----._-

U~It:" 111 .... 'a ... cu.
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November 1967

SITE SITE NAME RESEARCH INSTALLATION & OEseRI PT/ON

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425(N.D. Sanders)
(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 obj ect is to extend
heat transfer theory into
the region required for the
design of nuclear rocket
nozzles.

The hot firing of LHZ cooled Engine No. 10, sched
uled for November, was cance1Jed. 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 origina-I insta11ation. and
ten more failed during pre-run LNZ cold shocks.

The GH2 fuel line is presenfly being modified in
the test ce11. This change wi11 allow iMsta1la
tlon 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 liquid hydrogen
YOR2023(I.A.Johnsen) tanks will be tested under
(CRD - J.R.Faddou1, 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
fo 11 owed ,by a rap id evacuat i on to space ho 1d
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 program will be the '~ransient Venting
of a Multilayer Insulationll which will probably
begin in early March.



SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-t ROCKET
ENGINE StTE

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
engin~ 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
fi rings were made, two for ignition tests and
three for injector performance.

The 500 Pc U-tube injector wi II now be installed
for a similar performance evaluation. This'
injector will 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 Janua ry.

rarrighi
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January 1968

SITE SITE NAME RESEARCH INSTALLATION & DESCRI PTION

28K ROCKET ENGINE
YPC0425(C&ECD -
L. Bryant; RSO 
T.C.Cintula)

J J-l ROCKET
ENGINE SITE

26

A hydrogen-oxygen engine operated
over chamber pressure range from
200 to 900 ps i . Heat t ransfe r is
measured from the combustion'
gases to the chamber wal I. The
obj ec tis to extend heat transfer
theory into the region required
for design of nuclear rocket
nozz les.

A total of 12 test firings was made this month on 2
U-tube contour rockide-coated steel engines with a
500 Pc porous face i nj ector. Des ired chambe r pres
sure for these runs was 400 psia. The test firings
were made to develop start-up techniques. such as
valve sequencing and position settings, applicable
to research engines.



February 196,8

SITE SITE NAME RESEARCH INSTALLATION & DES CRIPT ION
J J-l ROCKET

ENGINE SITE
28K ROCKET ENGINE
YPC0425
(C&ECD - L Bryant;

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. '

A total of 12 test firings were made this month on
the U-tube contour steel nozzle with 3 SOD Pc porous
face injector.

Optimum valve settings and position sequences now
have been establ ished 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 on Iy mi nor damage to the i nj ector and to
the test facil ity.

Del ivery 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
YOR2023
(CRD - 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"wil)
be studied.

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-8S0
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.

26
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March 1968

SlTE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425 (" , \ . <. I: .r

(C&ECD - C~ 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
gases to the chamber wall.
The object is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles.

24

This reporting period was spent in rebui Iding 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
optimum.

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 wi 11
be returned to Lewis-Cleveland for complete
instrumentation.



April 1968

SITE SiTE NAME RESEARCH INSTALLATION &. DESCRIPTION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
YPC0425
(C&ECD - RJ Quentmeye r;

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 wal J.
The obj ect is to extend
heat transfer theory into
the region required for
design of nuclear rocket
nozzles.

24

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 firings
were to evaluate start-up characteristics, and to
substantiate optimum performance from previously
establ ished valve settings after rebuilding.

The facility is now being prepared to accept the
LH2 cooled wire wrap engine #12. Test firings
wil l 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.

,'.s,



April 1965

SITE LOCATION
RESEARCH

INSTALLATIONS, (FOR), O'ESCRI PrlON

J ROCKET SYSTEMS TEST SITES

J-I ROCKET
ENGINE
SITE

28K ROCKET ENGINE
PC0425(N.O.Sanderi)

A hydrogen-oxygen rocket engine
operated over chamber pressure range
from,200 to 900 psi. Heat transfer
is measured frqm the combustion gases
to chamber wa II. The obj e'ct i ve j s 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 ~pproximately five
pound/second for 15 seconds with a tank pressure of 700
psig. The test was aborted due to excessive hydrogen
1eakage from the engine cool'ing 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 exlt manifold.
No conclusive engine temperature data was obtained from
either the new Chromel-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 th~t the
Chromel-Constantan thermocouples were operating properly.

Examination of the recorded temperatures showed that the
results were strongly influenced by the methods used to
install the thermocouples.

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

On April 27, the liquid hydrogen 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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(
April 1965

'S ITE loeATI ON
RESEARCH ..

INSTALLATIONS (FOR) DESCIU PTION

underway to determine the best method of installing the
Chromel-Constantan thermocouples directly into the nquid
hydrogen flow in the cool ihg tubes. Engine #1 will be used'
as a test unii for this installation. .

Liquid hydrogen-cooled Engines #2 and #3 were brought to
Plum Brook this month for pressLire checking. A small leak'
in th~cool i~g tubes of Engine #2 could not be located
during preliminary lo.wpressure gas checks. A·leak around
one tube pressure tap on.Engine #3 was repaired and. the
engine then proved to be pressure tight." Following 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 cool i09 tubes into the voids beneath the
engine wrap on Engine #2. This engine was returned to
Lewis Research Center on Apri I 30~ Engine #3 was satisfac
torily repaired and is now leak~tight at 600'pslg 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 thi~ test ~nd a post run high
pressure gas check, it will be retufned to Lewis. Liquid
hydrogen temperature measuring instrumentation will then
be instal led. Engine #1 wi 11 then be cold flowed With,
liquid nitrogen t,o check the thermocouples install.ed
directly in the I iquid hydrogen flow in the cooling ~ubes~

No tentative date has been set for the first hot firing of
~~Jd..h}d rogen- cool~d_..~ng i ~e. _. ... . . _
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July 1968

SITE SITE NAME RESEARCH INSTALLATION & DESCRIPTION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
YOR0425
(CRD - RJ Quentmeyer'

RSO - Te 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
nozZ I es.

26

This month has been spent in preparing the 1 iquid
hydrogen cooled U-tube contour engine for test
firings. A test run date of Augus I as been
established. This will be the first firing of a
liquid cooled engine of his confjguration 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 cold-shocked, X-rayed and pressure-checked.

Following the test of the 1iquid 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
will be required for either engine.



SITE SITE NAME RESEARCH INSTALLATION & OESCRI PTION

August

1968

J J-l ROCKET
ENGINE SITE

28K ROCKET ENG J NE
YOR0425
(CRD - RJ Quentmeyer;

RSD - TC Cintula)

A hydr0; r/0x~~~n engine
opera ed 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 object is to extend
heat transfer theory into
the region .cquired for
design of nuclear rocket
nozz res.

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 local ized
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 instal led. The low Pc
porous face injector is having additional hydrogen
holes dri lied over half of the injector ci rcum
ference to provide a cool ing profile. This con
figuration is scheduled for testing on September 5.

The next test program wil I 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.
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September 1968

& DESCRIPTION

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.

RESEARCH INSTALLATION

28K ROCKET ENGINE
YOR0425
(CRD - RJ Quentmeyer;

RSD - Te Cintula)

IJ-l ROCKET
j ENGINE SITE

I
i

j---,------------------------------------.
i I
I SITE I SITE NMIE
r
I J
i
l
!

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
15%, 7-1/2%. and 3-3/4% additional fuel coolant
capabil ities 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.



November 1968

SITE SITE NAME RESEARCH INSTALLATION & OEseRI PTION

J J-l ROCKET
ENGINE SITE

28K ROCKET ENGINE
YORo425
(CRD - RJ Quentmeyer'

RSO - Te Cintula)

A hydrogen/oxygen engine
operated over chamber pressure
range fro 200 to 900 psi.
Hea transfer is measured from
the combustion gases to the
chamber we II. The obj ect is
to extend heat transfer theory
into the region required for
design of nuclear rocket
nozzles.

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

J5 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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December 1968

SITE SiTE NAME

J J-l ROCKET
ENGINE SITE

RESEARCH INSTALLATION & DEseRI PTI ON

28K ROCKET ENGINE
YORo425
(CRD - RJ Quentmeyer;

RSD - Te 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 wali.
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 'tfinish Upll program.

No further rocket engine tests are scheduled for
the facility.

J---------------------------------.---.-..-
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