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May 1963

PLUM BROOK ROCKET SYSTEMS DIVISION STATUS REPORT CONTINUED
| RESEARCH -
SITE] LABORATORY
INSTALLATION (FOR) DESCRIPTION
J ROCKET J-1 Hydrogen-Oxygen [A hydrogen-oxygen rocket engine is oper-
SYSTEMS 28K Rocket Enqine|ated over chamber pressure range of from

( N, D, SQnders}EZOO 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, solid copper
heat sink engines are being used. Hlti-
mately, the program will progress to a
highiy instrumented liquid hydrogen
cocted chamber,

STATUS: The solid copper heat sink engine has been reinstalled 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-
jtoring instrumentation changeover to the new control panel
is nearing completion. The electrical hookup of the tiquid
hydrogen system, for hydrogen cooled engine test, has been
completed. |tems 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.
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June 1963

RESEARCH

SITH
INSTALLATION (FOR)

LABORATORY

DESCRIPTION

J |ROCKET SYSTEMS J-1 HYDROGEN-OXYGEN
28K Rocket Eng.

{N. D. Sanders)
0C0 425

STATUS:

thermocouple data.

discoloration.

were scheduled.
controller troubles.

celled.

controller,

Following complete installation and checkout of all
necessary hardware and equipment, a hot firing of a copper

engine was attempted on June 6, 1963.
measure the combustion si
reading optical pyrometer and compare this with recorded

Gaseous fluorine previously used as an
ignitor gave erroneous pyrometer results because of flame
A hydrogen-air torch was being tried this

time as an ignition source
Two aborted starts led to discovery of

was successfully accomplished.
additional controller problems and further runs were can-
Investigation by
presently underway to determine t
troller malfunctionings.
two weeks of July dependent on proper funct ioning of the

A hydrogen-oxygen rocket engine
operated over chamber pressure range
9f from 200 to 900 psi. Heat transfer
is measured from the combustion gases
to chamber wall. The objective is to
extgnd heat transfer theory into the
region required for the design of nu-
clear rocket nozzles. Presently, solid
copper heat sink engines are beiégused
Ultimately, the program will progress
to a highly instrumented liquid hydro-
gen cooled chamber .

The purpose was to
de wall temperature with a remote

and several 'ignition attempts'

These were corrected and a third run
A fourth run attempt showed

the Plum Brook controls group is
he exact cause of the con-
Runs will be scheduled the first
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July 1963

S | TE

LABORATORY

RESEARCH
INSTALLAT]ONS (FOR)

DESCRIPTION

J JROCKET SYSTEMS

J-1 ?gERggsﬁ-OXEGEN A hydrogen-oxygen rocket engine
A :t ng. operated over chamber pressure range
+D.Sanders)  of from 200 to 900 psi. Heat transfer

'S measured from the combustion gases
to chamber wall, The objective is to
extgnd heat transfer theory into the
region required for the design of
nuc}ear rocket nozzles, Presently
solid copper heat sink engines are
being used, Ultimately, the program

will progress to a L’gkly fnéEPum@nth
l1quid hydrogen cooled chamber,

STATUS: A total of thirteen runs on 3 days were made this
month. Successful engine ignition was obtained with both

a GHy-Air torch and a GH-GO2 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-
coloration.

The next tests in the cell will include calibration of a
new injector with LNg and flow controller checkouts. Hot
firings will then be resumed to endurance test a copper
injector.
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August 1963

RESEARCH
GITE| LABORATORY INSTALLATIONS (FOR) DESCRIPTION

J | ROCKET SYSTEMS

J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine
28K Rocket Eng.  operated over chamber pressure range

0C0425 (N.D.Sanders) of from 200 to 900 psi. Heat transfer
is measured from the combustion gases
to chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzies. Presently,
solid copper heat sink engines are
being used. Ultimately, the program
will progress to a highly instrumented
liquid hydrogen cooled chamber.

STATLS: 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 liquid hydrogen
cooled engine.

The remaining runs were to checkout the 0/F control
circuitry of the fire valve controller. The engine was put
on condition with fixed valve position, but immediately
began to drift of f condition upon being put on O/F control.
The Plum Brook controls group is investigating this problem
and future runs are anticipated to develop the necessary
control stability.

Several ''cold Tlow'" runs with LN3 were also made on a new
injector to calibrate pressure drop versus weight flow.
These tests also indicated further work was necessary in the
Pc control portion of the fire valve controller.
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September 1963

BITE

LABORATORY

RESEARCH
INSTALLATIONS (FOR) DESCRIPTION

J

ROCKET SYSTEMS

J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine
28K Rockei Eng. operated over chamber pressure range
0C0425 (N.D,Sanders) of from 200 to 900 psi. Heat transfer
is measured from the combustion gases
to chamber wall, The objective is to
extend heat transfer theory into the

region required for the design of
nuclear rocket nozzles. Presently,
solid copper heat sink engines are
being used. Ultimately, the program
will progress to a highly instrumented
liquid hydrogen cocied chamber.

STATUS: A total of 19 runs on 4 days were made this month.
The objective of these runs was to check out the Pc and 0O/F
controlling circuitry of the fire valve controller, Accurate
control of these parameters is of prime importance in the
heat transfer work to be dorne at J-1. To date, system
stability 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-1 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

RESEARCH
LABORATORY | ysTALLATI ONS (FOR) DESCR{PTICN

ROCKET SYSTEMS

J-1 HYDROGEN-CXYZEN A hydrogen=-oxygen rocket engine oper-

28K Rocke: Erg, ated over charber pressure range of

00425 (N.D.Sanders) from 200 to 900 psi. Heat transfer is
measured from the combustion gases to
chamber wall, The objective is to ex-
tend heat transfer thecry into the re-
gicn required for the design of nuclear
rocket nozzles. Fresently, solid cop~
per heat sink engines are being used.
Uitimately, the program will progress
to a highiy instrumented liquid hydro-
gen cooled chamber.

STATUS: A total of seven test runs were made this month. The
purpose of these tests was to develop fire valve controller

stability for a rocket engine operating between 300 and 500

PS1A chamber pressures. All objectives were met successfully.
The fire valves reta‘ned their fzst response characteristics,
the desired chamber pressures were obtained with good accuracy}
and oscillations in chamber pressure were small in anplitude.

The test cell operations were curtailed this month because on
October 14tk modifications to the test cell structure were
started and presenily the system piping is being altered.
Checkout of the new LHy system with Liquid Nitrogen is sched-
uled to be started early in November.

Operations should resume by mid-Noverber with a series of
tests to evaluate a transpiration ceoled injector.

Page 22



November 1963

SITE

LABORATORY

RESEAR

RCH
INSTALLATI RS

{FOR! DESCRIPT!ON

ROCKET SYSTEMS

J=~1 HYDROGEN-CXYIEN A hydrogen-oxygen rocket engine
28K Rocket Eng.  operated over charber pressure range
0C0425 {N.D.Sanders) of from 200 =0 900 psi. Heat trans-
fer is measured from the combustion
gases to chamber wall. The objective

9

it to extend heat transfer theory
into the region required for the
design of ruclear rocket nozzles,
Presently, solid copper heat sink
engines are being used. Ultimately,
the program will progress to a
highiy instrumented liquid hydrogen
cooted chamber,

STATUS: Test cell operations were curtajiled this month
because of modifications to both the cell structure and to
the system piping. All alterations have been completed
and hydrostatic pressure checking has been finished on the
altered piping system.

Operational checkouts of the new LH2 system were held up
pending receipt of additional temperature measuring
instrumentation. This equipment is now on hand and s
presently being instalied. Preliminary tests with liquid
nitrogen are scheduled for December. Prior to the porous
face injector tests, the gaseous hydrogen fiow line will be
cleaned. Equipment is on order fo provide cleaning to the
5 micron range.

. e
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SITE| LABORATORY

RESEARCH
INSTALLATIONS (FOR) DESCRIPTION

J ROCKET SYSTEMS

J=1 HYDROGEN -OXYGEN A hydrogen-oxygen rocket engine
28K Rocket Eng., operated over chamber pressure range
oco_1+25 (N.D.Sanders) of from 2060 to 900 pSi . Heat trans-
er is measured from the combustion
gases to chamber wall. The objective
is to extend heat transfer theory in-
to the region required for the de-
sign of nuclear rocket nozzles, Pre-
sently, solid copper heat sink en-
gines are being used, Ultimately,
the program will progress to a highly
instrumented liquid hydrogen cooled
chamber.

STATUS: The J-1 test cell has been undergoing a build-up
program for the past month. Although the main emphasis has
been in preparing for the testing of a transpiration cooled
injector, some work has also been done on the liquid hydrogen
system.,

The following work was done during the month of December:

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

(2) A1) (RCs for the liquid hydrogen system were installed.

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

The foliowing work is planned for January:
(1) Complete the cleaning of the GH, fuel line.

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

(3) Installation of a new Potter flowmeter in the liquid
oxygen system,

The tentative date for a test firing with the transpiration
cooled injector is late February. Manpower shortage could
be @ major problem if increased emphasis is placed on pro-
jects such as CENTAUR, B-1 Facility, or the operation of

other cells at 'J" Site, Therefore, the late February date
is subject to further delay.

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

{Continued on Page 23) ]
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January 1964

J | ROCKET
SYSTEMS

J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine oper-
28K Rocket Eng. 4ated over chamber pressure range from

0C0425 {N.D,Sanders) 200 to 500 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 nuclean
rocket nozzles. Presently, solid cop-
per heat sink engines are being used,
Ultimately, the program will progress
to a highly instrumented liquid hydro-
gen cooled chamber.

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

Tﬁe following work was accomplished during January:

1. lInstallation of the hydrogen Qas 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.

L. 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 tiguid hydrogen fire valve
controller.

The following work will be accomplished in February:

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

2. Clean the porous face injector.

3. Pressure check and install the injector-engine assembly.
4. Install pressure pickups.

5. lInstall and checkout the Shawmeter.

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







March 1964

RESEARCH .
SITH LABORATORY INSTALLATIONS . (FOR) = DESCRIPTION
J | ROCKET
SYSTEMS

J-1 HYDROGEN=~-OXYGEN A hydrogen-oxygen rocket engine
28K ROCKET ENG, operated over chamber pressure range
0C0425 (N, D, Sanders) from 200 to 900 psi. Heat transfer
is measured from the combustion
gases to chamber wall. The objective
is to extend heat transfer theory
into the region required for the
design of nuclear rocket nozzles.

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 4002 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 facility hard-
ware, This problem is being corrected and the system should
be pressure checked and 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.
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April 1964

RESEARCH

SITH LABORATORY INSTALLATIONS (FOR) - DESCRIPTION
J ROCKET
SYSTEMS

J-1 HYDROGEN-OXYGEN A hydrogen~oxygen rocket engine
28K ROCKET ENG. operated over chamber pressure range

0CO425(N.D,Sanders) from 200 to 900 psi. Heat transfer
is measured from the combustion gases
to chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles,

On April 14, three full duration runs were made at a
chamber pressure of 500 psia. The porous-face injector was
used with the No. 2 copper engine. The object of the test
was to determine if the transpiration-cooled injector
produced a temperature profile along the engine walls
different from that obtained with the copper face plate
injector. Preliminary investigation of the data indicates
this injector will produce nearly identical results for
heat transfer studies. No further runs of this type are
being scheduled. During the above tests, the fire valve
controller did not perform satisfactorily on Pc and 0/F
control. Desired conditions could be obtained only by
fixed valve position control. Therefore, further "Control-
ler!' 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 liquid hydrogen system has been pressure checked to

200 PSIG. Several leaks were encountered, including leaky
valve bodies. The system is again being readied for
checking at higher pressures.

Controller checkout runs are expected to continue til mid-
May,

- NOTE (:) i Further controller checkouts are necessary

before setup of the liquid hydrogen engine can be instaltled,
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May 1964
| RESEARCH .
SITE| LABORATORY  INSTALLATIONS (FOR) DESCRIPTION
J | ROCKET

SYSTEMS

J=1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine

28K ROCKET ENG. operated over chamber pressure range
0CO425(N.D.Sanders)  from 200 to 900 psi. Heat transfer
, is measured from the combustion gases
to chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles.

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

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

On May 28, the liquid hydrogen system was filled with liquid
nitrogen and several flow-tests were made. The tests showed
that liquid hydrogen level and temperature instrumentation
modifications are necessary and these modifications are
presently being made. Three valves developed trouble and are
now being repaired. Also, the controller has to be altered
to improve its stability on weight flow control. Further
tests of this nature are scheduled for the week of June 15th.
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June 1964

| RESEARCH N

SITE| LABORATORY ~ INSTALLATIONS (FOR) DESCRIPTION

J ROCKET |
SYSTEMS

- is scheduled for guly.

J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine oper-
28K ROCKET ENG. ated over chamber pressure range from.
0c0425 (N.D.Sanders) 200 to 900 psi. Heat transfer is
measured from the combustion gases to
chamber wall. The objective is to ex-
tend heat transfer theory into the re-
gion required for the design of nu-
clear rocket nozzles. -

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

(1) satisfactory operation of the controller was obtained
with a LH2 tank pressure of 300 PS{A, but not at 600
PSIA. oo

(2) Liquid hydrogen level and temperature instrumentation
in the: LH, tank did not work comp]etely satisfactorily.

(3) Liquid hydrogen temperature lnstrumentatlon in the flow
line performed satisfactorily,

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 "J-1" Test Cell with new cables, terminal boxes, con-
duit, etc., in an effort to "clean-up' the 1nstrumentatvon
system for the cell,

The site modifications of the new 5000 psi GH, trailers are
now complete and the electrical contract of the trailer
hardware W|r|ng was completed. The plumbing of the trailer
hardware is nearing completion and a performance checkout

23



July 1964

RESEARCH
SITH LABORATORY INSTALLATIONS .(FOR) DESCRIPTION
J ROCKET
SYSTEMS J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine oper-

28K ROCKET ENG. ated over chamber pressure range from
PCO425(N.D.Sanders) 200 to 900 PS|. Heat transfer is
medsured from the combustion gases to
chamber wall. The objective is to ex-
tend heat transfer theory into the re-
gion required for the design of nuclear
rocket nozzles.

Efforts during the month of July were directed towards com-
pletion of plumbing and instrumentation of the 5000 PS}
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 trailers will 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 will have to be checked
prior to its installation. It is anticipated that cold flow
testing of the engine will commence early in September.
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August 1964

RESEARCH - | |
INSTALLATIONS .(FOR) DESCRIPTION

SITE LABORATORY

J-1 | ROCKET
SYSTEMS

2L

J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine
28K ROCKET ENG. operated over chamber pressure range
PCO425 (N.D. Sanders) from 200 to 900 PS1. 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
nucliear rocket nozzles,

The -1iquid hydrogen-cooled rocket engine was assembled to an
injector and installed in the thrust stand. All '"'secondary"
plumbing systems to the engine were made up and connected,
This included a liquid nitrogen cooling system and a vacuum
manifold setup for the engine instrumentation housings. In
order to make the instrumentation hook-up easier, modifi-
cations were made to the connections to the engine cooling
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 liquid 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 PS| gaseous hydrogen trailers were sent to Gas
Handling for pressurizing to 3000 PS| with gaseous nitrogen
for regulator performance tests. The pressurizing was halted
when excessive leakage through the main remote ball valves on
both trailers was found to exist. Upon disassembly of these
valves, dirt was found in the seats, Dirt was also found in
the main discharge lines of the trailer. It was also found
that moisture in one of the requlators had sufficiently
affected the working parts to make it unusable. The other
regulator was found to be in "like new' condition. Dirt was
also found in the 5000 PS| 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-
liquid 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 checkouts are Cuy
tentatlve]y scheduled for the second week of September. Ite
is ant1cupated that cold flow checkouts of the engine wnll
begln in late September.

~ The engine testing has been rescheduled from September to

October,







October 1964

j RESEARCH
siTE LABORATORY - INSTALLATIONS (FOR) - DESCRIPTION
J | ROCKET |
SYSTEMS

J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine

28K ROCKET ENG. operated over chamber pressure range
PCOQZS(N.D.Sanderé) from 200 to 900 psi. Heat transfer is
: measured from the combustion gases to
chamber wall. The objective is to
extend heat transfer theory into the
region required for the design of
nuclear rocket nozzles.

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

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
liquid 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 liquid hydrogen coolant passages in the
engine. Different type sensors were installed but showed
unsatisfactory operation during checkouts on October 21 and
29. These units are being re-checked at the present time.

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

A steel engine 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 liquid hydrogen-cooled engine will be
installed in preparation for liquid nitrogen cold flow tests.
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November 1964

~ RESEARCH | |

SITH LABORATORY  INSTALLATIONS .(FOR). DESCRI PT [ON
J 1 ROCKET
SYSTEMS

J=-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine
28K ROCKET ENG, operated over chamber pressure
PCOL425(N.D, Sanders) -range from 200 to 900 psi. Heat
. : transfer is measured from the
combustion gases to chamber wall.
The objective is to extend heat
transfer theory into the region
required for the design of nuclear
rocket nozzles,

The 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 allotted
work hours, the run was cancelled after these two starts,

On November 13, three successful ignition tries were
accomp!ished.

On November 18, a successful series of steel engine hot
firings were made with good performance from all systems.
During these firings, liquid hydrogen was flowed through

an engine bypass line to simulate the operational conditions
that would be encountered in the liquid 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 nescessary 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 liquid hydro-
gen cooled engine imstrumentation system. The delivery of *
the gold-cobalt thermocouple amplifiers 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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December 1964

~ RESEARCH
SITH LABORATORY  INSTALLATIONS (FOR) | 'DESCRIPTfON
J | ROCKET |
SYSTEMS

J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine
28K ROCKET ENG, operated over chamber pressure
PCOL25(N,D.Sanders) _ range from 200 to 900 PS|. 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,.

Most of the effort this month was devoted to cell modifi-
cation and performance checking of the Feedback System's
5000 PsS| GHZ trailer regulator. ’

All leaks in the 5000 PSI GH, system that had developed
during November were repaired and another series of checks
were made with 2500 PSIG GN2 on December 3. For these
tests, an Apco pressure regulator was installed in the

flow line. Since this regulator is required for low chamber
pressure rocket engine firing, a check was needed to deter-
mine if there would be any interacting effects between reg-
ulators, The seat of the Feedback regulator leaked at out-
let pressures above 1000 PSIG but it was considered within
acceptable limits, During sixteen tests the Feedback reg-
ulator performed satisfactorily at varying flow rates from
6#/second to 18#/second and the data showed no interaction
between the regulators.

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

On December 17, the continuous liquid level probe, with a
new control unit, and the liquid level spot sensors were
checked with LNy in the LH2 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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January 1965

- RESEARCH '
SITH LABORATORY INSTALLATIONS . (FOR) = DESCRIPTION
J ROCKET
SYSTEMS ' o ' .
J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine
28K ROCKET ENG. operated over chamber pressure

PCOL25{N.D, Sanders) vange from 200 to 900 psi. Heat
transfer is measured from the com-
busticn gases to chamber wall, The
objective is to extend heat transfer
theory intc the region reguired for
the design of nuclear rocket nozzles,

During January various mechanical system modifications were
made to the test cell, o

Due to the fact that the GH, Apco regulator had a sluggish
response and minor seal 1eaEs, it was decided to install a
new Apco requlator, On January 27, the new unit was checked
at various weight flows., 1t 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 modified, rebuilt
and reinstalled on the 5000 psi GH, trailer. The requlator
has been pressure-checked to 3000 psi with GN, and if time
permits, it will be checked out before the cooled engine is
installed on February 6,

The vacuum system for both the fuel system and the engine
cooling system was extensively re~vorked so that better
vacuums could be obtained.

The 1iquid hydrogen~cooled engine instrumentation work was
continued through January., All of the procured equipment
was delivered by mid-January. Based on the remaining work-
toad and assuming no major instrument operational problems
are encountered, the first engine cold flow tests are sched-
uled ro begin by mid-March.

NOTE: As noted above, the scheduled start date has been
changed from January 15 tc March 15,
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February 1965

‘ ' ~ RESEARCH '
SITH LABORATORY INSTALLATIONS . (FOR). = 3 DESCRIPTION
J | ROCKET
SYSTEMS

J-1 HYDROGEN-OXYGEN A hydrogen-oxygen rocket engine
28K ROCKET ENG. qoperated over chamber pressure
PCOL25(N.D. Sanders) - range from 200 to 900 psi. Heat
' - transfer is measured from the
combustion gases to chamber wall.
~ The objective is to extend heat
transfer theory into the region
required for the design of nuclear
rocket nozzles.

The regulator for the 5000 psi gaseous hydrogen trailer
was reassembled and installed on the trailer; however, the
regulator stitl has-to be tested,

On February 1, the steel engine was removed from the stand

-and the liquid 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 vacuums was added as requested
by research engineers. All mechanical connections to the
engine were made, including the Tiquid hydrogen coolant
flow lines to the vacuum chambers, pressure transducers,
and temperature probes. Considerable time was invelved in
locating and repairing leaks in the engine vacuum chambers,
The liquid hydrogen system was pressure checked to 800 psig.
Three valves required overhaul due to adverse weather
effects. The liquid hydrogen engine manifold and tubes
were pressure checked to 200 psig and a small leak was
found in the wrap around the tubes,

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

On February 23, a tape recording of all channels of data
on the 4 KC digitizér was reviewed by Lewis Research
personnel. They expressed satisfaction with the noise
level; therefore, the first liquid nitrogen cold flow
through the liguid 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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RESEARCH

SITH LABORATORY  INSTALLATIONS .(FOR) _ DESCRIPTION
J ROCKET
SYSTEMS
J-1 HYDROGEN-GOXYGEN A hydrogen-oxygen rocket engine
28K ROCKET ENG. operated over chamber pressure
PCO425(N.D.Sanders) range from 200 to 900 psi. Heat
transfer is measured from the
combustion gases to chamber wall.
The objective is to extend heat
transfer theory into the region
required for the design of nuclear
rocket nozzles.
On March 3, liguid nitrogen was flowed through the cooling
tubes of the liquid hydrogen-cooled engine. The test goals
were to cold shock the engine with liquid nitrogen and to
check the calibration 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 1b./sec. and 20 Ib./sec.
24 March 1965
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RESEARCH

SITE LABORATORY INSTALLATIONS (FOF) : _DESﬁRIPTION'
| J. | ROCKET i : L . L
This was the first time that the engine had been cold

SYSTEMS

- and they provided no usable data. The temperature of the -

. and platinum resistor output voltage exceeded full scale,

shocked and, structurally, the engine showed no harmful
results from the liquid nitrogen tests. Both engine
coolant temperature measurement Systems were unsatisfactory

liquid nitrogen in the engine was higher than anticipated

The lead wires of the gold cobalt thermocouples were addnng
EMF to that produced by the junction, and thereby completely
distorted the output data. : :

On March' 9, the liquid hydrogen engine was returned to

Lewis Research Center for repairs. The entire gold-cobalt"
thermocouple system was replaced by a chromel-constantine -
thermopyle system. The platinum resistors will remain, but
minor modifications are required. The liquid hydrogen

engine was returned to Plum Brook on March 29.. Reassembly
and installation began immediately in preparatlon for a .
1iquid hydrogen cold flow through the coollng 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 englne :

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

The remainder of the month was devoted to cell maintenance
and general preparation for the first hot firing of the .
liquid hydrogen cooled engine. A new porous-face |nJector
was also backflushed with NA-500 solvent.
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April 1965

J-1

RESEARCH _ ' :
SITH LOCATION INSTALLATIONS .(FOR) _ - DESCRIPTION
| .

ROCKET SYSTEMS TEST SITES

ROCKET
ENGINE
SITE

28K _ROCKET ENGINE A hydrogen-oxygen rocket engine
PCOL25(N.D.Sanders) 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. ) :

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

On Apri! 15, data was obtained which showed that the
Chromel-Constantan thermocouplés 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 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

hd 3
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April 1965

SITE

LOCATION

RESEARCH -

 INSTALLAT1ONS (FOR) " DESCRIPTION

underway to determine the best method of installing the

Chromel-Constantan thermocouples directly into the liquid
hydrogen flow in the cooling tubes. Engine #1 will be used’

as a test unit for this installation.

Liquid hydrogen-cooled Engines #2 and #3 were brought to
Plum Brook this month for pressire checking. A small leak’
in the cooling tubes of Engine #2 could not be located
during preliminary low 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
helfium. Small leaks at tube pressure taps in both engines
showed up at approximately 600 psig. Leakage was also
observed from the cocling tubes into the voids beneath the
engine wrap on Engine #2. This engine was returned to
Lewis Research Center on April 30. Engine #3 was satisfac~
torily repaired and is now leak-tight at 600 psrg wuth
helium gas. :

Engine #3 is scheduled to be cold shocked with liquid
hydrogen during the first week of May. Following satis-
factory performance during this test and a post run high
pressure gas check, it will be returned to lewis. 'Liquid
hydrogen temperature measuring instrumentation will then
be installed. Engine #1 will then be cold flowed with
liquid nitrogen to check the thermocouples installed
directly in the liquid hydrogen flow in the cooling tubes:
No tentative date has ‘been set for the first hot firing of
a liquid hydrogen-cooled engine. :

e ————
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May 1965

SITE

LOCAT ION

RESEARCH INGTALLATION ~ & DESCRIFTION

J

“J=1 ROCKET
ENGINE SITE PCOL25 (N.D. S

ROCKET SYSTEMS TEST SITES

28K _ROCKEYT ENGINE A hydrogen-oxygen rocket engine
"operated over .chamber pressure range
anders) from 200 to 900 psi. Heat transfer
is measured from the combustion
gases to chamber wall. The objective
is to extend heat transfer theory
into the region required for the
design of nuclear rocket nozzles.

On May 7, liguid hydrogen was flowed through the cooling’
tubes of Liguid Hydrogen Engine #3. A total of five runs
was made. Tank pressures ranged from 200. psig to 700
psig, and liauid hydrogen weight flows from 5 to- 20 1b/
sec. Thera was no evidence of any hydrogen leakage during
these tests. A post-run gas pressuire check showed a.
minor leak had developed at a cooling tube pressure tap
joint. Thiz is a silver solder joint and is repairable.
The engine was then returned to Lewis for installation

of temperature measuring instrumentation.

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

On May 2B, ticuid nitrogen was flowed through a small
section of & liguid hydrogen-cooled engine. Approxi-
mately 25 feet of copper tubing to the test piece inlet
was immersed in tiquid nitrogen in an attempt to re-
condense any gas in the liquid nitrogen flow stream.
Three dif ence test setups were tried: first, the

test cection was completely immersed in a liquid nitrogen
bath; second, the test section was left in the atmosphere
with no liquid nitrogen around it; and third, the test
section was left in the atmosphere, but liquid nitrogen

was flowed into an insulated box around the thermocouple

installation. A maximum of 0.25 degree A T was recorded
during any of the above tests. These results indicate
that previous test results may have been distorted by
at least two factors: first, vapor may have been in the

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

Based on the above-mentioned test results, emphasis has
now been placed on performing some smaller-scale tests.
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 until satis-

factory results are obtained from the small-scale tests. |
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June 1965

SITE |

SITE NAME

RESEARCH INSTALLATION & . DESCRIPTION -

J

ROCKET SYSTEMS TEST SITES

J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen rocket engine

operated over chamber pressure

PCO425(N.D. Sanders) range from 200 to 900 psi. Heat

transfer is measured from the
combustion gases to chamber wall.
The object is to extend heat trans-
fer theory into the region required
for the design of nuclear rocket
nozzles. '

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

Gn June 22, liquid hydrogen was flowed through a small -
section of a liquid hydrogen-cooled engine. Thermocouples
immersed in the stream of liquid 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 obtain the Delta T of less than 0.1 degree. '

The Flowmatics 5000 psi regulator is being hydrostatically
pressure checked and will be mounted on a 5000 psi gaseous
hydrogen trailer early in July. Following the installation
the requlator will be tested.
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July 1965

SITE{ SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J ROCKET SYSTEMS TEST SITES
J=1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen-oxygen rocket engine

operated over charber pressure

PCO425 (N, D. Sanders) range from 200 to 900 psi. Heat
transfer is measured from the
combustion gases to chamber wall.
The object is to extend heat trans-
fer theory into the region required
for the design of nuclear rocket
nozz les,

Most of the testing this momth was limited to flowing

LNy through a small section of a liquid nydregen cooled
engine. The goal was to develop a satisfactory instal=-
lation of thermocouples designed to measure the temper-
ature difference between two stations one inch apart in
the LHy flow stream. Various configurations were used

in the physical layout of both the thermocoupla referance
junctions and the copper extension wires in an attempt to
eliminate noise and external EMF effects. The results
have not been satisfactory. Efforts are still being
expended in this direction.

The installation of the four-inch Flownatics pressure
regulator on a 5000 psi trailer has been conpleted and
satisfactory pressure checked to 3000 psi. A perform-
ance check will be made August L.
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SITE

SITE NAME

RESEARCH INSTALLATION & DESCRIPTION

August 1965
ROCKET SYSTEMS

TEST SITES

J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen rocket engine
PCO 425 operated over chamber pressure
(N. D. Sanders) 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.

Three days this month were devoted to testing of research
hardware. These tests again consisted of flowing LN
through a small section of a liquid hydrogen cooled en-
gine. To date, all attemp*s at accurately measuring a
very small temperature differerce between two stations
one inch apart in the LNy flow stream have proved to be
unsuccessful, Typical troubles encountered have been
excessive drift of thermocouple output, erratic output,

false indications of a temperature difference, and
inconsistency in the results. A variety of installations
have been tried, but none have produced dependable,
accurate data. MNew approaches to the problem are being

_considered but no definite decnsuon has been made as to

the next step in the program.

The four-inch Flowmatics pressure regulator installed aon

a 5000 psi gaseous hydrogen trailer has been performance-

checked using gaseous nitrogen. Trailer pressure (regu-
lator inlet pressure) ranged from 5000 psig down to 2000
psig. Flow rates were between 1 and 34 Ib./sec. The test
results were very entouraging. Leakage through the
regul ator seat was negligible. Response characteristics
were satisfactory. The only difficulty encountered with
the regulator was the excessive wear on the Teflon seat.
According to the Flowmatics Company, this is not a
typical trouble, and a slight change in operating pro-
cedure should eliminate this problem. Following the
installation of a new seat, the next step will be a
complete performance check with gaseous hydrogen.




September 12965

SITE

SITE NAME

RESEARCH INSTALLATION & DESCRIPTION

ROCKET SYSTEMS

TEST SI1TES

4=1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen rocket engine
PCO 425 operated over chamber pressure
(N. D. Sanders) 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 gsiig early this month.
Performance checks of the trailer four-inch Flowmatics
requlator were then conducted on September 15. Due to
pressure pick-up calibration problems the iests 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 stable regula-
tion over a wide range of flow rates. Response character-
istics looked good, but were obviously affected by the
lack of an '"accumulator' volume in the dome pressure sup=
ply line. An accumulator will be installed before the
next checkout runs.

The four-inch pressure regulator that was received from
the Sky Valve Company of Syracuse, New York on September
21. is now being installed on the remaining 5000 psi

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

No research hardwarc testing was done at Plum Brook this
month. Small-scale tests were conducted at Lewis Research
Canter-Cleveland. Thesc comsisted of flowing liquid nitro-
gen through a small section of a liquid hydrogen cooled
rocket engine. The problem of measuring a very small
temperature differentiz! beiween two points one inch

apart in a liquid hydregen stream has not yet been satis-
factorily solved.




SITE NAME

'RESEARCH INSTALLAT{ON & DESCRIPTION.

SITE

J | ROCKET SYSTEMS
TEST SITES
J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen rocket engine
PCO 425 operated over chamber pressure

(N. D, Sanders) 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.

Gaseous hydrogen performance checks of the Flomatics
regulator on hydrogen trailer No. 48 were conducted at

3 000 psig, on October 5. The test data showed that the
slow response characteristics indicated in last month's
tests have been satisfactorily corrected by the addition
of an accumulator installed in the dome pressure supply
line,

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
mi d-November ,

Three days this month were devoted to testing research .
hardware. These tests consisted of flowing liquid nitrogen
and liquid hydrogen through a smatl section of a liquld
hydrogen cooled engine. The tests were conducted to deter=-{-
mine the temperature differential between two points one
Inch apart in the coolant stream, The results of the tests
were satisfactory with both liquid nitrogen and liquid
hydrogen flows. The thermocouples will now be installed
on the liquid hydrogen cooled engine #3 in preparation
for test firing during January.
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November 1965

-JENGINE SiTE

SITE |SITE NAME RESEARCH |NSTALLATION & DESCRIPTION
J | ROCKET SYSTEMS '
TEST SITES
J~1 ROCKET

28K ROCKET ENGINE A hydrogen-oxygen engine operated

PCOL25(N.D,Sanders) 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.

Early this month, the installation of all mechanical
hardware on #47 gaseous hydrogen traiter {5000 ps) was
completed, and the efectrical equipment installation is
now almost completed. Depending on the '"J-1" test sched-
ule, the injtial pressure-checking and operaticonal tests
should begin by mid-December,

Liquid hydrogen Engine No. 3 was delivered to Plum Brook

-November 30. The thermocouple setup which proved satis=-

factory during October's small scale tests has been in-
stalled on this engine. The engine has a total of four
instrumentation stations which will measure both the
liquid hydrogen temperature and pressure. A ''facility
shakedown'' test, consisting of the hot firing of a steel
engine, is scheduled for early December. This steei
engine has been installed in the test stand and final
hookup of all systems is being completed. Following the
""facility shakedown'' tests, liquid hydrogen Engine No. 3
will be installed in the test stand, cold flowed and hot
fired. The hot firing will occur in late December or
early January.

A liquid hydrogen system check was made this month. The
liquid hydrogen tank was pressure-checked and filled with
liquid nitrogen. Some minor problems were encountered
such as leaks through valve seats and bedy halves., The
valves are being repaired.
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December 18565

ENGINE SITE
28-K_ROCKET_ENGINE
PCOL25(N.D, Sanders)

On Decerbar 10, eigit hot firimgs w:=re made with =
rockidescoated steel engine,

SITE |SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J JROCKET SYSTEMS
TEST SITES
J-1 ROCKET

A hydrogen-oxyqen engine operated
over chamber oressure rarge from
200 to 90y psi. M2at troansfer @5
measured from t-¢ combustion gasas
to chamber wall, The opject is te
extend heat transfer treory into
the region required for the design
of nuclear rocxet nozsies.

The chiecrive @t 3 tanal

"fazility shakadown'' test prior te insia'ling Liacid

Hydrogen Encine %3.

Although mecrenicalty

o iue.l
toe Tacility

functioned groperily, the fire var ¢ zoptraiies < not
voply the desired chamber oressure ¢ the feLdirza per-

cert of fuel,

Post-run ‘nves.  ;oticn disciasnd errors

in several phases of the setup uf (ae inpul <:igaz! to

the controller,

A thorough investiyation of the con-

troller gave no indicatior of malfunctioning of zny

circuit.

Another series of runs, identicai ir purpose

to this set, is scheduled for the first week 17 January.
It is hoped that the Liquid Hydrogen Engine #3 can be
installed 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 pressure-checking and

operational tests should begin by mid-January.
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March 1966

SITE |SITE NAME RESEARCH INSTALLATION ) & DESCRIPTION
J |ROCKET SYSTEMS
TEST SITES
J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated

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

Engine No. 4 was delivered to Plum Brook on March 16.
This engine has six instrumentation stations for measuring|
liquid hydrogen temperature. Leakage from the chamber to
the outside was discovered during @ final pressure check
of the engine-injector assembly. Provisions had been made
between the cooling tubes for the installation of hot gas
side thermocouples. Sealant failure in these unused holes
allowed the leakage. The situation was corrected at Plum
Brook by Lewis-Cleveland personnel. Another cold shock
pressure-check procedure showed that the 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
liquid nitrogen bath and pressure checked to 600 psig
this month. No evidence of any leakage could be found.
The engine was then returned to Lewis-Cleveland for
installation of the instrumentation.

The conduit extensions mentioned in the status report
for February are completed. Instrumentation 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 requlated outlet pressure.
The use 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 __ RESEARCH INSTALLATION & DESCRIPTION

|
J  1J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated

PCO425(N,. D, Sanders) over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
to chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles.

On May 3 and 11, several liquid nitrogen cold flows were
made with ligquid 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 vaive that has a 60% greater
flow capacity {Cy = 320).

On May 18, seven hot flrings were made with a rockide-
coated steel engine. The purpose of these tests was to
deveiop 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 ciosed when
the LOX contreol 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 engine hot firing will 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 #k, the
coolant valve was choked because of the high rate of heat
flux into the coolant during engine start-up. This prob-
lem is being Investigated by the controls group at Lewis- |
Cleveland and at Plum Brook. It has been proposed that a |
control valve upstream of the engine, as well as the one
downstream, may be needed,
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SITE | SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J | J=1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated

PCOL25(N.D _Sanders) over chamber pressure range from
200 to 900 psi. Heat transfer is
measured from the combustion gases
tochamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket hozzles.

On June 1 and June 11, a total of 16 hot firings were |
made with a rockide coated steel englne. 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 150 psia chamber pressures.

Two new hydraulic control valves have been installed in
the LH, flow lines. This valve upstream of the engine
will control inlet manifold pressure. This is an entirely

new system including the controlier, and must be checked
out completeiy. A large valve has been installed down-
stream, and will contro} LHs weight fiow through the
encine. LHy cold flow tests with Engine U are scheduied
for mid-July. Mot firing tests are scheduled for late
July or early August. The hot Tiring tests will not be
run until satisfactory performance has been achieved with
the entire LH, system.

Analog studies of the LH, system are being conducted by
the Plum Brook Controls group. Various methods of con-
trolling the cooclant during engine combustion are being
investigated.
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SITE | SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J 1J-1 Rocker
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated

PCOL25(N.D,.Sanders) over chamber pressure range from 200
to 900 psi., Heat transfer is meas-
ured from the combustion gases to
chamber wall. The object is to
extend heat transfer theory into
the region required for the design
of nuclear rocket nozzles,

The study of various methods of contreolling 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 contrpl 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 requlator had to be replaced. The cold
flow was completed on July 29. All test objectives were
successful ly accomplished.

A hot firing of Liquid Hydrogen Engine #4 is schedulad
during the first week of August.

On July 7, Liquid Hydrogen Engine #7 was pressure checked
to 700 psig with gaseous nitrogen. No leaks were found,
The engine was then returned to Clevaland.




SITE | SITE NAME RESEARCH INSTALLATION & DESCRIPTIDON
J J=1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen-oxygen engine aperated

PCO425 (N, D.Sanders) 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 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 iiquid level measuring
units in the liguid hydrogen tank failed to operate
properly. Leakage through the seat of the liquid hydro-
gen weight flow control valve during tank pressurization
decreased the avallable lTiquid hydrogen for a test rum,
A broken stem in the Flomatics pressure regulator on
the gaseous hydrogen trailer #8 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 # was made, During the run, the
iiquid hydrogen weight flow and engine inlet pressure
controls performed properly. The engine appeared to

be cooled satisfactorily, although several of the leaks

(Continued on Page 28}
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SITE

SITE NAME

RESEARCH INSTALLATION & DESCRIPTION

J-1 ROCKET

ENGINE SITE (Continued)

28K _ROCKET ENGINE {Continued)

which had previously been repaired, reappeared. Several
cracks were also discovered in the mesh surface of the
porous face injector.

fnvestigation of the data showed that the gaseous hydro-
gen fuel flow was only 9% of the total weight flow,
instead of the desired 15%. As a result, 2 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 alsc 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 eliminated 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 scheduied for
the week of September 12.

J-3 VACUUM
ENVIRONMENT
TANK

TANK INSULATION TESTS Various lTiquid hydrogen tanks

0R1327(1.A.Johnsen) will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied,

Since completion of the double-quarded calorimeter test
program on July 29, the main effort in the facility has
been directed in upgrading the electrical systems to meet

Class 1, Group B, Division 1§ 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 insutation. The objective
of this program will be to measure the carbon dioxide
cryo-pumping ability of each panel.




September 1966

SITE | SITE NAME RESEARCH INSTALLAT|ON & DESCRIPTION
J J=~1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen-oxygen engine operated

PCO425(N.D, Sanders})  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.

Liquid hydrogen cooled engine No. 5 was received
September !, 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" Building.

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 thermoccuples corresponded with
the expected values. The absolute and differential
temperature measurements from the thermocouples tmmersed
in the liquid hydrogen coglant stream were guestionable.
A temperature gradient with depth in the coolant tube
was {ndicated.

Based on the results of the September 22 test, the
immersion depth of the Tiquid 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 No. 8 was
cold shocked and pressure checked to 900 psi. It was
found to be pressure tight and was returnad to Cleveland
for installation of instrumentation.
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SITE | SITE NAME RESEARCH INSTALLATION & DESCRIPT10N
J J=1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen=oxygen engine operated

PCOL25(N,D.Sanders) 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, 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
conlant 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

LHy 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 liguid
hydrogen thermocouples has been readjusted. For these
runs previous conditions wi 11 be repeated. The next
step in the program will be to increase chamber pressure
while duplicating other previous run conditions.

{Continued on Page 26)

October 1966
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November 1966

SITE | S1TE NAME RESEARCH INSTALLATION & DESCRIPTION
J J =1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen-oxygen engine operated

PCOL25(N.D, Sanders) 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 November 1, three hot firings were made with LHp
cooled engine No. 5. The series of tests at a chamber
pressure of 300 psia is completed, The lower range_of
ecoolant system parameters was extended to a weight flow
of 3.7 1b/sec at an inlet manifold pressure of 600 psig.

Puring 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-{leveland for
repairs, Engine No. 6 was received on November 10,
following re-adjustments on the LH; thermocoupies!depths
Initial pressure checks showed a leak at Station No. 6
so the engine was returned to Lewis-Cleveland for re-
pairs. On November 21, Engine No. 6 was returned .
Pressure checks were satisfactory, and the engine was
Installed in the stand. The next series of tests are
scheduled for the first week of December. These tests
will be at B50 psi chamber pressure,

(Continued on Page 26)

25


rarrighi
Typewritten Text
November 1966


SITE

SITE NAME

RESEARCH INSTALLATION & DESCRIPTION

J-1 ROCKET

ENGINE SITE (Continued)

28K _ROCKET ENGINE

Several performance tests were made this month with tne
Skyvalve pressure regulator for the nigh ore<sure GHy
trailers. Results were unsatis®actcry. Further tests

of the Skyvalve will not be mace. |In =pite cf contractor
and NASA efforts, the regulator persorrance was unstable
at high flow rates.

J -3 VACUUM
ENVIRONMENT
TANK

TANK ENSULATIGN TESTS Various liguid hydrogen tanks

OR1327 (I .A. Johnsen) will be tested under a vacuum
environment. The effectiveness
of various types of insulation
will be studied.

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
€0, and the remaining three panels with water pumped
GN2. All six panels were attached to a Centaur Arc Tank.
Under atmospheric ground hold conditions, with the tank
filled with LH,,the CO, panels cryopumped into the low
1075 torr range. They remained at this pressure during
the duration of the test. The GNj backfilled panels were
capable of cryopumping to the low micron range during the
ground hold portion of the test, As would be expected
the cryopumping action of the GNp panels was considerably
more sluggish than the C0, panels. Under space vacuum
conditions, all panel pressures increased to the 20 to
100 micron range. Subsequent investigation of the panels
showed they were leaking on the surface next to the
tank wall, which explained the high test pressures. The
leaks occurred when a vacuum was drawn in the vacuum
chamber. This has been a continuing problem with the
self=evacuating insulation system. Since these panels
are not 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-gallon vacuum
insulated flash dewar is under fabrication to minimize
cold guard liquid hydrogen consumption.

The double-guarded calorimeter, with a purged multilayer
insulation, is scheduled for testing in April, Both
ground hold and space environment thermal effectiveness
will be evaluated. Rapid evacuation tests to simulate

a typical missile ascent will be performed to evaluate
transient heat fluxes.
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February 1967

SITE } SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J J-1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen-oxygen engine operated

YPCOL25(N.D.Sanders) 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, 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 terminated 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 possibility of this failure recurring.

Engine No. 8 was installed and cold shocked on February
21. The installation of the hot-gas-side thermocouples
at four stations on this engine has been changed in an
attempt to better the quality of the combustion-wall
temperature data. Hot firing of this engine is sched-
uled for early March.




SITE

SITE NAME

RESEARCH INSTALLATION £ DESCRIPTION

J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated

YPCOL25 (N.D.Sanders) 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 nozZzles.

On March 8, two successfu) hot firings were made with
LH, cooled engine No. 8. Chamber pressure of 300 psia,
an% coolant inlet manifold pressure of 700 psig, were
held constant for each run. Coolant weight flow was
changed from 12.5 Ib/sec for the first run, to 11.2 1b/
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-1 will be with
a copper engine (wire wrap profile). The installation of
all temperature instrumentation on LH 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
engine tests,
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April 1967
SITE{ SITE NAME RESEARCH INSTALLATION & DESCRIFTION
J J-1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen-oxygen engine operated

28

YPCO425(N.D.Sanders) 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.

Nineteen (19) test runs were made on four run days
this month. These tests, using a rockicde-coated
steel engine with a copper-face injector, were made
to verify proper start-up procedures. A very short
Pc rise-time is reguired for the copper engine tests
which are next on the schedule.

The series of tests on April 4 were terminared after
only four starts because of troubles with the fire
valve controller. On April i1, only one run was made.
Controller problems again caused an early termination.
A burned-out check valve in the ligquid fluorine igni-
tion system allowed only three runs on April 2}. The
troubles with the controlier had beer cleared-up
before this series, and it performea preoperiy during
each run.

On April 26, eleven runs were made, Chamber pressure
was 300 psia for all runs, Satisfactory fast-starts

were verified for 15 and 20 percent fuel. The third
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, |t is hoped that
one mare series of tests, schedilfed for the first week
of May, will conclude the rapid-start tests at 28 per-
cent fuel. The No. 3 copper engine can then be
instailed for the heat transfer tests.

—— -
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July 1567
SITE {SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J |J-1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen-oxygen engine operated

28

YPCOL425 (N.D.Sanders) 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.

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
combustian 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 installed
in the engine chamber at locations 60 degrees apart,
this rotation allowed 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 stow rise in chamber
pressure (approx. 1.5 seconds to full value), to
simulate the liquid hydrogen cooled engine start-ups.

This month's tests completed the current program of
copper engine firings. Liquid hydrogen cooled engine
No. 9 is now being installed in the test stand. The
hot firings of this engine will be delayed slightly,
pending the completion of the modifications to the
instrumentation system into the test cell. The major
delay will be due to the installation of a new
patch board, scheduled to be delivered August 4. -
Testing of liquid hydrogen engine No. 9 should

begin by mid-September. T










October 1967

SITE| SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J | J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine oper-

YPCO425(N.D.Sanders) 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 received,
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.

Uit it i1algu,
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November 1967

SITE] SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J J-1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen-oxygen engine
YPCO425(N.D. Sanders) operated over chamber pres-
{C&ECD - L.Bryant; sure range from 200 to 900
RSD - G.D.Mackay) 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,

The hot firing of LH; cocled Engine Ne. 10, sched-
uled for November, was cancelled. Twenty hot-gas-
side thermocouples, out of & possible total of
thirty-two, were found to be inoperative during

" pre~run checks. Ten had been deleted because of
difficulties during original installation, and
ten more failed during pre-run LN; cold shocks,

The GHz fuel line is presently being modified in
the test cell. This change will allow installa-
tion 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().A. Johnsen)  tanks will be tested under

| (CRD - J.R.Faddoul, a vacuum environment, The
|.E.Sumner, and effectiveness of various
J.R.Barber; RSD - types of insulation will
T.C.Cintula} be studied.

A test run was started November 27 on the Linde
semi=panel insulation applied to the aluminum
stackable double-guarded calorimeter. The test
sequence consisted of ground hold performance
followed by a rapid evacuation to space hold
conditions. The net heat flux under each condition
of testing was slightly higher than desired; how=
ever, it was still low enough to represent an
excellent insulation system. The same test sequence
will be repeated after a 30-day air environment soak
to determine the degradation to the insulation., The
final test will be at space vacuum conditions with
the insulation panel valves open to the vacuum
chamber.

The next test program will be the "Transient Venting
of a Multilayer Insulation' which will probably
begin in early March.




SITE

SITE NAME

RESEARCH INSTALLATION & DESCRIPTION

J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine

YPCOL25 (CeECD - operated over chamber pres-
L.Bryant; RSD - sure range from 200 to 900
G. D. Mackay) psi. Heat transfer is

measured from the combustion
gases to the chamber wall,
The pbject is to extend heat
transter theory into the
region required for the
design of nuclear rocket
nozzles,

On December 21, the Rockide-coated steel U-~tube
engine, fitted with a 300 Pc injector, was test
fired. The injector performance and ignition
start-up procedures were tested., The test data
is applicable to liguid hydrogen cooled U-tube
engines which are scheduled to be tested at

J-1 site. A total of five successful test
firings were made, two for ignition tests and
three for injector performance.

The 500 Pc U-tube injector will 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 January.
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January 1968

SITE |SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J |J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine operated

YPCOL25 (CEECD - over chamber pressure range from

L.Bryant; RSD - 200 to 900 psi. Heat transfer is

T.C.Cintula) measured from the combustion
gases to the chamber wall. The

object is to extend heat transfer
theory into the region required
for design of nuclear rocket
nozzles,

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 injector. Desired chamber 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.
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April 1968

RESEARCH INSTALLATION & DESCRIPTION

SITE | SITE NAME
J J~1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen-oxygen engine

YPCO425 operated over chamber pres-
(CeECD - RJ Quentmeyer; sure range from 200 to 900
RSD - T Cintula) 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,

A total of 19 test firings were made during Aprit.
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
established valve settings after rebuilding.

The facility is now being prepared to accept the
LH2 cooled wire wrap engine #12. Test firings
will be made at chamber pressures af 300 and 450
psia. This test configuration will be used to
evaluate two different methods of thermocouple
installation for measurement of LH2 cooling prop-
erties, This program wil)l start in May.
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April 1965

J-1

RESEARCH _ ' :
SITH LOCATION INSTALLATIONS .(FOR) , - DESCRIPTION
| .

ROCKET SYSTEMS TEST SITES

ROCKET
ENGINE
SITE

28K _ROCKET ENGINE A hydrogen-oxygen rocket engine
PCOL25(N.D.Sanders) 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. ) :

On April 6, a liquid hydrogen cold flow test on Engine #1
was attempted, Flow conditions were approximately five
pound/second. for 15 seconds with a tank pressure of 700
psig. The test was aborted due to excessive hydrogen
leakage from the engine cooling tubes during the pre-cool
flow. Post run pressure checks revealed cracked solder
joints in the vacuum chamber connections, an opening at
one location in the engine wrap, and some small leaks in
the joint between the cooling tubes and the exit manifold.
No conclusive engine temperature data was obtained. from
either the new Chromei~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
teak, liquid nitrogen was used, eliminating possible fire
hazard. '

On Apri! 15, data was obtained which showed that the
Chromel-Constantan thermocouplés 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 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 #| 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

hd 3
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April 1965

SITE

LOCATION

: RES EARCH T " v :
- INSTALLATIONS (FOR) .- DESCRIPTION

underway to determine the best method of installing the

Chromel-Constantan thermocouples directly into the liquid
hydrogen flow in the cooling tubes. Engine #1 will be used’

as a test unit for this installation.

Liquid hydrogen-cooled Engines #2 and #3 were brought to
Plum Brook this month for pressire checking. A small leak’
in the cooling tubes of Engine #2 could not be located
during preliminary low 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
helium. Small leaks at tube pressure taps in both engines
showed up at approximately 600 psig. Leakage was also
observed from the cooling tubes into the voids beneath the
engine wrap on Engine #2. This engine was returned to

Lewis Research Center on April 30. Engine #3 was satlsfac-v

torily repaired and is now leak-tight at 600 psrg wuth
helium gas. .

Engine #3 is scheduled to be cold shocked with liquid
hydrogen during the first week of May. Following satis-
factory performance during this test and a post run high
pressure gas check, it will be returned to lewis. Liquid
hydrogen temperature measuring instrumentation will then
be installed. Engine #I will then be cold flowed with
liquid nitrogen to check the thermocouples installed
directly in the liquid hydrogen flow in the cooling tubes:
No tentative date has ‘been set for the first hot firing of
a liquid hydrogen-cooled engine. :

YZ7 :










September 1968

SITE ' SITE NAME RESEARCH INSTALLATION & DESCRIPTION
| J J-1 ROCKET
ENGINE SITE
28K ROCKET ENGINE A hydrogen/oxygen engine
YOROL25 operated over chamber pres-
(CRD - RJ Quentmeyer; sure range from 200 to 900
RSD - TC Cintula) 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,

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
16%, 7-1/2%, and 3-3/4% additional fuel coolant
capabilities to the injector, based on complete
circumferential coverage. A Kistler crystal high-
frequency transducer indicated stable combustion
throughout each test run.

The next test date or engine configuration has not
been established.




November 1968

SITE ‘

SITE NAME

RESEARCH [NSTALLATION E DESCRIPTION

J

J-1 ROCKET
ENGINE SITE

28K ROCKET ENGINE A hydrogen/oxygen engine

YORQ425 aperated over chamber pressure
(CRD - RJ Quentmeyer; range from 200 to 900 psi

RSD = TC Cintule) Heat transfer is measured from

the combustion gases to the
chamber wall. The object is
to extend heat transfer theory
into the region regquired 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 s 1/4
600 20
£Q0 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:

Pe % Fuel
600 15 1/
600 24

800 15 1/4

This information will complete the copper nozzle
test program, MNo future test programs are antici-
pated for J-1 Test Cell.

29



December 1968

SITE| SITE NAME RESEARCH INSTALLATION & DESCRIPTION
J J-1 ROCKET
ENGINE SITE
28K ROCKET ENGINE =~ A hydrogen/oxygen engine
YOROL25 operated over chamber pres-
(CRD - RJ Quentmeyer; sure range from 200 to 900

RSD - TC Cintula) 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.

On December 10, four test firings were made with
the U-tube contour copper nozzle and a modified
porous face injector. These runs were made at
identical conditions to previous runs, to compare
heat transfer effects of different injector de-
signs. This series of runs was in addition to
the original '"finish up' program.

No further rocket engine tests are scheduled for
the facility.




	J1 Status Reports
	J1-001
	J1-002
	J1-003
	J1-004
	J1-005
	J1-006
	J1-007
	J1-008
	J1-009
	J1-010
	J1-011
	J1-012
	J1-013
	J1-014
	J1-015
	J1-016
	J1-017
	J1-018
	J1-019
	J1-020
	J1-021
	J1-022
	J1-023
	J1-024
	J1-025
	J1-026
	J1-027
	J1-028
	J1-029
	J1-030
	J1-031
	J1-032
	J1-033
	J1-034
	J1-035
	J1-036
	J1-037
	J1-038
	J1-039
	J1-040

	J1-001
	J1-002
	J1-003
	J1-004
	J1-005
	J1-006
	J1-007
	J1-008
	J1-009
	J1-010
	J1-011
	J1-012
	J1-013
	J1-014
	J1-015
	J1-016
	J1-017
	J1-018
	J1-019
	J1-020
	J1-021
	J1-022
	J1-023
	J1-024
	J1-025
	J1-026
	J1-027
	J1-028
	J1-029
	J1-030
	J1-031
	J1-032
	J1-033
	J1-034
	J1-035
	J1-036
	J1-037
	J1-038
	J1-039
	J1-040



