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FOREWORD

The work reported herein was sponsored by the National Aero-
nautics and Space Administration {NASA), Marshall Space Flight Center
{MSFC), under System 921E, Project 9194,

The results of the tests presented were obtained by ARO, Inc,
(a subsidiary of Sverdrup & Parcel and Associates, Inc.), contract
operator of the Arnold Engineering Development Center {AEDC), Air
Force Systems Command (AFSC), Arnold Air Force Station, Tennessee,
under Contract AF40(600}-1200. Program direction was provided by
NASA/MSFC; engineering liaison was provided by North American
Aviation, Inc., Rocketdyne Division, manufacturer of the J-2 rocket
engine and Douglas Aircraft Company, manufacturer of the S-1VB
stage. The testing reported herein was conducted on July 26, 1967,
in Propulsion Engine Test Cell (J-4) of the Large Rocket Facility (LRF)
under ARO Project No. KA180l. The manuscript was submitted for
publication on September 9, 1867,

Information in this report is embargoced under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Government subject to approval of NASA, Marshall Space Flight
Center (I-E-J), or higher authority. Private individuals or firms re-
qQuire a Department of State export license,

This technical report has been reviewed and is approved,

Harold Nelson, Jr. Leonard T. Glaser
Captain, USAF Colonel, USAF
AF Representative, 'LRF Director of Test

Directorate of Test
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ABSTRACT

Two firings of the Rocketdyne J-2 rocket engine were conducted in
Test Cell J-4 of the Large Rocket Facility, The firings were accom-
plished during test period J4-1801-03 at pressure altitudes of approxi-
mately 100, 000 ft to evaluate S-IVB/S-V start condition effects on
(1) engine start transients, (2) gas generator outlet temperature,

(3) augmented spark igniter operation, and (4) fuel pump low level stall
margin for J-2 engine J-2052, Engine components were thermally con-
diticned to temperatures predicted for S-IVB/SV first burn and one
orbit restart on firings 03A and 03B, respectively. Excessive gas
generator outlet temperature peaks were experienced on these firings,
resulting in a gas generator outlet temperature probe failure and pre-
mature engine shutdown on firing 03B. The two remaining scheduled
firings for the test period were cancelled. Post-test inspection re-
vealed erosion of the fuel turbine first stage, and small cracks were
found in the curvic coupling of fuel turbine first-stage wheel, The
accumulated engine firing duration was 31. 3 sec,
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NOMENCLATURE
A Area, in.2
ASI Augmented spark igniter
ES Engine start, designated as the time that helium control
and ignition phase solenoids are energized
GG Gas generator
MOV Main oxidizer valve

STDV Start tank discharge valve

to Defined as the time at which the opening signal is applied to
the start tank discharge valve solenoid

VSC Vibration safety counts, defined as engine vibration in excess
of 150 g rms in a 960- to 9000-Hz frequency range

SUBSCRIPTS

f Force
m Mass

t Throat
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2 rocket engine (S/N J-2052) using a
S-IVB battleship stage has been in progress since July 1966 at AEDC in
support of the J-2 engine application on the Saturn IB and Saturn V
launch vehicles for the NASA Apollo Program. The two firings reported
herein were conducted during test period J4-1801-03 on July 26, 1967,
in Propulsion Engine Test Cell (J-4) (Figs. 1 and 2, Appendix 1) of the
Large Rocket Facility (LRF) to evaluate S-IVB/S-V start condition
effects on (1) engine start transients, (2) gas generator outlet tempera-
ture, {(3) augmented spark igniter operation, and (4) fuel pump low level
stall margin. These firings were conducted at a pressure altitude of
approximately 100, 000 ft, using predicted J-2 engine flight temperatures
to simulate first burn and restart after one orbit.

Data collected to accomplish the test objectives are presented
herein. Copies of all data obtained during this test have been pre-
viously supplied to the sponsor. The results of the previcus test
period are reported in Ref. 1.

SECTION Il
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2 rocket engine (Fig. 3) designed and
developed by the Rocketdyne Division of North American Aviation, Inc.
The engine uses liquid oxygen and liquid hydrogen as propellants and
has a thrust rating of 225, 000 1bs at an oxidizer -to-fuel mixture ratio
of 5.5. A S-IVB battleship stage was used to supply propellants fo the
engine. A schematic of the battleship stage with the J-2 engine is shown
in Fig. 4,

Listings of major engine components and engine orifices for this
test period are presented in Tables 1 and II (Appendix II), respectively.
All engine modifications and component replacements performed since
the previous test period are presented in Tables III and IV, respectively.
The thrust chamber heater blankets were in place during this test
period, although they were not utilized.
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2.1.1 J:2 Rocket Engine

The J-2 rocket engine (Figs. 3 and 5, Ref. 2) features the following
major components:

1.

Thrust Chamber - The tubular-walled,- bell-shaped thrust
chamber consists of an 18. 6-in. ~diam combustion chamber
(8.0 in. long from the injector mounting to the throat inlet)
with a characteristic length (L*) of 24.6 in., a 170.4-in.2
throat area, and a divergent nozzle with an expansion ratio

of 27.1. Thrust chamber length (from the injector flange to
the nozzle exit) is 107 in. Cooling is accomplished by the cir-
culation of engine fuel flow downward from the fuel manifold
through 180 tubes and then upward through 360 tubes to the in-
jector,

Thrust Chamber Injector - The injector is a concentric-
orificed (concentric fuel orifices around the oxidizer post
orifices), porous-faced injector. Fuel and oxidizer injector
orifice areas are 25.0 and 16. 0 in.2, respectively. The porous
material, forming the injector face, allows approximately

3.5 percent of total fuel flow to transpiration cool the face of
the injector.

Augmented Spark Igniter - The augmented spark igniter unit

is mounted on the thrust chamber injector and supplies the
initial energy source to ignite propellants in the main combus-
tion chamber. The augmented spark igniter chamber is an
integral part of the thrust chamber injector. Fuel and oxidizer
are ignited in the combustion area by two spark plugs.

Fuel Turbopump - The turbopump is composed of a two-stage
turbine-stator assembly, an inducer, and a seven-stage, axial-
fiow pump. The pump is self lubricated and nominally pro-
duces, at rated conditions, a head rise of 35,517 ft (1225 psia)
of liquid hydrogen at a flow rate of 8414 gpm for a rotor speed
of 26, 702 rpm.

Oxidizer Turbopump - The turbopump is composed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self lubricated and nominally produces,

at rated conditions, a head rise of 2117 ft (1081 psia) of liquid
oxygen at a flow rate of 2807 gpm for a rotor speed of 8572 rpm.

Gas Generator - The gas generator consists of a combustion
chamber containing two spark plugs, a pneumatically operated
control valve containing oxidizer and fuel poppets, and an in-
jector assembly. The oxidizer and fuel poppets provide a fuel
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lead to the gas generator combustion chamber. The high
energy gases produced by the gas generator are directed to
the fuel turbine and then to the oxidizer turbine (through the
turbine crossover duct), before being exhausted into the thrust
chamber at an area ratio (A/A;) of approximately 11.

Propellant Utilization Valve - The motor-driven propellant
utilization valve is mounted on the oxidizer turbopump and by-
passes liquid oxygen from the discharge to the inlet side of the
pump to vary engine mixture ratio.

Propellant Bleed Valves - The pneumatically operated fuel and
oxidizer bleed valves provide pressure relief for the boiloff of
propellants trapped between the static test stage prevalves and
main propellant valves at engine shutdown.

Integral Bydrogen Start Tank and Helium Tank - The integral
tanks consist of a 7258-in.3 sphere for hydrogen with a
1000-in.3 sphere for helium located within it, Pressurized
gaseous hydrogen in the start tank provides the initial energy
source for spinning the propellant turbopumps during engine
start. The helium tank provides a helium pressure supply to
the engine pneumatic control system.

Oxidizer Turbine Bypass Valve - The pneumatically actuated
oxidizer turbine bypass valve provides control of the fuel
turbine exhaust gases directed to the oxidizer turbine in order
to control the oxidizer-to-fuel turbine spinup relationship. The
fuel turbine exhaust gases which bypass the oxidizer turbine
are discharged into the thrust chamber,

Main Oxidizer Valve - The main oxidizer valve is a pneumat-
ically actuated, two-stage, butterfly-type valve located in the
oxidizer high pressure duct between the turbopump and the
main injector. The first-stage actuator positions the main
oxidizer valve at the 14-deg position to obtain initial thrust
chamber ignition; the second-stage actuator ramps the main
oxidizer valve full open to accelerate the engine to main-stage
operation.

Main Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pressure
duct petween the turbopump and the fuel manifold.

Prneumatic Control Package - The pneumatic control package
controls all pneumatically operated engine valves and purges.

Electrical Control Assembly - The electrical control assembly
provides the electrical logic required for proper sequencing of
engine components during operation,
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15. Primary and Auxiliary Flight Instrumentation Packages - The
instrumentation packages contain sensors required to monitor
critical engine parameters. The packages provide environ-
mental control for the sensors.

2.1.2 S$.1VB Bottleship Stage

The S-IVB battleship stage is approximately 22 ft in diameter and
49 ft long and has a maximum propellant capacity of 46, 000 lb of ligquid
hydrogen and 199, 000 1b of liquid oxygen. The propellant tanks, fuel
above oxidizer, are separated by a common bulkhead. Propellant pre-
valves, in the low pressure ducts (external to the tanks) interfacing the
stage and the engine, retain propellant in the stage until being admitted
into the engine to the main propellant valves and serve as emergency
engine shutoff valves. Propellant recirculation pumps in both fuel and
oxidizer tanks are utilized to circulate propellants through the low pres-
sure ducts and turbopumps before engine start to stabilize hardware
temperatures near normal operating levels and to prevent propellant
temperature stratification. Vent and relief valve systems are provided
for both propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, respectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen for fuel tank
pressurization during S-1VB flight was routed to the facility vent system.

2.2 TEST CELL

Test Cell -4, Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion sys-
tems at pressure altitudes of 100, 000 ft. The basic cell construction
provides a 1. 5-million-1lbf-thrust capacity. The cell consists of four
major components (1) test capsule, 48 ft in diameter and 82 ft in height,
situated at grade level and containing the test article; (2) spray cham-
ber, 100 ft in diameter and 250 ft in depth, located directly beneath the
test capsule to provide exhaust gas cocling and dehumidification;

{3) coolant water, steam, nitrogen (gaseous and liquid), hydrogen
(gaseous and liquid), and liquid oxygen and gaseous helium stcrage and
delivery systems for operation of the cell and test article; and (4) con-
trol building, containing test article controls, test cell controls, and
data acquisition equipment. Exhaust machinery is connected with the
spray chamber and maintains a low pressure before and after the engine
firing and exhausts the products of combustion from the engine firing,
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Before a firing, the facility steam ejector, in series with the exhaust
machinery, provides a pressure altitude of 100, 000 ft in the test cap-
sule, A detailed description of the test cell is presented in Ref. 3.

The battleship stage and the J-2 engine were oriented vertically
downward on the centerline of the diffuser-steam ejector assembly.
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft
in length), a centerbody steam ejector within the diffuser duct, a dif-
fuser insert (13,5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert. The diffuser insert was provided for dynamic pressure re-
covery of the engine exhaust gases to maintain engine ambient pressure
altitude (attained by the steam ejector) during the engine firing. The
annular ejector was provided to suppress steam recirculation into the
test capsule during steam ejector shutdown. The test cell was also
equipped with (1) a gaseous nitrogen purge system for continuously
inerting the normal air in-leakage of the cell; (2) a gaseous nitrogen
repressurization system for raising test cell pressure, after engine
cutoff, to a level equal to spray chamber pressure and for rapid
emergency inerting of the capsule; and (3) a spray chamber liquid
nitrogen supply and distribution manifold for initially inerting the spray
chamber and exhaust ducting and for increasing the molecular weight
of the hydrogen-rich exhaust products,

An engine component conditioning system was provided for tem-
perature conditioning engine components. The conditioning system
utilized a liquid hydrogen-helium heat exchanger to provide cold helium
gas for component conditioning. Engine components requiring tempera-
ture conditioning were the thrust chamber, crossover duct, pneumatic
regulator, and main oxidizer valve closing control line and second-
stage actuator. Helium was routed internally through the crossover
duct and tubular-walled thrust chamber and externally over the
pneumatic regulator and main oxidizer valve closing control line and
second-stage actuator,

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised
of (1) flight instrumentation for the measurement of critical engine
parameters and (2) facility instrumentation which was provided to
verify the flight instrumentation and to measure additional engine
parameters. The flight ingtrumentation was provided and calibrated
and periodically recalibrated at AEDC. Appendix III contains a list of
all measured test parameters and the locations of selected sensing points.
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Pressure measurements were made using strain-gage-type pres-
sure transducers, Temperature measurements were made using
resistance temperature transducers and thermocouples, Oxidizer and
fuel turbopump shaft speeds were sensed by magnetic pickup. Fuel and
oxidizer flow rates to the engine were measured by turbine-type flow-
meters which are an integral part of the engine. The propellant recir-
culation flow rates were also monitored with turbine-type flowmeters.
Engine side loads were measured with dual-bridge, strain-gage-type

load cells which were laboratory calibrated before installation. Vibra-
“tions wére measured by accelerometers mounted on the oxidizer in-
jector dome and on the turbopumps. Primary engine and stage valves
were instrumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers, load
cells, and resistance temperature transducer units; (2) voltage substi-
tution for the thermocouples; (3} frequency substitution for shaft speeds
and flowmeters; and (4) frequency-voltage substitution for accelerom-
eters.

The types of data acquisition and recording systems used during
this test period were (1} a multiple-input digital data acquisition sys-
tem (MicroSADIC®) scanning each parameter at 40 samples per second
and recording on magnetic tape, (2) single-input, continuous-recording
FM systems recording on magnetic tape, {3) photographically record-
ing galvanometer oscillographs, (4) direct-inking, null-balance
potentiometer-type X-Y plotters and strip charts, and (5) optical data
recorders. Applicable systems were calibrated before each test
{atmospheric and altitude calibrations). Television cameras, in con-
junction with video tape recorders, were used to provide visual
coverage during an engine firing, as well as for replay capability for
immediate examination of unexpected events.

2.4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect
the engine control system, major stage systems, the engine safety
cutoff system, the observer cutoff circuits, and the countdown sequencer.
A schematic of the engine start control logic is presented in Fig. 6. The
sequence of engine events for a normal start and shutdown is presented
in Figs. 7a and b. Two control logics for sequencing the stage pre-
valves and recirculation systems with engine start for simulating engine
flight start sequences are presented in Figs. 7¢ and d.
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SECTION I
PROCEDURE

Preoperational procedures were begun several hours before the
test period, All consumable storage systems were replenished, and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met. Chem-
ical analysis of propellants was provided by the propellant suppliers.
Facility sequence, engine sequence, and engine abort checks were con-
ducted within a 24-hr time period before an engine firing to verify the
proper sequence of events. Facilily and engine sequence checks con-
sisted of verifying the timing of valves and events to be within speci-
fied limits; the abort checks consisted of electrically simulating engine
malfunctions to verify the occurrence of an automatic engine cutoff
signal, A final engine sequence check was conducted immediately pre-
ceding the test period.

Oxidizer dome, gas generator oxidizer injector, and thrust cham-
ber jacket purges were initiated before evacuating the test cell. After
completion of instrumentation calibrations at atmospheric conditions,
the test cell was evacuated to approximately 0.5 psia with the exhaust
machinery, and instrumentation calibrations at altitude conditions were
conducted. Immediately before loading propellants on board the vehicle,
the cell and exhaust-ducting atmosphere was inerted, At this same
time, the cell nitrogen purge was initiated for the duration of the test
period, except for the engine firing. The vehicle propellant tanks were
then loaded, and the remainder of the terminal countdown was conducted.
Table V presents the engine purges and thermal conditioning operations
during the terminal countdown and immediately following the engine
firing.

Temperature conditioning of the various engine components was
accomplished as required, using the facility-supplied engine component
conditioning system. Engine components which required temperature
conditioning were the thrust chamber, the crossover duct, pneumatic
regulator, main oxidizer valve closing control line, and main oxidizer
valve second-stage actuator, The engine component conditioning sys-
tem utilized a liquid hydrogen-helium heat exchanger to provide the
chilled helium for component conditioning.



AEDC-TR-67-209

SECTION IV
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Two firings of the J-2 rocket engine were conducted during test
J4-1801-03 on July 26, 1967, for a total firing duration of 31, 3 sec.
These firings were in support of the S-IVB/S-V J-2 engine develop-
mental program. Engine components were thermally conditioned to
temperatures predicted for S-IVB/S-V first burn and one orbit restart on
firings 03A and 03B, respectively. A praopellant utilization valve excur-
sion from null to the full-closed position at tg + 10 sec was accomplished
during firing 03A, effectively changing the engine mixture ratio from 5.0
to 5.5. Firing 03B was conducted with the propellant utilization valve
fully open. Test requirements and specific test results are summarized
in Table VI, Start and shutdown times of selected engine valves are pre-
sented in Table VII. The pump inlets, start tank, and helium tank pres-

sure and temperature conditions at engine start are shown in Fig. 8.

Excessive gas generator outlet temperature peaks were experi-

enced on these firings.

This resulted in a gas generator outlet tem-

perature probe failure which produced a premature cutoff on firing 03B.
The two remaining scheduled firings for the test period were cancelled.
Specific test objectives and a brief summary of results obtained for each
firing are presented as follows:

Firing Test Objectives Results
03A S-IVB/S-V first burn; evaluate The gas generator outlet

03B

the effect of ithrust chamber
resistance on gas generator
outlet temperature and aug-
mented spark igniter operation
during the start transient at
maximum start tank energy

S-IVB/S-V restart; evaluation of
the effect of minimum model
specification fuel pump inlet
pressure and maximum first
orbit starting energy on engine
start transient and fuel pump low
level stall margin

initial peak temperature
was 2490°F with no second
peak. Augmented spark
ignition was detected

236 msec after engine
start. Post-test inspec-
tion revealed that no aug-
mented spark igniier
erosion had occurred
during this test period.

The gas generator outlet
temperature attained 2480°F
before failure of the tem-
perature probe, prematurely
terminating the firing at

tgp + 1. 25 sec. A conserva-
tive fuel pump stall margin
was maintained during the
start transient,
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The presentation of the test results in the following sections will
consist of a discussion of each engine firing with pertinent comparisons.
The data presented will be those recorded on the digital data acquisition
system, except as noted.

4.2 TEST RESULTS

4.2.1 Firing J4-1801-03A

The programmed 30-sec engine firing was successfully accom-
plished. Engine start and shutdown transients are presented in Fig. 9.
Table VII presents selected engine valve operating times for engine
start and shutdown. Test cell pressure and combustion chamber pres-
sure during the firing are presented in Fig. 10. Pressure altitude at
engine start was 101, 000 ft and attained a maximum of 97, 000 ft
(geometric pressure altitude, Ref. 4) during main-stage operation.
Combustion chamber pressure reflects the propellant utilization valve
excursion at about tg + 10 sec, which effectively changed the engine
mixture ratio from 5.01to 5.5. Thermal conditions of selected engine
components are shown in Fig. 11.

Test conditions for firing 03A were selected to repeat conditions
for firing 02A, excepti for thrust chamber resistance to fuel flow (the
test variable). These test conditions are compared in Table VIII. The
engine was reorificed between tests 02 and 03. The orifice diameters
effective for these tests are presented in Table II. Figure 12 presents
a plot of the resistance to fuel flow during the fuel lead and gas gener-
ator ignition on these firings. It can be seen that firing 03A had lower
fuel system resistance as a result of its colder thrust chamber pre-
chill. Both firings (02A and 03A) had 3-sec fuel leads. A comparison
of the gas generator ignition transients for these firings (Fig. 13) indi-
cates the gas generator developed higher power and experienced a
faster start on firing 02A. The gas generator shuidown transient on
firing 03A (Fig. 14) was normal.

The gas generator ignition occurred at tg + 0. 669 sec on firing 034,
as compared to tg + 0.642 sec on firing 02A. The lower fuel system re-
gistance on firing 03A produced lower gas generator fuel injector pres-
sure during the start transient. The lower fuel injector pressure and
delayed gas generator ignition on firing 03A produced lower gas-gener-
ator power duriﬁg the bootstrap transient period. This lower power
produced a slower buildup rate of the fuel and oxidizer turbine speeds
(Fig. 15), Therefore, a longer time was required for thrust chamber
ignition and for combustion chamber pressure to attain main-stage
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operation on firing 03A (indicated by the time required for combustion
chamber pressure to aitain 550 psia; this time was tg + 1. 925 sec on
firing 03A, as compared to tg + 1.854 sec on firing 02A4). The gas
generator outlet temperature peaked at 2490°F on firing 03A, as com-
pared to 2080°F on firing 02A. The gas generator oxidizer supply line
temperature probably contributed to this excessive temperature peak
on firing 03A, The line was colder than desired during this test period,
as indicated by a comparison of these line temperatures for firings 02A
and 03A in Fig. 16. The main oxidizer valve began its second-stage
ramp during oxidizer dome prime (tg + 1. 001 sec); therefore, no gas
generator outlet second peak temperature was experienced.

Augmented spark ignition was detected 236 msec after helium con-
trol solenoid "on' for firing 03A, as compared to 220 msec on firing 024,
Vibration safety counts {vibration measured in excess of 150 g) were
recorded for 35 msec during main chamber ignition. Fuel pump per-
formance (Fig. 17} indicates a conservative stall margin was main-
tained during the engine start transient.

Engine steady-state performance data are presented in Table IX,
The data presented were for a 1-sec data average of test measurements
from 29 to 30 sec and were computed using the Rocketdyne PAST 640
modification zero performance computer program. Engine test meas-
urements required by the program and the program computations are
presented in Appendix 1V, Engine performance for this test was higher
than nominal. Normalized data, to standard engine performance values,
computed by the program revealed that the gas generator oxidizer
supply orifice, the gas generator fuel supply orifice, and the oxidizer
turbine bypass orifice were all slightly undersized.

4.2.2 Firing J4.1801.038

This firing was terminated at tg + 1, 25 sec by the engine safety
cutoff system because the failure of the gas generator outlet tempera-
ture probe. This was a new probe which had been installed before
test 03. The failure of this probe is attributed to the excessive gas
generator temperature peaks experienced during this test period.
Engine start and shutdown transients of selected parameters are pre-
sented in Fig. 18, Table VII presents selected engine valve operating
times for engine start and shutdown. Test cell pressure and combus-
tion chamber pressure during the firing are presented in Fig. 19.
Pressure altitude at engine start was 105, 000 ft. The thermal condi-
tions of engine components are shown in Fig. 20,

10
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The gas generator ignition and shutdown transients of selected
parameters are presented in Fig. 21, The energy added to the start
tank gas by the warm turbine components in addition to the power
developed by the gas generator was sufficient to produce a fast buildup
rate of the oxidizer turbine speed (Fig. 18). This produced hydraulic
torque sufficient to delay the beginning of the second-stage ramp of the
main oxidizer valve until tg + 1. 195 sec (194 msec slower than for
firing 03A).

The gas generator oxidizer supply line temperature (Fig. 16},
gimilar to the temperature experienced on firing 03A, probably con-
tributed to the excessive gas generator temperature peak and tempera-
ture probe failure encountered on this firing.

Fuel pump performance data (Fig. 22) indicate a conservative stall
margin was maintained during the start transient. Vibration safety
counts were recorded for 9 msec during main chamber ignition.

4.3 POST-TEST INSPECTION

Engine inspection after this test period revealed that noc apparent
augmented spark igniter erosion had occurred. However, the first
stage of the fuel turbine, both stator and wheel blades, was eroded,
Also, small cracks were found in the curvic coupling of the fuel turbine
first-stage wheel. Rocketdyne approved delaying replacement of the
turbopump assembly until after the next test period.

SECTION v
SUMMARY OF RESULTS

The results of the two Rocketdyne J-2 rocket engine firings con-
ducted on July 26, 1967, in Test Cell J-4 are summarized as follows:

1, Increased thrust chamber resistance to fuel flow results in a
faster buildup rate of gas generator power and thrust chamber
pressure during the bootstrap transient period.

2, Test data indicate the temperature of the gas generator oxidizer
supply line was probably the primary factor influencing the
excessive initial peak temperatures (above 2400°F)} experienced
on these firings,

'3. For the S-IVB/S-V restart with maximum first orbit start
energy (firing 03B), the beginning of the main oxidizer valve

11
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second-stage ramp was 194 msec slower than for the
S-IVB/S-V first burn with maximum start energy (firing 03A).

4. No gas generator ocutlet second peak temperature was experi-
enced for the S-IVB/S-V first burn firing with maximum
starting energy (firing 03A).

9. A conservative fuel pump stall margin was maintained during
the engine start transients of this test period.
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Fig. 16 Gas Generator Oxidizer Supply Line Temperatures,
Firings 02A, 03A, ond 03B



ce

HEAD, HF-2, FEET X 107>

40

)
(=)

™o
o

—
[an)

FLOW, QF-2, GPM X 1073

Fig. 17 Fuel Pump Start Tronsient Performance, Firing 03A

|NOTE: 1. STALL INCEPTION LINE 1S BASED ON '
: TOTAL HEAD RISE ACROSS THE PUMP. . 5{\ I
! THE DATA PLOTTED ARE PUMP DIS- A X
s CHARGE PRESSURE CONVERTED TO /
: HEAD. ,
” 2. DATA ARE FROM FM SYSTEM. S/
NAREEZAN
SA NG
\>,\/' 1‘( \\,047
Sy 4RRRN
% S s 1
71 (’b,?
N '047
// Ny
)% ¢
i 109 JES
L A £
0 ] 2 3 4 5 6

10

60Z-L{9-¥ 1-203Y



AEDC-TR-67-209
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TABLE |
MAJOR ENGINE COMPONENTS
Part Name P/N S/N
Thrust Chamber Body 206600-31 4076553
Thrust Chamber Injector Assembly 208021-11 4084917
Fuel Turbopump Assembly 459000-161 4062324
Oxidizer Turbopump Assembly 458175-71 6623548
Start Tank 303438 0064
Augmented Spark Igniter 206280-21 3661349
Gas Generator Fuel Injector and Combustor 308360-11 2008734
Pneumatic Control Assembly 556947 4079720
Electrical Contro' Package 502670-11 4081748
Primary Flight Instrumentation Package 703685 4078716
Auxiliary Flight Instrumentation Package 703680 4078718
Main Fuel Valve 408120 4056924
Main Oxidizer Valve 411031 4089563
Gas Generator Cantrol Valve 309040 4078714
Start Tank Discharge Valve 306875 4079062
Oxidizer Turbine Bypass Valve 408940 4048489
Propellant Utilization Valve 251351-11 4068944
Main-Stage Control Valve 558069 8313568
Ignition Phase Contreol Valve 558069 8275775
Helium Control Valve 106012000 342270
Start Tank Vent and Relief Valve 557828-X2 4046446
Helium Tank Vent Valve 106012000 342271
Fuel Bleed Valve 309034 4077749
Oxidizer Bleed Valve 308029 4077746
Augmented Spark Igniter Oxidizer Valve 308880 4077205
P/A Purge Control Valve 557823 4073021
Start Tank Fill/Refill Valve 558000 4073001
Fuel Flowmeter 251225 4077752
Oxidizer Flowmeter 251216 4074114
Fuel Injector Temperature Transducer NAG-27441 12401
Restartable Ignition Detect Probe XEOR915389 211
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TABLE Il

SUMMARY OF ENGINE ORIFICE

Comments
Name Number Diameter
Gas Generator Oxidizer | prosi 4106 | 0.276 in. 0.284 in.”
Supply Line
Augmented Spark 406361 . 110 in. 0.110 in. Thermostatic Orifice
Igniter Oxidizer
Oxidizer Turbine RD273-8002 . 300 in. 1.430 in.
Bypass Nozzle
Gas Generator Fuel RD273-4107 . 472 in. 0. 489 in,
Supply Line
Main Oxidizer Valve 410437 .34 scfm. | 8.34 scfm.
Closing Conirol
Oxidizer Turbine . . Installed on the Engine
Exhaust RD251-9004 - 99 in. 9.99 in. before Shipment to AEDC

6CT-£3-4L-0Q3Y
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TABLE IlI
ENGINE MODIFICATIONS AT AEDC BETWEEMN TESTS J4-1801-02 AND J4-1801-03

Completion® Description of

Modification Date Modification

RFDT-44-1-67 Moved TOBS-5 to TOBS-2A

RFD-56-67 Installed Cne Heater and One
Thermocouple on Both the
Electrical Conirol and the
Primary Instrument Packages

RFD-55-67 7-24-67 Installed Gas Generator Fuel
Supply Orifice

Installed Gas Generator Oxidizer
Supply Orifice

Installed Oxidizer Turbine
Bypass Nozzle

RFD-54-617 Installed Turbine Component
Isolation Insulation

RFD-57-67 Modified Oxidizer Pump
Discharge Pressure Sensing
Line {Static Stage)

TRFD - Rocketdyne Field Directive
*All Dates Not Available from Rocketdyne

TABLE Iy
EMGINE COMPONENT REPLACEMENTS (BETWEEN TESTS J4-1801-02 AND J4-1801-03)
Completion Component
Replacement Date Replaced
UCRT No. 007971 7-24-87 Gas Generator Chamber and
Oxidizer Pump Seal Cavity
Pressure Transducer
Replaced for T-17-67 Gasg Generator Outlet
Reliability Temperature Probe

TUcr - Unsatisfactory Condition Report
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TABLE V¥

ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE

‘!‘uu,nhq
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m J-um I l‘aua-ul

49 . lui.r:mhl
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Thrust Thamber 50 - ioe*F wt Engine
Telet iNominal) 83 scim Cutolf
{Cusiamer Comest| =
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0 ),
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T st 30 min before
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mcmp:-aul evanditinns o be maintained within Hmiis for last 15 min before engine start.

60Z-L9-41-2Q3Y



AEDC-TR-67-209

TABLE VI

SUMMARY OF TEST REQUIREMENTS AND RESULTS

03a 03B
Firing Number, J4-180{-03 =1
Target i Actual Target l Actual
1240 12593
Tlme of Day, br{Firing Date
July 26, (Y67 July 26, 1967
Pressure Altitude at Engine Start, ft (Ref. 4) 100, 009 1 101, 000 100, 000 105, 00O
Firing Duration, sec® 30 30.072 s 1 245
Fuel Pump Inlet Conditlons | Pressure, psia 8.0 1.0 29.6 28.02 1,0 28.3
at Engine Start Temperature, °F -420.4 2 0.4 -420.6 -421,5: 0.4 -420. 6
O Mt 2oy e Preasure, paia 48.02 1.0 48,6 4B.0 ¢ 1.0 47,8
Condltions at Engine Start Temperature, *F | -295.3z0.5 -294.6 -285.3 = 0.4 -284. 3
Start Tank Conditlona Presaure, psia 1400 ¢ 10 1384 1400 £ 10 1401
at Engine Start Temperature, °F -200 £ 10 -202.7 -2402 0 -242.8
Welium Tank Conditions Pressure, psia --- 2143 .-- 1
at Engine Start Temperature, °F oL -209.1 i 242, %
Thrust Chamber Temperature Throat -200 £ 15 - 186 i 110
Conditlons at Engine Start, *°F Average C -187 e 23
TFTD-2 -20 £ 156 -13 --- 464
Crossover Duct Tempersture TFTD-3 -38 170 ”ls) 181
at Engine Start, °F =
TFTD-8 -34 .- 361
Main Oxidizer Valve Closing Cantrol Line " -
Temperature at Engine Start, * 100 ¢ 10 e -15a = 10 168
Main Oxldizer Valve Second-Stage
Actuator Temperature at Engine Start, 'FQ RUG Y e bl o
[ g ’ .
::lr_l.-:l::x:‘t:tsf,nonnlr?é Package Tempersalure -100 2 10 -g5 -150 ¢ 10 -178
Fuel Lead Time, sec® 3 3. 002 8 7. 992
| Propellunt in Englne Time, min 44 143 cee 1o
'
{ Propeilant Reclrculation Tine, min tg -11 | -1 20 - 11 doo
| Prevalve Sequencing Logic Auxlllary Auxlliary Normal Normai
i TOBS-1 -134 --- -126
‘Boc[t)sl:;:p Line Temperature at TORS -2 - -159 s -182
) TOBS-2A -249 -265
Sfart Tank Discliarge Valve Body o _as I .123
Temperature at Englne Start, °F 3
Vibration Safety Counts Duration imsec) = 25 A e
and Occurrence Time {secl [rom tg .- 0.887 1o 0,968
Gag Generator Outlet Inltial Peak .-- 2491 - 2651
Temperature, 'F Overshoot I - - .
Main Chumber Ignition (P, » 100 psia) o I
Time, aec (Ref. g 1.002 0. %62
Main Oxidizer Valve Second-Stage Initinl »
[ Movemrent, sec (Rel. tg) = ‘ LAC0) — LS
,'L Main-5tage Pressure No. 2, sec (Ref. l0)® sEl- | 1.638 --- s
r
| 550-psia Chamber Preaaure Attained, sec . RPN
1,925
[Ref, tq)
| Propellant Utillzation Valve Position at Null Null Open -3 Open
Engine Start, deg  Engine Start/tg + 10 sec Closed Closed Hxabiralon ooo

®Dau reduced from asclliograph,

Coniponent conditioning to be maintalned within limits for last {5 min before englne start.

®

whichever ls longer.
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TABLE Vi
ENGINE YALVE TIMINGS

Start
Start Tank Main Oxldizer Valve Main Oxidizer Valve Gaz Generator Gas Geperator
Main Fuel Valve Oxidiz Owidizer Turbine
Firlng Diacharge Valve First Stage Second Stage Fuel Poppet Popp:: Bypasa Valve
Number
J4-1B01- Time |Valve| Valve Time |Valve| Valve Time Valve| Valve Time |Valve| Valve Time |Valve| Valve Time |Valve | Valve Tiuma |Valve | Valye Time [Valve | Valve
ol Lelay | Opening of Delay | Closing of Delay |Opening of Delay | Opening of Delay |Opening of Delay | Opening of Delay |Openting of Nelay | Closing
Opening | Tlme,| Time, | Closing | Time,| Time. |Opeming |Time] Time, JOpentng | Time,| Time. [Opening |Time,| Time, |Opening | Time,| Time, |Opening |Time, | Time, | Clusing [Time. | Time,
Signal | sec arc Signat nec BEC Sigom] By aac Signal e sec Signid | sec nec Signal Rer mec Sigoul | sec sec Stgual | #ec acc
VA 1] 0.156| 0,150 0. 441 0.190 | 0, 260 -3.001 Jo.0s8] 0. 060 . 441 0,030 | 0,060 0.441 |0, 580 1, TIB6 0.441 lo0.10% 0, 062 C. 441 [0.21%| 0 070 0.441 [D.275]| 0 312
03B 1] 0.166 | 0,154 0.441 |0 psE| 0.277 =7.891 JO.ns5a| 0. 048 0. 441 0. 067 | D.068 0,441 |0, 754 e 0.441 |0.113 ] 0.085 0.44] |0 233 | 0, 083 0. 441 |0.233| 0. 307
"";;i:::::"“‘ o |oo0sa| 0107 | .447 |0.0ns | 0.245 | -1 010 |0.047] 0083 [| 0. 447 [0.0a8 | 0.042 | 0.447 [o.580] 1.730 | 0.447 |0.077 | 0,041 [ 0.447 10 136 v.083 | 0 447 [0.215] 0.283
qu:::m’ 1] 0.083 | 0.107 0.448 (0 opl | 0. 248 -0.987 j0.041| 0. 063 0.448 |c.046 | 0.042 0,448 |0 5AR 1,733 | 0.448 |0.072 | 0,045 0.44% |0 135 0.053 0,448 (v, 204| 0 207
iL Shutdows,
Gan Generator
Gas Generator Cxidizer Turbine
Flring Main Fuel Valve Main Oxbiliver Valve Fuel Poppet O;;dizir By a0 VEIVE
Number i ’
J4-1801- Time |Valve | Valve Time |Valve| Valve Time |Valve | Valve Time Valve | Vialve Time, |Valve | Valve
of Delay | Closing of Delay | Claaing, of Delay | Cloaluy of Delay |Closing of Delay |Opening
Closing| Time, | Time, | Cloetng | Time,| Time, | Closing |Time, | Time, | Closing (Time, | Time, |Upening (Time, | Time,
Signal | sec sec Slgnat sec sec Signal sec [ sec Signal sec sec Signal aec 8sec
120 | 0 330 30,071 0. 1001 ¢. 243 30,071 |0.078 \ ¥.112 § 30,071 {0.030 l 0.018 §30.071 |0.313 | 0.588
0.112 | 0.310 1. 346 T p.oi1n 1.245% |0, 091 | 0.081 1. 24% H.OZBI 0.043 1.245 [0.173 | V. 348
'::‘;::;::"‘1 8.002 |0.v0r | 0 248 s.002 | 0. o6z p.12v | @00z [oc.nas| .04 § s 002 |0.662 | c.o2n | 8,002 [o.222 | 0,580
Full L,
Lﬁequeuce 20 828 (0,087 | 0,240 29, A28 | 0,081 0. 130 28,628 U.OBBJ{ 0,040 | 29,826 |0.05& | 0.023 20,626 (0.233 | 0.575
Nnter: 1. All valve signal timea are referenced to tg.

2. Vulve delay time i& the time required for initinl velve movement after the valve apen or closed solencid has been energized.
3. Final sequanca check {s conducted without propellants and within 12 hr before testing,
4. Dats reduced from paclllogram,

60Z-£9-31-0Q3Y
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COMPARISON OF TEST CONDITIONS FOR FIRINGS 02A AND 03A

TABLE Vili

Firing Number: J4-1801- 024 034
| Fuel Pump Inlet Pressure, psia 28.3 29.6
; Conditions at Engine Start | Temperature, °F | -420.4 | -420.6

Oxidizer Pump Inlet Pregsure, psia 47.7 48.6

Conditions at Engine Start | Temperature, °F | -295.8 -294.6

Start Tank Conditions Pressure, psia 1395 1394

at Engine Start Temperature, °F | -203 -203

Thrust Chamber Temperature Throat -115 -186

Conditions at Engine Start, °F Average | -91 -187

Crossover Duct Temperature

- -17 -

Conditions at Engine Start, °F TETD-3 L a8

Main Oxidizer Valve Closing Control 96 2139

Line Temperature at Engine Start, °F

Main Oxidizer Valve Second-Stage -166 -299

Actuator Temperature at Engine Start, °F

Pneumatic Control Package Temperature -116 _95

at Engine Start, °F

Fuel Lead Time, sec 3.000 | 3,002

. - TOBS-1 -76 -134

fto?tzstgaEFLme Temperature TOBS-2 _50 -159

’ TOBS -3 -252 -249
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TABLE IX
ENGINE PERFORMANCE SUMMARY

Firing Number J4-1801-03A Site* | Normalized’
Time, sec 29.5 29.5

Thrust, lbf 229,100 2286, 900

Chamber Pressure, psia 773 763
g;z;:eu Mixture Ratio 5.69 5.66
Performance Fuel Weight Flow, lbm/sec 81.2 80.5

Oxidizer Weight Flow, lbm/sec| 461.8 455, 1

Total Weight Flow, 1lb/sec 543.0 535.8
Thrust Mixture Ratio 5.911 5.878
Chamber Total Weight Flow, lb/sec 535.8 528. 4
Performance | . .cteristic Velocity, ft/sec | 7904 7912

Pump Efficiency 73.8 73.8
Fuel

)

Turbopump Pump Speed, rpm 26,598 26, 328
Performance | Turbine Inlet Temperature, °F 1263 1235

Turbine Weight Flow, lb/sec 7.18 7.14
Oxidizer Pump Efficiency 80.4 80, 4
Turbopump Pump Speed, rpm 8613 8546
EETigyrgante Turbine Inlet Temperature, °F 821 801
Gas Mixture Ratio 0.978 0.961
Generator
Performance | Chamber Pressure, psia 675.8 669, 0

*Site - Test Data

TNorrnalized - Test data corrected to standard pump inlet and
engine ambient vacuum conditions.
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APPENDIX Il
INSTRUMENTATION AT AEDC FOR J-2 ROCKET ENGINE
$/N J2052 ON TEST J4-1801-03

The instrumentation for AEDC Test J4-1801-03 is tabulated in
Table III-1. The location of selected major engine instrumentation
is shown in Fig, III-1.
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TABLE 111l
LIST OF ENGINE INSTRUMENTATION

AEDC Tap Micre= Magnetic  Oscillo- Steip X-Y
Code Parameter No Range SADIC Tape graph Chart Plotter
Current amp

[CC Corticl 210 30 < X
LiC Ignion 0 to 30 x %
EECL Enginc Cutoff Lockin On/Off x x
EECO Engire Curof 31gral Or./Off x x x
EES Engine Swait Command On{Ofi * x
FEFBYC Fuel Bleed Valve Closed Lamit Open{Cloned b3
ERIT Fuel Injector Temperature Oon/Off x X
EFPVC/O Fuel Prevalve Closec{Open Lamat Closed!Open X <
EHCS Heliant Contro! Solenoic On/OIf X X
EID Ignition Detected, OnjOfr x x
EiPCS Ignition Phase Control Solenord On/O¢t X S
BMCS Main-Stage Control Salenusd On/Off X x
EMP-1 Ma.n-S-age Freasure No. 1 On/Off x
EMP-2 Mawn-Stage Pressure No. 2 On?Off x
EQCBVC Ozxidizer Bleed Valve Closed Limut Open/{Closed X
BOPVC Oxidizer Prevalve Closed Lamnt " Closed b3 X
BOPVO Oxidyzer Prevalive Qpen Limit Open b3 X
ESTDCS Start Tank Dascharge Contro.

Solenoid Onjofte b3 x X

Sparks

RALIS-1 Aupmenied Spark Igniter Spark

No 1 On/{Off x
EBASIS-2 Augrmenied Spark Igniter Spark

No 2 X
RGGS-1 Gas Generator S5park No 1 On/Off X
RGGS-2 Gag Generator Spark Xo 2 On/Off X

Flows gpm
QF-1A Fuel PFF 0 to 9900 x bl
QF-2 Fuel PFFA 0 to 9040 x x x
QFRP Fuel Recirculation D to 1640 x
QRO-~14 Oxicizer POF 0 to 2000 x x
Q0O-2 Oxwzer POFaA % to 3000 x X x
QORP Oxidizer Recirculation O to 54 x x
Farces ‘ﬂ
FSP-1 Side Load (Paich) +20, 000 x x
FSY-1 Side Load {Yaw) =20, 000 x R4
Position Percent Open

LFVT Main Fue) Valve 0 ta 100 x X
LGGVT Gas Generator Valve 0 to 100 X x
LOTBVT Oxadezer Turbire Bypase Valve 00 100 X X
LOVT Main Oxicdizer Valve 00 100 x X x
LPUTOP Propellant Utilization Valve 00 100 x x x
LSTDVT Start Tank Discharge Valve 0to 100 x x
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AEDC
Code

PA1

PA2

PA3
PC-1P
PC-3
PCAS!-2
PCGG-1P
PCGG-2
PFASIS

PFJ-1A
PFJ-2
PFJGG-1A
PFIGG-2
PEMI
PFOI-1A
PFPC-1A
PFPD-1P
PFPD-2
PFPl-1
PFP1-2
PFPI-3
PFPS-1P
PFRPO
PFRFR
PFST-1P
PFST-2
PFUT
PFV]

PFVL

PGBXIL
PHECMOQO
PHEOP

PHET-1P
PHET -2
PHRO-1A
POBSC
POBYV

POJ-1A
POJ-2
POJGG-1A

TABLE Il (Continved)

Parameter

Pressure
Test Cell
Test Cell
Test Cell
Thrust Chamber
Thrust Chamber
Aupgmenied Spark Igmter Chamber
Gas Generator Chamber
Gas Gencrator Chamber

Augmented Spark Igmiter Fuel
Injection

Matn Fuel Injection

Main Fuel Injectaan

Gas Generator Fuel Injection
Gas Generstor Fuel Injection
Fuel Jacket Inlet Mamfold

Fuel Tapoff Orifice Oullet

Fuel Pump Balance Pistan Cavaty
Fuel Pump Digcharge

Fuel Pump Discharge

Fuel Pump Intet

Fuel Pump Inlet

Fuel Pump Inlet

Fuel Pump Inlerstage

F'uel Hecirculation Pump Outlet
Fuel Recrreulation Pump Return
Fuel Start Tenk

Fuel Starl Tank

Fuel lank Ullage

Fuel Tank Represaurzation Line
Nozzle Lntet

Fuel Tank Repressurization Line
Nozzle Throat

Bypass Nozzle Inlet
Pneumatic Conirol Module Cutlet

Oxiadizer Recireulation Pump
Purge

Helium TFank

Helium Tank

Helium Regulator Qutlet
Oxadizer Beotstrap Conditioning

Gaos Generator Oxadizer Bleed
Valve

Main Oxidizer Inyection
Main Oxidizer Injection

Gaa Generator Oxidizer Injection

Tap
No

CG1
CGlA
1G1
GG
GG1A

Cr2
CF2A
GF4
GF4
CF}
HF2
PFs
PF3
FF2

PF6

TF1
TF1

TGS

NN)
NN1
NN2

Go2
co3
CcO3A
GOS

Range

Micro-
SADIC

Magnetic
Tape

Oscillo-
graph

Strip
Chart

X-Y
Plotter

512
0to0 $
Otal O
J0to5 0
0 to 1000
0 to 1000
G to 1000
1000

0 to 1000

0 te 1040
0 to 1000
0 to 1000
0 toc 1000
010 1000
0 1a 2000
0 ta 1000
0 to 1000
0 to 1500
0 to 1300
0to 100
0 1o 200
0 to 200
0 to 200
0 to €0
0to 50

0 to 1500
Q to 1500
O to 100

0to 1000

0 w0 1000
Q to 200
0 to 750

0to 150
0 to 3500
0 to 3500
0 ta 750
0 to 50

0 to 2000
0 to 1000
0 to 1000
0 to 1000
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TABLE l1-l (Continued)

AEDC Tap Micro- Magnetic OQOscillo- Strip X-Y
Code Parameter No. Range SADIC Tape  graph Chart Plotter
Pressure
POJGG-2  Gas Generator Oxidizer Injection GO3 0 to 1000 x
POPBC-1A Oxidizer Purnp Bearing Coclant POT 0 te 500 K
PCPD-1P Oxadizer Pump Diacharge PO3 o to 1600 x
POPD-2 Oxfdizer Pump Discharge P02 0 ta 1600 X x X
POPI-1 Oxidizer Pump lnlet 0 to 100 X x
POFI-2 Qxidizer Pumnp Inlet 0 to 200 } 3 x
POP-3 Oxidizer Pump Inlet 0 to 10Q X
POPSC-1A Oxidizer Pump Primary Seal
Cavity POs 0 to 50 x
PORPO Oxidizer Recirculation Pump
Outlet Oto 115 x
PORPR Oxidizer Recircutetion Pump
Return 0 to 100 x
POTI-1A Oxidizer Turbine Inlet TG3 0 ta 200 x
POTO-14  Oxadizer Turbane Outlet TG4 0to 100
POUT Oxidizer Tank Ullage 0to 100
POVCC Main Oxidizar Valva Closing
Conirel 0 to BUG % x
POVI1 Oxldizer Tank Repressurization
Line Nozzle Inlet 0 to 1000 x
POVL Oxidizer Tank Repressurization
Line Nozzle Throat 0 to 1000 X
PPUVI-1A Propellant Utilization Valve Inlet PO8 0 to 1000 x
PPUVO-1A Propellant Utillzation Valve
Outlet POY 0 1o 500 x
PTCFJP Thrust Chamber Fuel Jacket
Purge adto 100 x
PTFP Turbopump and Gas Generator
Purge 0to 250 x
Speeds rpm
NFP-1P Fuel Pump PFV 0 to 20, 000 x x x
NFRP Fuel Recirculation Pump 0 to 15, DGO X
NOP-1P Oxidizer Pump POV 0 to 12, 000 x x x
NORP Oxidizer Recirculation Pump 0te 15, 000 x
Temperatures °F
TAL Test Cell (North) -50 to +800 x
TAL Test Cell (East) -50 to +800 X
TAS Teet Cell (South) -50 to +80D X
TA4 Tast Cell (Went) -50 to +800 x
TAIP-1A Auxiliary Inatrument Package 300 to +200 x
THBHR-1 Helium Regulator Body {North
Side} -100 te +50 K
THHR-2 Helium Regulator Hody {South
Side) -100 t0 +5Q x x
TBSC Oxidizer Bootetrap Conditioning =350 to +150 x
TCLC Meain Oxidizer Valve Closing
Control Line Conditioning -325 to +200 X
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AEDC
Cade

TECP-1P
FFASI)

TFaSiL-1

TrFASIL-2

TFBV-14
TFI-1P
TFPD-1P
TrPD-2
[FPDR
TEPL-1
TFPI-2
TFRPO
TFRPR

TFRT-1
TFRT-2
TEFST-1P
IrreT-2
IrFI'D-1
TFTD-1R

T#TD-2
TFTD-3
TFTD-3R
1FTD-4
TFTD-4R
TETD-5
1C1D-6
TFTD-7
TFTD-8
TFTI-iP
TETO
TGGO-1A
THET-1P
TMOVC

TOBS-1
1035-2
rOBS-2A

TOBS-J

TOBS-4

TQB3CI

TOBSCO

TOBV-1A

TABLE Ili-1 (Continued)

Iop
Parametes No
TempuraLres

Elecliyeal Conticls Package N3 ta
Augmented Spark lgmter Fuel
Injcction 1T
Augiaented Spark Ignitec Lone
Temperature

Augmented Spa k Igniter Line
Temperatu e

su2l B_2co ¥oive GaTy
Main Fuel §njectavn crT?2
Fuel Pump Mischarge PETIL
FlLel Pum: Lascharge PEL
Fuel Pum)» Discaar g Duct

Fucl Pumyp Lnlet

Fuel Pumnp Inlet

Fuel Recit cuiation Pump Outlel

Fuel Recirculation Pump
Return Line

Fuel Tank
Fuel Tank
Fucl Start Tanh

]

]
”
n oA
-

Fue. Start Tark

=]

Fuel Turbine Discharge Duct

Fucl Turbine Duwscharge
Collector

Fuel Turoine Discharge Daca
Fucl Turbine Discharge Duct
Fuel Turbwe Iischarge Line
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Line
Fuel Curbine Discharge Duct
Fuel Lurtnne Discharge Duct
Fuel Turbine Ihscharge Duct
Fuel Turbine Discharge Duct
Fuel Tardine Inlel TFT:
Fuel Turbine Qutlet TET2
Gas Generator Outlet GGT}Y
Helium Tark NNl

Matn Oxidize: Valve Actuator
Condilioning

Oxidizer Bootstrap Line
Oxidizer Baotstrap Line
Oxidizer Bootsirap Line
Oxadizer Bootstrap Line
Oxicirer Bootatran Lane

Oxidizer Boolstrap Condiioning
Iniet

Oxidizer Bootstrap Condiiloning
Out.ct

Oxidizer Bleed Valve GAT2

Micra- Magoetic  Osciilo-  S:iran X-Y
Range SADIC lFape gtaph Chart Plotter
°F
-390 o +200 b ¥
-423 Lo - 100 X X
=300 to +200 “ X
=300 to +300 x X
-x23 (o - 473 EN
-425 to 72530 X X X
=425 10 -400 X X X
-42% o -400 X
=320 10 4300 a
~125 to -409 X X
=423 to =400 x x
-+25 to -1190 X
-425 tp -250 X
-428 o -4:0 N
-425 to -410 X
-4 10 +100 X
-330 e 4100 IS S
-200 Lo ~800 x
-200ro +900 x
-200 1o 11000 X X
-200 to0 +1000 »® x
-200 w +300 X
=203 tg - ]00D X
-200 to +900 x
=200 10 +1400 ®
-200 0 411400 hY
-200 10 41400 x
-200 1o +140¢ <
0 to 1800 1N X
0 to 1800 X
010 1800 3 X X
-350 to -100 X X
-325 1o +200 X
-300 to +25¢ x
-200 to 4+25¢ x
-300 to +250 x
-30010 4250 X
-300 ta 42580 x
910100 x
0 1ic 100 <
-300 to ~250 X
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AEDC
Code

TOPB-1A
TOPD-IP
TOPD-2
TOP1-)
TOPL-2
FORPO

TORFRR

TORT-1
TORT-3
TOTI-1P
TOTO-1P
TOVL

TPIP-P
TPPC
T5C2-1
Tol2-2
TSC2-3
TSC2-4
T5C2-5
15C2-5
TSC2-7
TSC2-8
TsC2-9
T>C2-10
T5C2-1
‘rs¢Ce-1z
TSC2-13
TSCZ-14
TSC2-15
TSC2-1b
Iscz-17
TSC2-18
TSC2-19%
T5C2-20
TS5C2-21
TSC2-22
TSC2-23
TSC2-24
I'SOVAL-1

Parameter

Femperatures

Oxidizer Pump Bearing Coolant

Oxadizer Pump Discharpe
Oxwdizer Pump Discnarge
Oxadizer Pump Inlet
Osxadizer Pump Inlet

Onidizer Reci: culatisr Pump
Chutlet

Oxidizer Revarculation Pump
Return

Oxadice:r Tank
Oxadizer Tank
Oxizizer Turbimne Inlet

Oxidicer “Hurbine Outlet

Oxidizer Tank Reps essurizalion

Line Noezle Taroat

Primary Inat: ument Packag?

Pneumatic Package Conathioning

Thrust Chamarr Sain
Tarust Clamber S:an
[hrust Chamber skin
Th.ust Chamber skin
1heust Ctamber Skin
lhrust Chamber Skin
Chrust Chamher Skin
Tkrust Chambe: Sk.n
Thrust Chamber Skin
lhrust Chamoer 3kin
Thrust Chamber Skin
Thrust Chambet Skin
Thrust Chambe: Skin
Thrust Caambar 5kin
Thrust Chamber Skin
Thrust Chamber Skin
Tarust Chamber Skin
Thrust Chamber Skin
Thrust Chamber Sk
Thrust Chamber Sk.n
Thrust Chamber Skin
Thrust Chamber Skin
Chrus: Chamber Skin
Thrust Chamber Skin

Oxidizer Valve Closing Control
Lire

TABLE lil-l (Continued)

Tap
No

POT4
POT3
POT3

IGTr3
TGT4

Range

°F
-300 to
-300 ta
-300 0
-310 to
-310 to

-300 to

-300 o
=300 to
-Jo0 to

-250
-250
-250
-270
-270

-250

-140

-287
-287

0 to 1200
0 to 1000

-300 o
=300 ta

+100
+20d

~325 10 +200

-300 o
=300 to
-300 to
-300 to
-300 to
-300 to
-300 to
-300 to
-300 to
-300 to

+300
~3c0
+500
+500
4500
41500
+500
+500
+500
+500

-300 te +500

-300 to
-300 e
-200 o
-300 to
-300 to
-300 to
-300 s0
~300 to
=300 ta
=300 to
-300 to
~30J0 te
-300 10

-20019

+500
+300
+300
+500
+500
+500
4300
~500
+500
+500
+500
~£00
4500

+107

Miere-
SADIC

Magnetic
Tape

Osaallo-

1t uph

AEDC.TR-67-209

N-Y
Plotie,

Stup
Chart
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TABLE [{l-] (Concluded)

AEDC Tap Micro- Magnetic Oscillo- Strip X-Y
Code Parameter _Ne. Range SADIC Tape graph Chart Plotler
Temperaturen °F,

TSOVAL-2 Onxldizer Valve Closing Control

Line -200 to +100 x x
TSOVC-1 Oxidizer Yelve Actuator Cap -325 to 4150 x
TSQVC-2 Oxidizer Valve Actustor Filter

Flange -325 to +150
TSTC Start Tark Conditioning -350 to +150 X
TSTDVCC  Start Tank Discharge Valve

Closing Control Port -350 to +100 x
TSTDVOC  Start Tank Discharge Valve

Cpening Control Port ~350 to +100 x
TTC-1P Thruat Chember Jacket

{Control) CS1 ~425 to +500 x x
TTCEP-1 Thrust Chamber ExIt -425 to 4500 X
TX0C Crossover Duct Conditioning -325 to 4200 x

VibraLions £
UFFR Fuel Pump Radial 90 deg +200 X
UQPR Ox1dizer Pump Radlal 90 deg £200 x
UTCD-) Thrust Chamber Dome +500 x x
uTCcD-2 Thrust Chamber Dome %500 X x
UTCD-3 Thrust Chamber Dome £500 x x
U1vsc No, 1 Vibration Salety Counts On/Oft x
U2VsC No, 2 Vibretion Salety Counte On/Oft x
Voltage Volts

vca Control Bus 0 to 36 x x
via 1gnjtion Bug 0to 38 x x
VIDA 1gnition Detect Amplifier 9to 16 x X
VPUTEP Propellant Utilization Valve

Excitation Oto 5 x
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@L/TSTDVOC
E
il

Four-Way Valve

d. Start Tank Discharge Valve
Fig. 11l-1 Continved
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Deflector " Control
Assembly jﬁ& Regulator
High Pressure Relief Ignition
Control
TBHR-2 e
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Helium Inlet- “ﬂ=

Low Pressure Relief

Ground Vent Control Main=-Stage Control

Bleed Regulator
Helium Control

Top View

e. Helium Regulator
Fig. lll-1 Centinued
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APPENDIX IV \
METHODS OF CALCULATIONS (PERFORMANCE PROGRAM)

TABLE V-1
PERFORMANCE PROGRAM DATA INPUTS
IE}: Parameter
1 Thrust Chamber (Injector Face) Pressure, psia
2 Thrust Chamber Fuel and Oxidizer Injection Pressures,
psia
3 Thrust Chamber Fuel Injection Temperature, °F
4 Fuel and Oxidizer Flowmeter Speeds, Hz
5 Fuel and Oxidizer Engine Inlet Pressures, psia
6 Fuel and Oxidizer Pump Discharge Pressures, psia
7 Fuel and Oxidizer Engine Inlet Temperatures, °F
8 Fuel and Oxidizer (Main Valves) Temperatures, °F
9 Propellant Utilization Valve Center Tap Voltage, volts
10 Propellant Utilization Valve Position, volts
11 Fuel and Oxidizer Pump Speeds, rpm
12 Gas Generator Chamber Pressure, psia
13 Gas Generator (Bootstrap Line at Bleed Valve)
Temperature, °F
14 Fuel* and Oxidizer Turbine Inlet Pressure, psia
15 Oxidizer Turbine Discharge Pressure, psia
16 Fuel and Oxidizer Turbine Inlet Temperature, °F
17 Ozxidizer Turbine Discharge Temperature, °F

*At AEDC, fuel turbine inlet pressure is estimated from
gas generator chamber pressure.
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QO QG o w»
o %

DO W Z 2 5 oo

]

-

TC*

T ® 3 2% W N g

SUBSCRIPTS

A
AA

NOMENCLATURE

Area, in.?2

Horsepower, hp

Characteristic velocity, ft/sec

Specific heat at constant pressure, Btu/lb/°F
Diameter, in.
Head, ft
Enthalpy, Btu/lb,,
Molecular weight
Speed, rpm
Pressure, psia
Flow rate, gpm
Resistance, sec2/ft3-in.2

Mixture ratio

Temperature, °F

Theoretical characteristic velocity, ft/sec
Weight flow, lb/sec

Pressure drop, psi

Ratio

Ratio of specific heats

Efficiency

Degrees

Density, 1b/ft3

Ambient
Ambient at thrust chamber exit

Bypass nozzle
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BIR
BNI

CF
CcO
CV

EF
EM
EO
EV

em

FIT

FM
FY

-

GF
GO
H1
H1R
H2R
IF
10
ITF
1ITO

NB

Bypass nozzle inlet {Rankine)
Bypass nozzle inlet (total)
Thrust chamber

Thrust chamber, fuel
Thrust chamber, oxidizer
Thrust chamber, vacuum
Engine

Engine fuel

Engine measured

Engine oxidizer

Engine, vacuum

Exit

Exit measured

Thrust

Fuel turbine inlet

Fuel measured

Thrust, vacuum

Fuel

Gas generator

Gas generator fuel

Gas generator oxidizer

Hot gas duct No, 1

Hot gas duct No. 1 (Rankine)
Hot gas duct No. 2 (Rankine)
Inlet fuel

Inlet oxidizer

Isentropic turbine fuel
Isentropic turbine oxidizer
Nozzle

Bypass nozzle (throat)
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NV

oC
OF
OFIS
OM
00
PF
PO
PUVO
RNC
SC
SCV
SE
SEV

TEF
TEFS
TF
TIF
TIFM
TIFS
TIO

-

XF
X0

Nozzle, vacuum

Oxidizer

Oxidizer pump calculated
QOutlet fuel pump

QOutlet fuel pump isentropic
Oxidizer measured

Oxidizer outlet

Pump fuel

Pump oxidizer

Propellant utilization valve oxidizer
Ratio bypass nozzle, critical
Specific, thrust chamber
Specific thrust chamber, vacuum
Specific, engine

Specific, engine vacuum
Total

Turbine oxidizer

Turbine exit fuel

Turbine exit fuel (static)

Fuel turbine

Turbine inlet fuel (total)
Turbine inlet, fuel, measured
Turbine inlet fuel isentropic
Turbine inlet oxidizer

Throat

Vacuum

Valve

Fuel tank repressurant

Oxidizer tank repressurant
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PERFORMANCE PROGRAM EQUATIONS

MIXTURE RATIO
Engine
'E

Weo

WE

Thrust Chamber
I

Wco

WcF
Wxo

Wxr
Wco

CHARACTERISTIC YELOCITY

Thrust Chamber

L o]
Fer
Wom - Wxo
Wrm - WxF
Weo + WEF
¥co
YeF
Wom - Wxo ~ Wgo
WrM - WXF - WGF
0.8 lh/sec
1.8 Ib/sec
Wy - WoF
Wt

1+I'G

Prir Arir K1

TC*yr

32.174

Wco + Wcr

K? Pc Ay

= 32.174
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DEVELOPED PUMP HEAD

Flows are normalized by using the following inlet pressures, tem-
peratures, and densities.

Pig = 39 psia
Pir = 30 psia
Pio = 70.79 Ib/f’
pip = 440 Ib/fe

Tio = -295.212°F

Tir = -422.547°F

Oxidizer
P P
Ho = K (ﬂ - LO.)
0 * \Poo ~ Pio
K, = 144
p = National Bureau of Standards Values [ (P,T)
Fuel

H¢ = 778.16 ahQFIS
Ahoris = hoFIs ~ hiF
horis = f(P,T)

hirp = {(P,T)

PUMP EFFICIENCIES

Fuel, Isentropic

_ horis_ hiF
M= Thor - hiF
hor = iPor, Tor)

Oxidizer, Isentropic

70 = Moc Yo
2
, Q ;

noc = Kao (NPOO) + Ksg (QITP‘;))+ Kea
Kig = 5.0526

Ksp = 3.8611

Kep = 0.0733

Yo = 1.000
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TURBINES

Oxidizer, Efficiency

_ Bro_
1T0 = Brro
Wpo Ho
Bro = Ks o
Ki = 0.001818
Wpo = Wom + Wpovo

z P00
Weuvo = ZEUY0 PO
v

Zpuvo = A + B (Pgo)
A = -1597
B = 2.3828

IFPgg > 1010 Set Poo = 1010

fpuva
InR = A; + By 6pyvo) + C&pyvo)® + Dy le)

fruvo fpuvo |2
7
+ E, (6puvo) o) + F, [(e) ’

A, = 5.5659 x 107!
B, = 1.4997 x 1072
C, = 7.9413 x 1078
D, = 1.2343

E, = -7.255¢4 x 1072
F, = 5.0691 x 10~2
fpuvg = 16,5239

Fuel, Efficiency

Tte = :_:;i—
Bitrr = Ky Abhf Wr

Ahy = hTiF - hTEF

Brr = Bpr = K; (WE'I';,—{H‘E)
¥pr = Wrpm

K;p = 1.4148

Ks = 0.001818
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Oxidizer, Developed Horsepower

BTto

Bpo

Kse

]

jil

Bro + Ksg

,  Wpo Ho

~13

Fuel, Developed Horsepower

B3TF
BeF

Wpr

Ber

Wpp Hy
K; T
Wen

Fuel, Weight Flow

WTF

W

Oxidizer Weight Flow

Wro = Wt - Wp

2

2K
227 "2 pove)
YH2~1

f (BNB. Yy

DnB
Dp

f(Tuzr, Rg)

K3 Dnp
0.7854
TTtio + 460

PTEFsS

Iteration of PTEF

YH2

Wy

YHo -1
Yuq

1 - (Prno)

THzR

Axp PmNi

(RuaTgrp) %

YHa
Ya2-1

PreFs [1 + Kg (

38.8983

PrEFs
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GAS GENERATOR

Mixture Ratio
rc = D, (Tap® + C, {Tu1)? + B, (Tmy) + Ay
= 0.2575

B, = 5.586 x 10~4
C. = -5.332 x 10-*
D, = 1,312 x 101!

TH1 = TTIFM

3

(]

*
=
™
I

D, (Tp? + C, (Tup? + B, (T + A,

A, = 4,4226 x 10°%
B, = 3.2267
C. = -1.3790 x 10~3
D, = 2.6212 x 1077
YH1

2 1| YHI-1
w Ty Yygi - )
PT[FS 1 + KB T . 1R 1
Prirs Dirir Mu, YH)

Prir

KE

[]

38.8983

Note: Pyip is determined by iteration,
Trir = TTIF

Mry, YH1. Cpyra1 = f {THIR, rG)
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ABSTRACT

Two firings of the Rocketdyne J-2 rocket engine were conducted in
Test Cell J-4 of the Large Rocket Facility. The firings were accom-
plished during test period J4-1801-03 at pressure altitudes of approxi-
mately 100,000 ft to evaluate S-I1IVB/S-V start condition effects on
(1) engine start transients, (2) gas generator outlet temperature,
(3) augmented spark igniter operation, and (4) fuel pump low level
stall margin for J-2 engine J-2052. Engine components were thermally
conditioned to temperatures predicted for S-IVB/S-V first burn and one
orbit restart on firings 03A and 03B, respectively. Excessive gas
generator outlet temperature peaks were experienced on these firings,
resulting in a gas generator outlet temperature probe failure and pre-
mature engine shutdown on firing 03B. The two remaining scheduled
firings for the test period were cancelled. DPost-test inspection re-
vealed erosion of the fuel turbine first stage, and small cracks were
found in the curvic coupling of fuel turbine first-stage wheel. The
accunmulated engine firing duration was 31.3 sec.

special expor ontrols any each
ign nationals may

document 1is subje

*
(I-E-~J), Huntsville, Alabama.

FORM
) NOV BE

DD 1473

Security Classification



Security Classification

) fEv woRDS LINK A LEINK B LiNK ©
RoLE| wT | RoLe| wr | rRoLE | wrT
J-2 rocket engine
ignition effects
temperature
stall
gas generator
fuel pump
Saturn
Apollo
simulated altitude tests
- |2
,. ﬁ;«yﬁz){ ﬁ”tfzi¢d & = J
A Il

LT ey

Jho 5.

Securnity Classification




