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ABSTRACT

Ten idle-mode firings of the J-2S rocket engine S/N J-112 were conducted during
test periods J4-1001-08 through J4-1001-10, and J4-1001-12 through J4-1001-14 between
September 2 and October 15, 1969, in Rocket Development Test Cell (J-4) of the
Engine Test Facility. The primary objectives of these firings were to determine engine
idle-mode operating characteristics at various engine mixture ratios utilizing a new
noncompartmented injector. Engine performance, as indicated by characteristic velocity,
was 120 percent higher than experienced with previous compartmented injector designs at
nominal pump inlet conditions. Total accumulated engine idle-mode operation was

1408.2 sec.
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960- to 6000-Hz frequency range

SUBSCRIPTS

f Force

m Mass

t Throat



AEDC-TR-70-150

SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2S rocket engine using an S-IVB battleship stage has
been in progress since December 1968 at AEDC. The ten firings reported herein were
idle-mode tests conducted with research and development engine S/N J-112 during test
periods J4-1001-08 through -10, and J4-1001-12 through -14.

The firings were accomplished in Rocket Development Test Cell (J-4) (Figs. 1 and
2, Appendix I) of the Engine Test Facility (ETF). The firings were accomplished at
pressure altitudes ranging from 91,000 to 111,000 ft (geometric pressure altitude, Z, Ref.
1) at engine start. Data collected for evaluating engine idle-mode performance and
operating characteristics are presented herein.

SECTION 1l
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2S rocket engine (Fig. 3) designed and developed by
Rocketdyne Division of North American Rockwell Corporation. The engine uses liquid
oxygen and liquid hydrogen as propellants and is designed to operate either in idle mode
at a nominal thrust of 5000 1bf and mixture ratio of 2.5, or at main stage at any
precalibrated thrust level between 230,000 and 265,000 1bf at a mixture ratio of 5.5. The
engine design is capable of transition from idle-mode to main-stage operation after a
minimum of 1-sec idle mode; from main stage the engine can either be shut down or
make a transition back to idle-mode operation before shutdown. An S-IVB battleship
stage was used to supply propellants to the engine. A schematic of the battleship stage is
presented in Fig. 4. .

Listings of major engine components and engine orifices for this test period are
presented in Tables I and II, respectively (Appendix II). All engine modifications and

component replacements performed during this report period are presented in Tables I
and IV, respectively.’

2.1.1 J-2S Rocket Engine

The J-2S 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 with a throat
diameter of 12.192 in., a characteristic length (L*) of 35.4, and a
divergent nozzle with an expansion ratio of 39.62. Thrust chamber
length (from the injector flange to the nozzle exit) is 108.6 in. Cooling
is accomplished by the circulation of engine fuel flow downward from
the fuel manifold through 180 tubes and then upward through 360

tubes to the injector and by film cooling inside the combustion
chamber.
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2. 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 19.2 and 5.9 sq in.,
respectively. The oxidizer enters the injector during idle-mode
operation by way of a manifold which provides even distribution of
oxidizer over the entire injector. The porous material forming the
injector face allows approximately 3.5 percent of main-stage fuel flow
to transpiration cool the face of the injector.

3. 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 combustion 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.

4. Fuel Turbopump — The fuel turbopump is a one and one-half stage,
centrifugal-flow unit, powered by a direct-drive, two-stage turbine. The
pump is self-lubricated and nominally produces, at the 265,000-1bf
thrust rated condition, a head rise of 60,300 ft of liquid hydrogen at a
flow rate of 9750 gpm for a rotor speed of 29,800 rpm.

5. Oxidizer Turbopump — The oxidizer turbopump is a single-stage,
centrifugal-flow unit, powered by a direct-drive, two-stage turbine. The
pump is self-lubricated and nominally produces, at the 265,000-1bf
thrust rated condition, a head rise of 3250 ft of liquid oxygen at a
flow rate of 3310 gpm for a rotor speed of 10,500 rpm.

6. Propellant Utilization Valve — The motor-driven propellant utilization
valve is a sleeve-type valve which is mounted on the oxidizer
turbopump and bypasses liquid oxygen from the discharge to the inlet
side of the pump to vary eflgine mixture ratio.

7. Main Oxidizer Valve — The main oxidizer valve is a pneumatically
actuated, two-stage, butterfly-type valve located in the oxidizer
high-pressure duct between the turbopump and the injector. The
first-stage actuator positions the main oxidizer valve at the 12-deg
position to obtain initial main-stage-phase operation; the second-stage
actuator ramps the main oxidizer valve fully open to accelerate the
engine to the main-stage operating level.

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

9. Pneumatic Control Package — The pneumatic control package controls
all pneumatically operated engine valves and purges.
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10. Electrical Control Assembly — The electrical control assembly provides
the electrical logic required for proper sequencing of engine
components during operation. The logic requires a minimum of 1-sec
idle-mode operation before transition to main stage.

11. Flight Instrumentation Package — The instrumentation package contains
sensors required to monitor critical engine parameters. The package
provides environmental control for the sensors.

12. Helium Tank — The helium tank has a volume of 4000 cu in. and
provides a helium pressure supply to the engine pneumatic control
system for three complete engine operational cycles.

13. Thrust Chamber Bypass Valve — The thrust chamber bypass valve is a
pneumatically operated, normally open, butterfly-type valve which
allows fuel to bypass the thrust chamber body during idle-mode
operation.

14. Idle-Mode Valve — The idle-mode valve is a pneumatically operated,
ball-type valve which supplies liquid oxygen to the idle-mode
compartment of the thrust chamber injector during both idle-mode and
main-stage operation.

15. Hot Gas Tapoff Valve — The hot gas tapoff valve is a pneumatically
operated, butterfly-type valve which provides on-off control of
combustion chamber gases to drive the propellant turbopumps.

16. Solid-Propellant Turbine Starter — The solid-propellant turbine starter
provides the initial driving energy (transition to main stage) for the
propellant turbopumps to -prime the propellant feed systems and
accelerate the tGrbopumps to 75 percent of their main-stage operating
level. A three-start capability is provided.

2.1.2 2.1.2 S-1VB Battieship Stage

The S-IVB battleship stage, which is mechanically configured to simulate the
SIVB flightweight vehicle, is approximately 22 ft in diameter and 49 ft long and has a
maximum usable propellant capacity of 43,000 Ibm of liquid hydrogen and 194,000 Ibm
of liquid oxygen. The propellant tanks, fuel above oxidizer, are separated by a common
bulkhead. Propellant prevalves, in the low-pressure ducts (external to the tanks)
interfacing the stage and engine, retain propellants in the stage until being admitted into
the engine to the main propellant valves, and serve as emergency engine shutoff valves.
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 pressurizing gases. The engine-supplied
gaseous hydrogen and gaseous oxygen for fuel and oxidizer tank pressurization during
flight were routed to the respective facility venting systems.
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22 TEST CELL

Rocket Development Test Cell (J-4), Fig. 2, is a vertically oriented test unit
designed for static testing of liquid-propellant rocket engines and propulsion systems at
pressure altitudes of 100,000 ft. The basic cell construction provides a 1.5-million-1bf
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 chamber, 100 ft in diameter and 250 ft in depth, located directly beneath the test
capsule to provide exhaust gas cooling and dehumidification; (3) coolant water, steam,
nitrogen (gaseous and liquid), hydrogen (gaseous and liquid), liquid-oxygen and
gaseous-helium storage and delivery systems for operation of the cell and test article; and
(4) control building, containing test article controls, test cell controls, and data
acquisition equipment. Exhaust machinery is connected with the spray chamber and
maintains a minimum test cell pressure before and after the engine firing and exhausts
the products of combustion from the engine firing. Before a firing, the facility steam
ejector, in series with the exhaust machinery, provides a pressure altitude of 100,000 ft
in the test capsule. A detailed description of the test cell is presented in Ref. 3.

The battleship stage and the J-2S 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 diffuser 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 recovery of the engine exhaust gases
and 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.

23 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 instrumentation was provided and calibrated by the engine
manufacturer; facility instrumentation was initially calibrated and periodically recalibrated
at AEDC. Appendix III contains a list of all measured engine test parameters and the
locations of selected sensing points.

Pressure measurements were made using strain-gage and capacitance-type pressure
transducers. Temperature measurements were made using resistance temperature
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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 flowmeters which are an integral part of the engine. Vibrations were
measured by accelerometers mounted on the oxidizer injector dome, thrust chamber
throat, 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 electrical shunt
resistance substitution for the pressure transducers and resistance temperature transducer
units; (2) voltage substitution for the thermocouples; (3) frequency substitution for shaft
speeds and flowmeters; and (4) frequency-voltage substitution for accelerometers and
capacitance-type pressure transducer.

The types of data acquisition and recording systems used during this test period
were (1) a multiple-input digital data acquisition system scanning each parameter at 50
samples per second and recording on magnetic tape; (2) single-input, continuous-recording
FM systems recording on magnetic tape; (3) photographically recording 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 conjunction 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.

24 CONTROLS AND SEQUENCE OF EVENTS .

Control of the J-2S 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 start and shutdown is presented in Figs. 7a and b.

Low thrust idle mode was accomplished by sequencing the engine for operation
with the main fuel valve, idle-mode oxidizer valve, and thrust chamber bypass valve in the
open positions and the main oxidizer and hot gas tapoff valves in the closed positions.

SECTION 11
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.
Chemical analysis of propellants was provided by the propellant suppliers. Facility
sequence, engine sequence, -and engine abort checks were conducted within a 24-hr time
period before an engine firing to verify the proper sequence of events. Facility and engine
sequence checks consisted of verifying the timing of valves and events to be within
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specified limits; the abort clhiecks consisted of electrically simulating engine malfunctions
to verify the occurrence of an automatic engine cutoff signal. A final engine sequence
check was conducted immediately preceding the test period.

Oxidizer dome and thrust chamber 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. The vehicle propellant tanks were then loaded, and the remainder of the
terminal countdown was conducted. Table V presents the engine purges used during the
terminal countdown and immediately following the engine firing.

SECTION 1V
RESULTS AND DISCUSSION

4.1 GENERAL

Test data from idle-mode firings J4-1902-01 through -04 (Ref. 4) revealed that
idle-mode performance at simulated altitude conditions was much lower than expected.
During idle-mode firing J4-1902-04, major damage to the combustion chamber and
injector was experienced. Idle-mode firings during test periods J4-1902-05 through
-07 (Ref. S5) revealed that restricting thrust chamber fuel bypass and film coolant flows
did not result in a significant change in engine performance. Idle-mode firings J4-1902-09
and -10 (Ref. 6) with a redesigned injector (oxidizer routed through the tenth row of
injector posts rather than through the inner four) did not show any significant change in
engine performance. Test periods J4-1902-16 and -17 (Ref. 7) and J4-1001-05 (Ref. 8)
simulated a noncompartmented (full face oxidizer flow) injector by opening the main
oxidizer valve to the first-stage position and flowing oxidizer through all of the oxidizer
posts during idle-mode operation. Data from these firings indicated that a significant
increase in idle-mode performance could be gained with the noncompartmented injector
design. !

The first noncompartmented injector was fabricated and installed on engine S/N
J-112 before test period J4-1001-06. The firings reported. herein were conducted to
determine engine idle-mode operating characteristics and performance at simulated
altitude conditions with this new injector design. Operation of the engine before test
period J4-1001-08 had produced damage to the thrust chamber tubes in the combustion
zone. Although the significant damage was repaired by in-place welding, small fuel leaks
existed between the tubes and the combustion zone. Some tube blockage and surface
irregularities also existed as a result of the weld repairs.

4.2 TEST SUMMARY

Ten low thrust idle-mode firings of the J-2S rocket engine S/N J-111 were
conducted between September 2 and October 15, 1969, between test periods J4-1001-08
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through -10 and J4-1001-12 through -14. Test requirements and specific test results are
summarized in Table VI. Start and shutdown transient operating times for selected engine
valves are presented in Table VII. Engine idleemode performance for these firings is
presented in Table VIII. Figure 8 shows engine start conditions for propellant pump
inlets and the helium tank. Engine ambient and combustion chamber pressures, propellant
system chilldown data, propellant system performance, and selected engine performance
parameters are presented in Figs. 9 through 38, respectively.

Accumulated idle-mode firing duration for these ten firings was 1408.2 sec. Data
presented herein are from the digital data acquisition system except where indicated
otherwise. Methods of calculations are shown in Appendix IV. Specific test objectives and
a brief summary of results obtained for each firing are presented in the following
sections. Primary test variables and results are summarized in the table on the following page.

4.3 TEST RESULTS

4.3.1 Firing J4-1001-08A

The objective of this firing was to determine long-duration engine idle-mode
operating characteristics and performance at five mixture ratios.

Test objectives were not completely satisfied because of difficulty in controlling
oxidizer pump inlet pressures. This difficulty was attributed to operator/monitor
coordination problems and was corrected for subsequent tests. Oxidizer pump inlet
pressures decreased 20 psi from the required pressure 18 sec after engine start (Fig. 10b).
After a duration of 13 sec, the oxidizer inlet pressure returned to its original level. This
pressure drop may have resulted from partial closure-of the oxidizer recirculation valve;
however, since the open talkback from this valve was inoperative, this could not be
verified. Fuel pump impeller speed reached a peak of 1800 rpm, 100 sec after engine

start with a corresponding pressure rise across the fuel pump of 2.0 psi at that time (Fig.
39). !

Both oxidizer and fuel appeared to be subcooled at the oxidizer and fuel pump
discharge ducts 100 sec after engine start. Engine performance calculations were based on
flow data obtained from the recirculation system flowmeters. The firing was terminated
223 sec after engine start upon depletion of the steam supply to the facility main steam
ejector.

4.3.2 Firing J4-1001-09A

The objective of this firing was to determine long-duration engine idle-mode
operating characteristics and performance at five mixture ratios.

Test data indicated tapoff valve leakage sufficient to result in a gradual increase in
fuel pump impeller speed to 2200 rpm resulting in equal pump inlet and discharge
pressures at engine cutoff. The high impeller speed and low head rise indicated pump
cavitation attributable to poor fuel quality.



Propellants
Time on Engine
Firing from Valves,
J4-1001- t=0, sec =min
08A 100 0
140
180
09A 80 1]
120
160
200
260
10A 40 60
80
120
180
200
260
12A 180 0
13A 90 12
B 19 920
c 25 60
14A 140 0
B 40 T0
[ 80 120

Oxidizer Pump Inlet Pump Discharge Total
Idle-Mode Preeeure Pressure Flow
Orifice Oxidizer, Fuel, Oxidizer, Fuel, Rate,
Diameter, in. peia  psia _ peia =~ peis  lbm/sec
0.977 40.7 33,7 42.9 38.1 15.3
37.8 39.8 39.8 40.5 16.6
35.0 39.4 36.7 40.2 15.5
42.4 27.3 43.1 25.0 -
32.5 27.3 33.1 5.0 -
32.4 19,8 33.0 18.8 -
38.5 20.4 39.1 20.5 -
45.8 20.0 45.9 20.2 -
32.3 39.8 34.7 40.7 16.3
38.8 40.1 41.3 39,8 19.1
39.8 32.8 40.3 33.6 11.5
46.0 33.5 46.5 35.5 18.3
46.4 39,9 46.2 40.0 20.8
46.3 27.2 46.¢6 32.5 18.2
1.033 33.3 40.3 33.9 36.2 24.2
33.0 34.3 33.3 34.0 18.2
44.0 ~20.4 44.0 21,5 -
44.9 27.3 45.3 2.9 -
0.977 34.3 33.5 35.1 30.9 -
43.0 27.8 43.5 3o0.8 15.1
34.1 33.3 34.8 3o.3 18.0

Oxidizer-
to-Fuel
Mixture

Ratio, O/F

1.08
1.51
1.33

1.08
1.32
1.82
1,97
1.52
4.83

1.77
1.34

4.83
1.81

Vacuum- Vacuum-
Combustion Corrected Corrected
Chamber Calculated - Specitic
Pressure, Axial Efficiency, Impulse,
psia Thruat, 1lbf percent - sec
24.7 5010 86.0 348
28.7 8860 88.5 34
28.0 5700 91.9 387
19.7 - - -
18.8 - - -
15.8 - - -
17.9 - - -
18.8 - - -
27.8 5630 90.3 345
32.6 8630 87.0 347
29.8 6110 83.0 as1
32.0 8590 79.7 4o
33.9 €920 8l.8 335
30.3 8760 9l1.8 417
22.9 4890 46.1 194
28.2 5740 79.0 316
19.6 - - -
28.9 - - -
20.6 - - -
27.9 8250 91.5 414
25.7 5280 78.8 331
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Thrust chamber throat external temperature, presented in Fig. 14e, attained
375°F. Oxidizer and fuel did not become subcooled at their respective pump discharge
ducts and flowmeters; thus, valid performance calculations could not be made. Posttest
inspection revealed some engine thrust chamber tube damage (see Section 4.7).

4.3.3 Firing|J4-1001-10A

The objective of this firing was to determine long-duration engine idle-mode
operating characteristics and performance at various mixture ratios.

Thrust chamber throat external temperature attained 190°F before engine cutoff
(Fig. 17c). Fuel pump impeller speed reached & peak of 1450 rpm at engine cutoff and
was greater than 1000 rpm 20 sec after engine start until engine cutoff. Maximum fuel
pump pressure rise was 5 psi at engine cutoff. Large, low-frequency combustion chamber
pressure oscillations occurred during this firing (Section 4.6); however, no apparent
engine damage occurred.

4.3.4 Firing|J4-1001-12A

The objective of firing 12A was to determine low thrust idle-mode firing duration
required to obtain subcooled oxidizer at the pump discharge. Oxidizer and fuel pump
inlets were to be 34 and 40 psia, respectively.

_ Test data indicated that the oxidizer remained saturated at the oxidizer pump
discharge until . approximately 185 sec after engine start; at this time, the oxidizer
appeared to become subcooled. Fuel became subcooled at the engine fuel pump discharge
80 sec after engine start and remained liquid until engine cutoff. Fuel pump impeller
speed decreased steadily during the firing from 860 rpm, 20 sec after engine start to 520
rpm at engine cutoff. A leak in the oxidizer pump primary seal was discovered after the
firing (Section 4.7).

4.3.5 Firing J4-1001-13A

The objective of firing 13A was to determine low thrust idle-mode firing duration
required to obtain subcooled oxidizer at the pump discharge. Low oxidizer (33 psia) and
nominal fuel (34 psia) pump inlet pressures were to be used.

Firing 13A was aborted twice before engine start. As a result of the aborts, the
engine prevalves were opened before the successful firing, chilling the engine propellant
system to the thrust chamber valves. Although the primary objective was not met, engine
operating characteristics and performance were investigated. Oxidizer remained subcooled
at the engine oxidizer pump discharge during the entire firing. Fuel became subcooled 20
sec after engine start and remained subcooled at the fuel pump discharge until engine
cutoff.
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4.3.6 Firing J4-1001-13B

The objective of firing 13B was to determine thrust chamber heatup rate using
high oxidizer pump (45 psia) and low fuel pump (20 psia) inlet pressures.

The firing was prematurely terminated 20 sec after engine start because the thrust
chamber throat external temperature exceeded the red-line limit of 300°F, Fig. 26e.
Oxidizer remained subcooled at the engine oxidizer pump discharge throughout the firing;
fuel was not subcooled at the fuel pump discharge at any time.

4.3.7 Firing J4-1001-13C

The objective of firing 13C was to determine thrust chamber heatup rate using
high oxidizer pump (45 psia) and low fuel pump (27 psia) inlet pressures.

The firing was prematurely terminated 28 sec after engine start aftributable -to
thrust chamber throat external temperatures exceeding the redline limit of 300°F (Fig.
29e). Oxidizer became subcooled at the engine oxidizer pump discharge 10 sec after
engine start and remained liquid until engine cutoff. Because of the short duration,

performance calculations were not made. Posttest inspection revealed engine damage,
Section 4.7.

4.3.8 Firing J4-1001-14A

The objective of firing 14A was to determine firing time required to obtain good
quality oxidizer at the injector (prechilled to -200t 50°F). Low oxidizer (34 psia) and
nominal fuel (33 psia) pump inlet pressures were to be used.

Oxidizer became saturated at the injector 5 sec after engine start and remained
saturated throughout the firing. Oxidizer did not appear to become saturated at the
oxidizer pump discharge until 110 sec after engine start, and was not subcooled at any
time. Fuel became saturated at the fuel pump discharge 30 sec after engine start. Fuel

pump impeller speed increased gradually throughout the firing to a maximum of 880 rpm
before engine cutoff.

4.3.9 Firing J4-1001-14B

The objective of this firing was to determine thrust chamber heatup rate using
high oxidizer pump (44 psia) and low fuel pump (27 psia) inlet pressures.

Firing 14B was prematurely terminated 45.9 sec after engine start when thrust
chamber throat external temperature exceeded redline limits of 250°F (Fig. 35¢). Engine
prevalves remained open from the previous firing. Therefore, oxidizer was subcooled
during the firing at the oxidizer pump discharge and fuel became subcooled at the fuel
pump discharge 10 sec after engine start.

10
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4.3.10 Firing J4-1001-14C

The objective of ‘this firing was to determine idle-mode performance with the
injector prechilled to -200 + 50°F. Low oxidizer (34 psia) and nominal fuel (33 psia)
pump inlet pressures were to be used.

Engine prevalves were opened before engine start; therefore, both oxidizer and
fuel were subcooled during the firing (Fig. 38). Performance calculations indicated a
characterstic velocity of 7100 ft/sec at an O/F of 2.2.

4.4 FUEL PUMP ROTATION DURING IDLE-MODE OPERATION

Pump discharge pressures were observed to exceed pump inlet pressures on many
of the idle-mode firings. To further evaluate this, fuel pump rotational speed was
manually reduced during idle-mode operation on the firings reported herein. Although
windmilling of the pump during idle mode might be expected, rotation sufficient to

produce a fuel pressure increase across the pump (5 psi, firing J4-1001-10A) is indicative
" of power being supplied to the fuel turbine. The source of this power input must be
tapoff valve leakage flow.

The small pressure rise being produced during idle mode, closely correlated with
the square of pump speed, Fig. 39, for those firings (such as firing J4-1001-08) with
subcooled fuel at the pump discharge. Firings with saturated or superheated fuel at the

fuel pump yielded excessively high pump speed for low pump pressure rise, probably
indicative of pump cavitation.

The effect of the pressure rise across the fuel pump is to increase injector pressure
by the amount of the pump pressure rise, in addition to the normal pressure loss across
the fuel pump which would have occurred without pump rotation. Thus, a pumping
increase of 5.0 psi is equivalent to approximately an 8.0-psi increase at the injector for a
nominal idle-mode fuel flow rate. Since pump inlet pressures have been used to adjust
engine idlemode mixture ratio, fluctuating pumping pressures make idle-mode mixture
ratio difficult to set or to predict.

4.5 FLOWMETER MEASUREMENT DIFFICULTIES—IDLE-MODE OPERATION

The J-2S engine incorporates integral propellant flowmeters (nominally 4-in.
- diameter) within the pump discharge piping on the engine. The S-IVB battleship stage
which is the propellant supply tankage for the engine has no normal provisions for
installing flowmeters in the engine supply ducts, and no special flowmeters were installed
for J-2S idlemode testing. The engine flowmeters are calibrated by the engine
manufacturer (using a secondary standard flowmeter in series with each of the engine
meters during main-stage sea-level acceptance tests on each engine); the engine is shipped
and installed in J4 Test Cell, and no further calibration of the meters is accomplished for
the duration of the tests at AEDC on the particular engine.

11
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The uncertainties involved in the measurement of propellant flow rates with the
engine operating in idle mode are magnified by several factors. These are (1) low quality
(unknown density) propellants at the engine flowmeters; (2) use of engine flowmeters at
approximately 2 to 5 percent of their main-stage capacity; (3) unsteady idle-mode flow
rates; (4) inability to calibrate flowmeters at AEDC and thereby evaluate bias and .
repeatability changes as flowmeter wears over many engine firings.

To reduce the uncertainty in idle-mode flow measurement attributable to low
propellant quality, flow rates are reduced and presented herein from flowmeter output
only when propellants are subcooled at the flowmeters. When propellants are not
subcooled, this method precludes the reduction of meaningful performance on the initial
portion of all idle-mode firings.

To add confidence in the engine oxidizer flowmeter output, the 2-in. oxidizer
recirculation system meter was calibrated at AEDC-ESF and utilized in series with the
engine oxidizer flowmeter on a limited number of idle-mode firings. However, only one
firing (J4-1001-10A) was obtained with subcooled propellant at both flowmeters.
Unexplained and unacceptable recirculation system pressure drop occurred on more than
one firing, causing this flow verification method to be abandoned. On the one firing on
which both meters operated satisfactorily in series, the recirculation system flowmeter

read 1.5 percent lower than the engine flowmeter at an engine-indicated oxidizer flow of
13 1bm/sec.

Typical flowmeter cyclic output for an idle-mode firing is shown in Fig. 40. Since
the output is irregular and unsteady, manual cycle counting is required to make any
reasonable determination of flow rate as opposed to the highly accurate computerized
reduction of normal, steady flowmeter output. Flowmeter cycles for typical idle-mode
firings are being manually counted to within an estimated uncertainty band of
approximately *2 percent. However, the low-frequency and irregular nature of the
flowmeter output, even if counted precisely, causes additional uncertainty in using the
single specified flow constant to reduce the output cycles to volumetric flow rate.

4.6 IDLE-MODE PERFORMANCE

Engine idle-mode performance, calculated by the methods presented in Appendix
III, is summarized in Table VIII. These data are averaged for +1.0 sec at the indicated
times. A time history of calculated thrust, specific impulse, and characteristic velocity
(C*) from this table for each firing is'included within Fig. 41. Performance data for four
firings (09A, 13B, 13C, and 14A) are not included because the fuel and/or oxidizer did
not subcool at the engine flowmeter.

Figure 42 shows the variation of characteristic velocity with engine mixture ratio.
These data show that significant increases in performance were gained with the full-face
oxidizer flow (noncompartmented) injector design. Nominal characteristic velocity (C*)
values during idle-mode operation for both the inner four row and row ten oxidizer flow
injector designs was about 3000 ft/sec at mixture ratios between 1.8 and 2.0 (Refs. 5 and
6). The full-face flow injector design, utilized on the tests reported herein, produced
characteristic velocities of about 6500 ft/sec at the same mixture ratios.

12



AEDC-TR-70-160

Film coolant flow for these firings with subcooled fuel was 1 lbm/sec on the
average through the 0.58l-in. film coolant orifice. Combustion chamber pressure reached
its highest steady-state value (30 psia) on test J4-1001-10A. This firing had the best
propellant qualities and the highest theoretical calculated thrust of all firings reported
herein.

4.7 OPERATING CHARACTERISTICS
4.7.1 Operation Instability

Anomalous combustion chamber pressure oscillations occurred during firings
J4-1001-10A, -13A and -14C (Figs. 15b, 21, and 36). These oscillations occurred at high
average combustion chamber pressures for idle-mode operation (25 to 33 psia), and low
mixture ratios (1.5 to 3.0). The maximum amplitude of the pressure oscillations was 50
percent of the mean pressure level (15 psi peak to peak during firings J4-1001-10A and
-13A). The frequencyjof these oscillations was 0.6 to 0.9 Hz with superimposed pressure
oscillations (5-psi peak-to-peak maximum amplitude) at a frequency of 30 to 60 Hz.

Firing J4-1001-10A produced large oscillations from 165 sec after engine start to
200 sec, at which time the oscillations damped out. At the same time that the
oscillations were reduced, mixture ratio increased from 3.0 to 4.5 attributable to a
programmed reduction of fuel pump inlet pressure from 40 to 27 psia. No significant
mixture ratio change occurred during firings J4-1001-13A and -14C, and the oscillations,
once started, continued until engine cutoff.

4.7.2 Thrust Chamber Throat External Temperature Transients

Three firings were conducted to determine thrust chamber heat up rates with high
oxidizer and low fuel pump inlet pressures. Oxidizer idle-mode line orifice diameters were
1.033 and 0.977 in. for tests J4-1001-13 and -14, respectively. Propellants were on the
engine valves 90, 60, and 70 min before firings J4-1001-13B, -13C, and -14B,
respectively. All three firings were manually terminated because combustion chamber
throat external temperature exceeded the established maximum temperature limit.
Mixture ratio on firing J4-1001-14B was 4.5, 35 sec after engine start. This was the only
firing of the three for which valid mixture ratic data could be reduced. The effect of
pump inlet pressures on combustion chamber throat external temperature (TTCT-T1) is
shown in the following table.

Firing Oxidizer Pump Inlet Fuel Pump Inlet TTCT-T1 at 250°F,
J4-1001- Pressure, psia Pressure, psia Time after t-0, sec
13B 44.0 20.4 17
13C 44.9 27.3 21
14B 43.0* 27.8 46

*Note idle-mode orifice change.

13
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. Firing J4-1001-13B had the highest heatup rate (22°F/sec) with combustion

chamber throat external temperature increasing from 34°F at engine start to 310°F at
engine cutoff (Fig. 26e). Firing J4-1001-13C had a thrust chamber throat external
temperature increase from 80°F at engine start to 300°F at cutoff. Firing J4-1001-14B
had a thrust chamber throat external temperature increase from -200°F at engine start to
250°F at cutoff. Maximum heatup rates were 15 and 17°F/sec for firings J4-1001-13C
and 14B, respectively.

4.7.3 Propellant Systam Temperatura Transients

Firings J4-1001-08A, -09A, and -12A had) ambient temperature propellant ducts
and injector; firing J4-1001-14A had a prechilled injector. Propellant system temperature
transients are shown for these fitings in Figs. 11, 14, 20, and 32. Tabulated below are the
propellant phases with the corresponding times at which these phases appeared.

Firing Time after Oxidizer Phase Fuel Phase
J4-1001- t-0, sec at Pump Discharge at Pump Discharge
08A 100 Subcooled Subcooled
09A 180 Subcooled Saturated
12A 180 Subcooled Subcooled
14A 110 Saturated Saturated

Firing J4-1001-14A had saturated oxidizer at the injector 5 sec after engine start
which remained saturated until the end of the firing.

4.8 ENGINE DAMAGE OR MALFUNCTIONS

Engine damage was sustained on several tests in this series attributable to
excessive idle-mode combustion temperatures. Although damage was limited to thrust
chamber tubes in the combustion zone and throat area, fluctuating temperatures may
have adversely influenced tapoff valve leak rates. Low oxidizer turbine temperatures and
ice evidently caused a temporary leak in the oxidizer pump primary seal on firing
J4-1001-12A. ‘

Heat discoloration of the injector face and thrust chamber tubes near the thrust
chamber exit was observed during posttest J4-1001-09 inspection. During this inspection,
erosion of some of the tapoff ports in the tapoff ring was noted, and elongation of
previous thrust chamber tube cracks was also observed. Repair of the damage was
completed after test J4-1001-10A. Extensive damage of 100 thrust chamber tubes was
found during the inspection following test J4-1001-13. This damage was repaired before
test J4-1001-14, but these repairs did not return the engine to an as-designed
configuration. Small tube leaks and internal/external surface irregularities existed which-
may have altered specific tube flow and heat-transfer rates.

Checks conducte(i immediately after J4-1001-12A -on the oxidizer pump primary
seal indicated seal leakage in excess of 10,000 scim; however, the leakage rate was

14
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approxitnately 22 scim (within allowable limits) several hours after the test period, and
after the pump was manually rotated. This malfunction might have been caused by water
vapor collecting and freezing in the oxidizer turbine during idle mode.

SECTION V
SUMMARY OF RESULTS

The results of the low thrust idle-mode firings of the J-2S rocket engine (S/N
J-112) during tests J4-1001-08 through -10 and J4-1001-12 through -14, between
September 2 and October 15, 1969, are summarized as follow: °

1. Significant increase in engine idle-mode performance (120 percent over
inner four rows and row ten injector designs) was observed with the
full-face oxidizer flow design at nominal pump inlet conditions.

2. Anomalous increases in pressure across the fuel pump (5.0-psi
maximum) occurred on idle-mode firings with subcooled fuel and high
combustion chamber pressure. This appeared to be caused by tapoff
valve leakage.

3. Anomalous combustion chamber pressure oscillations of 15-psi
peak-to-peak maximum amplitude and 0.6 to 0.9-Hz frequency
appeared during three firings.

4, Thrust chamber tube erosion in the throat region resulted from
excessive combustion temperatures and reduced thrust chamber fuel
flow. Chamber repair was required posttest J4-1001-10 and -13.
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TABLE |

MAJOR ENGINE COMPONENTS
(EFFECTIVE TEST J4-1001-08)

Part Name

Thrust Chamber Body Assembly
Thrust Chamber Injector
Assembly
Augnmented Spark Igniter
Assembly
Ignition Detector Probe 1
Ignition Detector Probe 2
Fuel Turbopump Assembly
Oxidizer Turbopump Assembly
Main Fuel Valve
Main Oxidizer Valve
Idle-Mode Valve
Thrust Chambexr Bypass Valve
Hot Gas Tapoff Valve
Propellant Utilization Valve
Electrical Control Package
Engine Instrumentation Package
Pneumatic Control Package
Restart Control Assembly
Helium Tank Assembly
Oxidizer Flowmeter
Fuel Flowmeter
Fuel Inlet Duct Assembly
Oxidizer Inlet Duct Assembly
Fuel Pump Discharge Duct
Oxidizer Pump Discharge Duct
Thrust Chamber Bypass Duct
Fuel Turbine Exhaust Bypass Duct
Hot Gas Tapoff Duct
Solid-Propellant Turbine
Starters Manifold
Heat Exchanger and Oxidizer
Turbine Exhaust Duct
Crossover Duct

*Effective J4-1001-14

76

P/N
99-210620
XEOR=937173
210610-81
EWR113811=-21

3243-2
3243-1
99-461500=31
99-460430-21
99-411320X3
99-411225X4
99-411385
99-411180-X1
99-557324=-X2
99-251455X5
99«503670
99=704641
99-558330
99-503680
NA5-260212=1
251216
251225
409900-11
409899

. 99-411082-7

99-411082=5
99-411079
307879-11
99-411808+-51

99-210921-11

307887
307879

S/N

4094439
4087380
4087387*
4901310

016
003X
R004-1A
5003=0A
8900881
8900929
8900867
8900806
8900847
8900911
4098176
4097437
8900817
4087867
0002
4096874
4096875
6632788
4052289
439

439

439
2143580
7239768

7216433

2142822
2143592
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SUMMARY OF ENGINE ORIFICES

TABLE Il

Orifice Name Part Number Diameter, in. Test Comments
Effective

Augmented spark cow Open ‘'J4=1902-05 [p—

igniter fuel _ -

supply line

Augmented spark 99652050 0.0999 J4-1902-05 -

igniter oxidizer

supply line

Film coolant .99-411094 0.581 J4=-1902-08 “o=

flow

Fuel bypass 99-406384 1.500 J4=-1001-08 EWR 121320

line

Oxidizer turbine 99-210924 1.695 J4=1902=07 EWR 121319

bypass nozzle

Propellant utilization XEOR=-934826 J.250 J4=1902=05 cwe

valve inlet

Film coolant vew 1.027 Inlet J4=1902=05 Cp = 0.97

venturi 0.744 Throat

Oxidizer idle-mode 99+411092 0.997 J4-1001=07 EWR 121315

line 99+-411092 1.033 J4=-1001=12 EWR 121322
99+411092 0.977 J4=-1001=-14 EWR 121331

0S1-0L-H1-3Q3V
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TABLE I

ENGINE MODIFICATIONS
(BETWEEN TESTS J4-1001-08 AND J4-1001-14)

Modification Completion Description of
Number Date Modification
Test J4-1001-07 8/28/69
None
Test J4=1001-10 9/8/69
121362 9/12/69 Repair of thrust
chamber combustion
zone tube damage
. Test J4=1001=11 9/17/69
None
Test J4-1001-12 9/24/69
121326 9/29/69 Installed oxidizer
pump seal drain
shutoff valve
Test J4-1001=-13 10/1/69
121329 10/7/69 Returned augmented
spark igniter fuel
line to original
configuration (re-
moved bypass line)
Test J4-1001-14 10/15/69

78.
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TABLE IV
ENGINE COMPONENT REPLACEMENTS
(BETWEEN TESTS J4-1001-08 AND J4-1001-14)

Replacement Completion Component
Date Replaced

Test J4-1001-07 8/28/69

None

Test J4-1001=-13 10/1/69

P/N XEOR 937173 9/10/69 Dome and injector
S/N 4087380 assembly
Unit 602 P/N 210610-81
. S/N 4087387
Unit 607
P/N 309065 10/3/69 Hot gas check
valve

P/N 309065~31
S/N 2203033

Test J4-1001-14 10/15/69
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TABLE V
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE
T g,
a7 8 g
&y - &
- 3 Coast g ~$
Purge Requirement o Period =~ o o
& &/ %
5 7 2
0 hd )
L ﬂ‘: ] ‘3
Oxidizer dome Nitrogen, 15 min

and idleemode
compartment

600 * 25 psia
100 to 200°F
at customer
connect panel
(150 scfm)§

Y

i

i

Thrust chamberxr
jacket, film
coolant, and
turbopump purges

Helium,

150 ¢+ 25 psia

50 to 150°F at
customer con-

nect panel

(*%) (1)
¥ rr7

4
1177
Ll L LA A

(*)

W
IXAXN4
XA

15
min (**) (1)

(")

30 min

(125 scfm)
SPTS conditioning | Nitrogen, \\\\\Wﬁgm‘a@\g‘ ‘F:!"II'_S \\ \\\\\\

=50 to 140°F

/Zi','zTZxZé 3/

Main fuel valve
conditioning

Helium, =300°F
to ambient

%Y

*Engine-supplied liquid-oxygen pump intermediate seal cavity purge

**Anytime facility water is on

430 min before prorellant drop

ttInitiate MFV conditioning 30 min before engine start for those firings with temperature requirements
§100 to 1500F for firing 04A

031-04-¥1-003V
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SUMMARY OF TEST REQUIREMENTS AND RESULTS

TABLE Vi

Plulog Funser J4-1eel-m82 S-1907-188 34:100)-128 -, J8-1001-139 3e-108]-13C —)e0T-}41 24-1001-148 P
Tames. Actaal Zarzas Acaal. Tarmas Teepy | _icingd IALERS. sataml Turgey Actast Turgsy acteny Targed T . Saramt
- ) - 3300 - - I - 8 18] - 1871 ¢ P 1o/ 8 / 8 1378 - 10/18 - T8

Fizse S8In/Tine nf: ey, - Teo1 o - % or! ol T3 e - Ty e - 1an . - T3 ar - - 38 ot = 11 hrl - 3313 )
Pressura Suinsss al 1.8, (1 (Wel 1) 106,000 1,900 JUK ] LEL] 100,008 00,008 108,008 1 e 100,000 39,009 100,000 111,008 00,008 109,008 2,008 100,008 700,008

Low Thrues 19le-Nege Suralisa, ee 200 I Tie 200 .18 0 0% oo %0 108 08 100 18 1 100 Se.138 100 130 1ee.7 100 LX)

Righ Tarmal lele-Sote Gursiine, sws - - - - - - - - - L—- - - - - - - - - -

mata=Bi4an Burasies, sec = - oy - - I~ . - - 1 - - - - - - - - -

Postctisinagiags 10le-Neds Surallea Oer - - - - - - - - - - - - - - ] - - - d

— e ——

Fue) Pemy Vresamen a4 18 pmls Nezse] .4 .. o021 w3 aMe~1e e ezl 20 neg1e ass mesief M4

Pus) Punp lnlet Temperasere AL 18 °F - 2.1 Y] - - - 119 - e = I - il

Pesl Yok Sulk Teugwraiues 81 1.8 P azezes —ms —400.8 et 00| amas jert0ied [-427 0 2 0 4] ~an2.7 LXK —400.0

OLLqIner Puwp lalal Prvssare al 1-0 puia | 300 210] W8 0.8 e Mes1d .2 “ezie w3

faldlser Pomp lslnl Tywpovsiuee a3 1.0 °F - 7,7 -201.3 - - =208

Suldisar Yenk Bxls Yempwrwinea a3 -0 °r Qavs 03 0 5| -ase LA K] s e o a -wea s @+ o 4] -w08.3 nee=4q freaezed e frea.e3 @ 4] -9 2

8llm Tamk Prevewre o1 1-9, m‘- 2a00°3., e 22l 3400 3030°,0 2238 236”0 3708 [3480~2 preaine | sess . 300

Suliee Task fwapersturs on 1-8, P - ue - o - s - I’y - - - - 3

Suis Pesl Valve Tesgeraiurs aé 1-9, °r - - - [T - ™ - ™ - - 2.3 - CX)

n:-..ﬂ ngpﬂ‘lmn‘m - .39 - ean - [T - 0879 - . o008 - L

eliliaaling Vaive 11 T -l " Yy -l -1 [ 11 1 e -l 11 1l w1 sl
8 — !
-1 [

b e —
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NOTES:

TABLE Vil

ENGINE VALVE TIMINGS

Start

Shutdown

Main Fuel Valve

Idle-Modc
Oxidizer Valve

Fuel Valve "

Idle-Mode
Oxidizer Valve

Test Firing
J4-1001- val
Time | Valve| Valve Time |Valve | Valve Time {Valve | Valve Time alve alve
of |Delay|Openin of DellyIOpening’ of Delay Flosing of lay [Closing
Opening] Time,| Time, [Opening|Time, | Time, lCIOsing Time, | Time, losing [Time, | Time,
Signal]l sec sec Signal| sec sec Signal | sec sec Signal | sec sec
Final f
08 Sequence 0 (0.044] 0.055 0 0.114] 0.047]] 16,96 J0.070] 0.259 | 16.96 ]0.066] 0.112
A (4] 0.050] 0.045 (4] 0,105] 0.040]]222.71 J0.068]| 0.260 {]222.71 |0.058] 0.108
09 S nce o lo.045] 0.065 o lo.113) o.0a3ll 7.36 |o.068] 0.253 || 7.36 |o0.066| 0.110
A o 0.050( 0.055 o 0.106] 0.045 273.16 |0.070] 0.263 [|273.16 [0.059| 0,111
Final T
10 Sequence (4] 0.045| 0,063 0 0,114] 0.048 19.11 j0.065] 0.255 19.11 j0.063] 0.111
A (4] 0.050 | 0,043 [o) 0,112} 0,040 |]}269.09 ]0.067 0.270;"269.09 0.085] 0,144
Final
12 Sequence 0 Jo.o46) 0.060 0 Jo.115{ 0.040}f 12.08 j0.070] 0.260 " 12,08 10.068} 0.111
A 0 lo.o50]o0.052 | o ]o.110] 0.042){198.89 J0.075] 0.260 ||198.89 |o0.064]| o0.106
13 Fiokd o fo0.050]0.060 § o ]o.120] 0.040]| 10.64 Jo.068] 0.255 | 10.64 [0.062] 0.110
A o lo.048] 0.050 0 Jo.108| 0.042][100.19 Jo.069] 0.260 J|100.19 Jo.067] 0.150
B (4] 0.050| 0.052 [o) 0.121 0.072] 0.268 20.34 ]0.071] 0.160
C /] 0.050( 0.050 (4] 0.121 0.071{ 0.267 28,57 |0.070] 0.161
rinal
14 Sequence o lo.050] 0.050 0 0.108 0.080] 0.260 7.73 lo0.079] 0.110
A o0 [|o.0501} 0.050 0 0.121 0.072] 0.260 [{149.70 |0.066] 0.106
B 0 ]0.067] 0.082 (] 0.165 0.037] 0.320 || 45.89 {0.078} 0.151
c (4] 0.069 | 0.090 (4] 0.171 0.075] 0.370 J}100.,95 ]0.080| 0.145

All valve signal times are referenced to t-0.
Valve delay time is the time required for initial valve movement after

has been energized.

Final sequence check is conducted without propellants and within 12 hr
Data are reduced from oscillogram.
Main oxidizer valve first stage only.

before testing.

the valve open or closcd solenoid

0§1-04-H1-003V
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TABLE VI
ENGINE IDLE-MODE PERFORMANCE

Test Number J4-1001- 064 104 12A
Time Slice, SecC 140 180 180 220 40 80 60 100 120 140 180 180 200 220 240 280 180 197.5
';::: Pump Dischargo Pressure, 10.5 | 40,6 | 40.2 | 37.2 | 40.7 | 40.9 | 39.8 | 35.2 | 33.6 | 35.7 | 35.5 | 39.0 | 40.0 | v2.2]| 32.5 | 32.5 | 36.2 |.42.1
Oxidizer Pump Discharge

e P 30.8 | 38.6 | 36.7 | 39.6 | 34.7 | 40.7 | 41.3 | 40.2 | 40.3 | 48.4 | 46.5 | 46.2 | 46.2 | 48.6| 48.9 | 46.6 | 33.9 | 34.0
A Treaauts, FO-RRG 28.7 | 26.1 | 28.0 | 25.9 | 27.8 | 33,2 | 32.6 [ 30.4 [ 29.8 | 32.2 | 32,0 | 33.0 | 33.9 | 30.1| 30.3 | 30.3 | 2z2.9 | 20.5
el Duidinar Flop bamt. 9.96 | 9.56 | 8.66 | 8.96 | 6.47 | 10.8 | 10.9 | 12.2 | 11.3 | 12.9 | 12.6 | 13.1{ 12.4 | 13.4] 13.5 | 13.4 | 15.5 | 14.2
o ec

"‘,"‘“{b:‘/'“ Flow Rate, 6.59 | 6.48 | 6.65 | 5,81 | 7.82 | 7.05 | 8.2¢ | 6.61 | 6.27 | 4.67 | 8.52 | 10.7 | 8.20 | 3.20| 2,01 ]| 2.78 | .74 | 7.50
e, nec

T lbesare 1ant Flov Rate, 16.6116.1 [ 15.5 | 14.6] 26.3] 17.8 | 10.1 | 18,7 | 17.4 | 17.6 | 19.4 | 23.0 | 20.6 | 16.5] 16.6 | 16.2 | 24.2 | 1.7
Propellant Mixture Ratio

g e Bt . 1.51 | 1.46 | 1.33 | 1.56 ] 1.08f 1.53 | 1,32 | 1.64 | 1,82 | 2.77 | 1.07 | 1.23{ 1,52 | 4.33 | 4.65 | 4.83 | 1.77 | 1.90
T et 1o JainaLty, 6337 | 6569 | 8609 | 6605 | 6420 | 7022 | €424 | cooa | 8431 | ees1 | 8220 | 5214 | 6190 | G664 [ c943 | 7035 | 3585 | 5110
Characteristic Velocity

R fiotensy . Coures mArnent 86.5 | 87.5 | 91.0 | 67.1] 90.3 ) 92.6 | 87.0 | 76.6 | 63.0 | 88.2 | 79.7 | 71.5 | 81.8 | 88.0| ®0.0 | 91.6 | 46.1 | 85.7
P oA et 5659 | 5722 | sess | 5284 | seas | 6774 | 6625 | 6236 | 6113 | 6757 | esse | 6611 | 6218 | 6621 | 6731 | 6755 | 4601 | ece9
Vacuum=Corrected Coefficicnt of

i il 1.74 | 1.74 | 174 | 17a) 173 ) 174 | 1.7a | 2075 | 1.95 | 1,79 | 1,76 | 1.76 | 1.74 | 1.86] 1.90 | 1.91 ] 1.75 | 1.76
Vacuum-Corrected Specific s

b S| £94R a6e | 357 | 387 |58 ] 345 | 360 | 347 | 332 |3s1 | 384 | 340 | 285 | 335 |4c0 | 400 | 417 | 194 | 270

091-04-41-003V
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TABLE VIl (Concluded)

Tont Number 14-1001- 134 145 T4C
Timr Slice, scC 30 410 so [.1:] 70 80 80 98 30 35 40 44.5 30 40 50 80 70 60 920 100
B Ia ERJptucpReaeTPresulEs. 37.1 | 36.9 | 34.8 |35.5 | 35.5 | 35,1 | 34.0 | 34.4 | 31.0 [ 31.5 | 20.8 | 208 | 31.2 [ 30.8 | ;1.5 [31.3 | 30,0 [32.0 [30.3 | 318
Jaidiacr Posp Diachared 33.8 | 33.7 {33.6 |33.4 | 33.1 | 33,0 | 23,3 | 34,1 |4a.5 | 43,7 | 435 | 43.5 | 3407 | 3404 ]| 34,8 24,8 ] 348 [34.6 [34.8 ] 348
G en ELEEERIGES o SPCHELe 27.3 | 28.1 | 20.8 | 20.8 | 20.6 | 20.1 | 28.2 | 2a.9 J28.9 | 28.5 | 29.9 | 27.8 | 25.0 | 24.0 | 25.3 | 26.0 | z8.3 [26.3 {25.7 | 271
!:f‘}.ﬁ‘,‘,’,:é’" Flov fate, 9.34 | 6.75 | 9.61 { .36 | 10.1 ] 9.78 | 10.4 | 10.0 |12.6 | 12.5 | 12.6 | 13.4 | 10.2 | 10.4 | 10.4 | 10.4 | 5,83 f10.2 [10.3 | 9.78
I"'.“‘l‘b:‘,';,_‘.c"“' SRLR) 5.07 | 5.31 | 6.49 | 5.00 | 6.58 | 7.23 | 7.77 | 7.33 J2.62 | 2.77 | 2.54 | 2.15 | 5.58 | 7.05 | 5.e1 |s5.28 | 5.10 |5.82 5.66 | 4.57
Ef‘{l,z‘,':{.f“"“' Flow Rat, 14.4 [ 14.1 {161 | 14.4 | 16.6 | 17.0 | 16,2 | 17.4 J15.4 | 15,9 [ 1801 | 15.5 | 15.8 | 17.4 | 16.3 | 15.6 | 15.0 | 16.0 |16.0 | 14.4
;;;{';}:“;;f;:{::: Satto, 1.8¢ | 1.65 | 1.48 | 1.87 ] 1.53 | 1.35 | 1.34 | 1.37 | 4.45 [ 4.50 | 4.96 | 8.22 | 1.63 | 1.47 | 1,75 | 1.96 | 1,05 | 1.75 |1.82 | 2.14
g[""' PetiriRtieiNelonity, 7124 | 7519 { 6647 | 7815 | 6aus | 6438 | 5855 |- 6278 | 7080 | 7044 | 6950 | 6756 | 5965 | 5377 | 5872 [ 6256 | ases | 6180 Jeoso | 7111
g?:::;;n;,‘,j';:n;;j";,‘.;g,m 92.0 | #8.2 | 0.9 | 100.7) 8.5 | 86.7 | 79,0 | 84.4 ] o1.1 | w0.9 [ 91,1 | 93.2 | 77.0 | 715 | 76,1 | mo.1 | maua [ G0 |7B.5 | s0.4
}':;:‘:'7{:‘,‘"“"’" Thragt, %606 | 3736 | 5989 | 6128 | 8035 | 5807 | 5737 [ s8a9 | 6372 | 6307 | 6258 | m439 | 5133 | 5077 | s18e | su49 | 5414 | 5383 [s285 | Se03
;;;;::':;ng::f"glf';g{;;;;;; gr 1,75 { 1,75 | 1074 | 1076 | 174 | 1o74 | 1074 | 1074 | 1088 | 1,88 | 101 | 1.8 [ w7s | 1a7a | 1075 | 17s | 1a76 (175 |1a7s | 1.9
};;,‘:‘,‘:;“’_‘,’;;::"’ fg‘,‘f}.:;‘/‘lm ans | 408 |3n a2z |sen |54z |01 {338 |ara |z [are | aus | 525 201 | 319 |342 | 360 336 [am | 3m
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APPENDIX 111
INSTRUMENTATION

The instrumentation for AEDC tests J4-1001-08 through -10 and J4-1001-12

through -14 is tabulated in Table III-1. The location of selected major engine instrumenta-
tion is shown in Fig. III-I.
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® ——AREA FIRE DETECTION THERMOCOUPLES TEDODA
TEDMOVA &

l MAIN OXIDIZER FUEL
PROPELLANT

VALVE INLET
UTILIZATION £ = pucT
VALVE A | | /“
N A

&==a " J\ i. \J btk MELIUM TANK
Va Q‘l I :_gr@ > N, % VALVE FUEL TURBOPUMP
. = N ‘s}" SOLID -PROPELLANT
'*’ N BESY % TURBINE STARTER
4] § — o
E DINSZA N TPIP-IP AR
:-:L:: \— =

VALVE

FLIGHT f
INSTRUMENTATION |

A — ;];[‘:;BIRDA PACKAGE

2 ‘LéJ =L
£ @ﬁ.,r,i TFDFTA ?.-.;.?

ELECTRICAL
CONTROL

PACKAGE TURBINE
BYPASS DUCT TURBINE
PNEUMATIC EXHAUST
CONTROL MAIN FUEL pucr

PACKAGE _ 5 _ VALVE

TECP-IP—T e’ & Qf\. v :
— o AN e EXHAUST

(NST-1a ) ' i' @ f,x._'h" F MANIFOLD

TFOMFVA—==—

OXIDIZER
INLEY
pucT

OXIDIZER
TURBOPUMP

HEAT
EXCHANGER

? | TTCT-TI&T2

—

MANIFOLD

TTCT-El
TTCT-E2

a. General Arrangement
Fig. 111-1 Selected Sensor Locations
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TEPBS

(PFT4)

PFTSC

(TGIC:

PFPSI
PFPBS— §
{(PF4)
PFPRB
(PF7)

f

b. Fuel Turbopump Sensor Locations
Fig. 11I-1 Continued

PFPS

(PF6)

NFP-1283

(PFV)

0S1-04-H1-2Q3V
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ax TFPD-IP
RIS L R\
PFCO
PFCO-L (cF5)
—QF-2
(PFFA)
\,
TFPD-IP'7— A |
- — | {1
TlI:F"::’?ﬂaP - i J)
N TMFVS-2
1 TMFVS-I

a N7 LFVT

LFBT

_ A

c. Fuel System Sensor Locations
Fig. 111-1 Continued
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NOP-(2& 3

(POV)

POPBC

(PO7)

(PO2)
TOPBC
(POT4)
2
S 3 POPSC
2332 (POB)

POTH-IP

(TG3)

TOTI-IP

(TGT3)

d. Oxidizer Turbopump Sensor Locations

Fig. 111-1 Continued
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TOPD-1P*
FTOPD-ZP

(POT3)

-~

32 RN POIML
ot 331! APoIML-L
Y 6— | (PO10)

/ \ \-TOIML

| ~ 1 (POTS)
I
= 0

\ 4

\!‘Q}Q o N

*Tap locations for TOPD and POPD

were reversed for Tests J4-1001-
. Oxidizer System Sensor Locations -12, -13, and -14.
Fig. I1I-1 Continued

?Po-lp‘
(PO3)
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oo (o Oo
Al » o
0 4 e
33 \
“‘ X
: TOTI-IP
(TGT3A)
— ®
ot
POTO-IP
. (TG4)
TOTO-IP
? (TGT4)
o TFTO

(T65)

PFTI-IP

(TG1)

f. Turbine Exhaust System Sensor
Fig. 111-1 Continued

TETI=3

(teT1)

PFTO

(Tc2)

051-04-41-303Y
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UTCD-
(FZA1) »
UTCD-5 7
i
“
“
\
POASIJ
“\
A
1Y)
POJ-2L /
POJ- 22—t
{cosa) \.\

7/—UTCD-3
(FIA3)

TOJ

’

{coTm)

NS

\ : UTCD-6
|

-1

(

g. Thrust Chamber Injector Sensor Locations
Fig. 111-1 Continued

J

POJ-3
Z.Tm (c?::al

/4
aT Ty
\ )

%\‘1"_0
UTCD-2

(Fza2)

PPTD

TPTU

/—PPTU
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POJ-| ——

{co3)
L —— PC-abL
TFJ-2P. ) (CGIA)
(CFT20)
TFTI-4
PTM
PTM-L
(GG2b)
il e

UTMR © e )
r—

N
e

S
_'
mn
(v
<

h. Thrust Chamber Sensor Locations
Fig. l1l-1 Continued
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PHEA—

(NN-3) m

Pres
1 .

i. Pneumatic Control Package Sensor Locations
Fig. 111-1 Continued
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THET-IP
(NNTH)

yHAEL / --""--ju__..-:,]
PHET-2P 2

(NN1-3)
: \\
I W
;
2 5
’, N
0 A
"; I 00
ty \)
Q‘tl
3
Uy

j. Helium Tank Sensor Locations
Fig. 111-1 Continued
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Tube 494 —
URBINE EXHAU
TICT-T4 MANIFOLD
PPER
) ATBAN
Hatbands
FUEL
Exit Plane VOO OO OO RN
HE
TANK
TICT-T3
Tube 314——
View Looking Aft

k. Thrust Chamber Instrumentation

Xl
UM

Fig. 111-1 Continued

Called
North

Tube 134

TTCT-E1 and E2

TICT-15
TTCT-T1 and T2

051-0L-41-2Q3v
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TFPRS-1AND 3
TFPRS-2

. [’/:72./////////,

,
b
{7

Hl e ;//

ﬁm’”///’”’””// /g///fxg//
&

% Eipe
N
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_'%};3
TN,

o
7% 7 /

/Z//A’/M%
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NS

NUEN
\\\‘“
i

TR

|
N

{1
4.

: (s
Pl
%
’
/
“
Z
7
Z
)
;
%
Z
“
/.
Vi
b,
7

[N
=

. Fuel Turbine Sensor Locations
Fig. 111-1 Continued
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View Looking
Downstream

Thrust Chamber Exit

—— Fuel Pump Inlet

m. Side Load Forces Sensor Locations
Fig. 111-1 Continued
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TO VENT

S-IVB BATTLESHIP

STAGE
PFVI
TFVL
PFVL
—l“#‘é_li—'viﬂl-”-'-uun _|P_|I::_-\\;%_
—\'ﬁ‘\f‘ S
PNODP a L0

TTCP:

-"':JF

n. Customer Connect Panel Sensor Logations

Fig. 111-1 Continued

/"""\.
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- AA AA AN
Y vy | l
]
1]
TA2
[ .l'l 'l'l nr ]
VIEW
LOOKING NORTH CALLED

NORTH

INSTRUMENTATION
CABLE TRAY

o. Test Cell Ambient Temperature Sensor Locations
Fig. 11l-1 Continued
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p. S 1VB Battleship Sensor Locations
Fig. 111-1 Continued
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PFCVI PFCVT
prcVI-L— N— prOVT-L
(CF7) (CF6)

(IFT2)

q. Augmentad Spark Igniter/Film Coolant Fuel Line Assembly Instrumentation

Fig. 111-1 Concluded
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AEDC
Code

Icc
1IC

EASIS<1

EASIS-2

EECL
EECO
EER
EES
EESCO
EFRVO

EFPCO

EHGTC

ERGTO

EIDA«1

EIDA-2

EIMCS

EINVC

EMOVO

EMPe1

Parametsr

Current, amp

Control

Ignition

Event

Awgnanted Spark lgniter
Spark <1

Augmented Spark Ignlter
Spark 2

Engina Cutoff lockin
Engina Cutoff Signal
Engino Ready Signal

Engina Start Comnand
Programmad Duration Cutoff

Fusl Bieed Valve Open
Limit

Fusel Pump Overapeed
Cutoff

Fual Prevalve Closed Limit
Fuol Provalve Open Limit

Exploding 3ridgewiro
Plrlng Unlts Armed

Helium Control Solamold
Energizad

Hot Gas Tspoff Volva
Closad Limit

Hot Gas Tapoff Valva
open Llnmit

Ignitlon Datacted

Ignition Detect Amplifiar

=1

Ignition Datect Awmplifiar

2

Idis-Mode Controi Snlenoid

Enorgised

Idla-Moda Valve Cloaed
Limnit

Tdle=Node Vslve Open Lindt
Main-Stage Cutef’ Leckin
Main=Stoge Cutoff Signal
Maln=Stage Control Solenold

Maln Stage *‘OK'!
Deproaaurlsed -1

Main Stasa “°OK'*
Depreasuriaad <2

Msin Fual Vslve Closed
Limit

Nain Fuel Valva Open Limit

Main Oxldisar Valva Ciosed
Linlt

Main Oxldizer Valve Opan
Limlt

Maln Rtaga *‘OK’'*
Pressurized -1

Hain Stage °°OK**
Prossarlzed <2

Maln-staga Start
Solanoid Ensrgisad

Tap

Nunber

INSTRUMENTATION LIST

On/oft

On/Off

on/off
on/off
on/oft
on/off
on/off
on/off

On/Off

on/off
an/oft
on/ott

on/off

on/off

On/off

Oon/off
on/off

On/oft

on/oft

onsoft

on/ott
Onjoff
on/0ft
on/off
on/oft

On/off

onfoft

on/oft
onsoft

Oo/off

on/oft

Oonjoff

On/ott

TABLE 111

Digital

103

Magnotic
Ta

Oscillo~
graph

strip
Chart

AEDC-TR-70-150

Event X-Y
Racorder Plottar
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TABLE I1I-1 (Continued)

AEDC Tap Da éﬁll Magnetic <Qacillo- Strip Event =Y
_Coda_ Paranater Number Range Eyatem Tapa graph Chert Secorder Plotter
Lvent
F.OBvVO Oxidixar Bieed Valve On/Off x
Opan Limit
ECCO Onaerver Cutoff Siqnal onsots x
EOPVC Oxidixer Prevalve on/off % x
Ciosed Limit
EOPVO Ozidizar Pravalve on/OLE x x
Open Limit
ERASIS-1 Augmentad Spark Igniter on/off x
Spark Rata -1 !
ERASIS-2 Augmentad Spark Ignitor Ccn/0fL _x
Sperk Rata =2
ETCBC Thrust Chambar Bypaas On/Off x
Valve Cicaed
ETCBO Thruat Chamber Bypaaa on/off . l:
Valve Open
EVSC»1 Vibration Safety Counta -1 on/soff x
EVSC»2 Vibration Safety Counta 2 On /0%t x
EVSC-3  Vibration Safaty Counta =) On/off x
Ficwa, gpm
Qr-1 Engina Fuel PFF 0 to 11,000 x
Qr-2 Engine Fusl PFFa 0 to 11,0C0 x x x x
QFP.3 Engina Fuei PPF 0 to 11,000 x
Q=1 Engine Oxadizar POF 0 to 1,600 x
Q0=2 Engine Oxidixar POFa 0 to 3,600 x x x
Q-3 Engine Cxidizar POP 2 to 3,600 x
QORP* Oxidizer Racirculation 0 to 10 x x x
Syaten
Forcaa, 1bf i
PSP-1 Side Load (Pitch) 20,000 x x
FSY-1 Side Load (Yav) 20,000 x x
re-n Axial Thruat ' 0 to 300,000 x x X
FZ-L Axial Thruat 10,000 | x x
Poaition, opan
LFET Thrust Chamber 0 to 100 x x
Bypaaa Valve
LFVT Hain Fual Valve 0 to 120 x x
LINT Idie Moda/Augmentad Spark 0 to 120 x x
Igniter Oxidizer valve
LovT Main Oxidixar vaiva 0 to 109 x x
LPUTOP Propeilant Utiiixation S volta x x x
Valve
LTVT Hot Gaa Tapoff Valve 0 to 100 x x
Preaaurs, pala
PA-Y Tast Ceil 0 to 0.5 x
PA-2 Tast Cell 0 to 1.0 x
PA-3 Taat Caii 0 to 5.0 x x
PC1P Thruat Chambar caG1 0 o 1500 x
PC-2P Thruat Charber CGla«2 0 to 1500 x x x
PCs2PL  Thruat Chamber CGla=-1 C to 50 x x
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PrBM

PPCO
PPCO-L
PrCVI

PPCVI-L

PPCVT

PFCVT-L

PrI-1
PPI-1L
PPNX

PEMI-L

PPPBC

PYPBS

PPPD-1L
PPPD-1P
PPRI-1
PreI-2
PrPI-)
PPPRE

PFFS
PrPSI
PrIX-1P
PFI0
PIFISC
PRUT
PPVC

PFVL

PHEA
PHZS
PHET-1P
PHET=2P
PHRO=1P
PNODP-1

POASLY

POIML

POINL-L

TABLE 111-1 (Continued)

AEDC-TR-70-150

oigital
Tap Data wagnetic Oscillo- Svent X-¥

Paranster Nunber Range Syeten Recorder Plotter

Pressurs, peie
Thrust Chamber cr 0 to 1500 x
Bypess Manifold
Pilm Coolant Orifice cre 0 to 2000 x
Pilm Coolent Crifice crd 0 to 50 L]
?ilm Coolant Venturi cr 0 o0 2000 x
Inlet
Film Coolent Venturi cr? 0 to 50 L]
Islet
Pilm Coolent Venturi cré 0 to 2000 x
Throst
?ilm Coolent Venturi cré 0 to 50 x
Throst
Fusl Injection Ccr2 0 to 1500 x
Fusl Injaction cr 0 to 50 x
Fuaal Jacket cr1 0 to 2000 x
Manifold Iolst
Fuel Jecket Manifold cr1 0 to 30
Inlet
Puel Pump Relance PPS 0 to 2000 x
Piston Cavlty
Fuel Pump Balance b4 0 to 1000 x
Pleton Bump
Posl Punp Discherge PP} 0 to 50 x
Fusl Pump Diacherge 2 £ 0 to 2500 x
Fusl Pump Inlst eri 0 to 100 x x
Fuel Pump Inlet 0 to 100 x x \
Fuel Pump Inlet PP ie 0 to 100 x x
Fuel Pump Rear Besring 7 0 to 1000 ]
Coolant
Pual Pump Ioterstage PYé ' 0 ¢o 1000 F
Fuel Pump Shroud Inlet 0 to 2500 F
TFusl Turbina Inlet TG1 0 to 1000 x
Fuel Turhine Outlet -m'z 0 to 200 L]
Fuel Turbina Sesl Cavity TG10 0 to 500 .
Fual Ullage Tank 0 to 100 x
Tuel Represaurisstion at 0 to 2000 x
Customer Connect Psoesl
Fuel Repressurisstion KEPFY 0 to 2000 x
Nozzle Inlet
Yual Repraseurizetion KHF2 0 to 1000 =
Noexle Throat
Helium Accumuletor NND 0 to 750 x
Hellum Bupply 0 to 5000 F
Belium Tank WY1 0 to 5000 x x
Belium Tank RHi-3 0 to 3000 x
Helium Regulator Outlet NN2 0 to 750 x
Oxidiesr Dome Purgs et 0 to 750 F
Customer Connact Panel
Oxidizer Dowe Purgs at 0 to 1500 x
Cuetoner Connect Penel
Augmanted Spark Ignitar 103 0 to 1500 x
Oxidisar Injectlion
Oxidieer Idle Mods POY0O 0 to 2000 x
Line
Oxidiser Idle Mode PO10 0 to 50 x
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TABLE 111-1 (Continued)

- Digital

AEDC Pap pata Magnetic Osclllo-  Strlp Event Xe¥
Code Puranu tar Nunber Rango Systen ‘Tape greph Chart Racorder Plottsr
(] ele
POJ=1 oxidlzer Injection col ¢ to 1500 x
POJ-2 Oxidizer Injection <o3a 0 to 2000 x x
POJ=2L, Oxldizer Injectian COJa 0 to 50 x x
POJ-3 Ox1dizer Injection Cco3b 2 to 5000 x
Fenifold
POPBC oxldizer Punp Bearlng Po? 0 to S00 x
Coolent
*pPOPD-1L Oxidlzer Pump Olecherge rol 0 to 50 x
"POPO-1P Oseldlzer Pump Olacherge POl G ta 2500 x
POP0-2 Oxidlzer Pump Olecharge PO2 0 to 3000 x
POPI-1 Oxidleer Pump Inlet PO1 0 to 100 x x
POPI-2 Oxidiser Pump Inlet 0 to 100 x x
POPI=] Oxidizar Puwp Inlet rote 2 to 100 x x x
POPSC Oxidiecr Punp Primary PoS 0 to 50 x
Seal Cevity
PORPO*  Oxidlzer Recirculetion 0 to 10¢ x x x
Pump Outlet
POTI-1P Oxidleer Turblne Inlet 3 0 to 200 x
POTC-1P Oxidieer Turbine Outlet TG 0 to 100 x
POUT Oxldlzar Ullage Tenk 0 to 109 ‘u
PPTD Photocon Cooling Weter 0 to 103 x
{Downetream)
PPTU Phatocon Coollng Weter 0 to 100 x
(Upstreax)
PPUVI Propellent Utilizetion Pos 0 to 2000 x
Velve Inlet
PPUVO Fropeilant Vtilisetion PO9 0 to 1000 x
Velve Cutlst
PTCTI?  Thruet Chambor Fual o to 200 x
Jacket purge
PTEY Turblne Exhauet Manlfold TGh 0 to S0 x
PTM ‘Tepoff Manlfold GG2b 0 to 150¢C x
PTM-L Tepaff Venlfold GG2b 0 to 50 x x
Speeds, rpw
HFP-1 Fuel Pump PPV n to 17,000 x
NFPe2 Puel Pump rPV n rn 13,000 x x
NFP-3 Fusl Pump PRV u to 33,000 x
NOP=1 Oxldlessr Pump POV u to 12,000 x
NOP-2 Oxldizer Pump POV 9§ to 12,000 x x
NOP=) Oxidlszer Punp PNV n to 12,000 x
Tenperatures, r
TA-1 Test Ceall, North =50 to B0OO x
TA=2 Test Cell, Eest =50 to 800 x
TA=3 Test Celi, South =50 to 800 x .
TA=4 Test Cell, Wast =50 to BOO x
TECP-1P Clectricel Control NST1e =300 to 200 x
Resembly
TFASIJ Augpented Spark Ignlter IF =425 to 100 [ x
Fuel 1Injaction
7w’ Thrust Chember Bypess -425 to 100 x
venifold
TFRCO Fllm Coolant Orifice IFT? =425 to =375 [ ]
TFO Tire Detectlon o to 1000 x x
TPOFTA Fire Detact Fryel Turblne ¢ to 500 x
Manifold Aree
TPOMFVA Flre Detect HMeln Fuel 0 to 500 x
Velve Arees
TFO%OVA Fire Detect “ain 0 to 53¢ x
Oeidlzer Velve hres »..2
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TTOODA
TFDTOA

TrI=1P
TrI=20
TFPDS

TEPD=1P
TIFPD=2P
TIPD=)
TIFPD=4
TPPI=1
TPPI=2
TIPR3=1
TFPRS=2
TPPRS-1
TIRT=1
TIRT=]
TITI=
TPTI=4

TImo
TVC

TWVL

THEY=1P
TMFVS=1

THPVE=2
‘TRODP =1
TNODP =2

TOIAL
™)
TOPBC

SeTOPD-1P
**10pD-2P
ToPDY

TOPL. 1
TOPI=2

-
Torze Tt

TOTI-1P
TOTM-1
TOTM=2
TOTa- 1P
TPIP=1P
™PTY

TABLE 111-1 (Continued)

Pira Detect Oxidisar
Dome Aras

Tira Dotact Tspoff
Duct Arae

Tuei Inlaction
Tusi Injacticn

Pusi Pump Balance
Pieton Sump

Tusi Pump Discharge
Tuei Pump Oishcarga
Tuel Puxp Discharge
ruei Pump Discharga
Tusi Pump Inlat
Fusl Pump Iniat

rusi Run Tank
Pusl Run Tank
Pusi Turbine Iniat
Pusl Turbine Inlet

Pual Turbina Outiat

dozsia Iniet

Haiium Tank
{Outar waii)

{Innar waii}

Oxidiser Injaction

Cooimnt

rianga
Oxidizer Pump Inlet
Oxidizer Pump Inlat

Cutiet
Oxldiser Run Tank

Oxidisar Run Tank

Digited
Tep Data
Perametar Humber Ranga __Syeten
Tempereturee, Op
0 to 500 x
0 to 500 x
cre2 =425 to =300 x
CPT2a =425 to 100 x
PPTA =425 to =375 x
PPT1 =425 to =300 x
rrT1 =425 to 100 x
rr) =425 to -390 x
rrl =425 to 100 x
KPT2 =425 to =400 x
KrT2a =425 to 100 x
Tusl Pump Reaz Support =400 to 1800 x
Puei Pump Rear Support =400 to 1800 x
Fusl Pump Rear Sepport 400 to 1800 x
=425 to -400 x
*425 to =400, x
6T =300 to 2400 x
GGT2 =300 to 2000 x
and GG2
=100 to 1200 x
Pual Reprasaurisstion at =300 to -100° x
Customer Connoct Panei
Puei Reprasaurisetion KHPTI =300 to =100 x
NNT1 =200 to 150 x
Hein Puai Velwe Skin =425 to 100 x
Kain ruei Vaive Skin =425 to 100 x
Oxidiser Doms Puyrga at =250 to 200 x
Customer Connact Panel
Oxidizar Dome Purge et =250 to 200 x
Customer Connect Panei
Nxidizer Idle-¥rvia Line POTS =300 to 100 x
ooT1 300 to 1200 x
Oxidizer Pump Basring POTd =300 to =250 x
Oxidizer Pump Dischargs o7 ‘=300 to =250 x
Oxidizer Pump Dischargs POT3 =300 to 100 x
Oxidizar Pump Oischargs =300 to 100 x
ROT2 =310 to =2%0 x
Kot2a =310 to 100 x
Oxidiser Pump Iniat Seai =310 to 100 [}
Oxidizer Pump Voluta Skin =300 to 100 x
Oxidiser Pump Recircuistien =300 to 100 x
=300 to =285 x
=300 to -205 x
Oxidisar Turbine Iniat 6T 0 to 1200 x
Oxidisar Turbine Manifoid =300 to 1000 x
Oxidizer Turbina Manifoid =300 to 1000 x
Oxidiser Turbine Outiat TGTd 0 to 1000 x
Instrumentation Peckage =300 to 200 x
Photocon Cooling Water 0 to 100 x

{Upetream)
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AEDC Tep Dﬂt:“ Magnetic Dsoillo- strip Event Ry
_Code Parameter Humbe _Range ~_System Tape _greph = Ch Racorder  Plotter

Teaperatures, °r
TICT-EY Thruat Chasber Tube (2xit) «425 to 500
TICT=E2 Thrust Chamber Tube (Exit) =425 to 500 x
TICTT1 Thrust Chambar Tuba =-42% to 500 x S

(Thrust)
TICT-T2 Thrust Chamber Tube *425 to 500 x
{Throst)

Pask Vibrstinns, g
UPPR Fual Pump PIA-1 450 x R
urTR Fusl Turbine V1232 450 x
UOPR oxidiser Pump Radial PIA=2 300 % *
Urcoe-1 Thruat Chamber Doma Fihk-1a 1400 x x
UTCD-2 Thrust Chaxber Dome ri-2 1400 % x o
UTCD~3 Thrust Chamber Doms FIA-3 300 x x
UTCT-1 Thrust Chamber Throat 300 x
UTCT=2 Thrust Chamber Throat 300 x
UTCD=4 Thrust Chamber Doms 1400 x
UTCD-5  Thrust Chamber Dome 1400 x
UTCD-§ Thrust Chamber Dome 1400 x
UTMR Tepoff Manifold Radisl 300 x

Voltage, v
vcs Control Bus 0 to 36 x
vis Ignition Bus 0 to X6 x
VIDA-1 Ignition Detact Amplifier 9 to 16 x
VIDA-2 Ignition Detect Amplifier 9 to 16
VPUVEF Propellant Utilization 0ta5 x

Valve Telemetry
Potantiometar Kxcitation

TABLE Ill-1 (Concluded)

¢  For J4-1001-08, 09 and 10, only

"

Tsp locations for TOPD and POPD were reversed for
tests J4=1001<12, «13. and -14

For J4-1001-08 and 0%, only
Wot required for J4-1001<12 and 13
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APPENDIX IV
METHODS OF CALCULATIONS

NOMENCLATURE
A Area, sq in.
Cc* ‘ Characteristic velocity, ft/sec
CF Coefficient of thrust
F Thrust, Ibf
| Impulse, sec
o Oxidizer
P Pressure, psia
w Flow rate, Ibm/sec
P Density, Ibm/cu ft
SUBSCRIPTS
a Almbient
c Chamber
e Exit
eff Efficiency
f Fuel |
fc Film coolant
imc Idle-mode compartment
inj Injector |
ns Nozzle static
o Oxidizer
sp Specific
t Total
vac Vacuum
SUPERCRIPT
. Throat
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CALCULATIONS
I. Idle-Mode Performance
A. Theorstical {Ideal)

Calculations of theoretical rocket performance for chemical composition
during an isentropic expansion were made by iterative computations using the
method of calculations presented in Refs. 9 and 10. Computations were based
on an enthalpy-entropy analysis, and program inputs were (1) reactants, (2)
enthalpy of reactants, (3) stagnation pressure, (4) stagnation-to-static pressure
ratio, and (5) nozzle exit area ratio. Enthalpy of reactants was obtained from
Refs. 11 and 12 for hydrogen and oxygen, respectively.

B. Actual
Flow Rates
1. Total Propellant Flow Rate
We = Wi + W
2. Injector Flow Rate
Winj = Wi - Wie

3. Idle-Mode Compartment Fuel Flow Rate
(Af)imc

(W)ime = v
inj

Mixture Ratio
1. Total Propellant Mixture Ratio
.
O/F = Wi

2. Idle-Mode Compartment Mixture Ratio

%o

O/Fime = W7 ime

Thrust

1. Thrust at Py, = P,

F = PcA* (CP) ideal
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2. Vacuum Thrust

Fvac ol Pc A* (CFVlc) ideal
where
(CFvac) ideal = (CF) ideal + ;AAL. 11:°
c
and

(CF)ideal

A
f (2. P. ,-A—:) from Refs, 9 and 10

Vacuum-Specific Impulse

Fv.c
vac = w‘

(Lap)

Characteristic Velocity

P A%

* .
C* = V.

Characteristic Velocity Efficiency

C*

Croff = —s——
Ly C* ideal

Propellant Fiow Rates

AEDC-TR-70-150

Propellant flow rates are based on engine flowmeter constants supplied by the

Fuel Injection Density

engine manufacturer: 5.50 and 2.00 Hz per gal for the oxidizer and fuel flowmeters,
respectively. Propellant properties for conversion of volumetric to weight flow were
obtained from Refs. 11 and 12 for hydrogen and oxygen, respectively.

Fuel injection density was estimated using the following equation supplied by

the engine manufacturer:

_ Kiwp,;1?
- (P inj o Pc)

where

-~
i

0.01106
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IV. Fuel Film Coolant Flow

Fuel film coolant flow was estimated by using the standard Venturi flow

equation ,

W = Cp Av2g(144) APp
and

Cp = 0.97 } supplied by

A = 5.75 x 10~3 12 J engine manufacturer
thus

W = 0.311y/pAP  lbm/sec

whel:e

AP - PFCVI - PFCVT
p = p(PFJ, TF))
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