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FOREWORD 

The work reported herein was sponsored by the National Aeronautics and Space 
Administration (NASA), Marshall Space Flight Center (MSFC) (PM-EP-J), under Program 
Element 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 Arnold Engineering 
Development Center (AEDC). Air Force Systems Command (AFSC), Arnold Air Force 
Station, Tennessee, under Contract F40600-71-C-0002. Program direction was provided 
by NASA/MSFC; technical and engineering liaison was provided by North American 
Rockwell Corporation, Rocketdyne Division, manufacturer of the J-2S rocket engine, and 
McDonnell Douglas Astronautics Company, manufacturer of the S-IVB stage. The testing 
reported herein was conducted on August 25, 28, September 17, and October 29, 1969, 
in Rocket Development Test Cell (J-4) of the Engine Test Facility (ETF) under ARO 
Project No. RN1001. The manuscript was submitted for publication on June 19, 1970. 

Information in this report is embargoed 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 (PM-EP-J), or higher authority. Private individuals or 
firms require a Department of State export license. 

This technical report has been reviewed and is approved. 

Walter C. Knapp Roy R. Croy, Jr. 
Lt Colonel, USAF Colonel, USAF 
AF Representative, ETF Director of Test 
Directorate of Test 
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ABSTRACT 

Eleven firings of the Rocketdyne J-2S rocket engine were conducted in Rocket 
Development Test Cell (J-4) of the Engine Test Facility on August 25, 28, September 17, 
and October 29, 1969. These firings were accomplished at pressure altitudes ranging from 
80,000 to 108,000 ft at engine start signal. The major objectives for these tests were to 
verify stable idle-mode operation, confirm that oxidizer injection temperatures were not 
excessive during transition from main-stage to post-main-stage idle-mode operation, 
evaluate main-stage performance, and determine the rate at which thrust chamber 
temperature increased during pre-main-stage idle mode. A full-face oxidizer flow injector 
configuration was utilized during this series of tests for the distribution of oxidizer during 
idle-mode operation. Brief durations (<20 sec) of stable idle-mode1 operation (chamber 
pressure oscillations <±1 psi) were achieved. Oxidizer injection temperatures exhibited 
only insignificant increases (<10°F) during transition to post-main-stage idle-mode 
operation. The maximum rate at which the thrust chamber temperature increased during 
idle-mode operation with high oxidizer (45-psia) and low fuel (27-psia) pump inlet 
conditions was 6°F/sec. Three firings which simulated orbital restart conditions were 
prematurely terminated during transition to main stage by the vibration safety cutoff 
system. Liquid fuel was present at the injector at dome prime when the excessive 
vibrations were first recorded. 
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NOMENCLATURE 

A Area, sq in. 
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CCP Customer connect panel 
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FM Frequency modulation 
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MOV Main oxidizer valve 

O/F Propellant mixture ratio, oxidizer to fuel, by weight 

SPTS Solid-propellant turbine starter 

T/C Thrust chamber 

t-0 Time at which helium control and idle-mode solenoids are energized; 
engine start 

VSC Vibration safety counts, indicators of engine vibration in excess of 150 g rms 
in a 960- to 6000-Hz frequency range 

SUBSCRIPTS 

f Force 

m Mass 
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SECTION I 
INTRODUCTION 

Testing of the Rocketdyne J-2S rocket engine using an S-IVB battleship stage has 
been in progress at AEDC since December 1968. Reported herein are the results of eleven 
firings conducted during test periods J4-1001-06,-07 ,-11 and -15. The major objectives for 
these tests were to verify stable idle-mode operation and transition from main-stage to 
idle-mode operation, to evaluate main-stage performance, and determine the rate at which 
the thrust chamber temperature increased during pre-main-stage idle mode. 

The firings reported herein were accomplished in Rocket Development Test Cell 
(J-4) (Figs. 1 and 2, Appendix I) of the Engine Test Facility (ETF) at pressure altitudes 
ranging from 80,000 to 108,000 ft (geometric pressure altitude. Z, Ref. 1) at engine start 
signal. Data collected to accomplish the test objectives are presented herein. 

SECTION II 
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 Ibf and mixture ratio of 2.5, or at main stage at any 
precalibrated thrust level between 230,000 and 265,000 lbf 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 these test periods 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 III 
and IV, respectively. 

2.1.1   J-2S Rocket Engine 

The J-2S rocket engine (Figs. 3 and 5, Refs. 2 and 3) 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 
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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. 

2. Thrust Chamber Injector - The injector is a concentrtc-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 porous material, forming the injector 
face, allows approximately 3.5 percent of main-stage fuel flow to 
transpiration cool the face of the injector. During idle-mode 
operation, oxidizer is supplied through a diffuser located in the top of 
the injector (Fig. 5c) which disperses the oxidizer to all portions of 
the injector face. During main-stage operation the main oxidizer valve 
is opened and supplies the major flow of oxidizer to the injector face. 

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-lbf-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-lbf-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 mounted on the oxidizer turbopump and 
bypasses liquid oxygen from the discharge to the inlet side of the 
pump to vary engine 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 nominal 
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. 



AEDCTR-70-204 

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. 

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 diffuser 
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 turbopumps to 75 percent of their main-stage operating 
level. A three-start capability is provided. 

2.1.2  S-IVB Battleship Stage 

The S-IVB battleship stage, which is mechanically configured to simulate the 
S-IVB flightweight vehicle, is approximately 22 ft in diameter, is 49 ft long, and has a 
maximum propellant capacity of 43,000 lbm of liquid hydrogen and 194,000 lbm 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) 
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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. 

2.2 TEST CELL 

Rocket Development Test Cell (J-4), Fig. 2, is a vertically oriented test unit 
designed for static testing of liquid-propellant rocket engine and propulsion systems at 
pressure altitudes of 100,000 ft. The basic cell construction provides a 1.5-million-lbf- 
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) storage and delivery 
systems for coolant water, steam, nitrogen (gaseous and liquid), hydrogen (gaseous and 
liquid), and liquid-oxygen and- gaseous-helium 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. 4. 

The battleship stage and the J-2S engine were oriented vertically downward on 
the centerline of the diffuser-steam ejector assembly. This assembly consists 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. 

2.3 INSTRUMENTATION 

Instrumentation systems were provided to measure engine, stage, and facility 
parameters. The engine instrumentation was comprised of (1) flight instrumentation for 
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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 
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. Engine vibrations were 
measured by piezoelectric accelerometers. • 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. 

2.4  CONTROLS 

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. 

SECTION III 
PROCEDURE 

Preoperational procedures were begun several hours before the test period. AU 
consumable storage systems were replenished; 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 
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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 specified 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 preceding the test period. 

Oxidizer injector and thrust chamber jacket purges were initiated before 
evacuating the test cell. After completion of instrumentation calibrations at atmospheric 
conditions, the solid-propellant turbine starters were installed, 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 engine 
main-stage operation. The vehicle propellant tanks were then loaded, and the remainder 
of the terminal countdown was conducted. Temperature conditioning of the various 
engine components was accomplished as-required, using the facility-supplied engine 
component conditioning system. Table V presents the engine purge and thermal 
conditioning operations during the terminal countdown and immediately following the 
engine firing. 

SECTION IV 
RESULTS AND DISCUSSION 

4.1   GENERAL 

Eleven firings of the Rocketdyne J-2S rocket engine (S/N J-112-1F during tests 
J4-1001-06, -07, and -11 and S/N J-112-1H during test J4-1001-15) were accomplished. 
These test periods were conducted on August 25, 28, September 17, and October 29, 
1969, respectively, in Rocket Development Test Cell (J-4) of the Engine Test Facility 
(ETF). Pressure altitudes at engine start signal ranged from 80,000 to 108,000 ft. 

Each of the firings utilized a solid-propellant turbine starter to supply the 
necessary energy to transition from idle-mode to main-stage operation. Previous test 
periods which used solid-propellant turbine starters are presented in Refs. 5 and 6. 

The injector assembly has been modified several times since the initiation of 
testing of the J-2S engine at AEDC. The first injector assembly utilized was an inner four 
row configuration injector (Fig. 8). Low idle-mode performance and engine damage 
resulting from detonations in the thrust chamber necessitated the change to the row ten 
oxidizer injection configuration, Fig. 8. This design was to improve propellant mixing and 
combustion efficiency. The increase in combustion efficiency was relatively insignificant. 
Therefore, simulations of the full face oxidizer flow configuration injector were 
conducted using an inner four row configuration injector with the main oxidizer valve 
open to its first-stage position during idle-mode operation. Results of those simulations 
demonstrated improved performance and feasibility of the proposed configuration. The 



AEDC-TR-70-204 

subsequent configuration (full-face oxidizer flow) reported herein allowed oxidizer to be 
dispersed across the entire injector face (Fig. 8) during idle mode with the main oxidizer 
valve closed. Firing J4-1001-06A was the first firing to utilize the full-face oxidizer flow 
configuration injector. 

In addition to low performance during idle-mode operation, oxidizer injection 
temperatures were excessively high (up to 1500°F during transition to post-main-stage 
idle-mode operation. However, with the full-face oxidizer flow injector, increases in 
oxidizer injection temperature were insignificant (<10°F) during transition to 
post-main-stage idle-mode operation. 

A summary of significant test variables and results is presented in the matrix on 
page 8. Specific test objectives and results are presented in subsequent sections. The data 
presented were obtained using the digital data acquisition system, unless indicated 
otherwise. 

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 start conditions for the propellant pump inlets and the helium tank are shown in 
Fig. 9. The results of the firings reported herein are presented in Figs. 10 through 53. 

4.2  TEST RESULTS 
4.2.1   Firing J4-1001-06A 

The objectives for this firing were to (1) verify stable post-main-stage idle-mode 
operation, (2) confirm that oxidizer injection temperatures were not excessive during 
transition to post-main-stage idle mode, (3) and evaluate main-stage performance. The 
S-IVB battleship stage prevalves were opened approximately 60 min before engine start 
signal to precondition the propellant feed systems. 

Post-main-stage idle-mode operation was accomplished; however, stabilized engine 
operation was not attained. Chamber pressure oscillations were observed from 4.3 sec 
after main-stage cutoff signal until engine cutoff signal. Pressure oscillations of up to ±9 
psi were recorded in the fuel feed system during this time period. Corresponding fuel 
injection temperature increases of up to 100°F were also observed. The thrust chamber 
external skin temperatures, TTCT-T1 and El, were increasing from 1.8 sec after 
main-stage cutoff signal until engine cutoff signal. The maximum throat temperature was 
-190CF at engine cutoff signal. Thrust chamber heat transfer rates may have been affected 
by increasing engine ambient pressure and temperature during post-main-stage idle-mode 
operation (Figs. 10 and 14). The maximum test cell pressure and temperature of 0.36 
psia and 245°F respectively, were recorded 6.7 sec after main-stage cutoff signal. 

Excessive oxidizer injection temperatures were not observed during transition to 
post-main-stage idle mode. There was a slight increase (<25°F) indicated in the oxidizer 
idle-mode supply line temperature. Previous tests, Ref. 7. using the inner four row 
injector configuration, experienced transient oxidizer injector temperatures as high as 
1500°F during transition from main-stage to post-main-stage idle mode. 
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Firing J4-1001- 06A 06B 

33.3 

07A 

33.2 

07B 

33.4 

07C HA 11B 11C 15 A 1SB 

30.1 

15C 

Fuel pump inlet pressure 
at t-0, psia 33.0 41.8 41.1 27.9 39.7 29.9 32.4 

Oxidizer pump inlet pressure 
at t-0, psia 39.6 39.3 39.2 46.0 39.3 39.7 40.3 31.7 39.2 44.7 323 

Main oxidizer valve First-Stage 
gate angle, deg 

Oxidizer idle-mode line 
orifice diameter, in. 

Fuel bypass orifice 
diameter, in. 

Tapoff valve open angle, «leg 

Duration of VSC, before 

11.5 11.5 10.5 10.5 10.5 10.5 10.5 10.5 11.7 11.7 11.7 

0.848 0.848 0.977       0.977 0.977 0.977 0.977 0.977 0.911       0.911 0.911 

1.750 1.750       1.750       1.750 1.750 1.500       1.500 1.500       1.500       1300 1300 

58           58           64            64            64            58           58           58           58            58 58 
♦♦(1.321) (1.321) (1.260) (1.260) (1.260) (1.321) (1.321) (1.321) (1.321) (1.321) (1.321) 

engine cutoff signal, msec* None 315 None 1 None 345 None 475 None None 270 

Premature cutoff No Yes No No No Yes No Yes No No Yes 

Oxidizer pump bearing cavity 
temperature at t-0 -5, °F -288 -116 -288 -84 -278 96 -276 -128 -289 -292 -63 

Fuel pump balance piston cavity 
temperature at t-0 -5, °F 

* Data reduced from oscillograph 
** Tapoff valve mechanical stop length, in. 

-120 -171 -80 -411 92 -406 -119 -200 -354 -76 

31 
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Improper engine orificing resulted in a mixture ratio of approximately 4.6 during 
main-stage operation with the propellant utilization valve in the null position (mixture 
ratio nominally 5.0). Main-stage performance data were calculated as shown in Appendix 
IV. Stabilized chamber pressure was attained by t-0 + 7 sec. Data between t-0 + 7.5 and 
t-0 + 8.5 sec were averaged, and performance data were calculated using these averages. 
The characteristic velocity, engine thrust, and specific impulse were approximately 7800 
ft/sec, 230,000 lbf, and 434 lbf-sec/lbm, respectively. 

4.2.2 Firing J4-1001-06B 

The objectives for this firing were to (1) verify stable idle-mode operation, (2) 
confirm that oxidizer injection temperatures were not excessive during transition to 
post-main-stage idle mode and (3) evaluate main-stage performance. This firing was 
conducted at thermal conditions expected for an orbital restart mission. The oxidizer 
pump bearing coolant temperature (TOPBC) and the fuel pump balance piston sump 
temperature (TFPBS) were used as indicators of propellant turbomachinery thermal 
conditions. To achieve the required conditions, propellants were not admitted to the 
engine until 5 sec before engine start signal. 

Stabilized idle-mode operation was attained 36 sec after engine start signal. 
Chamber pressure oscillations remained less than ±1 psi (18 to 20 psia) until 49 sec after 
engine start signal. Before 36 sec and after 49 sec, chamber pressure oscillations were 
greater than ±1 psi. Superheated oxidizer was present at the engine flowmeter during 
idle-mode operation. This prevented determination of oxidizer flow rate and calculation 
of idle-mode performance data. 

A premature engine cutoff was initiated 1.5 sec after main-stage start signal by 
the vibration safety cutoff system. Liquid fuel conditions existed at the fuel injector 
during oxidizer dome prime (chamber pressure = 100 psia) when the excessive vibrations 
were first recorded. 

4.2.3 Firing J4-1001-07A 

The objectives for this firing were to (1) verify stable idle-mode operation, (2) 
confirm that oxidizer injection temperatures were not excessive during transition to 
post-main-stage idle-mode operation, and (3) evaluate main-stage performance. The stage 
prevalves were opened approximately 60 min before engine start signal to precondition 
the propellant feed systems. 

Stabilized idle-mode operation was attained 20 sec after engine start signal. 
Chamber pressure oscillations remained less than ±1 psi (29 to 31 psia) until 39 sec 
after engine start signal. Before 20 sec and after 39 sec, chamber pressure oscillations 
were approximately ±2 psi. Unsteady fuel flow during idle mode prevented the 
evaluation of engine performance. 

Stabilized post-main-stage idle-mode operation was not attained. Chamber pressure 
oscillations with amplitudes up to ±7 psi at a frequency of 1 Hz were observed for the 
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duration of post-main-stage idle-mode operation. Pressure oscillations in the fuel system 
ranged up to ±9 psi in phase with the chamber pressure oscillations. Corresponding fuel 
injection temperature increases of up to 100°F were also observed. The thrust chamber 
external skin temperatures were increasing from 2 sec after main-stage cutoff signal until 
engine cutoff signal. The maximum throat temperature was -180°F at engine cutoff 
signal. Thrust chamber heat transfer rates may have been affected by the continuously 
increasing engine ambient pressure and temperature. The maximum test cell pressure and 

■temperature were 0.55 psia and 240 °F, respectively, recorded at engine cutoff signal. 
Unsteady fuel flow prevented idle-mode performance evaluation. 

Excessive oxidizer injection temperatures were not observed during the transition 
to post-main-stage idle mode. Only a slight (<5°F) increase was recorded. 

Comparison of fuel flow and the corresponding pressure drop across the fuel 
injector with previous main-stage firings revealed that the indicated pressure loss was 
abnormally low for the measured flow rate. Calculation of main-stage performance data 
resulted in an abnormally high specific impulse and characteristic velocity. This indicated 
a probable error in measured combustion chamber pressure. The error appears to be on 
the order of +7 percent and is suspected to be associated with icing of the chamber 
pressure measurement tap. If the chamber pressure tap iced over completely, the chamber 
pressure transducer would sense fuel injection pressure because of the purge line 
interconnect between the fuel injector and the chamber pressure measurement line (see 
Fig. III-li). Engine mixture ratio was 4.8 with the propellant utilization valve in the null 
position. 

4.2.4   Firing J4-1001-07B 

The objectives for this firing were to (1) verify stable idle-mode operation, (2) 
confirm that oxidizer injection temperatures were not excessive during transition to 
post-main-stage idle mode, and (3) evaluate main-stage performance. This firing was 
conducted at thermal conditions expected for an orbital restart mission. The oxidizer 
pump bearing coolant temperature (TOPBC) and the fuel pump balance piston sump 
temperature (TFPBS) were used as indicators of propellant turbomachinery thermal 
conditions. To achieve the required conditions, propellants were not admitted to the 
engine until 5 sec before engine start signal. 

Stabilized idle-mode operation was attained 40 sec after engine start signal. The 
chamber pressure was gradually increasing for the initial 40 sec. Oscillations with 
amplitudes greater than ±2 psi were observed during portions of this time period. After 
the initial 40 sec, chamber pressure was steadily increasing with oscillations of less than 
±1 psi. Superheated propellants were present at the engine flowmeters during idle-mode 
operation. This prevented determination of propellant flow rates and subsequent 
calculation of idle-mode performance data. 

Stabilized post-main-stage idle-mode operation was not achieved. Oscillations in 
chamber pressure with amplitudes up to ±4 psi were observed for the duration of 
post-main-stage idle-mode operation. Oscillations in the fuel system pressures ranged in 
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amplitude up to ±8 psi and in phase with the chamber pressure oscillations. 
Corresponding fuel injection temperature increases of up to 200°F were also observed. 
The thrust chamber throat external skin temperature was increasing from 1 sec after 
main-stage cutoff signal until engine cutoff signal. The maximum throat temperature was 
-138°F at engine cutoff signal. Thrust chamber heat transfer rates may have been affected 
by abnormally high transient engine ambient pressure and temperature. A maximum 
pressure of 1.31 psia and 570°F were recorded approximately 3.5 sec after main-stage 
cutoff signal. Unsteady fuel flow prevented idle-mode performance evaluation. 

Excessive oxidizer injection temperatures were not observed during the transition 
to post-main-stage idle mode. The maximum increase was approximately 10°F and 
coincided with the peak in engine ambient pressure and temperature. 

An average chamber pressure of 1182 psia was attained before transition to 
post-main-stage idle mode. This resulted in a characteristic velocity of approximately 
7740 ft/sec and a specific impulse of approximately 433 lbf-sec/lbm. The thrust was 
calculated to be approximately 249,000 lbf. The mixture ratio was approximately 4.9 
with the propellant utilization valve in the null position (nominal mixture ratio of 5.0). 

4.2.5   Firing J4-1001-07C 

The objectives for this firing were to (1) verify stable idle-mode operation and (2) 
evaluate main-stage performance. The stage prevalves were open (for 45 min) until 15 min 
before engine start signal to precondition the propellant feed systems. 

Stabilized idle-mode operation was not attained. During the initial 22 sec of 
operation, chamber pressure was increasing and oscillating with amplitudes up to ±1.5 
psia and frequencies ranging from 1 to 2 Hz. Beginning at t-0 + 22 sec. the oscillations 
changed to amplitudes of ±3 psi and a frequency of 1 Hz. These oscillations continued 
until transition to main stage. Similar oscillations in the fuel feed systems pressures were 
observed with a maximum amplitude of ±12 pa recorded at the fuel pump discharge 
after t-0 + 22 sec. Corresponding fuel injection temperature increases of up to 100°F 
were observed. The thrust chamber throat external skin temperature was increasing from 
t-0 + 22 sec until transition to main stage. The maximum throat temperature was -184°F 
at main-stage start signal. Unsteady fuel flow prevented calculation of idle-mode 
performance. 

An average chamber pressure of 1279 psia was attained before engine cutoff 
signal. This resulted in a characteristic velocity of approximately 7720 ft/sec and a 
specific impulse of approximately 434 lbf-sec/lbm. The thrust was calculated to be 
approximately 271,000 lbf. The propellant utilization valve was inadvertently moved to 
the 12-deg closed position during the transition to main stage. This resulted in a mixture 
ratio of approximately 5.1. 
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4.2.6 Firing J4-1001-11A 

The objectives for this firing were to (1) verify stable idle-mode operation, (2) 
confirm that oxidizer injection temperatures were not excessive during transition to 
post-main-stage idle mode, (3) evaluate main-stage performance, and (4) determine rates 
at which the engine propellant feed system temperatures decreased during pre-main-stage 
idle-mode operation. This firing was conducted at thermal conditions expected for an 
orbital restart mission. The oxidizer pump bearing coolant temperature (TOPBC) and the 
fuel pump balance piston sump temperature (TFPBS) were used as indicators of 
propellant turbomachinery thermal conditions. To achieve the required conditions, 
propellants were not admitted to the engine until 5 sec before engine start signal. 
Oxidizer was supplied through the propellant recirculation system until t-0 + 92.5 sec. at 
which time the stage oxidizer prevalve was opened. Fuel was supplied to the engine 
normally through the stage fuel prevalve. 

Apparent valve closure in the oxidizer recirculation system resulted in abnormal 
oxidizer flow conditions during the initial 70 sec of idle-mode operation. Stabilized 
idle-mode operation was attained at t^O + 70 sec and continued until t-0 + 80 sec. 
Random chamber pressure excursions up to 6 psi were observed, beginning at t-0 + 80 
sec and continuing until transition into main stage at t-0 + 98 sec. Superheated 
propellants were present at the engine flowmeters during idle-mode operation. This 
prevented determination of propellant flow rates and subsequent calculation of idle-mode 
performance. 

A premature engine cutoff was initiated at the request of the engine manufacturer 
because of low chamber pressure (<20 psia) immediately before transition into main 
stage. The firing was terminated after 1.3 sec of main-stage operation. Approximately 340 
msec of sporadic oxidizer dome vibration which exceeded 150 g rms was recorded before 
engine cutoff signal. Liquid fuel conditions existed at the fuel injector during oxidizer 
dome prime (chamber pressure =100 psia) when the excessive vibrations were first 
observed. The premature engine cutoff precluded the attainment of the main-stage and 
post-main-stage idle-mode objectives. 

The rates at which the propellant feed" system temperatures decreased during 
pre-main-stage idle-mode operation were affected by increased engine ambient pressure 
and temperature between 15 and 55 sec after engine start signal. The maximum cell 
pressure and temperature were 1.11 psia and 172°F, respectively, during this time 
period. The effect on thrust chamber external exit skin temperature is shown in Fig. 34. 
In addition, the abnormal oxidizer flow conditions also affected chilling of the oxidizer 
feed system. These adverse conditions precluded determination of meaningful chilldown 
rates. 

4.2.7 Firing J4-1001-11B 

The objectives for this firing were to (1) verify stable idle-mode operation, (2) 
evaluate main-stage performance, and (3) determine the rates at which the propellant feed 
system temperatures decreased during idle-mode operation. The stage prevalves were open 
between firngs 11A and 11B until 15 min before engine start signal to precondition the 
propellant feed systems. 
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Stabilized idle-mode operation was not attained. Chamber pressure variations were 
observed throughout idle-mode operation. Maximum pressure excursions of 6 psi were 
recorded after t-0 + 47 sec. Similar variations were observed in the fuel feed system with 
maximum pressure oscillations of 8 psi recorded at the fuel pump discharge. Unsteady 
fuel flow prevented determination of idle-mode performance. 

Main-stage performance was considered questionable, based on the analysis of 
firing 07A main-stage performance data (Ref. Section 4.2.3). No changes in the injector 
or pressure measurement configuration were implemented between firings 07A and 1 IB. 

Subcooled oxidizer was present at the pump inlet and discharge and the oxidizer 
idle-mode supply line within 5 sec after engine start signal. Subcooled fuel was present at 
the pump inlet and discharge after 20 sec of idle-mode operation. Saturated or liquid 
conditions at the oxidizer injector existed from t-0 + 3 sec until engine cutoff signal. 
Superheated fuel was present at the fuel injector during idle-mode operation. Increased 
oscillations in the fuel injection temperature were observed to correspond with increasing 
thrust chamber throat external skin temperature. 

4.2.8 Firing J4-1001-11C 

The objectives for this firing were to (1) verify stable idle-mode operation, (2) 
evaluate main-stage performance, and (3) determine rates at which the engine propellant 
feed system temperatures decreased during idle-mode operation. This firing was 
conducted at thermal conditions expected for an orbital restart mission. The oxidizer 
pump bearing coolant temperature (TOPBC) and the fuel pump balance piston sump 
temperature (TFPBS) were used as indicators of propellant turbo machinery thermal 
conditions. To achieve the required conditions, propellants were not admitted to the 
engine until 5 sec before engine start signal. 

Stabilized idle-mode operation was attained 25 sec after engine start signal and 
continued until 81 sec after engine start signal. The chamber pressure was increasing and 
oscillated with amplitudes greater than ± 1 psi and frequency between 0.5 and 1 Hz during 
the initial 25 sec. Beginning at t-0 + 81 sec. sporadic pressure excursions up to 6 psi were 
observed. A 4-psi step increase in chamber pressure average level, with increased 
oscillations, began 89 sec after engine start signal. These oscillations, at a frequency of 
approximately 4 Hz with amplitudes up to ±1 psi, continued until transition into main 
stage. Superheated oxidizer at the flowmeter precluded determination of idle-mode 
performance. 

A premature engine cutoff was initiated by the vibration safety cutoff system 
after 1.7 sec of main-stage operation. Liquid fuel conditions existed at the fuel injector at 
dome prime (chamber pressure =100 psia), when the excessive oxidizer dome vibrations 
were first recorded. The premature cutoff precluded attainment of the main-stage 
objective. 

Subcooled oxidizer conditions were present by t-0 + 2 sec at the pump inlet and 
oxidizer idle-mode supply line. Liquid oxidizer conditions were not present at the pump 
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discharge until t-0 + 94 sec. Saturated or liquid conditions existed from t-0 + 3 sec until 
engine cutoff signal at the oxidizer injector. Liquid or saturated conditions were present 
by 20 sec after engine start signal at the fuel pump inlet and discharge. Saturated 
conditions at the fuel injector existed after 20 sec of idle-mode operation. The thrust 
chamber external skin temperatures indicated approximately -425°F after 30 sec of 
idle-mode operation. 

4.2.9 Firing J4-100M5A 

The objective of this firing was to document the transition from idle mode to 
main stage with the solid-propellant turbine starter ignition signal delayed 0.5 sec after 
main-stage start signal (normally the ignition signal is initiated at main-stage start signal). 
The stage prevalves were open for approximately 60 min before engine start signal to 
precondition the propellant feed system. 

The ignition delay of 0.502 sec after main-stage start signal was sufficient to allow 
the main oxidizer valve to open to its first stage position and the hot gas tapoff valve to 
attain its maximum opening before the solid-propellant turbine starter ignited. Tapoff 
manifold and fuel turbine inlet temperatures indicated that hot gas from the combustion 
chamber entered the fuel turbine before the delayed ignition signal. However, there was 
no significant increase in fuel turbine speed until the solid-propellant turbine starter 
ignited. 

Engine conditions at engine start signal were essentially the same as for firings 
06A and 15A of this series. The fuel pump inlet pressure was 29.9 psia for firing 15A, 
and 33.0 psia for firing 06A. The solid-propellant turbine starter ignition signal was not 
delayed for firing 06A. Comparison of solid-propellant turbine starter chamber pressures 
on these two firings revealed that the initial peak was 200 psi greater with the ignition 
delay. This resulted in a faster increase in fuel pump speed and a shorter time to oxidizer 
dome prime relative to the ignition signal. Oxidizer dome prime (combustion chamber 
pressure = 100 psia) occurred approximately 0.9 sec after the delayed ignition signal as 
opposed to 1.1 sec without the delay. Programmed engine cutoff signal at main-stage 
control signal of firing 15A was initiated before the solid-propellant turbine starter had 
completed burning. Between oxidizer dome prime and main-stage control signal, the 
combustion chamber pressure histories for these two firings were essentially the same. 
The maximum chamber pressure at main-stage control signal was approximately 330 psia 
with the delayed ignition signal, and 310 psia without the ignition delay. The fuel pump 
speeds differed by approximately 200 rpm at main-stage control signal; the pump speed 
was approximately 15,800 rpm for the delayed ignition firing (15A). 

4.2.10 Firing J4-1001-15B 

The objectives of this firing were to (1) evaluate the effect of a 0.911-in. oxidizer 
idle-mode supply line orifice on the rate at which the thrust chamber temperatures 
increased during idle mode with high (44 psia) oxidizer and low (28 psia) fuel pump inlet 
conditions and (2) to document the effect of a 0.911-in. oxidizer idle-mode supply line 
orifice   on   transition   to   main   stage  employing  a  delayed   ignition   signal  to   the 
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solid-propellant turbine starter. The thrust chamber was prechilled to -187°F at engine 
start signal. The stage prevalves were closed 30 min before engine start signal after having 
been open for approximately 30 min. 

Previous firings (J4-1001-13B, -13C, and -14B) which had comparable objectives 
are found in Ref. 8. Firings J4-1001-13B and -13C were conducted with a 1.033-in. 
oxidizer idle-mode supply line orifice; firing J4-1001-14B utilized a 0.977-in. orifice (Ref. 
8). Each of these firings was prematurely terminated as a result of excessive thrust 
chamber throat external skin temperature. The established temperature limit was 300°F 
for both 13B and 13C, but was lowered to 250°F for both I4B and 15B. The following 
table summarizes the significant variables and results. 

Firing J4-1001- 13B 13C 14A 15B 

Oxidizer pump discharge pressure, psia 
Fuel pump discharge pressure, psia 
Oxidizer idle-mode supply line orifice, in. 
Thrust chamber throat temperature at t-0. °F 
Propellants on engine, min 
Time to 250°F, thrust chamber, sec 
Maximum thrust chamber heatup rate, °F/sec 

44.0 45.3 43.5 44.5 

21.5 29.9 30.8 30.0 

1.033 1.033 0.977 0.911 

34 80 -200 -187 

70 60 70 * 

17 21 46 ** 

22 15 17 6 

*  For 30 min, prevalves closed 30 min before engine start. 
**   Maximum temperature attained was 10 °F. 

Transition to main stage was smooth and stable. Programmed engine cutoff 
occurred at main-stage control signal. The delayed ignition signal to the solid-propellant 
turbine starter resulted in start transient effects similar to those experienced during firing 
15A as stated in Section 4.2.9. 

4.2.11   Firing J4-1001-15C 

The objective for this firing was to demonstrate stable transition to main stage 
after 100 sec of idle mode with low (34 psia) oxidizer and nominal (33 psi) fuel pump 
inlet pressures, a 0.911-in. oxidizer idle-mode supply line orifice, and a delayed ignition 
signal to the solid-propellant turbine starter. This firing was conducted at thermal 
conditions expected for an orbital restart mission. The oxidizer pump bearing coolant 
temperature (TOPBC) and the fuel pump balance piston sump temperature (TFPBS) were 
used as indicators of propellant turbomachinery thermal conditions. To achieve the 
required conditions, propellants were not admitted to the engine until 5 sec before engine 
start signal. 

Chamber pressure steadily increased until approximately 92.5 sec after engine 
start signal. At this time, there was a step increase of 4 psi in the average level of 
chamber pressure. Subcooled fuel conditions were attained at the fuel flowmeter after 
approximately 92.5 sec of idle-mode operation. Subcooled oxidizer was not attained at 
the oxidizer flowmeter until approximately 2.5 sec later. Saturated (mixed phase) 
propellants existed at the injector from t-0 + 20 sec until transition into main stage. 
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A premature engine cutoff was initiated after 1.8 sec of main stage by the 
vibration safety cutoff system. Liquid fuel conditions existed at the fuel injector during 
oxidizer dome prime when the excessive vibrations were first observed. 

4.3   ENGINE DAMAGE 

Examination of the thrust chamber combustion zone after test 07A revealed 
hairline cracks in several of the thrust chamber tubes. This damage was insufficient to 
require immediate repair. 

Extensive thrust chamber damage was sustained during test period J4-1001-09 and 
J4-1001-13, Ref. 8. This damage was repaired before tests J4-1001-11 and -15 of this 
series, 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 fuel flow and heat transfer rates. 

Examination of the injector assembly after test period J4-1001-15 by the engine 
manufacturer revealed that excessive leakage existed between the chamber pressure 
measurement tap and the fuel injection pressure measurement tap. Main-stage duration 
was insufficient to evaluate the probable error in chamber pressure data presented for test 
period J4-1001-15. However, the response and trend of the data are indicative of the 
engine start transient. 

SECTION V 
SUMMARY OF RESULTS 

The results of the eleven firings of the J-2S rocket engine which were conducted 
during tests J4-1001-06, -07, -11, and -15 on August 25. 28, September 17, and October 
29, 1969, respectively, are summarized as follows: 

1. Brief durations (<20 sec) of stable idle-mode operation (chamber 
pressure oscillations <±1 psi) were achieved. 

2. Oxidizer injection temperatures exhibited insignificant increases 
(<10°F) during transition to post-main-stage idle-mode operation. 

3. The maximum rate at which the thrust chamber temperature 
increased during idle-mode operation with high (45-psia) oxidizer and 
low (27-psia) fuel pump inlet conditions was approximately 6°F/sec. 

4. Three firings which were conducted at oribital restart conditions were 
prematurely terminated during the transition to main stage by- the 
vibration safety cutoff system. Liquid fuel conditions existed at the 
injector during dome prime (chamber pressure = 100 psia) when the 
excessive vibrations were first observed. 
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5. The 0.5-sec solid-propellant turbine starter ignition delay produced 
higher peak starter chamber pressure, a faster increase in fuel pump 
speed, and a shorter time to oxidizer dome prime (relative to the 
ignition signal) compared to a firing with no ignition delay. 
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Fig. 2  Test Cell J-4, Artist's Conception 
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Fig. 7  Engine Start and Shutdown Sequence 
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a Inner Four Row 

OXIDIZER 

b. Row Ten Oxidizer Flow 

OXIDIZER 

c.  Full-Face Oxidizer Flow 
Fig. 8  Injector Configurations 

31 



AEDC-TR-70-204 

+100 

0 

-100 

-200 

-300 

-412 

^ -414 

S "416 

>   «> 

-418 

-420 

-422 

-424 

-426 LV 
0 v 

o 
A 
D 
0 

V 
0 
0 
o 

FIRI 
Flftl 
FIRI 
FIRI 
FIRI 
FIRI 
FIRI 
FIRI 
FIRI 
FIRI 

NG06A 
NG066 
NG07A 
NG07B 
NG07C 
NG11B 
NG11C 
NG15A 
NG15B 
NG15C 

* 0 

LONGER THAN 1-SEC 
IDLE MODE A 

SAFE START ENVELOPES 

1-SEC 
IDLE MODE 

i 1 
22 26 30 34 38 

FUEL INLET PRESSURE. PSIA 

42 

a.  Fuel Pump 
Fig. 9 Engine Start Conditions for Propellant Pump Inlets and Helium Tank 

32 



A EDC-TR -70-204 

+100 p 

-114 

-118- 

o 
uS 
DC 

I— 

LU 

-276 

-280- 

-284 

Z   -288 
LU 
M 
O 

X 
o -292 

-296 

-300 

; 

<> 

o FIRING 06A 
A FIRING 06B 
□ FIRING 07A 
0 FIRING07B 
fc FIRING 07C 
D FIRING 11A 
V FIRING UB 
0 FIRING 11C 
0 FIRING 15A 
o FIRING 15B 
* FIRING 15C 

HV 

<> 

LONGER THAN 1-SEC 
IDLE MODE 0 

SAFE START 
ENVELOPES 

1-SEC 
IDLE MODE 

D 

00 

1 1 
0 26 30 34 38 42 

0X1DIZER INLET PRESSURE, PSIA 

b. Oxidizer Pump 
Fig. 9 Continued 

46 

33 



AEDC-TR-70-204 

150 

100 

a* 
g   50 

-50 
1600 

D 
03 

O FIRING 06A o.A 
A FIRING 06B 
D  FIRING 07A 
0  FIRING 07B 
* FIRING 07C 
D  FIRING 11A 
V  FIRING 11B 
0   FIRING 11C 
0 FIRING 15A 
G  FIRING 15B 
ü   FIRING 15C 

i 

2000 2400 2800 

PRESSURE, PSIA 

3200 3600 

c.  Helium Tank 
Fig. 9 Concluded 

34 



AEDC-TR -70-204 

2000 T        2.0 

2 1500| -    1.5 
m a. 

UJ 
cc 

cr 
ID 

cc 

in 
in E 1000+ Si    1.0 
cc cc a. 

oc 
UJ 
ca 

|    500+ £    0.5 

01        0.0 

-CHAMBLk PRLSSUKL. HC-1P--,      fl*.MAIN-STAGE CUTOFF SIGNAL 

i" :  : ±     ::t:i    : :    -    — i' : ± ±       c"    -X- - -! X       -J     X  X                4-         X 
i   i 
I                                                          »-ENG NE 

CUTOFF SIGNAL 

".I    it    .:     ±    : "    -4-1 
-   L                      i 

------            ^-----.^„Z-lESr CELL ük = = = --.. 
..             y _   X^   -      .PRESSURE, PA-3 
 1 rM 1 1 JJ rH-U—i-i^Ki i i i  

•10 -5 0 5 10 15 20 25 30 

TIME.  SEC 

a. Total Duration of Firing 

1500 

1000 

«n 
Q. 

UJ 
cc 
in 
in 
£   500 
Q_ 

-- ... 
« IAI OF FS GN AL n-jin DL V*U 

— 

\ 
\ 

r MIA ADD rn nn rrc nn E, nr in 

8.0 8.5 g.o 9.5 

TIME.  SEC 

10.0 10.5 11.0 

b. Transition to Post-Main-Stage Idle Mode 
Fig. 10 Engine Ambient and Combustion Chamber Pressure, Firing 06A 

35 



AEDC-TR-70-204 

70 

60 

50 

40 < 

to 

I/» 

90 

20 

10 

1 1 
n»T» ADrtwc 

KAN 
TRA 

GEW 
KKMIPPP 

/ - CHAMBER PRESSURE^ PÖ-2PL 

/ 

s 
\ 

\ 
S s 

-Mi UN-STA GE CUT! DFFSIG NAL ENGINE CUTOFF SIGNAL - r\ 
8.5 1 3 1 2 1' 1 16 18 20 

TIME, SEC 

c. Post-Main-Stage Idle Mode 
Fig. 10 Concluded 

Fig. 11   Fuel Feed System Pressures during Past-Main-Stage 
Idle Mode, Firing 06A 

36 



AEDC-TR-70-204 

£ -200 -£=> 

8.5     9.5    10.5   11.5   12.5   13.5   11.5   15.5   16.5   17.5   18.5   19.5   20.5 

TINE. SEC 

Fig. 12  Fuel Injection Temperature during Post-Main-Stage 
Idle Mode, Firing 06A 

in 

-100 

-200 

-300 

-425 

r ■THRUST CHAMBER THROAT TEMPO»ATURE. TTCT-T2. 
/ 
/ 

•-I ilA M- STA GE 
CUTOFF SIGNAL .ENGINE 

.CUTOFF 
-SIGNAL 

1   1 — \ 
\ v -■ HRUS CHAI IBFR1 HROA TIMP ER JURE. TTCT-TlJ 

8.5 10.5 12.5 W.5 16.5 

TIME. SEC 

18.5 20.5 

Fig. 13 Thrust Chamber Throat External Skin Temperatures, 
Firing 06A 

500 

s- 

Fig. 14 Engine Ambient Temperature, Firing 06A 

37 



AEDC-TR-70-204 

to 
Q. 

tS 
ce. 
=> 
v> 
LU 

O- 

e 

400T 

300+< 
Q. 

200 

100 

o1 

lO 
m 
cr: 
Q. 

<:.u 1 i i i 1 
1 i 

rt    i 1 ; , 
I I 1 !  :  ! 

1   c 1 1 
i 

I 
i.J ENGINE CUTOFF SIGNAL—k 1 

■ 1   _.   .11    _ 1 I 1  i 
i i                                             ' 

i_.   —            - - — 1 
i i 

i n . 7         1 ,    , J_. 
1 

"T 

—4- - 

■ 

i 

: 
I.U 

URE, PA-3 . J .. J 

Tlddiii-:.t 
1 

r:TEST CELL PRESS i 

1      1 r±...i.r.. 
n s _JJj .... ... /-t iHAMBER PRESSURE, P 

H- -i-i'-M- 
C-1P 

1     1 ' 
U. 3 i             f 

'     '      ] J 

3T— it/~r- 

1 j J,    J 
,.,,..J rs-i 

— -i-l 4jj*UL n I'll r^TT \   1 
-10 10 20 30 40 

TIME, SEC 

a. Total Duration of Firing 

50 60 70 

«/» 

(U 

60 

50 

40 

30 
r-CHA MBERP RESSU IE. PC-;2PL 

FM r.\t> _ 

\ CU TOFFS GN M- -J 
20 lAr 

_». u ^-* *-\. •V <*y =^n 

10 
I 

N Air -ST AGF j > 

0 rARTSIGN *L- 
c 1 0 21 3 31 Q 41 ) 50 

TIME, SEC 

b. Pre-Main-Stage Idle Mode 
Fig. 15  Engine Ambient and Combustion Chamber Pressure, Firing 06B 

38 



m 

CD 

CD 

LU 
O 

H 

OX 
1      1      1      1 

DIZER DOME PRIME- 

1 

ENGINE CU1 "OFFSIGIS Al — 

| 

\ -v J 
MA N-S TAGE STA ?TS GM i 

«- 
L " 

^J 

48 49 50 

TIME. SEC 

51 52 

Fig. 16 Fuel Density at the Fuel Injector during Transition, firing 06B 

> m 
a 
o 
a 
o 



AEDC-TR-70-204 

2000 

C1500 

E 
1000 £ 1.0 

500 

I in 

70 

60 

50 

MO 

30 

20 

10 

a 
«n 

70 

60 

50 

40 

30 

20 

10 

55 

-10   0   10   20   30   40   50   60   70   80 

TIME. SEC 

a. Total Duration of Firing 

i 

... 
-- — 

/■ 
-CHAMBER PRESSURE, PC-2PL 

/ 
v / ps» »V »V .* «v%A v5 & (a fc 

1 

1* « 4M *■ »*> <f 
*t 

/ i* * w 
I 

lit ill    CTA/T C GU *L- ,i ■i 

1 

10 20 10 U0 

TIME. SEC 

b. Pre-Main-Stage Idle Mode ' 

50 

1 
■4—DATAABOV E 
"7. RANGE OF 

1 L TRANSDUCE J 

in It X -CHAMBER PRESSURE, PC-2PL 

itr-r- J rtt t*r ^VJ; ̂ w^ -V—»!^ 

^-ENGINE CUTOFF 

m —- -MAIN-STAGE ; ="" r~   SIGNAL 

"CUTOFF SIGNAL- 

1    1    1 3± 1    1    1 dt J 
60 65 70 75 BO 

TIME.  SEC 

c.  Post-Main-Stage Idle Mode 
Fig. 17  Engine Ambient and Combustion Chamber Pressure, 

firing 07A 

40 



AEDC-TR-70-204 

70 

60 

50 

in      MO 
Q. 

30 
UJ 
£T 

in 
in 

E      20 

10 

\ 

r -FUEL PUMP DISCHARGE PRESSURE, PFPD-1L 

- A/ JIVAJH hM.[klMAIAJM\fiJ\/\W\?^W 
mim /W IW A/W /V^A>A>^^A'A^AVv'^fVWVVT(^ 

11 fJ\M i/y^ NV wwJ 1^ 
\ 

»/ 
\_ ■FUEL INJECT ONPRES SURE, PFJ-1L 

f 1 
MA It -STAGE START S G NAL- 4 

in 
o. 

CO 

in 
in 
UJ 
EC 

70 

60 

50 

40 

30 

20 

10 

56 

10 20 30 

TIME.  SEC 

a. Pre-Main-Stage Idle Mode 

40 

60 65 70 75 

TIME,  SEC 

b.  Post-Main-Stage Idle Mode 
Fig. 18 Fuel Feed System Pressures, Firing 07A 

50 

1     1     1     1     1     1 
\ | ^-FUEL PUMP DISCHARGE 

i PRESSUF E, PFPD-1L / 
" 

\ 1 
V 1 1 

VI 
\   i A A 

y M V A 4 V si V 
\ ty h -F JEL NJECTION 

j ** PRESSURE, PFJ-] L 

' 
-MAIN-STAGE 

\- 
INGINE 

Cl T0F : SIGN* L V :UT0FF SIG JAL 

| 

80 

41 



AEDC-TR -70-204 

100 

0 

-100 
fr 

% -200 

s 

-400 

-500 

1 
1 

\ 
\ MAIN-STÄGE CUTOFF SIGNAL-i 

\ L -» 

\ MAIN-STAGE START SIGNAL-» 

w , i 
ENGINE CUTOFF SIGNAL — 

rl r~ VNJ 
wHnici J ^■"KH M . 

10 20 30 MO 50 60        '   70 

TIME. SEC 

Fig. 19  Fuel Injection Temperature, Firing 07A 
500 

S 

I 

-500 

iMAIN-ST AGE 
IGNA rTh 

1   TF 
RUST QHAMBER THRU 
MPfRATIIRF   TTCT-TI 

iT CUTOFFS .* 

! 
M ilN-S TAGE 

IGNA 
V, ■*- ^ ST ART! .-* 

\ ENGINE 
CUTOFF \ 

V 1 SIGNAL^ 

1 / 
-^ 

IRUST CHAMBER 
MPretTIIBP   TTT 

EXIT 
T-El- 

■   -DO 

C" 1. £■ J 
V P ff 

10 20 30 MO 50 60 

T1HE.  SEC 

70 

Fig. 20 Thrust Chamber External Skin Temperatures, 

Firing 07A 

500 

MOO 

300 

£ 
200 

100 

ENGINE CUTC 
1     1 

FFS IGNJ iL- 

MAI a-ST AGE CUT DFF no AL- 

MA IN-! 

<-T *-2 
If TA -1- • 

T( * V, 
<l --= 

h L. 

TA *J| 

-10   0        20 '      MO       60       ,80 

TIME. SEC 

Fig. 21   Engine Ambient Temperature, Firing 07A 

42 



AEDC-TR-70-204 

2000 

= 1500 

!S in 
in tooo 

5 500 

d.V -  

5,.  
K    1-5 
*■             MAIN-STAGE CUTOFF SIGNAL1" 5 ""      " 
v     ::::::::::::::::::::::::::::::::::n:.::::::: 
5                                                                    >■'   1 

en    .  n                                         __           __          _L I 

E     ::::::::::  :::::::::.:::::::: 
j                    .            .                 . _ I _. -.ENGINE H - 

_    nc    .    r: TEST CELL PRESSURE. PA-3 ..I SIGNÄLA- 
jS  °-5                        111111111111                  ft SIGNAL| 
-                                       i-CHAMBER PRESSURE, PC-IP            1       s            1 

; : :::1:_..J-+-.--U--+::"""[""" ^^J" :::::!:: ::::::f:::K:l::::±:::i;:i: 
o.o L...==i==BE=i=s....S===l::I. 

-10   0   10   20   30   MO   50   60   70   80 

. TINE. SEC 

a. Total Duration of Firing 
70 

60 

50 

<10 

in 

8!     20 

30 

10 

• 

r -CHAMBER PRESSURE, PC -2PL _ _l 

1 
^ ^v ■*■*'■ ■""*■ v A/*" 

M ~» N^ 

1 A A (V^-W ^v v* 
MAIN-STAGE START SIGNAL  

r r* 

1 
10 20 30 UO 

TIME.  SEC 

b.  Pre-Main-Stage Idle Mode 

so 

a 
in 

70 

60 

50 

10 

§  30 

2 a. 20 

10 

  
| 

* 
RANGE OF n 

i *-i HAr ABEF PR ESSI JRE, PC- 2PL 

/ ._ 

L- S* 
"o r

1 V. L AJ Vu 
"1 

js—» urn 
UTO 

-ST 
FFS 

\GE 
IGNJ c u. 

1 

l 

ENGINE CUTOFF SIGNAL- \ 
1           III \ 

56  60 65 70 

TIME. SEC 

75 BO 

c. Post-Main-Stage Idle Mode 
Fig. 22 Engine Ambient and Combustion Chamber Pressure, 

Firing 07B 

43 



AEDC-TR-70-204 

70 

60 

50 

40 

§     30 
in 

E     20 

to 
0. 

EC 

in 
LU 

a. 

10 

f -FUELPUMP DISCHARGE PRESSURE, PFPD-1 

J^ 
IK fw o^X< ^*v «^ J| */v^ \f\i WWVV| vvyyv WWAM rwA/ 
*i V 

W\\J\hKkKhl.lkfs r^kAA/kA/^^■^V^/,' 

r  . wOd i/*" v* • 
*JV v\ 

//HI «■> 7 
1 

L FU ELI NJE CTION PRESSURE, PFJ-1 

MA IN-SI fAGE SI AR1 SIGNAL--1 

1 
10 20 30 

TIME.  SEC 

a. Pre-Main-Stage Idle Mode 

40 50 

70 

60 

50 

40 

30 

20 

10 

„ 
1 — F JEL »UM »Dl 

I. P 
SCHARG : 

\j P RESSUR "PD-1L 

rs V I 
\ I V u u 
A J IVI 

<j v ... n ;TIO .rl ILL II1JH N 
PI ASSURE, PFJ-1 L 

\ 
-MAIN-STA« SEC UTM F 1  \m SINE CU1 rOFF SIG NAL 

SI GNAL 
\ 1 V 

58        60 65 70 

TIME.  SEC 

75 80 

b.  Post-Main-Stage Idle Mode 
Fig. 23 Fuel Feed System Pressures, Firing 07B 

44 



AEDC-TR -70-204 

100 
V |      | 

o \ ENGINE CUTOFF SIGNAL" 

\ 
-100 

\ 

MAIN-STAGE START SIGNAL \ 

Üs -200 i 1 
I ■*» 

M X W Ü.L M \N w k /i/iAv nM \r 1 m -•too i •■ v\ Wl tnfr ' It 1 

-500 ( 

F 
500 

)            10           20           30           40           50           60           70 

TIME. SEC 

ig. 24  Fuel Injection Temperature, Firing 07B 

ENGINE CUTOFF SIGN/ L — 

* MAIN-|$TAGE CUTOFF SIGNAL-*| 

s 

»\ — 
M 

1       1       1       1       ll 
AIN-STAGE START SI GNAL-H 
II      1     L     II 

^THRUST CHAMBER THROAT 

£ 
JÜ \ / 

IL niun 
I 

/ 
^^— 

\ Zr 
h/ — r Irn«« 

-500 
THRUST CHAMBER EXIT TEMPERATURE, TTCT-E1 
 1 1 1              * ■               * 

50 60 70 10 30 30 MO 

TIME.  SEC 

Fig. 25 Thrust Chamber External Skin Temperatures, 
Firing 07B 

500 

■400 

300 

200 

It» 

| 
MA IN-: TAG :ST LRT iIGM AL- 

1 1 
1 

1 TA-2- 
1 - •-1 A-4 
1 

TA-3- L 
Tt -1- £ *t ̂  «. 

f v; 
E 4GII EC) TOF :Sll >NAL 1 

k J 
:UTC ■ 

-10   0 20 40 60 80 

TIME. SEC 

Fig. 26 Engine Ambient Temperature, Firing. 07B 

45 



AEDC-TR-70-204 

2000 T 

Sjj   1500 

in 
in 
UJ  1000 
Q_ 

CD 

<X 

■<_> 
500- 

eJ.U ( f 

1 

1 
1 

i 

NGI MA E JE CUTO FFSIG --*, 

«n    I-!» 
i 

/IAIN-SI 
START S 

ni 
1 rAGE I / 

LU GNAL- / \ ,/ y 
DC 
3 \, / in 

a i.o z 
BER PRE a. COMBUST ONC HA/V 5SURE, PC-IP -• 

_i 
1 ! 

UJ 1 i 1 i i 

in    °-5 ; ; i .       j 

f 1 1 
1 

i— TES1 rc :LL PRESSURE, PA-3 1 
^ 

"V i » ^*« J 
f\ 

n n ,..I~LL] l\ \ 
-10 10 20 30 40 

TIME.  SEC 

a. Total Duration of Firing 

50 60 70 

in 
Q- 

in 
in 

70 

60 

50 

40 

30 

20 

10 

■ 

■ 

f-CHAMBER PRESSURE, PC-2PL 

t                                    '-'- t 
L 1 ill IH i \h \i AU üilj! »rt I J JIA 1 

#^Av^u^A^^l^^^,r^.l^wuyl^uu,, 
*/AJ*\r                     *    ' 

,f*^* 

ft                                                                       MAIN-STAGE START 51 GNAL * 

r 
L 

10 20 30 

TIME.   SEC 

40 50 

b. Pre-Main-Stage Idle Mode 
Fig. 27  Engine Ambient and Combustion Chamber Pressure, Firing 07C 

46 



AEDC-TR -70-204 

/u IT _i_ III1         l 

60 f —FUEL PUMP DISCHARGE PRESSURE, PFPD-1L 

1 

50 J 1 i i | , 1 , 1 1 

1 

imfmffe^!iiiii!iiiiiiiiinniniHir,HiH*iiiiuiiMiiiniiTniiiii 

SO 

10 

Iff 
\: •FUEL INJECTION PRESSURE, PfJ-IL 

I ^     *     I ' I BUB 

MAIN-STAGE START SIGNAL- 

10 IJO 20 30 

Tilt. SEC 

Fig. 28 Fuel Feed System Pressures, Firing 07C 

50 

100 

-100 

-200 

-300 

-4D0 

-500 

500 

1 

ENGINE CUTOFF SIGNAL 

MA: N-STA XSTA RTS1G NAL- r 
■  1 ..   1 

1   , 
.1.1.1  ■ tH A r / 

\ m n.uiwuhw MVuMJIillfJIV u ̂  / 
™iH5 

1 
JIUL'L JlIU IIHIUII ITUT9 jumrrm rtwl (r i 

'• | 
10 50 60 20     30     HO 

TIME. SEC 

Fig. 29  Fuel Injection Temperature, Firing 07C 

g     o 

-500 

i 
/ 

-THR 
TFW 

USTCHAMBE 
PERATURE. Tl 

RTHR( 
rCT-T] 

)AT 
ENG INECt TOFF! IGNAL-» 

VN / 

\ \ 
MAIN- 
STAR! 

-STAGE 
SIGN *L—• 

\ 
•> 
V 

\, \ ̂  1 I k r/ L -THRUST CHAMBER' EXIT TEMPERATURE^ TTCT-E1 
 1 1  i     —i 1   .         . 

10 50 60 20 30 40 

TIME,  SEC 

Fig. 30 Thrust Chamber External Skin Temperatures, 

Firing 07C 

47 



AEDC-TR -70-204 

400 T 

l_> 

CD 

z 
LÜ a 
LU 
ZJ 

01 

CC 300 
tz 
In 3 

to o_ 
Ü- 

B LLI 
Li, ( CC 
CC 3 
:D CO 
to 
in 200- 

CO 
'   UJ 2 

UJ CC 
(T a. 
Q_ 

_i a. _i 
UJ LU m <_) 
s: a 1Ü0- CO 1 

i 
inmnrainuc Jinni JIUIWL 

ENGINE 
/NI iT/\rr   pi r*\.\ A 1 

J 
ou ur r  OIU1NML 

/ 

< 
\ 

;OA 
PR 

1BUST 
:SSUR 

ON CHAMBER 
E, PC-IP 

\ 

\ f~~ r^ ■»■ w \ / 

r-" rEST CELL 
'RESSURE, PA-3 j 

^ 
\ / x >- ^ 

^ 
( 

V rN#> -<~. "•>— / \ 
\ 

L 1 J J* ,.    ■»■»» ̂ *AJU h —H*""1 1    1 

-10    0      10    20    30    40    50    60    70    80    90    100   110   120 

TIME.  SEC 

Fig. 31   Engine Ambient and Combustion Chamber Pressure, Firing 11A 

>—i 3X1D ZER D0i\ EPR IME 

"I 

h -EN( SINE CUT( 3FFS IGN/ iL 
1 

4 -MA 
STC 

N-S' 
IRTS 

AGE 
IGNAL 

1 
U, s, ! *\ 

> 

--, 4 
98 99 101 100 

TIME.  SEC 

Fig. 32 Fuel Density at the Fuel Injector, Firing 11A 

102 

48 



AEDC-TR-70-204 

o 
LU* 
Of 
►- <. 
oc 
UJ 
Q. 
S 

500 

400 

300 

f=    200 

100 

E urmir piiTft FSIG MAI - 

AW IN-ST AGES TART SIGNA H 

CJ 
1-4 TA-2-i 

^J I e-= 
k- ~ 

TA- 
i 
3-1 

TA-1 

10      ( ) 21 3 4l D 6 D 80 100 120 

TIME. SEC 

Fig. 33 Engine Ambient Temperature, Firing 11A 

500 

LU 

< 
OS 

-500 

  

/-T 4RUST C HAMBEF !THROA T 
/    T EMPERATURE, TTCT-T1 

I           I           I 

— THRl IST CHAMBER D 
»ERATURE, ÜCT 

I 

:IT 
ENGIN 
CUTOF 

It A/IF ■El 

• 
i°FARE 

L 
F SIGNAL—» 

  
NOT E: ALL DATA BELOW -42! 

CONSIDERED INVALI 
WAIN-STAGE   - 

STARTSIGNAL- J 
 ÜL 

<v ■ ■ -    ■ f        " i 

0 2 0 4 0 6 0 a D 1( X) 

T Ir/.E. SEC 

Fig. 34 Thrust Chamber External Skin Temperature, Firing 11A 

49 



A E DC-TR-70-2 04 

2000 T 

er  1500 

S looo 

00 

a x 500 

a. 

to 
o_ 

to 

0- 

u 
I— 
in 

70 

60 

50 

in      40 a. 

30 

20 

10 

rr       3 

1 
i 

! 

i 1 

ENGINE CUT0F FSIGNAL  
i -■H 

j 

ES! 

i   > 

c Ml IUS no YCHA/V 

-h 
MAI 

"T" 
L PRES! 

BER PR UR [. PC-1 3 _  m 
! f    i 

i 

Y-STAG ES' AR' S GNAL-j—4j 

1 

/ 
-T 

i 

1 
IST CEL 

"1" 
1 

SURE, f »A-: 
—  / 

i r 
■   1 

.1 / 
i 
1 

/ -/ N-/ 
1 ■ i     1 1 \ 

•10      0       10      20      30      40      50      60      70      80      90     100 

TIME.  SEC 

a. Total Duration of Firing 

1 )ATA ABOVE 
I 

RANS OIICFF >—- jj—-- 

,-Cf AMBE RPRE SSUR E.PC- 2PL 

1 
*i\t AAAA W\A W^ AM *AA /sAyJ .rW, ■A^ v»^ / 

iAnA/1 JVW^ 
pA/yV rVTT 

LM* 
^ 

1VV» 

/>/ 
r MAI i-jirtUL ainni o (JNAL 

r 
20 40 

TIME.  SEC 

60 80 

b.  Pre-Main-Stage Idle Mode 
Fig. 35  Engine Ambient and Combustion Chamber Pressure, Firing 11B 

50 



l/l 

LU 
CO 

ID 
to 
LU 
CO a. 

40 

TIME.   SEC 

Fig. 36 Fuel Feed System Pressures, Firing 11B 

> 
m 
O 
o 



AEDC-TR -70-204 

20 

10 

■10 

-20 

ENGINE CUTOFFS GNAL - *j 

MAIN-STAGE START SIGNAL H 

  

20 

10 

a. 

iT! 

-10 

-20 

20 40 60 

TIME.   SEC 

a. Oxidizer Pump Inlet 

20 

BO 

40 60 

TIME.  SEC 

80 

100 

V. 
EN 3INECU TOFF SI 3NAL-« \ 

«^MAI N-STAG [ START SIGNA ■~1 

100 

b. Oxidizer Pump Discharge 
Fig. 37 Propellant Feed System Conditions during Idle Mode, Firing 11B 

52 



AEDC-TR-70-204 

-    :o 
er 
UJ x 
ÜJ 
Q- 
ZD 
m        0 
en 

o 
tu 

«X 
UJ 
X 
AC 
UJ 
il- 
IS 
<n 
v> 
UJ 
UJ 
OE 
O 
UJ o 

•10 

-20 

ENGINE CU rOFF SIGNAL— 

MAIN-STAGE START SIGNAL-» 

300 

200 

iOO 

•100 

20 '    ' 40 60 

TIME.   SEC 

c. Oxidizer Idle-Mode Supply Line 

80 100 

1 

' 

Er GINEC JTOFF S GNA L- 

AW N-STAG E STAR1 SIGNA ■~* 

-    v 

20 40 60 

TIME.   SEC 

d.  Oxidizer Injector 

Fig. 37 Continued 

80 100 

53 



AEDC-TR-70-204 

,-    10 

£ 

■10 

-20 

- 

MAIN-STAGE START SIGNAL- —m 

X. 
ENGINE CUTOFF SIGNAL *| 

a. 
UJ 

m 
in 
tu 
UJ 

o 

20 40 60 

TIME.   SEC 

e.  Fuel Pump Inlet 

80 

20 40 60 

TIME.   SEC 

f.  Fuel Pump Discharge 
Fig. 37 Continued 

80 

100 

Cl. 

i n I - 
lU 

EN( INECU OFF Sl( INAL— 

n Arw> u ""V\\ ̂ ^Hl WW|/^ frt}\M f^lfr \y*w^ If 

. l n 
Ml LIN-STA GE STAf TSIGN \L-» 

1 u 

-?n 
100 

54 



AEDC-TR-70-204 

500 

500 

ÜJ 

TIME.   SEC 

g. Fuel Injector 
Fig. 37 Concluded 

40 60 

TIME.   SEC 

Fig. 38 Thrust Chamber External Skin Temperatures, Firing 11B 

100 

55 



AEDC-TR-70-204 

400 T 

E   300- rr 

ffi    200 
oc 
Q_ 

OC 
LU 
03 

(T 
X 

o, 

LU 
OC 
3 
(O 
CO 
LU 
OC 
0- 

D1 

Q_ 

in 
LU oc 
0_ 

LU 

100- £        1 to 

70 

60 

50 

40 

30 

20 

10 

MAIN-STA 

1 
GE 

•C 

STARTSIGNAL- 

1 1 1 1 
INGIN JTOFF SIGNAL--*! 

rnjwHHCTinw t> AM RF RP PFvCI OF p :-i P 

/ 1 
"■"""'"■p   ■ 

f ES' C ILPR ISSURE, PA-3 

| -^  /- « 1 •* / 

7* w f" ) 
-XJ-L     -.». 

■10     0      10     20     30    40     50    60     70     80     90    100   110   120 

TIME.  SEC 

a. Total Duration of Firing 

■ 

— 

r-CHAM BER PRESSUR E, PC-2PL 

i 

xX Art/ vw \m 
A/l Lv »A»A -W~ *v*iA X^ /i/v AA/ A-V VW kJU *—^- J»*~ 

JÜÜI W 

JI/\ iflA 
*/y /V V 

ffl V i«* IM    C ii ^^ 
mnin-jinu . jinni  Ji\j\\f 

1 
20 40 60 

TIME.  SEC 

80 100 

b. Pre-Main-Stage Idle Mode 
Fig. 39 Engine Ambient and Combustion Chamber Pressure, Firing 11C 

56 



-a 

m 

OQ 3 

» 
>- 

to        p 

LU 
Q 

98 

MA IN-STAGE 
STARTSIGNAL" 

OXIDIZER DOME PRIME 

99 

ENGINE CUTOFFS GNAL 

100 

TIME.  SEC 

101 102 

Fig. 40 Fuel Density at the Fuel Injector, Firing 11C 

> 
m 
o 
o 

M 
o 



AEDC-TR-70-204 

20 

ID 
a. 
tu 

UJ 
Q. 

S     o 
to 

UJ 

■10 

-2D 

50 

140 

+-      30 
a 
UJ 
X 

£     20 
3 
2    lo 
UJ 
IE o 
a   o 

-10 

-20 

MAIN-STAGE START SIGNAL-| 

JW* Yf A \~ ̂ ■wA A *^ / ^ 
/ 

V V^ ' v"U i 

D                   20                  MO                  60                  80                  100 

TIME.   SEC 

a. Oxidizer Pump Inlet 

:3 
i 

^ .     LZ 
/ 

f 

/ 
/ 

> ' tz ±z 
\jj MA_ / ' X" 

*■*■>. 

MA N-STA( E STAR- r SIGNAL—H 
1 

20 40 60 

TIME.   SEC 

80 100 

b. Oxidizer Pump Discharge 
Fig. 41 Propellant Feed System Conditions during Idle Mode, Firing 11C 

58 



AEDC-TR-70-204 

£u 

+-    :o 

a. 

(/> 
UJ 
UJ 
CO o 
o 

1 ' 

MAIN-STAGE START SIGNAL- 

,J 

23: 

UJ 
X ec 
UJ a. 
5    100 
tn 
UJ 
UJ 
eg o 

■100 

20 ' 40 60 

TIME.  SEC 

c. Oxidizer Idle-Mode Supply Line 

80 100 

\ 

\ 

\ 

MAIN- STAGE START S GNAL- 

20 40 60 

TIME.   SEC 

d. Oxidizer Injector 
Fig. 41  Continued 

80 100 

59 



AEDCTR-70-204 

20 

10 

x 
cc 
UJ 
a. 
zt en 
<n 

cc 
o 
o 

UJ z cc 
UJ 
a. 
5? 
en 
UJ 
UJ 
IE 
O 

-10 

-20 

1 

I MA IN-STAGE START SIGNAL—»\ 

*\ s 

2C 

:o 

•10 

-22 

20 40 60 

TIME.   SEC 

e.  Fuel Pump Inlet 

80 100 

\ MA IN-STA JE STAR T SIGN/ lL—*\ 
\ 

20 40 60 

TIME.   SEC 

f.  Fuel Pump Discharge 
Fig. 41 Continued 

80 100 

60 



AEDC-TR-70-204 

400 

UJ 300 
r 
(E 
UJ 

to 200 
(/» 
UJ 
UJ 
ce o 
UJ :ou 
a 

•100 

' 

MAIN-STAGE START SIGNAL—»! 

500 

<x 
UJ a. 
JE 
UJ 

-500 

20 40 60 80 100 

TIME.  SEC 

g.  Fuel Injector 
Fig. 41  Concluded 

,^n RUSTC iAMBEP THROA ■ TEMPE MATURE, HCT-T 1 

w r 

Vs s — THR JST CH/ MBERE <ITTEW PERATU \E, TTC -El 

V \ 

\ A 
\\ **TT  

N AIN-STi \GE STA RTS^ AL—» 

20 40 60 

TIME.  SEC 

80 100 

Fig. 42 Thrust Chamber External Skin Temperature; Firing 11C 

61 



AEDC-TR -70-204 

2400 

2000 

1600 

• 1200 

er er 
0. 
s: 
UJ 

800 

400 

-400 

-MAIN-S AGF -PNG NF CUTOFF 
Sl ART SIGNAL 1      SIGNAL (15A) 

-IGN TION DELAY ED /- IGNI1 riON NOT 
U .5 5EC U5A) 

; 
DELAYED (06A) 

rSPTS IGNITIC N f i 
S IG MA .(0 )A) 

/ 
* 

/ 1 
( ' 

'— 
■**. -4 

—- —, *■»— 7 
-» SPTS IG NIT 10 «IS GNAL Ü5A) 

2400 

2000 

1600 

1200 

=    800 

1 2 .3 4 

TIME.  SEC 

Fig. 43  Hot Gas Tapoff Manifold Temperature 

CO 

t— 
cc 
EC 

400 

-400 

--IGNI HONK OTDE LAY ED (06A) 

MAI N-5 ;TA ;E S 
*' 

Gl\ 1 TION DELAYED 
STAF TSIGNA .♦ 3.5 SEC (1 5A 

/ 
/ 

/ / 
' 

1 EN( 3IN : 

i / 
/ CU TOFF 

i / 
Sl( JIM Ll 5A ) 

i j\ \ 1/ ' 
/ V 

/ 
/ 

j / -SPTS 1 
i   i 

GN Tl ONSI 3NAL (06A ) 

« — 
1   1 

-SPTS IG NIT 10 
i   l   i 

Sl SIGNAL ( 15A) 

TIME.  SEC 

Fig. 44  Fuel Turbine Inlet Temperature 

62 



AEDC TR-70-204 

2: 
CL 

3200Cr 

2400C 

o 
UJ 
UJ 

Si  16000- 

=> 8000 

TIME.  SEC 

Fig. 45  Fuel Turbine Speed 

5000 

WOO 

~ 3000 
in 

UJ 

10 2000 

Q- 

1000 SPTS IGNITION 
SIGNAL I06AU 

12 3 4 5 

TIME.  SEC 

Fig. 46 Solid-Propellant Turbine Starter Chamber Pressure 

63 



1500 

1000 

en 
tu. 

co 
Q. 

LU 
CC 
Z) 
co 
CO 
LU 
CC 
Q_ 

500 

m 
o 
o 

n 
•il 
o 

TIME.   SEC 

Fig. 47 Engine Combustion Chamber Pressure, PC-1P 



1400 T 

300- ~        3 - 
co 
Q_ 

co 

UJ 

Q_ 

m 
er x o 

200- 

100-- 

o-1- 

Lü 
CC 
=> 
CO 
CO 
UJ 
QC 
Q_ 

UJ 

CO 

FN 
1 

GINE tl> 

. i 
UUIUN- 
S GNAL 

C0MB JST 0N :HAMBER 1 
rKtoouKL, ru-ir 

1 

/ 
-Tl 

MA 
:ST( 

N-STAGE Sl 
:ELL PRESSl 

rART SIGNA 
JRE, PA-3 

_-* 1 
1  / s 0 

-10 -5 10 

TIME,   SEC 

Fig. 48 Engine Ambient and Combustion Chamber Pressure, Firing 15A 

> m 
o 
o 
a 



AEDC-TR-70-204 

500 

£ 
er cc 
UJ 
Q. 

-500 

ENGINE CUTOFF SIGNAL 

MAIN-STAG . 3IHKI   JlblMHL 

-TH iUSTC HAMBEI THRO/ JTEMP ERATUI E, TTC1 -Tl 

\\ —1—- ■ir vo <*****' 
> 1"""""**" -** 

L-THRUST CHAMBER EX IT 
_L. 1 1 1 

EMPERATURE. 
I i j 

nCT-E 

20 40 60 

TIME.   SEC 

80 100 

100 T 

«    300     - 

Fig. 49 Thrust Chamber Throat External Skin Temperature, Firing 15B 

UJ 
£C 

m 
v> 
tu 
QC 
0. 

cc 
UJ 
OQ 
a: 
cc 
z 
(_> 

200- 

100- 

01 

0_ 

UJ 
CC 

en 
UJ 
oc 
o. 

u 

TIME.   SEC 

Fig. 50 Engine Ambient and Combustion Chamber Pressure, Firing 15B 

66 



Q_ 

in 
i i 

a 
Q_ 

az 
LU 
DÜ 
31 
cr 
x 

400 

en    300 4 

200 + 

100 + 

in 
a. 

in 
en 
UJ 
cc 
Q_ 

UJ 

CO 
LU 

o1 
0 
-20 

MA'IN-S 

£ 
TEST CELL PRESSURE, PA-3 

ENG 

AGE START'SIGNAL 

NE CUTOFF "SIGNAL 

COMBUSTION CHAMBER 
PRESSURE. PC-1P- 

0 40 

TIME.   SEC 

80 

Fig. 51  Engine Ambient and Combustion Chamber Pressure, Firing 15C 

120 
> 
m 
D 
n 
H 
3) 
■il 
O 
M 
o 



AEDC-TR-70-204 

20 

10 
CC 
tu 
cc 
UJ a. 
3 cn 

o 
o 

■10 

-20 

ENGINE CUTOFF SIGNAL  —» 

# 

Yff """*, r^h, 
J V xJ J\ m N-STAGE START SIGNAL  

Z1 1   \fr 
\ ^Iv^,^ / 

W \> 

cc 
UJ 
Q. 

(/> 
(/I 

oc 
o 

100 

80 

60 

40 

20 

20 40 60 

TIME.   SEC 

a. Oxidizer Pump Inlet 

-20 
20 

80 100 

ENG NECUT OFF SIC 5NAL 

WA« itiliM I 
MA N-STA SE START SIGN; \l  

40 60 80 100 

TIME.   SEC 

b. Oxidizer Pump Discharge 
Fig. 52 Propellant Feed System Condition during Idle Mode, Firing 15C 

68 



AEDC-TR-70-204 

20 

10 
en 

0_ 
ID 
IT) 

in 

•10 

-20 

ENGINE CUTOFF SIGNAL — 

MAI vi.CTarc CTAPT CIOM U 

% J» 

300 

200 
a 
UJ 
X 
CO 
UJ 
Q. 

S    100 
in 
UJ 
UJ 
IE 

-100 

20 40 60 

TIME.   SEC 

c. Oxidizer Idle-Mode Line 

80 100 

ENC INECU rOFF SI GNAL- 

■ 1 

MJ kIN-STJ ̂ GE ST/ RT SIG MAL — 

20 140 60 

TIME.   SEC 

d. Oxidizer Injector 
Fig. 52 Continued 

80 100 

69 



AEDC-TR-70-204 

20 

10 

0C 
UJ 
Q. 

in 
in 
LU 
UJ 
az 
UJ o 

•10 

-20 

ENGINE CUTOFF S GNAL- 

V 
> ̂  

. MAIN-STAGE START SIGNAL  

20 

10 

a. 
S        0 
in 

•10 

-20 

20 40 60 

TIME,  SEC 

e.  Fuel Pump Inlet 

80 100 

' k ENG NECU1 0FFSK ;NAL- H 
n 

N AIIM-ST AGE ST ART SI ( 3NAL- 

20 40 60 

TIME.  SEC 

f.  Fuel Pump Discharge 
Fig. 52 Continued 

80 100 

70 



A EDC-TR-70-204 

r 
UJ a. 
en 
tn 
LU 
LU 
DC 
O 
UJ 
Q 

500 

400 

300 

200 

100 

-100 

\ 

\ 

\ 

\ 

\ ENGINE CUTOFF SIGNAL- 

\ 

\ MA IN-STAGE S" ART SI GNAL- 
^ 

I 

QQ 

IT) 

UJ 

20 

»«-        1 

0 

40 60 

TIME,  SEC 
g.  Fuel Injector 

Fig. 52 Concluded 

80 100 

■ 

' 
4 — c )XK IZER DOft 

1 
1EPF 1ME 

^ 
L 'kiriur nimrr 

< SIGNAL 

i \ 

j \l f JVIMI 

STA RT SIGNA L-| 
i \ 

•—1 

r- - n   U 
\() 

I    i 
<J———K \l ^ I 

102.0 103.0 104.0 

TIMEv SEC 

105.0 106.0 

Fig. 53 Fuel Density at the Fuel Injector, Firing 15C 

71 



AEDC-TR-70-204 

TABLE   I 
MAJOR ENGINE COMPONENTS 
(EFFECTIVE TEST J4-1001-06) 

Part Name 

Thrust Chamber Body Assembly 
Thrust Chamber Injector Assembly 
Augmented Spark Igniter Assembly 
Ignition Detector Probe No. 1 
Ignition Detector Probe No. 2 
Fuel Turbopump Assembly 
Oxidizer Turbopump Assembly 
Main Fuel Valve 
Main Oxidizer Valve 
Idle-Mode Valve 
Thrust Chamber 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 Assembly (Coil) 
Oxidizer Turbine Exhaust Duct 
Crossover Duct 

PA S/N 
"- 

99-210620 4094439 
XEOR 937173 4087380 
*EWR 113811-21 4901310 
3243-2 016 
3243-1 003X 
99-461500-31 R004-1A 
99-460430-21 S003-0A 
99-411320-X3 8900881 
99-411225-X4 8900929 
99-411385 8900867 
99-411180-X2 8900806 
99-557824-X2 8900847 
99-251455-X5 8900911 
99-503670 4098176 
99-704641 4097437 
99-558330 8900817 
99-503680 4097867 
NA5-260212-1 0002 
251216 4096874 
251225 4096875 
409900-11 6631788 
409899 4052289 
99-411082-7 439 
99-411082-5 439 
99-411079 439 
3078*79-11 2143580 
99-411080-51 7239768 

99-210921-11 7216433 
307885 8363045 
307887 2142922 
307879-11 2143580 

♦Rocketdyne Engineering Work Request 
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Orifice 
Name 

TABLE II 
SUMMARY OF ENGINE ORIFICES 

Part 
Number 

Diameter, 
in. 

Test 
Effective Comments 

Oxidizer Turbine Bypass 99-210924 1.996 
1.695 

J4-1902-05 
J4-1001-07 

Delivered Part 
EWR 121319 

Fuel Bypass 99-406384 1.750 
1.500 

J4-1001-06 
J4-1001-08 

EWR 121311 
EWR 121320 

Oxidizer Idle-Mode 
Supply Line 

99-411092 0.848 
0.977 
0.911 

J4-1001-06 
J4-1001-07 
J4-1001-15 

EWR 121308 
EWR 121315 
EWR 121386 

W 

Main Oxidizer Valve 
Closing Control 

99-411279 33.25 scfm J4-1902-05 Thermostatic 
Orifice 

Augmented Spark Igniter 
Oxidizer Supply Line 

652050 0.0999 J4-1902-05 Delivered Part 

Augmented Spark Igniter 
Fuel Supply Line 

J4-1902-05 None Installed 

Film Coolant 99-411094 0.581 J4-1902-08 

Film Coolant Venturi 1.027 inlet 
0.744 throat 

J4-1902-05 CD = 0.97 

Propellant Utilization 
Valve Inlet 

XEOR 934826 1.250 J4-1902-05 Delivered Part 
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AEDC-TR-70-204 

TABLE  III 
ENGINE MODIFICATIONS 

(BETWEEN TESTS J4-1001-05 AND J4-100M5) 

Modification 
Number 

Completion 
Date Description of Modification 

Test J4-1001- -05, 7/29/69 

121306 8/22/69 Load Cell Installation 

121307 8/24/69 Decreased Main Oxidizer Valve 
1st Stage Opening from 14 to 
11.5 deg 

Test J4-1001- -06, 8/25/69 

121314 8/27/69 Decreased Main Oxidizer Valve 
1st Stage Opening from 11.5 
to 10.5 deg 

121317 8/27/69 Insulated Oxidizer Idle-Mode 
Supply Line 

121319 8/27/69 Decreased Hot Gas Tapoff Valve 
Mechanical Stop from 1.321 to 
1.260 in. 

121357 8/27/69 Insulated Oxidizer High 
Pressure Duct from Pump to 
Idle-Mode Valve 

Test J4-1001- -07, 8/28/69 

121367 9/12/69 Increased Hot Gas Tapoff Valve 
Mechanical Stop from 1.260 to 
1.321 in. 

121369 9/12/69 Repair Thrust Chamber Damage 
Found Post Test J4-1001-09 

Test J4-1001- -11, 9/17/69 

121326 9/30/69 Installed Oxidizer Pump Seal 
Drain Shutoff Valve 

121382 10/9/69 Repair Thrust Chamber Damage 
Found Post Test J4-1001-13 

121329 10/14/69 Removed Bypass Line in the 
Fuel Augmented Spark Igniter 
Supply Line (Back to Original 
Configuration) 

121384 10/28/69 Increased Main Oxidizer Valve 
1st Stage Opening from 10.5 
to 11.7 deg 

Test J4-1ÖÖ1- -15, 10/29/69 
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TABLE IV 
ENGINE COMPONENT REPLACEMENTS 

(BETWEEN TESTS J4-1001-05 AND J4-1001-15) 

Replacement 
Completion 

Date           Component Replaced 

Test J4 -1001-05, 7/29/69 

P/N 558022 
S/N 2137946 

8/22/69 Helium Fill Check Valve 
P/N 558022, S/N 2137943 

P/N XEOR 937173 
S/N 4087380 

8/22/69 Thrust Chamber Injector 
Assembly, P/N XEOR 
936648, S/N 4087384 

P/N C-47930 
S/N 645700 

8/22/69 Gimbal Bearing Assembly 
P/N 208900, S/N 8362333 

Test J4 -1001-06, 8/25/69 

None 

Test J4 -1001-07, 8/28/69 

None 

Test J4 -1001-11, 9/17/69 

P/N 309065-31 
S/N 2203033 
(Poppet) 

10/8/69 Hot Gas Check Valve 
(Flapper), P/N 309065, 
S/N 2138829 

P/N 210610-81 
S/N 4087387 

10/10/69 Thrust Chamber Injector 
Assembly, P/N XEOR 
937173, S/N 4087380 

P/N 99-503670-21 
S/N 4097588 

10/28/69 Electrical Control 
Assembly, P/N 99-503670 
S/N 4098176 

Test J4 -1001-15, 10/29/69 
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TABLE  V 
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE 

Purge 

Oxidizer dome 
and idle-mode 
diffuser 

05 Thrust chamber 
jacket, film 
coolant, and 
turbopump purges 

SPTS conditioning 

Main fuel valve 
conditioning 

Requirement 

Nitrogen, 
600 i 25 psia 
100 to 150°F 
at customer 
connect panel 
(150 scfm) 

Helium, 
150 + 25 psia 
50 to 150°P at 
customer con- 
nect panel 
(125 scfm) 

Nitrogen, 
-50 to 140°F 

Helium, -300°F 
to ambient 

WMä 

7L 

Coast 
Period VI 

O 

Öl 

B 

WZL 

TTTtTTDTrtr 
.1, 2, and 3/ 
L • i '\' i 

m 

(*> 

15 
min (**) (t) 

ill I/ / 

UJ1 L 

BTTTTTTTTTTT^ 
Remaining SPTS 

* 
HI   "> 

V 

a 

(*> 
30 min 

♦Engine-supplied oxidizer pump intermediate seal cavity purge 
**Anytime facility water is on 
t30 min before propellant drop 

ttlnitiate mfv conditioning 30 min before engine start for those firings with temperature requirements 



TABLE  VI 
SUMMARY OF TEST REQUIREMENTS AND RESULTS 

FIRING  NUMBER 
~—^——— 

J4-1001-06 A J4-1001-06B J4-1001-07A                       |            J4-1001-07B J4-1001-07C J4-1001-11A J4-1001-11D J4-1001-L1C J4-1001-13A                        1          J4-10O1-15B J4-1001-15C 

Target        U      Actual Tarnet       |    Actual Target       1    Actual        |     Tarcnt       1    Actual Tarnet      1    Actual T.raet         1    Actual Target      1    Actual Target        I     Actual Target       [   Actual Target        1   'Actual Target        1       Actual 

FIRING DATE/TIME OF DAY 
8/25/69     ^^^-~-~~^~^ 
^—-*—""'1308 

8/25/69     ^  
 '     1339 

8/28/69        __^_ -"" 
^ 1235 

8/28/69    ^  

—-"■""" '     140S 

1/28/69 ^—' 

^ 1715 
9/17/69   ^"-"~ 

^^^-— '       1254 

8/17/69  "" 

__^»-.—"""""         1509 

9/17/69          

^__^~~- "       2036 

10/29/68 —— 

__^»-—~"    "     1521 

10/29/69   ^ ~~ 

^^^——"               1619 

10/29/69 ^___^_ —" 

^_            2025 

Pressure Altitude at  t-0,  ft   (R*r,   1) 100,000 102,000 100,000 96,000 100,000 95,000 100,000 99,000 100,000 100,000 100,000 80,000 100,000 100,000 100,000 107,000 100,000 108,000 100,000 106,100 100,000 98,000 

Low Thrust  Idle-Mode   Duration«   sec   * 1.0 1.01 50.0 50.06 50.0 49.62 30.0 50.90 50.0 50.01 100.0 98.12 75.0 75.98 100.0 98.73 1.0 1.02 100.0 102.71 100.0 102.54 

Main-Stage Duration,   sec  * 7,5 7'.68 7.3 1.52 7.5 7.78 7.5 7.42 7.5 7.62 5.0 1.33 4.5 4.74 4.5 1.68 2.4 2.43 2.4 2.42 2.4 1.79 

Post-Ma1n-Stagc  Idle-hod* Duration,   sec * 10.0 10.25 10.0 - 10.0 10.28 10.0 10.49 - - 10.0 - / - - - - - - - — - 
Fuel  Pump  Inlet PreNsure at  t-0,  pala 3j±i.o .13.0 33+1 .0 33.3 33 ±1.0 33.2 3311.0 33.4 4011.0 41.8 40.011.0 41.1 27.011.0 27.9 40.011.0 39.7 3011 29.9 2811 30.1 3311 32.4 

Fuel  Punp  Inlet Tcmpcratui-H at   L-0,   °F - -416.8 - -413.2 - -417.8 - -203.6 - -416.1 - - - -419.0 - -285.6 - -418.5 - -417.8 - -210.5 

Fuel  Tank  Bulk  Temperatur»«  at   t-0,   °F -422.010.4 -422.4 -422.0±0.4 -422.3 -122.010,4 -422.4 -422.010.4 -422.1 -422.0«).4 -422.0 -422.010.4 -422.5 -422.010.4 -422.4 -422.010.4 -422.4 -422.010.4 -422.6 -422.010.4 -422.2 -422.010.4 -422.4 

Oxldlzer Punp  Inlet  Pressure  at   t-0,   psla 39+1.0 39.6 3911.0 39.3 3911.0 39.2 4611.0 46.0 3911.0 39.3 33.011.0 39.7 33.011.0 40.3 33.011.0 31.7 3911 39.2 4411 44.7 34+1 32.S 

Ox i direr  Pump   Inlet  Temperature   at   t-0»   "F - -292.2 - -279.6 - -291.2 - -278.4        [- -278.6 - -117.4 - -277.1 - -291.0 - -292.6 - -278.9 - -290.1 

Oxldlrer Tank  Bulk temperature at t-0,   "K -295.0tO.4 -295.4 -295.01O.4 -295.4 -295.010.4 -294.6 -295.010.4 -295.0        U-295.010.4 -295.1 -295,010.4 -295.2 -295.010.4 -295.3 -295.010.4 -294.9 -295.010.4 -295.5 -295.010.4 -295.7 -293.010.4 -294.7 

Helium Tank Pressure at  t-0,   psi« '«"iSoo 3430 Remains 
3200 3«o:»nn 3410 

Remain. line               | RHmalns 3196            1 From "U" 3007 '«"iSoo 3318 
Remains 
From "A" 2982 

Remains 
From  "B" 2900 '«olSoo 3363 

Remain» 
From "A" 3092 

Remains 
From "B" 2883 

Helium Tank Temperature at  t-0,     F - 101 81 111 93                 [- 78 - 119 - 77 - 85 - ; 112 - 82 68 

Hain  Fuel   Valve  Temperature  at   t-0,   °F -""CSo -128 - - - 92 - 112               I- 103 - 106 _ 90 _ 108 -loo-L -121 _ -305 - -39 

Augmented Spark  Igniter  Ignition 
Detected,   sec   (Ref. t-0)* 

0.68« 0.511 0.534 0.349                        |                    0.588 0.698 0.516 0.849 0.485 (1.360 0.640 

Propellant Utilization  Valve 
Position  at   t-0 NULL NULL NULL NULL                            I                           NULL NULL NULL NU i. NU LL NULL NULL 

Thrust   Chamber  Temperature  at   t-0,   UF -«•.£. 03 - 31 - 74 - 67                 |- 70 - 70 _ 1 _ 67 - 39 -200150 -187 -25125 3 

Oxldlzer Pump  bearing Temperature 
»t   t-S.   °F -288 -100±20 -116 - -288 -100130 -84              1-100130 -278 - 96 _ -276 -100120 -128 _ -288 - -292 -25125 -64 

' 

Solld-Propellant Turbine 
Starter 

Part   dumber 99803527-11 99803527-11 99803527-11 99803527-11 99803527-11 99803527-11 99803627-11 99803527-11 99803527-11 99803527-11 99803527-11 

Serial   Numlier RT000013 RT000014 RT000019 KT000020 RT000021 RT000015 RT000022 RT000027 RT00002B RT000029 RTO0O0O6 

Temperature at 
t-0,   °F S0±10 40 5U+10 41 30110 44 130110 120 SOtlO 49 130110 132 130110 123 50110 38 30110 78 50110 57 50tl0 52 

Burn Time, 
set*   * 

2.234 2.242 2,400 1.975 1                    2.320 1.929 1.965 2.386 2.190 1.903 2.330 

Maximum 
Pressure,   psla 3510 3505 3275 3824                          1                  3255 410B 3856 3317 3498 3504 3361 

»Data ruduced from osclllogram 
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TABLE  VII 
ENGINE VALVE TIMINGS 

KAlOOl F_rlrg 

S.err 

Mela Fuel Va-M 
Idle-Mode                                      lie.. Gae 

Oildlxe.- Valve                            TapuT Valva 
Kalr. Ca-dlzar Valve 

Flrat SU|C 
Jiiln Cxidlier Valva 

Second E-aga 
Tit-uii C=a.ntar 
Hvpaia Ve.se 

Tjne 
of 
Op er In ■ 
SlgöMl 

Vilvi 
Dela- 
Time, 
aec 

Vive 
Operjii 
Ton. 
■ 0C 

Tune 
=1 
Open in | 
Sigrai 

Va.ve 
De_av 
TUne. 
aec 

Vale* 
Qpenhg 
Tlra«. 
aas 

Tiat 
of 
Opening 
Stgrai 

lalva 
.Deta» 
Time, 
aec 

Va.« 
Opealng 
T:me, 
kCC 

Tim« 
or 
Opening 
Signel 

Valvi 
D.Uj 
Time, 
aec 

Valve 
Opening 
Time, 
are 

Time      1 Valva 
of           1 Delay 
Opening' Tlice, 
Signal       aec 

Valva 
Opeilng 

lee 

Tine 
of 
Cl0B_-l( 
Signal 

Va-ve 
De-ay 
T-aie. 
■ ec 

Valva 
dee big 
Tina. 
aee     ' 

06 Final 
Sequence 

0 0 0 046 0 064 0 0 0 lib 0 043 4 093 0  158 a OBO 4 603 0 084 0 033 f. 861 0 163 0 630 «. BS: 0.220 0 655 

00 A 0.0 0 051 0 060 0 0 0.130 0 040 1  013 0  ISO 0 080 1   013 0 OBI 0 033 2 000 0 342 0 850 2 000 0  160 1  055 

M B a o 0 093 0 053 0 0 0 117 0 037 50 063 0  157 0 003 SO 063 1 OBO 0 026 N/A ... ... N/A ... 
-■ 

07 Fir el 
Sequence 

0 0 0 048 0 060 0.0 0.116 0 043 6 420 0 133 0 Otfl 0 430 0 084 0 020 6.318 0 158 0 835 8 SIB 0.312 0 878 

07 A a o 0 050 0.044 0 0 0 US 0.040 SC.812 0. 155 i     0 003 59. 073 0 070 0 027 51 317 0.160 0 890 51  517 0  180 1   103 

07             8 3.0 0 C50 C 045 o :     o .10      o ail 3D «1C0 0 160       3 086         3S 930 0.082 0 028    ,   62 702 0 201 3.818 52 7« o '.BO ,   i aio 

07 C C 0 0 CM 0 058 0 c 0 118 0 £40 30.3,0     0  1E3 C.090         SC 010 0.S7B 3.02E 51. 833 0 .53 C 030 5. 033      0  190 .  650 

11 Final 
Bocuccee 

0.3 0  043 0 DEI 0 0 0 US 0 C« 4  CCS     0 141 C OIE 4  381 0 CB3 C 030 1.B53 0.163 0.326 5 OSS 0  1T0 C  065 

11 A 0 3          0 053 0.M3 0 0 0.113 0.0«        f8 1H 0.152 0. Din GL   .54     0 003 0.314 ti'A   til A ... 
1. h 0 c o oa: 0 CIV 0 0 3  1L6 0 043 75 674 0  163 0 CTll 75 674    0 f»03 0.335 "7  870 0 225        n BB4 11   B70 0  103 1   163 

11 c 0 0 0.054 0 051 9.0 3  US 0.040 ua.iia 3  153 Ü CB8 ea.720 o oac 0 CSd 67/A     '     — MA ... 
15 Final 

Sequence 
0 0 0 050 0.O06 0 0 0.111 0 04D 11 «85 0  152 0 003 11  SOS C 010 0 03a N/A ... ... N/A ... 

IB A 0 0 0 053 4 058 0 0 0 LJ2 0 0«B 1  020 0. 157 0 085 1  020 0 0E3 0.030 N/A N/A ... ... 
15 B 0 D 0 «7 0 088 0 0 0 165 0 040 103 71 0 153 0 090 103 71 0 0BD 0 030 N/A — ... N/A ... 
15 C 0 0 0.050 0 060 0.0 0.121 Q.043 103.54 0.150 0 0B1 103  54 0 OBD 0 02B N/A ... N/A ... 

KA1021 Fir JIB 

5hmetowr. 

Mala Oxldher Va_v» Hal Caa 
TapoS Valve 

Min Fuel Va.ve 
hLe-Moae 

Cacdlier Valve 
Trn 

Byi 
ill Chamber 
laaa Val* a 

Tiita 
of 
Cloaleg 
Signal 

Valve 
Deliy 
Tin», 
aec 

Valva 
Clovlcg 
Time, 
aec 

Tune 
of 
Cloelng 
5lgcial 

Vilva 
Delaj 
Time. 
aec 

Va.#e 
Cloalng 
TJH, 
aoc 

riaie 
er 
(Xoelnj 

halve 
3elaj 
Tim«, 
aec 

Valva 
Claalng 
Time, 
■ec 

Tln\* 

Cloaleg 
Signal 

Valve 
Delay 
Tlrtej, 
aec 

Valve 
ClMlcg 
Time. 

Tim« 
Ol 
Opening 
Signal 

Valw  1 Valve 
Delay      Cpaalnt 
Time,   ■  Time, 
aec         aec 

08 Final 12  384 0 361 3 US 12 3G4 0.067 0 245 17 !T8 o or: C 381 17  378 0 061 0 115 12  384 0 sac 0.212 

06 A B.B68 0C84 0 158 8 668 0 064 0 230 18 BI8 3 078 0.325 18,BIB 0 073 0. IB0 B.B5B 0 343 0.210 

08 B 91  588 O.0409 0 QSDS 9I.58B 0 044 0 234 51 986 0 074 a 260 51  588 0 084 0 132 N/A 

07 Final 
Sequence 

13 874 0 MB 0 I4S in 874 0 085 0 253 13 874 0 083 0 267 13 874 0 07B 0 113 13 874 0 285 0 120 

07 A 87.402 0 063 0.150 57 403 0 035 0 253 67 405 0 060 0 191 67 A 93 0 0SB 0 ISO 97 402 0.340 0.171 

07 B , 68 317 0 073 0.165 68  51T 0 055 0 250 68 60S 0.070 0  350 SB 805 0 OSO 0 115 50 317 0.331 0 178 

«I C 57 ess 0.073 a 163 67 635 C 000 0 240 37 63S 0.075 0  270 SI. 835 0 075 0 151 ,67 635 0 SIS 0 185 

11 Ffcial 
Sequence 

9. 135 S 083 0 .44 a us 0 370 3 230 6  135 0 =50 0 ESS 0  135 0 375 0 113 9  13S 0 2B7 0 222 

LI A 03.441 C 04D6 0 G30> 93 44! 0 CEO C 220 30 442 0 C73 3 243 3G 442 0 CE3 0  102 H/A ... 
.1 P a: 72; 0.010 0.1TJ It 72 3 0 C70 C-. »0 ED '■El 0 (42 : 23C 80 '■IS 0 060 3  133 30.713 0.&23      C  lit 

11 C IOC,33! 0,040* 0 033' i:o.3S2 0 0T3 0 219 100 JfrZ 0,073 C.257 IC0.J12 0 07-» C  124 H.'A   
15 Flu. 

Sequence U  112 0 040* 0 028! 14 .13 0 063 0 220 14 112 0 074 C 25E 14  112 0 083 0. 1,0 K/A ... 
10 A 3 447 0 041s a.035B 3 447 0 065 0 »1 3 447 0 083 0. JIB 3 «47 0  075 0  145 N/A ... ... 
10 B 105  13 0 033s 0 035s 103  13 0 070 0 222 105  13 0 098 0 465 105  13 0 OBO 0  14S K/A ... ... 
15 C 104 33 0 040* 0 030» 104  33 0 070 0 205 104 S3 0 080 Ü 260 104 33 0 010 0.102 N/A ... ... 

Notea-   1. All valve algaal tlmce are referenced ic t-0. 
2. Valva delay time la the tune required for initial valve movement after the valve "open" or "cloaed" 

aalenold baa been energised 
2. Final eaquenee caeca la cot due ted e/'tnout propel lama aad »Lthlr 12 houra before f eating 
4 Dale are retfciced from oscillograph 
5 Main catldlxer vilva flrat «'.age onlv 
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APPENDIX  III 

INSTRUMENTATION 

The instrumentation for AEDC tests J4-1001-06, -07, -11, and J4-1001-15 is 
tabulated in Table IO-l. The location of selected major engine instrumentation is shown 
in Fig. IIM. 
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CO 

•AREA FIRE DETECTION   THERMOCOUPLES 

TFDMOVA-, 
TFDODA 

-TFDTDA MCKA6C 

FUEL 
INLET 
DUCT 

HELIUM  TANK 

FUEL TURBOPUMP 

OXIDIZE* 
INLET 
DUCT 

SOLID-PROPELLANT 
TURBINE  STARTER — 

TPIP-IP 
TFDFTA 

FLIGHT 
INSTRUMENTATION 

TECP-IP 
(NST-la) 

TFDMFVA 
PFM 
PFM 
(CF1) 

TTCT-Er 
TTCT-E2 

TTCT-TI&T2 

o 

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

9 
M 
O 



a 
o 

o 

2 

oo 
to 

TFPBS 
(PFM) 

PFTSC 
(TGIO) 

PFPD-IL 
PFPD-IP 

PFPSI 

PFPBS 
(PF4) 

PFPRB 
(PF7) 

b. Fuel Turbopump Sensor Locations 
Fig. 111-1 Continued 

PFPBC 
(PF5) 

PFPS 
(PF6] 

NFP-I2&3 
(PFV) 
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T>—QF-I&3 
il—,        (PFFI 

TFPD-3 
TFPD-4 

(PF3) 

QF-2 
(PFFA) 

LFBT 

c. Fuel System Sensor Locations 
Fig. 111-1 Continued 
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IT \ Al AUGMENTED SPARK 
IGNITER ASSEMBLY 

TFASIJ 
(IFT2) 

TFCO 
(IFTl) 

PFCVI 
PFCVI-L 

(CF7) 

PFCVT 
PFCVT-L 

d.  Fuel Film Coolant and Augmented Spark Igniter 
Supply Line Sensor Locations 

Fig. 111-1  Continued 
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00 
U1 

PPUVO 
(P09) 

PPUVI 
(poe) 

N0PH,2&3 
(POV) 

POPBC 
(P07) 

POPD-3 
(P02) 

TOPBC 
IP0T4) 

P0P5C 
(P06) 

POTI-IP 
(TG3) 

TOT HP 
(TGT3) 

e. Oxidizer Turbopump Sensor Locations 
Fig. 111-1 Continued 

> 
m 
O 
O 
■H 
31 
■j 
o 
M 
O 



CO 
OS 

LPUTOP 

TOPVS 

TOPIS 

TOPDF 

PNODP-2 
LOVT 

TOPD-IP 
T0PD-2P 

(POT3) 

TOPD-IP 
TOPD-2P 

(PCT3) 

POPD-IP 
(P03) 

/POIML 
/POIML-L 

■v/    (POIOl 

;>\ vTOIML 
(POT51 

> 
m 
o 
a 
■H 
30 

K9 
O 

f. Oxidizer System Sensor Locations 
Fig. 111-1 Continued 
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UTCD-3 
(FZA3) 

TOJ 
4       (COT1) 

UTCD-1 
(FZAl) 

UTCD-5 
UTCD-6 

POASIJ-T-, 
P0ASIJ-L< 

(103) 

P0J-2L 
POJ 

(C03A) 

cr*    POJ "3 
r    P (C03B) 

PPTD 

TPTU 
PPTU 

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

POJ-1 
(C03) 

PC-IP 
(CGI) 

TFJ-2 
(CFT2a) 

PTM 
PTM-L 
(GG2) 

TTM 
(GGT2) 

PFJ-1 
PFJ-1L 
(CF2) 

PC-2P 
PC-2PL 
(CG1A-1) 

HOT GAS 
TAPOFF TO 
TURBINES 

PFBM 
(CF3) 

UTMR 

IDLE-MODE 
OXIDIZER 
INLET 

TFJ-1P 
(CFT2) 

TFBM 

h. Thrust Chamber Sensor Locations 
Fig. 111-1 Continued 
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as 
CD 

Liquid Oxygen 
from Oxidizer Dome 

Injector Assembly—"Ti^Vj 
Oxidizer Injector 
Pressure 

PFJ-1 
PFJ-1L 
(CF2) 
Fuel Injector 
Pressure 

PFJ 
PFJ 

PC-2P 

0.093-in. Hole 
Hot Gases from 
Thrust Chamber 

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

L0.0135-in. 
Purge Hole 
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m 
O 
o 
H 
30 
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CD 
O 

Tube 494—-, 

TTCT-T4 

Hatbands 

Exit Plane 

TTCT-T3 

Tube 314 TTCT-E1 and E2 

Tube 134 

TTCT-T5 
HCT-Tl and T2 

> 
m 
o 
o 
H 
31 

ro 
o 

View Looking Downstream 

j. Thrust Chamber Sensor Locations 



LTVT 

CO 

PTEM 
(TG5) 

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

PFTHP 
(TGI) 

> m 
O 
O 
H 
x 

o 
lb 
o 
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TSCMF-E 
PCSPTS-2 

(PTS-2) 

PCSPTS-I 
{Prs-D 

TSCMF-I 

PCSPTS-3 
(PTS-3) 

TSCMF-3 

TSCMF-3 

I. Solid-Propeflant Turbine Starter Sensor Locations 
Fig. 111-1  Continued 
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CD 
00 

m.  Solid-Propellant Turbine Starter Conditioning System Sensor Locations 
Fig. 111-1 Continued 
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TFPRS-1AND3- 

TFPRS-2 

n.   Fuel Turbine Sensor Locations 
Fig. 111-1  Continued 
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T0TM-I&2 

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

Thrust Chamber Exit 

OxidizerPump 
Inlet 

Fuel Pump Inlet 

p. Side Load Forces Sensor Locations 
Fig. II1-1  Continued 
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PHEA 
(NN-3) PHRO-IP 

(NN2) 

q. Pneumatic Control Package Sensor Locations 
Fig. 111-1  Continued 
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THET-IP 
CNNT1) 

PHET-IP 
(NN1 

PHET-2P 
(NN1-3) 

r. Helium Tank Sensor Locations 
' Fig. 111-1   Continued 
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TO VENT 

CO 
CD 

PNODP-1 
TNODP-1 

PTCFJP 
TTCP 

s. Customer Connect Panel Sensor Locations 
Fig. 111-1 Continued 
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INSTRUMENTATION 
CABLE TRAY 

t. Test Cell Ambient Temperature Sensor Locations 
Fig. 111-1 Continued 
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OS 

Sk±i£=HH»| 

PORPO 
TORPO 

QORP 

u. S-IVB Battleship Sensor Locations 
Fig. 111-1 Concluded 
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TABLE  111-1 
INSTRUMENTATION LIST 

AEDC 
Code Parameter 

Currant* amp 

ICC Control 

TIC Ignition 

Event 

BASX6-1 Augmented Spark Igniter 
Spark *1 

BASIS-2 Angrnantad Spark Igniter 
Spark -2 

EECL engine Cutoff Lockln 

CBCO Engine Cutoff Signal 

DER Engine Ready Signal 

ras Engine Start Oonnand 

CBSCO Programmed Duration Cutoff 

EPPCO Fuel Pump Overapead 
Cutoff 

Tap 
number 

EFPVC        Fuel Prevalve Closed Limit 

EFFVO        rual Prevalve npen Limit 

EFUA Exploding Brldgaviro 
Firing Units Armed 

EHCS Heliw Control Solenoid 
Energised 

EHOTC        »at Caa Tapof f valve 
Cloaad Limit 

EIIGTO        Hot Caa Tapoff Valva 
Open Limit 

BID Ignition Detected 

EIM-1       Ignition aotect Amplifier 
-1 

EIDA-2      Ignition Detect Amplifier 
-2 

EIHCS        Idle-Mode Control Solenoid 
Energised 

EIHVC        Idlo-ikxla Valve Cloaad 
Limit 

EIHVO        Idle-Mode Valve Open Limit 

ENCL italn-Stags Cutoff Lockln 

EHCO llaiii-Stage Cutoff Signal 

EHCS Hain-Stage Control Solenoid 
Energised 

EHD-1        Hain-Stago  "OR" 
Dopreaaurised -1 

EHD-1 Main-Stage   -'OX" 
Depraasurised -2 

BNFVC        Hain Fuel Valva Cloaad 
Limit 

EMFvo        Main Fuel Valva Open Limit 

EHOVC        Main Oxidiser Valva Cloaad 
Limit 

EMOVO       Main Oxidiser valva Open 
Limit 

EMF-1        llain-Staga  "OR" 
Pressurised -1 

BWP-2 Hain-Stage  "OK" 
Pressurised -2 

EMPCO       Main-Stage Pressure 
Cutoff signal 

EMS Hain-Stage Start Signal 

EMSOD        Main-Stage Programmed 
Duration Cutoff 

EHSS Main-Stage Start 
Solenoid Energised 

Dlgitel 
Data 

Svatem 
Magnetic 

Tape 
Oacillo- 
gfflS 

Strip 
Chart 

Event     X-Y 
recorder Plotter 

o to 10 

0 to 30 

On/Off 

On/Mf 

On/Off 

On/Off 

on/off 

(in/Off 

on/Off 

on/Off 

On/Off 

On/Off 

On/Off 

On/Off 

On/Off 

On/nff 

On/Off 

On/Off 

On/Off 

on/Off 

On/Off 

on/off 

on/Off 

On/nff 

On/Off 

On/Off 

On/nff 

On/Off 

On/Off 

On/nff 

on /Off 

On/Off 

on/off 

On/Off 

On/Off 

On/Off 

On/Off 
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TABLE  II1-1  (Continued* 

AEDC 
Cod» Paranatar 

laco 
Event 

obearver Cutoff Signal 

EOPOO Oxidlier Pump Overapaed 
Cutoff Signal 

Eorvc Oxidizar Pravalve 
Cloaad Linlt 

EOPVO Oxidlier Pravalve 
Opan Llnilt 

EOTCO Fual Turbine Ovar- 
Teaperature Cutoff 

ERASIS 1 Augmented Spark Igniter 
Spark Rate -1 

ERASIS- 2 Augmented Spark Igniter 
Spark Rat» -2 

ES1H1 NO.  1 Solld-Propallant 

Tap 
Hunber 

EE1N2 

ZS2M1 

ESR-1 

ESR-2 

ESR-J 

Turblna Starter Ex- 
ploding Bridge Hire 
Monitor 1 

Mo.   1 Solld-Propallant 
Turblna Starter Ex- 
ploding Bridge Hira 
Monitor 2 

No. 2 Solld-Propallant 
Turbine starter Ex- 
ploding Bridge wire' 
Monitor t 

NO.  2' Solid-Propellent 
Turblna starter Ex- 
ploding Bridga Mira 
Monitor 2 

No.  2 Solld-Propallant 
Turblna Starter Ex- 
ploding Bridge Hire 
Monitor 1 

No. 9 Solld-Propallant 
Turbine Starter Ex- 
ploding Bridga Wire 
Monitor 2 

Stall Approach Monitor 
Cutoff 

Solld-Propallant 
Turblna Starter 
Initiated 

Solld-Propallant Turblna 
starter 1 Ready 

Solid-Propellent Turbine 
8terter'2  Ready 

Sol id-Propellent Turbine 
Starter 3 Ready 

■tart ••OX" Tiaar 
Cutoff Signal 

Thrust Chamber Bypaea 
Valve Cloeed 

Throat Chamber Bypaea 
Valve Open 

EVSC-1 Vibration Safety Counta -1 

EVSC-2 Vibration Safety Counta -2 

BVSC-3 Vibration Safety Counta -1 

Plove f  gnn 

or-i Engine Fuel PPT 

or-2 Engine Fuel PFFa 

OP-3 Engine Fuel PFF 

07- IMkf   Stall Approach Monitor 

QO-1 Engine Oxidlier POP 

00-3 Engine Oxidlier FOFe 

00-3 Engine Oxidleer POP 

Range 

Digital 
Data 

Syatan 

On/Off 

On/Off 

On/Off ,.               X 

On/Off X 

on/off 

On/Off 

On/Off 

On/Off X 

Magnetic     Oaeillo-      strip 
Tape graph Chart 

Event X-y 
Recorder   Plotter 

OORP <1) Oxidlier Raoirculation 
Syatan 

On/off 

On/Off 

On/Off 

On/Off 

On/Off 

On/Off 

Or/Off 

On/Off 

On/Off 

On/Off 

On /Off 

On/off 

On/Off 

On/Off 

on/off 

On/off 

0 to 11,000 

0 to 11,000 

0 to 11,000 

0 to 370 

0 to 3,«00 

0 to 3,600 

0 to 3,600 

0 to so 
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TABLE  II1-1 (Continued) 

Tap 
Number 

nlnltal 
Data 

Pang» Byatam 
Magnetic     Oseillo-      atrip 

Tap« jraph__   _Chart_ 

Forcea,   Ibf 

rap-1       aw« Load (Pitch) 

P8t-1 Rids Load  (*a«r) 

FI-H Axial Thraat 

FS-L Axial Thmat 

420,000 x 

»20,000 x 

0 to 100,000 x 

«10,000 X 

Position, Percent open | 

LPVT 

Ll.1T 

LOVT 

LFUTOP 

Thruat Chamber 
Bypass valve 

Hain Pual viln 

Idle node/Augmented Spark 
Igniter Oxldlior Valve 

Main-Oxldiser Valva 

Propellent Dtiliaation 
Valva 

Hot Gaa TapofC Valva 

0 to 100 

0 to 100 

0 to 100 

S volt» 

Pressure, pala 

»•1 Taat Cell 

PA-2 Teat Call 

PA-1 Taat Call 

PC-IP Thraat Chanbar 

PC-2P Thruat Chamber 

PC-2PL Thruat Chaabar 

PCBPTS-1 Solid-Propallant 
Turbine starter 
Chanbar 1 

PCRPTS-2 Solid-Propallant 
Turbine starter 
Chanbar 2 

PCSPTS-3 Solid-Propallant 
Turbine starter 
Chamber  3 

PFBH Thrust Chanbar 
Bypass 'lanifald 

PPC0> Film Coolant Orifice 

PFCO-L Pi In Coolant Orifice 

PPCVI Pi In Coolant Venturl 
Inlet 

PFCVI-L Piln Coolant Venturl 
Inlet 

PPCVI Piln Coolant Venturl 
Throat 

PPCVT-L Film Coolant Venturl 
Throat 

PPJ-1 Fuel Injection 

PPJ-1L Fuel Injection 

PPMI Fuel Jacket 
Kanlfold Inlet 

PPHI-L Foal Jacket Hani fold 
Inlet 
Fuel Pimp Balance 
Piston Cavity 

PFPBS Pual Pnnp Balance 
Platon Sunp 

PFPO-1L Pual Pomp Oiacharge 

PPPD-1P Fual Pump Discharge 

FFPX-1 Fuel Pimp Inlet 

PFPI-2 Fuel Pimp Inlot 

PFPI-3 Fuel Pimp Inlet 

PFPRB Fuel Pimp Rear Bearing 
Coolant 

CG1 

CSIa 

COia-1 

PTS-1 

CF3 

CP4 

CF4 

CP7 

CF7 

CT6 

CF« 

CP1 

CP1 

PFS 

PP4 

PF3 

PPJ 

PP1 

Fuel Pump Interstage 

0 to 0.5 

0 to 1.0 

0 to 5.0 

0 to 1500 

0 to 1500 

0 to 50 

0 to 5000 

0 to 5000 

O to 5000 

9 to 1500 

0 to 2000 

0 to 50 

0 to 2000 

0 to 50 

0 to 2000 

0 to 50 

0 to 1500 

0 to SO 

0 to 2000 

0 to 50 

0 to 2000 

0 to 1000 

0 to 50 

0 to 2500 

0 to 100 

0 to 100 

0 to 100 

0 to 1000 

0 to 1000 

x<3> 

(3) 
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TABLE 111-1  (Continued) 

AEDC 
god« Parameter 

Tap 
number ">i «nan 

ligltal 
Data 

Syeton 
Magnetic 

Tape 
nacillo-       Strip 

graph           Chart 
Event            X-y 

Recorder    Plotter 

Proaaurc,  psia 

PFTSI Fuel rump SJiroud Inlet 0 to 3500 X 
„(3) 

PPTI-1P Fuel Turbine Inlet TG1 a to 1000 X X 

PFTO Puel Turbine Outlet •re; 0 to 200 ■ 
PFTSC Puel Turbine Seal Cavity TGI 3 0 to 500 X 

PFUT Puel Ullage Tank 0 to 100 X 

PFVC Puel ^cprossurlzation  at 
Customer Connect Panel 

0 to 2000 X 

PfVI ruel repressurizatloa 
Kozzlo Inlet 

KHF1 0 to 2030 X 

PFVL Fuel Ropressurization 
Mozzle Throat 

KIIP2 0 to 1000 X 

PKEA Helium Accumulator !IM] 0 to 750 X 

PHECMO Helium Control Module 0 to 750 X 

PHES Helium Supply 0 to 5000 X 

PHZT-1F Helium Tank NN1-1 0 to SOOO X X 

PHET-2P Helium Tank IIH1-3 0 to 5003 X 

PHRO-1P Helium Regulator Outlet NH2 0 to 750 X 

PNODP-1 Oxidizer Dome Purge at 
Customer Connect Panel 

0 to 750 X 

PNODP-2 Oxidizer Don« Purge at 
Customer Connect Panel 

3 to 1500 X 

POASIJ Augnentod Spark igniter 
Oxidiier Injection 

IDS 0 to 1500 X X 

POIML Oxidizer Idle-node 
Lino 

P310 0 to 2300 X 

POUIL-L Oxidizer  Idle-Mode 
Line 

P010 0 to 50 X 

POJ-1_ Oxidizor Injection C03 0 to 1S00 X 

POJ-2 Oxidixer Injection COla 0 to 1S00 X X 

P0J-2L Oxidizer Injection COla 0 to 50 X x<"> 

POJ-3 Oxidizer Injection C03b 0 to 2003 X X 

FOPBC Oxidiier Pimp Bo«ring 
Coolant 

0  to  500 

POPD-1L    Oxidiser Punp Discharge 

POP3-1P     Oxidizor Puaip Discharge 

POPD-2       Oxidizer  Pump Discharge 

Oxidiier Pump Inlet 

Oxidizor Pump Inlet 

oxidiier Punp Inlet 

POPX-1 

popr-2 

POPI-1 

POPSC Oxidizer Punp Primary 
Seal Cavity 

PORPO. 3Oxidiser lecirculation 
Pirnp Outlet 

POTI-1P    Oxidizer Turbine Inlet 

POTO-1P    Oxidiier Turbine Outlet 

Oxidiier uilago Tank POUT 

PPTD Photocon Cooling Hater 
(Downstream) 

Photocon Cooling Water 
(Upstream) 

Propellent Utilization 
Valve Inlet 

P03 0 to 50 

POS 0 to 2500 

P02 0 to 3500 

POl 0 to 100 

0 to 100 

POIa 0 to 100 

P06 0 to 50 

0 to 100 

TG3 0 to 200 

TG4 0 to 100 

0 to 100 

0 to 100 

0 to 100 

POB 0 to 2000 
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TABLE  II1-1  (Continued) 

AEDC 
Cod« Parameter 

Tap 
Number 

t-reeaure,  ;>ala 

PPUVO 

PTCPJP 

Propellent utilisation 
Valve Outlet 

Thrust Chamber Pual 

P09 

Digital 
l>ita 

Fange    Syatein 
"agnetic  Oacillo- 

Tano     graph 
Strip 
Chart 

Event X-Y 
a.icorüur    Plotter 

PTM 

rm-L 

Jacket Purge 

Turbine Exhaust Hani fold 

Tapoff Manifold 

Tapoff Manifold 

Speeds, rpn 

T05 

GGT2 

002 

HPP-1 Fuel Punp 

»PP-2 Puel Punp 

.SPP-3 Pual Punp 

N0P-1 Oxldiser Punp 

NOP-2 Oxidiser Punp 

NOP-3 Oxidiser Punp 

Temperatures,     P 

Teat Cell, North 

Test Cell, East 

Test Cell ,■ South 

Teat cell, Rest 

"TA-1 

TA-2 

TA-1 

TA-4 

TECT-1P    Electrical Control 
Assembly 

TPASXJ      Augmented Spark Igniter 
Fuel    Injection 

TFBHtt      Tbruat Chamber Bypass 
Manifold 

TFCO Filn Coolant Orifice 

TFD-Avg    Fire Detection 

rire Detect Puel Turbine 
Manifold Area 

NSTla 

IPT 

GG2b 

IPT1 

TPDMPVA Pire Detaet Hain Pual 
Valve Area 

TTDMOVA rire Detect Main 
cuddlier Valve Area 

TPDOBA Plre Detect Oxidizer 
Dona Area 

TPDTDA Pire Detect Tapoff 
Duct Area 

TPJ-1P Puel Xnlectian 

Tpj-ap Puel Injection 

TFPBS Puel Punp Balance 
Piston Sump 

TPPD-1P Puel Pump Discharge 

TPPD-2P Fuel Pump Dishcarga 

TPPD-3 Fuel Pump Discharge 

TFPD-4 Fuel Pump Discharge 

TFPI-1 Fuel Pump Inlet 

TPPI-2 Fuel Pump Inlet 

TFPRS-1 Fuel Pump Rear Support 

TFPRS-2 Fuel Pump Rear Support 

TFPRS-3 Fuel Punp Resr Support 

TFRT-1 Fuel Run Tank 

TFRT-3 Fuel Run Tank 

TFTI-3 Fuel Turbine Inlet 

TPTI-4 Fuel Turbine Inlet 

TPTO Fuel Turbine Outlet 

PPT1 

prri 

PF3 

PF3 

KFT2 

XFT2a 

0  to  1000 

a to 2oo 

a to so 

0   to  1500 

0   to  50 

0 to 33000 

0 to 33000 

0 to 33000 

0 to 12000 

0 to 12000 

0  to  12000 

-50  to  800 

■SO  to  B00 

•SO  to 800 

-SO to  BOO 

•300 to 200 

•425 to 100 

-440 to 300 

-44u tu 500 

0  to 1000 

0  tn 500 

0  to 500 

0  to 500 

0  to 500 

0  tn 500 

-425 to -300 

-425 to 100 

-425 to 100 

-425 to -900 

-425 to 100 

-425 to -390 

•425 to 100 

-42S to -400 

-425 to 100 

-400 to 1800 

-400 to 1800 

-400 to 1800 

-425 to -400 

•425 to •400 

-300 to 2400 

-300 to 2000 

-100 to 1200 

.») 

.«) 

,<2) 
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TABLE  111-1  (Continued) 

MDC 
Cod« 

Tamper. 

TFVC Fuel Repreaaurliation at 
Customer Connect Panel 

TFVL Pual Reprassurixation 
Xoslls Inlet 

TKET-1P    Helium Tank 

TLCS-E'" Load Cell Surface Eaat 

TLCS-B'     Load Coll Surface North 

TMFVS-1    Main rual Valve Skin 
(Outer Hall) 

2    Hain Fuel Valve Skin 
(Inner Wall) 

TNODP-1    Oxldlier Done Forge at 
Cuatoaar Connect Panel 

TNODF-2    Oxldirar Dome Purge at 
Customer Connect Panel 

IOIML       Oxldlier Idle node Line 

TOJ Oxldlier Injection 

TOFBC        Oxldlier Pump Bearing 
Coolant 

TOPD-1P    Oxldlier Pump Diaeharge 

TOPD-2P    Oxldlier Pump Diacharge 

TOP DP 

TQPI-1 

Oxldlier Pump Discharge 
Flange 

Oxldlier Pump Inlet 

Oxldlier Pump Inlet TOPI-2 

TOPIS    -  Oxldlier Pump Inlet Seal 

TOPVS        Oxldlier Pump volute Skin 

TORPO       Oxldlier Pump Kecirculation 
Outlet 

TORT-1 Oxidiaer  Run Tank 

TORT-3 Oxldlier Run Tank 

TOTI-1P " Oxldlier Turbine  Inlet 

TOTH-1 Oxldlier Turbine Manifold 

TOTN-2 Oxldlier Turbine Manifold 

T0T0-1P Oxldlier Turbine Outlet 

TPIP-1P Inatrumentation Package 

TPTU Photoeon Cooling Hater 
(Upstream) 

TSCGÄ-1     Solid-Propellant Turbine 
Startur Cond.  Uas  1 

TSCGA-2     Sol*d-Pro;>cllant  Turbine 
Staxtor Conü.   Gas   2 

TSCGA-3    Solid-Propellant 
Turbine Starter Cond. 
Gas  3 

TSCMP-1    Solid-Propellant Turbine 
Starter Caaa 'fount rlange 

TSCMP-2    Solid-Propellant 
Turbine Starter Case 
Jtount Flange 

TSCMF-3    SolId-Propellaut Turbine 
Starter Case Mount Plango 

TTCIS-T- Thrust Chamber Internal 
Skin 

TTCIS-r Thrust Chamber Internal 
Skin 

TTCIS-3T Thrust Chamber Internal 
Skin   - 

TTCIS-r Thruat Chamber    Internal 
Skin 

TTCIS-6<1«rhrUBt Chamber Intornal 
Skin 

KT Thrust Chamber Purgo 

Tap 
number Range 

-100 to -mo 

nigltal 
Data 
Syston 

X 

Magnetic 
Tape 

Oscillo- 
graph 

Strip 
Chart 

Event     X-Y 
Pecorder  Plotter 

KKPTI -ISO to -100 X 

NNT1 -200 

• 240 

•240 

to 

to 

to 

300 

300 

300 

X 

X 

X 

X 

"•425 to 100 X X 

•425 to 100 X X 

•2S0 to 200 X 

-250 to 200 X 

POTS •300 to 100 X 

COT1 -300 to 1200 X X x<" 

POT4 -300 to 1950 X s 

POT] -300 to -250 X 

POT3 •300 

•300 

to 

to 

100 

100 

X 

X 

KOT2 -110 to •250 X X 

X0T2a -310 

-310 

-300 

•300 

-300 

-300 

to 

to 

to 

to 

to 

to 

100 

100 

100 

-250 

-285 

-295 

X 

X 

X 

X 

X 

X 

X 

■ruT2 0 to 1200 X 

-300 to 1000 X 

-300 to 10O0 X 

TGT4 0 to 1000 X 

•300 to 200 X 

0 to 300 X 

•100 to 300 X 

-100 to 300 X 

-10O to 300 X 

-300 to 23B2 X 

-300 to 2382 X 

•300 to 23S2 X 

•425 to 100 X 

-42S to 100 X 

-42S tn 100 X 

-423 to 100 X 

•425 to 2 00 X 

•■2S0 to 200 X 
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TABLE  UM  (Concluded) 

AEBC 
Cod« Parameter 

Tap 
Huabar Range 

Digital 
Data 

System 
Magnetic 

Tape 
oeelllo- 
.graph 

■trip           Event           x-x 
Chart         Recorder     Platte 

Tenperaturea, °p 

TTCT-E1 Thrust Chanbar Tub* (Exit) •429 to 500 X 

TTCT-E2 Thrust Chanbar Tuba  (Exit) • 425 to SOD X 

rrct-Ti Thruat Chamber Tuba 
(Throat) 

-425 to 500 X ,(.) 

TTCT-T2 Thruat Chanbar Tuba 
(Throat) 

-425 to 500 X „«) 
TTCT-T3 Thruat Chanbar Tuba 

(Throat) 
-425 to 500 X 

TTCT-T4 Thruat Chanbar Tube 
(Throat) 

-425 to 500 X 

TTCT-TS Thruat Chamber Tuba 
(Throat) 

-425 to 500 X 

TTH Topoff Manifold 

Peak vibrationa,  o 

0  to 2000 X X K 

UOPR Oxidiaar Punp Radial PSA-5 300 peak 

CTCD-1 Thruat Chanbar Done FLA-la 1400 peak X 

UTCD-2 Thruat Chanbar Done FU-2 1400 peak X 

OTCD-3 Thruat Chamber Done Pin-3 300 peak X 

UTCD-4 Thruat Chanbar Dona 1400 peak 

UTCO-S Thruat Chamber Dona 1430 peak 

UTCD-6 Thruat Chanbar Dona 1400 peek 

UTNR Tapofr Manifold Radial 300 peak 

Voltage»  volts 

VCB Control BUB 0 to 36 X 

VIB Ignition  Bus 0 to 36 X 

VIDA-1 Ignition Detect Amplifier 9 to 16 X 

VI DA-2 Ignition Detect Amplifier 9 to 16 X 

VPUVEP Propellent Utilisation 
Valve Telemetry 
Potentiometer Excitation 

0 to 5 X 

[11 Required for J4-1001-11 only 
(2) Required for J4-1001-15 only 
(3) Required for J4-1001-06, 07, and 11 only 
(4) Required for J4-1001-06 and 07 only 
15) Required for J4-1001-06, 07, and 15 only 
(6) Required for J4-1001-07, 11, and 15 only 
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APPENDIX IV 
METHODS OF CALCULATIONS 

NOMENCLATURE 

A Area, sq in. 

C* Characteristic velocity, ft/sec 

F Thrust, lbf 

g Gravitational constant, 32.174 lbm-ft/lbf-sec2 

I Impulse, sec 

MR Mixture ratio, by weight 

P Pressure, psia 

W Flow rate, lbm/sec 

P Density, lbm/cu ft 

SUBSCRIPTS 

a Ambient 

c Chamber 

e Exit 

f Fuel 

o Oxidizer 

sp Specific 

t Total 

vac Vacuum  • 

SUPERSCRIPTS 

* Throat 
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CALCULATIONS 

I.   MAINSTAGE PERFORMANCE 

Flow Rates 

Total Propellant Flow Rate 

Wt = Wf + W0 

Mixture Ratio 

Total Propellant Mixture Ratio 

Wo 
MR = ■—■ 

Wf 

Vacuum Thrust 

Fvac  = [193.73  + 3.34 (MR)] Pc + Pa Ae 

where Ae = 4643.3 sq in. 

Vacuum Specific Impulse 

IT 

(I      ) 

Characteristic Velocity 

'sp'vac TO 

PcA*g 
C*  = 

w« 

where A* = 117.1 in.2 

II.   PROPELLANT FLOW RATES 

Propellant flow rates are based on engine flowmeter constants supplied by 
the engine manufacturer: 5.50 and 2.00 Hz per gal for the oxidizer and fuel, 
respectively. Propellant properties for conversion of volumetric to weight flow were 
obtained from Refs. 9 and 10 for hydrogen and oxygen, respectively. 
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