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FOREWORD

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

The results of the tests presented were obtained by ARO, Inc.
(a subsidiary of Sverdrup & Parcel and Associates, Inc.), contract
operator of the Arnold Engineering Development Center (AEDC),
Air Force Systems Command (AFSC), Arnold Air Force Station,
Tennessee, under Contract F40600-69-C-0001, Program direction
was provided by NASA/MSFC; engineering liaison was provided by
North American Rockwell Corporation, Rocketdyne Division, manu-
facturer of the J-2 rocket engine, and McDonnell Douglas Corpora-
tion, Missile and Space Systems Division, manufacturer of the S-IVB
stage. The testing reported herein was conducted between June 19
and July 11, 1968, in Propulsion Engine Test Cell (J-4) of the Large
Rocket Facility (LRF) under ARO Project No. KA1801 and KA1901,
The manuscript was submitted for publication on September 12, 1968.

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 (I-E-J), or higher authority. Private individuals or firms
require a Department of State export license,

This technical report has been reviewed and is approved.

Edgar D. Smith Roy R. Croy, Jr.
Major, USAF Colonel, USAF
AT Representative, LRF Director of Test

Directorate of Test
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ABSTRACT

Sixteen firings of the Rocketdyne J-2 rocket engine (S/N J-2036-1)
were conducted during four test periods (J4-1801-42 through J4-1901-
02) between June 18 and July 11, 1968, in Test Cell J-4 of the Large
Rocket Facility, This testing was in support of the J-2 engine applica-
tion on the S-II stage of the Saturn V vehicle, The firings were con-
ducted utilizing the specially configured low pressure fuel duct designed
to simulate the S-1I center engine low pressure fuel duct fluid dynamics.
The firings were accomplished at pressure altitudes of approximately
100, 000 ft at engine start. The primary objective of these firings was
to evaluate the augmented spark igniter modified per Rocketdyne
Engineering Change Proposal J2-643. Engine components were ther-
mally conditioned to predicted S-1II interstage/engine temperatures.
Engine operation was satisfactory on all firings except firing 02D, on
which ignition was not detected in the augmented spark igniter. Total
accumulated firing duration for the four test periods was 197, 0 sec.
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2 rocket engine using an S-IVB battle-
ship stage has been in progress since July, 1966, at AEDC in support
of the J-2 engine application on the Saturn IB and Saturn V launch
vehicles for the NASA Apollo Program. The 16 firings reported herein
were conducted during test periods J4-1801-42 through J4-1901-02
between June 19 and July 11, 1968, in Propulsion Engine Test Cell
(J-4) (Figs. 1 and 2, Appendix I) of the Large Rocket Facility (LRF).

The main objective of these firings.was to evaluate the performance
of a modified augmented spark igniter (ASI) system resulting from the
apparent failure of the augmented spark igniter propellant system on
flight AS-502, The firings were conducted at pressure altitudes ranging
from 90, 000 to 108, 000 ft (geometric pressure altitude, Z, Ref. 1) at
engine start. The specially configured duct (Ref. 2) designed to simu-
late the S-II center engine low pressure fuel duct fluid dynamic charac-
teristics was utilized for this test series. Engine components were
conditioned to predicted S-II interstage/engine temperatures. Data
collected to accomplish the test objectives are presented herein., The
results of the previous test period are presented in Ref. 3.

SECTION 1)
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2 rocket engine (Fig. 3) designed and
developed by Rocketdyne Division of North American Rockwell Corpora-
tion. This engine uses liquid oxygen and liquid hydrogen as propellants
and has a thrust rating of 230, 000 1bs at a mixture (oxidizer-to-fuel)
ratio of 5.5. The engine, as received at AEDC, was designated S/N
J-2036-1, signifying that it is a rebuilt engine. In rebuilding, modifi-
cations were performed to configure the engine identically with engine
S/N J-2072, and subsequent engines; in addition, a Photocon® pressure
transducer was installed on the oxidizer dome to measure oxidizer in-
jector pressure; and the augmented spark igniter was modified per
Rocketdyne Engineering Change Proposal J2-643. An S-IVB battleship
stage was used to supply propellants to the engine. The S-IVB low
pressure fuel duct was replaced with a specially configured duct (Fig. 4)
to simulate S-II stage center engine fuel flow dynamics; however, the
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standard S-1IVB low pressure oxidizer duct remained in use. A sche-
matic of the battleship stage is presented in Fig. 5.

Listings of major engine components and engine orifices for this
test series are presented in Tables I and II, respectively (Appendix II).
All engine modifications and component replacements performed since
the previous test period are presented in Tables IIl and IV, respectively.

2.1.1 J-2 Rocket Engine

The J-2 rocket engine (Figs. 3 and 6, Ref. 4) features the following
major components:

1.

Thrust Chamber - The tubular-walled, bell-shaped thrust
chamber consists of an 18, 6-in. -diam combustion chamber

(8.0 in. long from the injector mounting to the throat inlet)

with a characteristic length {L¥) of 24.6 in., a 170, 4-in,2
throat area, and a divergent nozzle with an expansion ratio of
27.1. Thrust chamber length (from the injector flange to the
nozzle exit) is 107 in. Cooling is accomplished by the circula-
tion of engine fuel flow downward from the fuel manifold through
180 tubes and then upward through 360 tubes to the injector.

Thrust Chamber Injector - The injector is a concentric-orificed
(concentric fuel orifices around the oxidizer post orifices),
porous-faced injector. Fuel and oxidizer injector orifice areas
are 25.0 and 16.0 in.z, respectively. The porous material,
forming the injector face, allows approximately 3.5 percent of
total fuel flow to transpiration cool the face of the injector.

Augmented Spark Igniter - The augmented spark igniter unit is
mounted on the thrust chamber injector and supplies the initial
energy source to ignite propellants in the main combustion
chamber. The augmented spark igniter chamber is an integral
part of the thrust chamber injector. Fuel and oxidizer are ig-
nited in the combustion area by two spark plugs.

Fuel Turbopump - The turbopump is composed of a two-stage
turbine-stator assembly, an inducer, and a seven-stage axial-
flow pump. The pump is self lubricated and nominally produces,
at rated conditions, a head rise of 38, 215 ft (1248 psia) of liquid
hydrogen at a flow rate of 8585 gpm for a rotor speed of

27, 265 rpm.

Oxidizer Turbopump - The turbopump is composed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self lubricated and nominally produces, at
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rated conditions, a head rise of 2170 ft (1107 psia) of liquid
oxygen at a flow rate of 2965 gpm for a rotor speed of 8688 rpm.

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

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

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

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

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

Main Oxidizer Valve - The main oxidizer valve is a pneumatically
actuated, two-stage, butterfly-type valve located in the oxidizer
high pressure duct between the turbopump and the main injector.
The first-stage actuator positions the main oxidizer valve at

the 14-deg position to obtain initial thrust chamber ignition; the
second-stage actuator ramps the main oxidizer valve full open

to accelerate the engine to main-stage operation,

Main Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pressure
duct between the turbopump and the fuel manifold.
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13. Pneumatic Control Package - The pneumatic control package
controls all pneumatically operated engine valves and purges.

14, Electrical Control Assembly - The electrical control assembly
provides the electrical logic required for proper sequencing of
engine components during operation.

15. Primary and Auxiliary Flight Instrumentation Packages - The
instrumentation packages contain sensors required to monitor
critical engine parameters. The packages provide environ-
mental control for the sensors.

2.1.2 S-1VB Battleship Stage

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

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

2.2 TEST CELL

Test Cell J-4, Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion sys-
tems at pressure altitudes of 100, 000 ft. The basic cell construction
provides a 1, 5-million-lbg-thrust capacity. The cell consists of four
major components (1) test capsule, 48 ft in diameter and 82 ft in height,
situated at grade level and containing the test article; (2) spray chamber,
100 ft in diameter and 250 ft in depth, located directly beneath the test
capsule to provide exhaust gas cooling and dehumidification; (3) coolant
water, steam, nitrogen (gaseous and liquid), hydrogen (gaseous and
liquid), and liquid oxygen and gaseous helium storage and delivery sys-
tems for operation of the cell and test article; and (4) control building,
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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. 5.

The battleship stage and the J-2 engine were oriented vertically
downward on the centerline of the diffuser-steam ejector assembly.
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft
in length), a centerbody steam ejector within the diffuser duct, a dif-
fuser insert (13.5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert. The diffuser insert was provided for dynamic pressure recovery
of the engine exhaust gases and to maintain engine ambient pressure alti-
tude (attained by the steam ejector) during the engine firing. The annular
ejector was provided to suppress steam recirculation into the test cap-
sule 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 repressuriza-
tion 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 distribu-
tion manifold for initially inerting the spray chamber and exhaust duct-
ing and for increasing the molecular weight of the hydrogen-rich exhaust
products.

An engine component conditioning system was provided for tem-
perature conditioning engine components. The conditioning system
utilized a liquid hydrogen-helium heat exchanger to provide cold helium
gas for component conditioning. Engine components requiring tempera-
ture conditioning were the thrust chamber, crossover duct, start tank
discharge valve, main oxidizer valve second-stage actuator, and low
pressure fuel duct. Helium was routed internally through the crossover
duct and tubular-walled thrust chamber and externally over the start tank
discharge valve. Main oxidizer valve conditioning was achieved by open-
ing the prevalves and permitting propellants into the engine. The low
pressure fuel duct was conditioned with the heater tape as shown in
Fig, 4.

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised of
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(1) flight instrumentation for the measurement of critical engine param-
eters 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 manu-
facturer; facility instrumentation was initially calibrated and periodically
recalibrated at AEDC, Appendix IIl contains a list of all measured test
parameters and the locations of selected sensing points.

Pressure measurements were made using strain-gage-type pres-
sure transducers and a capacitance-type Photocon transducer. Tem-
perature measurements were made using resistance temperature trans-
ducers 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. The propellant recirculation flow rates were also
monitored with turbine-type flowmeters. Vibrations were measured by
accelerometers mounted on the oxidizer injector dome and on the turbo-
pumps. Primary engine and stage valves were instrumented with linear
potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers and
resistance temperature transducer units; (2) voltage substitution for the
thermocouples; (3) frequency substitution for shaft speeds and flow-

meters; and (4) frequency-voltage substitution for accelerometers and
Photocon unit.

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

2.4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect the
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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. 7. The
sequence of engine events for a normal start and shutdown is presented
in Figs. 8a and b. Two control logics for sequencing the stage pre-
valves and recirculation systems with engine start for simulating engine
flight start sequences are presented in Figs. 8c and d.

SECTION Il
PROCEDURE '

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

Oxidizer dome, gas generator oxidizer injector, and thrust chamber
jacket purges were initiated before evacuating the test cell. After com-
pletion of instrumentation calibrations at atmospheric conditions, the test
cell was evacuated to approximately 0.5 psia with the exhaust machinery,
and instrumentation calibrations at altitude conditions were conducted.
Immediately before loading propellants on board the vehicle, the cell and
exhaust-ducting atmosphere was inerted. At this same time, the cell
nitrogen purge was initiated for the duration of the test period, except
for the engine firing. The vehicle propellant tanks were then loaded,
and the remainder of the terminal countdown was conducted. Tempera-
ture conditioning of the various engine components was accomplished
as required, using the facility-supplied engine component conditioning
system. Engine components which required temperature conditioning
were the thrust chamber, the crossover duct, start tank discharge valve,
main oxidizer valve second-stage actuator, and low pressure fuel duct.
Table V presents the engine purges and thermal conditioning operations
during the terminal countdown and immediately following the engine firing.
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SECTION IV
RESULTS AND DISCUSSION

4.1 TEST SUMMARY
4.1.1 General

Sixteen firings of the Rocketdyne J-2 rocket engine (S/N J-2036-1)
were conducted during test periods J4-1801-42 through J4-1901-02 be-
tween June 19 and July 11, 1968. The principle objective of these test
periods was to evaluate augmented spark igniter operation utilizing a
modified propellant supply system. Secondary objectives included
verification of S-II start transients with below minimum engine model
specification fuel pump NPSH (Ref. 6) and investigation of oxidizer
dome pressure oscillations during the start transient. A Photocon
pressure transducer was installed on the oxidizer dome in order to in-
vestigate these pressure oscillations.

Test requirements and specific test results are summarized in
Table VI. Start and shutdown transient operating times for selected
engine valves are shown in Table VII. Calculated engine steady-state
performance data are shown in Table VIII. Figure 9 shows engine start
conditions for the pump inlets and the start tank for all firings. Ther-
mal conditioning history of engine components, engine ambient and
combustion chamber pressures experienced during the firings, engine
start and shutdown transients, fuel pump start transient performance,
and low pressure fuel duct performance are presented in Figs. 10
through 89, Specific test objectives and a brief summary of results
obtained for each firing are presented in the following sections.

4.1.2 Firing J4-1801-42A
4.1.2.1 Objectives

Objectives were to evaluate (1) the influence of altitude environment
on engine start transient operation by comparing altitude to sea-level
acceptance data and (2) the operation of the augmented spark igniter with
propellant supply lines orificed for minimum mixture ratio.

4.1.2.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. The influence of altitude
environment on engine start transient operation could not be determined
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because of the difference in fuel lead, thrust chamber temperature, and
start tank gas condition at engine start. Actual starting conditions for
firing 42A and the sea-level acceptance firing are compared in Table
IX. Augmented spark igniter system operation was satisfactory; igni-
tion was detected 276 msec after engine start.

4.1.3 Firing J4-1801-42B
4.1.3.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump
NPSH (125-ft) on the engine start transient utilizing 1380-psia and -270°F
start tank gas conditions and -275°F thrust chamber temperature at
engine start and (2) the operation of the modified augmented spark igniter
with propellant supply lines orificed for minimum mixture ratio.

4.1.3.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. Fuel pump cavitation was
realized until shortly after oxidizer dome prime, but no adverse effects
on engine start transient were observed during the cavitation period.
The gas generator outlet temperaturé experienced a transient peak of
1940°F. The fuel pump stall margin during start tank discharge was
1610 gpm. A comparison with other test results indicates a tendency
for higher gas generator transient temperatures and reduced fuel pump
stall margin during start tank discharge with low fuel pump NPSH,
Augmented spark igniter system operation was satisfactory; ignition
was detected 210 msec after engine start.

4.1.4 Firing J4-1801-42C
4.1.4.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump
NPSH (125-ft) at engine start on the engine start transient utilizing
1380-psia and -270°F start tank conditions and -150°F thrust chamber
temperature conditions and (2) the operation of the augmented spark
igniter with propellant supply lines orificed for minimum mixture ratio.

4.1.4.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. The minimum fuel pump
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stall margin during start tank discharge was 1410 gpm (200 gpm lower
than on firing 42B because of thrust chamber temperature). Fuel pump
cavitation was realized until shortly after oxidizer.dome prime, but no
adverse effects on the engine start transient were observed during the
cavitation period, Thrust chamber temperature did not have a signifi-
cant effect on fuel pump cavitation, as shown by comparing firings 42B
and 42C. Augmented spark igniter system operation was satisfactory;
ignition was detected 265 msec after engine start,

4.,1.5 Firing J4-1801-42D
4.1.5.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump
NPSH (125-ft) on the engine start transient utilizing 1300-psia and
-300°F start tank gas conditions and 150°F thrust chamber temperature
at engine start and (2) the operation of the modified augmented spark
igniter with propellant supply lines orificed for minimum mixture ratio.

4.1.5.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. Fuel pump cavitation was
realized until shortly after oxidizer dome prime, but no adverse effects
on engine start transients were observed. Different start tank gas con-
ditions had an insignificant effect on fuel pump cavitation, as shown by
comparison of firings 42C and 42D. Augmented spark igniter system
operation was satisfactory; ignition was detected 430 msec after engine
start,

4.1.6 Firing J4-1801-42E

4.1.6.1 Objectives

Objectives were to evaluate augmented spark igniter ignition charac-
teristics utilizing maximum fuel pump inlet pressure (41-psia), mini-
mum oxidizer pump inlet pressure (33-psia), and -275°F thrust chamber
temperature at engine start with the augmented spark igniter propellant
supply lines orificed for minimum mixture ratio.

4.1.6.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. Augmented spark igniter
system operation was satisfactory; ignition was detected 434 msec after
engine start.

10
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4.1.7 Firing J4-1801-43A
4.1.7.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump
NPSH (125-ft) on the engine start transient utilizing 1300-psia and - 300°F
start tank gas conditions and -275°F thrust chamber temperature at engine
start and (2) the operation of the augmented spark igniter system with pro-
pellant supply lines orificed for maximum mixture ratio.

4,1.7.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily met. The fuel pump showed cavitation
tendency until shortly after oxidizer dome prime; however, no adverse
effects on start transients were noted. Gas generator outlet initial peak
temperature was 2080°F. Comparison of this peak temperature with other
firings indicates a trend for higher peak temperatures with lower NPSH
values. Augmented spark igniter system operation was satisfactory;
ignition was detected 228 msec after engine start. Orifice size (i.e.,
mixture ratio) appeared to have little effect on ignition detect time as com-
pared to firing 42B.

4.1.8 Firing J4-1801-43B
4.1.8.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump NPSH
(125-ft) on fuel pump stall margin during start tank discharge and gas
generator outlet temperature transients utilizing 1400-psia and -240°F
start tank gas conditions and -150°F thrust chamber temperature at engine
start and (2) operation of the modified augmented spark igniter with pro-
pellant supply lines orificed for maximum mixture ratio.

4,1.8.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. Fuel pump minimum stall
margin during start tank discharge was 1490 gpm. Fuel pump cavitation
was observed until shortly after oxidizer dome prime. The gas gen-
erator outlet first and second peak temperatures were 2050 and 1850°F,
respectively. Augmented spark igniter system operation was satis-
factory; ignition was detected 242 msec after engine start. Subsequent
firings of this test period were cancelled because the desired start tank
pressure could not be obtained.

11
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4.1.9 Firing J4-1901.01A
4.1.9.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump
NPSH (125-ft) on fuel pump stall margin during start tank discharge
and gas generator outlet temperature transient utilizing 1380-psia and
-270°F start tank gas conditions and -150°F thrust chamber temperature
at engine start and (2) the operation of the modified augmented spark
igniter system with propellant supply lines orificed for maximum mix-
ture ratio.

4.1.9.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. Fuel pump cavitation
was observed until shortly after oxidizer dome prime; however, no
adverse effects on engine start transients were noted. Fuel pump mini-
mum stall margin during start tank discharge was 1490 gpm. Compari-
son to firing 42B shows a 110°F warmer thrust chamber exhibits a 120
gpm lower stall margin. Gas generator outlet temperature first and
second peaks were 2060 and 2120°F, respectively. Augmented spark
igniter system operation was satisfactory; ignition was detected 219
msec after engine start. Comparison with firing 43A shows that an in-
crease of 100°F in thrust chamber temperature at engine start has little
effect on ignition detect delay.

4.1.10 Firing J4-1901-01B

4.1.10.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump NPSH
(125-ft) on the engine start transient with 1300-psia and -300°F start
tank gas conditions and -150°F thrust chamber temperature at engine
start and (2) the operation of the modified augmented spark igniter with
propellant supply lines orificed for maximum mixture ratio.

4.1.10.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. Fuel pump cavitation was
noted until shortly after oxidizer dome prime; however, no adverse effects
on the engine start transients were observed. Fuel pump minimum stall
margin was 1510 gpm. Gas generator outlet temperature experienced an
initial peak of 2010°F with no second peak. Augmented spark igniter

12
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system operation was satisfactory; ignition was detected 376 msec
after engine start. Comparison of ignition detect delay on firing 01B
with that of firing 01A shows that decreasing oxidizer pump inlet pres-
sure from 45. 2 to 33. 3 psia increased ignition detect delay time by
160 msec.

4.1.11 Firing J4-1901-01C
4.1.11.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump
NPSH (125-ft) on the engine start transient utilizing 1400-psia and
-240°F start tank gas conditions and -275°F thrust chamber tempera-
ture at engine start and (2) operation of the modified augmented spark
igniter system with propellant supply lines orificed for maximum mix-
ture ratio.

4.1.11.2 Results

The planned 7. 5-sec duration firing was prematurely terminated
at tg + 3. 025 by an erroneous vibration safety cutoff. Start conditions
were satisfactorily obtained, and firing duration was sufficient to obtain
start transient data. Fuel pump cavitation was observed until shortly
after oxidizer dome prime; however, no adverse effects on the engine
start transients were noted. Fuel pump minimum stall margin during
start tank discharge was 1570 gpm. Comparison of stall margin on
firing 01C with that of firing 43B shows that a 110°F decrease in thrust
chamber temperature increased fuel pump minimum stall margin by
70 gpm.

As indicated by gas generator chamber pressure, low-grade com-
bustion existed in the gas generator for approximately 75 msec after
initial ignition. A similar situation existed on firing 42B for 150 msec
after initial gas generator ignition and on firing 43A for 70 msec after
initial gas generator ignition. Examination of start conditions shows
that a cold thrust chamber (-275°F), low fuel pump NPSH (125-ft), and
high start tank gas energy are the most conducive to this abnormal gas
generator ignition transient,

Augmented spark igniter system operation was satisfactory; igni-
tion was detected 206 msec after engine start. Comparison of ignition
detect delay time on firing 01C with that of firing 01A shows that thrust
chamber temperature has little effect on ignition detect delay time.

13
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4.1.12 Firing J4-1901-01D

4.1.12.1 Objectives

Objectives were to evaluate (1) engine start transient utilizing
maximum pump inlet pressures (45-psia oxidizer and 41-psia fuel),
1400-psia and -240°F start tank gas conditions, and -150°F thrust
chamber temperature at engine start and (2) operation of the modified
augmented spark igniter system with propellant supply lines orificed
for maximum mixture ratio.

4.1.12.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. Comparison of fuel pump
operating characteristics with firing 43B shows fuel pump cavitation
tendencies to be reduced significantly at high inlet pressures. Gas gen-
erator outlet temperature first and second peaks were 1930 and 2050°F,
respectively. Augmented spark igniter system operation was satisfactory;
and ignition was detected 258 msec after engine start.

4.1.13 Firing J4-1901-01E
4,1.13.1 Objectives

Objectives were to evaluate augmented spark igniter ignition charac-
teristics utilizing maximum fuel pump inlet pressure (41-psia), mini-
mum oxidizer pump inlet pressure (33-psia), and -275°F thrust chamber
temperature at engine start with the augmented spark igniter propellant
supply lines orificed for maximum mixture ratio.

4.1.13.2 Results

The firing was successfully accomplished, and the requested start-
ing conditions were satisfactorily obtained. Augmented spark igniter
system operation was satisfactory; ignition was detected 562 msec after
engine start, Comparing ignition detect delay time of firing 01E with
firing 01D, it appears that a 13, 4-psia decrease in oxidizer pump inlet
pressure increased ignition detect delay approximately 300 msec.

4.1.14 Firing J4-1901-02A
4.1.14.1 Objectives
Objectives were to evaluate (1) the effect of reduced fuel pump NPSH

(125-ft) on the engine start transient utilizing 1200-psia and -200°F start

14
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tank gas conditions and -275°F thrust chamber temperature at engine
start and (2) operation of the modified augmented spark igniter with
propellant supply lines orificed for minimum mixture ratio.

4.1.14.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satxsfactomly obtained. Fuel pump cavitation was'
observed until shortly after oxxdizer dome prime; however, no adverse
effects on the engine start transients were noted. Augmented spark
igniter operation was satisfactory; ignition was detected 356 msec after
engine start. '

4.1.15 Firing J4-1901-02B
4.1.15.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump NPSH
(125-ft) on engine start transients and fuel pump stall margin during start
tank discharge utilizing 1250-psia and -140°F start tank gas conditions
and -275°F thrust chamber temperature at engine start and (2) operation
of the modified augmented spark igniter system with propellant supply
lines orificed for minimum mixture ratio. '

4.1,15.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily met. Fuel pump cavitation was ob-
served until shortly after oxidizer dome prime; however, no adverse
effects on engine start transients were noted. Fuel pump stall margin
during start tank discharge was 1510 gpm. Comparison of stall margin
on firing 02B with that of firing 02A shows that a 50-psia decrease in
start tank pressure decreased stall margin 100 gpm. Augmented spark
igniter operation was satisfactory; ignition was detected 474 msec after
engine start.

4.1.16 Firing J4-1901-02C
4.1.16.1 Objectives

Objectives were to evaluate (1) the effect of reduced fuel pump NPSH
(125-ft) on gas generator outlet temperature transient peaks utilizing
1200-psia and -300°F start tank gas conditions and -275°F thrust cham-
ber temperature at engine start and (2) operation of the modified aug-
mented spark igniter system with propellant supply lines orificed for
minimum mixture ratio.

15
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4.1.16.2 Results

The firing was successfully accomplished, and all requested start-
ing conditions were satisfactorily obtained. Fuel pump cavitation was
noted until shortly after oxidizer dome prime; however, no adverse
effects on engine start transients were observed. Low-grade combus-
tion existed in the gas generator for a period of 75 msec after initial
ignition (as indicated by gas generator chamber pressure) because of
the cold thrust chamber and low fuel pump NPSH. Gas generator initial
peak temperature was 1960°F; no second peak occurred. Augmented
spark igniter system operation was satisfactory; ignition was detected
257 msec after engine start.

4.1.17 Firing J4-1901-02D
4,1.17.1 Objectives

Objectives were to evaluate augmented spark igniter characteristics
with 41-psia fuel pump inlet pressure, 33-psia oxidizer pump inlet pres-
sure, -150°F thrust chamber temperature, and augmented spark igniter
propellant supply lines orificed for minimum mixture ratio.

4.1.17.2 Resulis

All requested starting conditions except start tank pressure were
satisfactorily met. Start tank pressure was approximately 30 psia be-
low the target of 1400 psia because of start tank vent and relief valve
operation. Augmented spark igniter operation was unsatisfactory because
ignition was not detected. The firing was terminated at ty + 0.447 sec by
the engine logic.

4.2 ANOMOLIES

An abnormal turbine component chilldown rate following firings 42A
and 43A was suspected to be the result of leakage through the fuel pump
seals or gas generator fuel poppet. The suspected leakage was appar-
ently eliminated by purging the gas generator and turbine components,
The gas generator control valve was replaced before test period J4-1901-
01 even though post-test J4-1801-42 and -43 leak checks showed the
valve leakage to be within specification.

Oxidizer peak pump speeds during start tank discharge for firings
during test period 42 were approximately 8 percent lower than com-
parable firings on subsequent test periods of this series. No explana-
tion for this is available at this time.

16
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4.3 AVERAGE THRUST CHAMBER TEMPERATURE DEVIATION

Testing since July, 1967, has utilized 24 thermocouples in the con-
figuration shown in Ref. 3, by which average thrust chamber tempera-
tures are calculated. This number was reduced to six with the instal-
lation of engine J-2036-1. The location of these thermocouples
corresponds to the location of six of the previous thermocouples and
retains the nomenclature of the corresponding thermocouples, This new
configuration is shown in Fig. III-1le of Appendix III. Figure 90 shows
the deviation observed on previous tests over the range of conditioning
temperatures, when comparing average thrust chamber temperature
based on the six remaining thermocouples to the average based on the
24-thermocouple configuration. In general, good agreement existed
between the 6- and the 24-thermocouple average except at very warm
thrust chamber temperatures.

4.4 AUGMENTED SPARK IGNITER SYSTEM OPERATION

The augmented spark igniter system installed for this series of
tests utilized the modified propellant supply lines as described in Ref. 3.
A 0,125-in, -diam oxidizer supply line orifice was used for all firings of
this test series. Minimum augmented spark igniter mixture ratio was
obtained for the firings of test periods J4-1801-42 and J4-1901-02 by re-
moving the fuel supply line orifice. Test periods J4-1801-43 and J4-1901-
01 utilized a 0. 226-in. ~diam orifice to provide maximum mixture ratio.
Flow calibration by the manufacturer showed minimum mixture ratio to
be 0. 359 and maximum to be 0. 589.

Figure 91 shows augmented spark igniter ignition detect time as a
function of oxidizer pump inlet pressure, fuel pump inlet pressure,
thrust chamber temperature, and augmented spark igniter mixture ratio.
Data indicate that ignition detect delay time is primarily a function of
oxidizer pump inlet pressure for the single probe immersion depth uti-
lized. Since mixture ratio, fuel pump inlet pressure, and thrust cham-
ber temperature are varied in a random pattern in both groups of data,
it was deduced that the effect of these variables is small compared to the
effect of oxidizer pump inlet pressure.

Augmented spark igniter ignition detect delay times experienced
during the previous S-II test series (J4-1801-28 through -33, Ref. 2) are
compared with ignition detect delay times experienced during this test
series in Fig. 92, The modified augmented spark igniter experienced
ignition delay times that were approximately 70 msec longer than those
experienced during the previous S-II test series with oxidizer pump inlet

17



AEDC-TR-68-223

pressure at engine start in the range of 45 psia. The delay increased
to several hundred milliseconds longer as oxidizer pump inlet pres-
sure at engine start was decreased to the range of 33 psia, Ignition
detect probe penetration into the augmented spark igniter chamber was
the same for the two test series; however, different probes were used
for the two test periods. Previous testing at AEDC has shown that
ignition detect delay time differs for different probes used under com-
parable test conditions.

4.5 ENGINE OPERATION WITH LESS THAN MINIMUM MODEL SPECIFICATION
FUEL PUMP NPSH

4.5.1 Fuel Pump Cavitatian

Fuel pump inlet conditions on the majority of firings during this
test series resulted in NPSH values below the minimum engine model
specification. An examination of fuel pump operating characteristics
(head rise and flow coefficients, Appendix V) showed that cavitation
existed to some degree during the start transient on all of these firings.

A comparison of fuel pump operating characteristic curves for
firings 43B and 01D is shown in Fig, 93. Net positive suction head at
engine start was 90 and 575 ft on firings 43B and 01D, respectively.
Cavitation occurred on both firings; however, cavitation was more pro-
nounced on the low NPSH firing, primarily because of a reduced flow
coefficient.

The effect of thrust chamber temperature on fuel pump cavitation
is shown by comparing fuel pump operating characteristic curves on
firings 42B and 42C (Fig. 94). Average thrust chamber temperature
was -290 and -146°F on firings 42B and 42C, respectively. Although
the warmer thrust chamber temperature on firing 42C increased head
rise coefficient, thrust chamber temperature had no effect on fuel pump
cavitation,

Firings 42C and 42D provide a typical comparison of start tank gas
conditions on fuel pump cavitation. Start tank gas conditions were
1380 psia and -270°F on firing 42C and 1300 psia and -300°F on firing
42D, The difference in start tank gas conditions had an insignificant
effect on fuel pump cavitation, as shown in Fig. 95.
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4.5.2 Gas Generator Outlet Initial Transient Temperature Peak

As reported in Ref. 2, it was found that gas generator outlet tem-
perature initial peak was a function of fuel pump NPSH at engine start
with constant starting conditions of -300°F thrust chamber temperature,
maximum start tank gas energy, and turbine component temperature of
approximately +50°F. Three firings conducted during this series
satisfied these starting conditions. These firings (42B, 43A, and 01C)
are compared in Fig, 96 with the data from Ref., 2, As shown, the
same trend of higher temperatures at lower NPSH exists, even though
gas generator orifices are not the same. Orifice sizes are summarized
in Fig. 96, Limited data precludes comparisons at other constant start-
ing conditions.

4.5.3 Gas Generator Ignition Transient

During the gas generator ignition transient, low-grade combustion
(as indicated by gas generator chamber pressure) was experienced for
varying time periods immediately after initial gas generator ignition on
certain firings of this test series. Examination of start conditions shows
that low fuel pump NPSH (125-ft), very cold thrust chamber (-275°F),
and high start tank gas energy are conducive to the most severe case of
low-grade combustion. From the data on firings 42B and 42C, for ex-
ample, it appears that a warmer thrust chamber temperature is prob-
ably the most predominate factor in eliminating this condition.

4.5.4 Fuel Pump Stall Margin during Start Tank Discharge

Fuel pump stall margin during start tank discharge is primarily a
function of thrust chamber temperature at engine start (Ref. 2). How-
ever, at a constant thrust chamber temperature, fuel pump stall margin
is reduced as fuel pump NPSH at engine start is reduced (Fig. 97). In
Fig., 97, data from this test series were supplemented with data from the
previous S-1II test series,

4.5.5 Fuel Pump Head Rise and Flow Coefficients

Fuel pump head rise and flow coefficients for this test series are
shown compared to those from Ref, 2 in Fig., 98. As in Ref. 2, both
head rise and flow coefficient data were reduced at tg + 0.58 sec.
Derivations of the coefficient equations are shown in Appendix V.

In general, data from the two test series show the same trend.
However, flow coefficient values are approximately 5 percent higher in
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the lower NPSH range for the fuel pump installed on engine J-2036-1
(S/N 4073647) than those for the pump on engine J-2047 (S/N 4072328).
Flow coefficients exhibit good agreement at the higher NPSH values.
Head rise coefficients at the lower NPSH values tend to be approxi-
mately 13 percent lower than those of engine J-2047. Head rise coef-
ficients at the higher NPSH values show good agreement.

4.6 Photocon Measurement of Oxidizer Injector Pressure during the Start Transient

Data recorded from the Photocon pressure transducer during the
start transient of two typical firings of this test series are presented
in Fig. 99, Firing 01A had a short period of excessive engine vibra-
tion (vibration safety counts recorded for 3 msec) and firing 01B a long
period (vibration safety counts recorded for 37 msec) compared with
other firings of this test series. These data indicate pressure oscilla-
tions at a frequency of 280 + 20 Hz with peak amplitudes ranging up to
approximately 500 psia during oxidizer dome prime.

SECTION V
SUMMARY OF RESULTS

The results of the 16 firings of the Rocketdyne J-2 rocket engine
conducted between June 19 and July 11, 1968, in Test Cell J-4 are
summarized as follows:

1. Modified augmented spark igniter propellant supply line and
combustion chamber integrity were satisfactory.

2. Longer augmented spark igniter ignition detect delay times were
experienced as oxidizer pump inlet pressure at engine start was
. reduced from 45 to 33 psia. Ignition was not detected on fir-
irg 02D.

3. The influence of thrust chamber temperature, fuel pump inlet
pressure, and augmented spark igniter mixture ratio on aug-
mented spark igniter ignition detect delay time is small, com-
pared to the influence of oxidizer pump inlet pressure.

4. Low fuel pump NPSH resulted in (1) fuel pump cavitation until
shortly after oxidizer dome prime, (2) the tendency toward
higher gas generator outlet first peak temperature, (3) abnormal
gas generator ignition transient, (4) a reduction in fuel pump
stall margin during start tank discharge, and (5) a reduction in
fuel pump flow coefficient and an increase in head rise coef-
ficient.
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5. Photocon pressure transducer measurements show oxidizer
dome pressure oscillation frequency to be approximately
280 Hz with amplitudes ranging up to 500 psia during oxidizer
dome prime.
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Fig. 2 Test Cell J-4, Artist's Conception
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S11 Fuel Duct Configuration for AEOC Test

Type of
Approx|mate Insulation Type of Joint
Location Approximate Minimum Vac, | ILaro- | yoner | Lower
Polnt Length, In. 1D, In. Jacket | dyne
AtoB 13.72 7.984 x | Marmon | Bolted
{ Flange Flange
T |
BtoC 11.00 7.950 X Bolted | gejjons
| Flange
CtoD .63 | 1900 X Bellows | Welded
Dok a1 7.950 X Welded | Bellows
Etof 8.71 7.950 X Bellows | Bolted
Flange
Bolted
FloG 2.63 7.9 X | Fiange | Welded
Bolted |
GioH 2.13 7.950 X Welded | Fiange
| Bolted
Hio | 4.8 7.950 X Pt s e
fto) 61.18 ' 1.950 X Bellows | Bellows
Bolt
JwK 41.78 7.890 X Bellows an;de
Ktol 9.50 B.280 X Bolted | Bolted
Flange Flange
Approximate Total Length
A through L = 337.30 In. /— Vehicle Prevalve
Approximate S 11 Total Vehicle / Interface
Length © 355.08 In.
R rpr gy n
A,
G_
Heater Tape Approximately
6000 w Each Section
PFPI-1
PFPI-2
TFPI-1
TFPI-2
(@) Approximate locatlon of vacuum jacket
evacuation and pressure monitoring ports K— =
(2 Duct to test vehlcle attach polnts —®
@ Pressure Instrumentation boss (one only) location, k= 3
4.8 in. from location Point E “— Engine Fuel Pump Inlet
(@ Pressure and temperature Instrumentation bosses Flange Interface
{2 pr. and 2 temp. at 90-deg spacing), Location,
4.50in. from location Point J
@ Pressure and temperature Instrumentation hosses

{90-deg spacing with one temperature location between
two pressure bosses), Location, 6.35 In. from
location Polnt L

a. Schematic

Fig. 4 S-l1l Center Engine Configuration Low Pressure Fuel Duct
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High Pressure
- uel Duct

Fig. 4b Concluded
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Time 1ndex Lines, 1-sec Intervals

Engine Start | | |

He Control, Start Tank Discharge Delay,
Timer, ASI and GG Sparks on Ignition-
Bleed Valves Close O Phase Control Solenoid Energized
Oxidizer Dome and GG

Oxidizer Purge Flow oMain Fuel Valve Open

0 ASI Oxidizer Valve Open
Kain Fuel and ASI L

Propellant Flow WASI Ignition Detected I
Fuel Tempersture OK Signaljepie | | |

W¥itart Tank Discharge Delay Timer Expires
Ignition-Phase Timer Ener- STDV Delay 0.640 % 0.030 sec
gized 0.450 * 0.030 sec v

o STDY Open
e={— GH, Flow
©=—=2 Bypass Flow through Normally Open
Oxidizer Turbine Bypass Valve

Pump Buildup

Ignition-Phase Timer Expires

g ) | I
Main-§ Sigoal ;Ilnin-stage Control, Solenoid Energized

Sparks De-Energized, Timer Energized
|

Purge Control Valve Closed o 3.30 £ 0,20 sec

£ STDV Closed
O MOV Starts to Open

=T T T
D GG Valves Open | 1
r— MOV Full Open

Main Oxidizer Flow

GG Propellant Flow

Oxidizer Turbine Bypass Valve Closed rom.

Main-Stage OK Signal v

90-percent ThrustV

ASI and GG Sparks De-Energized [ | v

a. Start Sequence

Signal Tine, sec 0 0,1 0.2 0,3 0,4 0.8 0,6 0.7 0.8 0.9 1.0
Cutoff Signal v
GG Valve Close (Oxidizer) (w]

GG Valve Close (Fuel)
ASI Oxidizer Valve Close
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Main Fuel Valve Close [ ]
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He Control Solenoid v
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b. Shutdown Sequence

Fig.'8 Start and Shutdown Sequence
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Time Index Lines,

l-sec Intervals

Fire Command
Prevalves Open Signal

Recirculation Pumps
Off Signal

Recirculation Valves
Close Signal

Engine Start Signal

Start Tank Discharge
Valve Open Signal

2

1

1Nominal Occurrence Time (Function of Prevalves Opening Time)
20ne-sec Fuel Lead (S-1I/S-V and S-IVB/S-1IB)
3Eight-sec Fuel Lead (S-1VB/S-V and S-IB Orbital Restart)

¢. Normal Logic Start Sequence

Time Index Lines,

l-sec Intervals

Fire Command
Prevalves Open Signal

Engine Start Signal

Oxidizer Recirculation
Pump Off Signal
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Pump Off Signal

Recirculation Valves
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1

§

1Three-sec Fuel Lead (S-IVB/S-V First Burn)

d. Auxiliary Logic Start Sequence

Fig. 8 Concluded

36




TEMPERATURE, OF

-415

-416

-417

-418

-419

-424

=425

AEDC-TR-68-223

o 018, 02C, O1A
o 01D, OIE, 02D y
o 424 -
| o 428, 42¢, 420, 028 %
A A2 D <>
o 438, 02A, 0IC @&
N 43A .\\
i o 4
SATURATION & S
LINE &
S
& S
~  SAFE START S &
ENVELOPE.
i ‘§¢.
i AN ]
Uuo 4 o‘a @4\
Ly
| $
77 /7 /7
| 1 ] | 1 | 1 ] { | ] | { | 1 ] ] |
2 30 40 50

PRESSURE, PSIA

a. Fuel Pump Inlet Start Conditions

60

Fig. 9 Engine Start Conditions for Pump Inlets and Start Tank

37



AEDC-TR-68-223

=215
-280 -
SATURATION LINE
L 5| SAFESTART
] ENVELOPE
i
o
=
<
&
= 0O 42A, 43A, 01C, 01D
= 90 b O 42E, 01B, 02B
4 42D, 02D
D 01E
v 42¢
4 43B, 02C, 42B, 0l1A
¢ 02A
-295 L DAOO v oo
-300 ] 1 ]
30 35 40 4$H

PRESSURE, PSIA

b. Oxidizer Pump Inlet Start Conditions

Fig. 9 Continved

38



TEMPERATURE, °F

-126

-140

-160

-180

-220

-240

-28(

-3CC

-320

AEDC-TR.68-223

¢ (2A

o ClE, 028, 42E
a 42A

a 428, 42C, O1A
< 42D, 018, 43A
o 43B

0 olc, 01D

o 02C

o v 02D

l 1

12C6 1306
PRESSURE, PSIA

c. Start Tank Start Conditions
Fig. 9 Concluded

39

1400



AEDC-TR-68-223

T T T N LT T

_loo - - [ R S —— —— ] c-— A
Y IO NN N ___x__counmowmc
ET, -235 = 15%F

200 - —b- -{— -F——}—— IS -

9

1E¥PERRTURE,

| |
-3C0 | | | } 1

-4 -20 -16 -12 -8 -y 0
TIME, MIN
a. Thrust Chamber, TTC-1P
etd 1 NOTE: 1. TARGET CONDITIONS WERE
| +50 £ 259 AS READ ON
— - - TFID-2, -3, AND 8. - —f
e T4 2. TFID-2 1S INVALID FOR
100 .__7 L _/_,cTFTD-G THI? FIRING. —_
TA T TTLVEIITATLLLL VSIS TSI Y,
s NG Dt v
g \ L GIAH AN
g N-TFTO-3 [ I ;
= T = “CONDITIONING TARGET~ T
g OXIDIZER TURBINE
o — '
E START TANK TFTD-8
700 I = == =TT UL TURBINE—— 1
—- T2 oy NS
5 I CROSSOVER pucT - “TFTD-3AND 4
-24 22 -16 -12 -8 -4 0
TIFE. MiN
b. Crossover Duct, TFTD
100 T T E | | [
F ___.%;’2»/’/’?,// A
||z g2 LN
|
s A= - %comnmoms = ;i ]
ul — I —| - TARGET, +5C + 250F - |-— -
= N L 1. |
T
E' —_———— - - — - — —] - | —]—] I
£ 0(-- - - |- -- - L. —-
= J — — - | - - 1
_______ - - - | -1 :
_._.l ..l_l_l_ — Lt 4 f_ - |- j=-f~ 1 -
-200 | ! L | l '
“4) -30 -20 -10 z
TIME, MIN

c. Start Tank Discharge Valve, TSTDVOC
Fig. 10 Therma! Conditioning History of Engine Components, Firing 42A

40



TEMPERRTURE, OF

oF

TEMPERATURE,

AEDC-TR-68-223

130
T | | T
ol— \,\
—
—dt—| dl.
. L —
-7 N
100 | !
CONDITIONING o
TARGET, -100 £ 50°F -+
-200 | |
-u0 -3) -ed -11 0
TIME, MIN
d. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1
100
[ 1 1 [ | |
! —— ]
0 1
CONDITIONING TARGET, -25% MlNlMUM-—‘
[
-10)
-203 l
-y0 ~30 -20 -19 »]

TIME. MIN

e. Gas Generator Control Yalve, TGGYRS
Fig. 10 Concluded

41



474

PSIA

CHAMBER PRESSURE,

1000 T
800
600 ¢
400+

200+

PSIA

CELL PRESSURE,

Fig. 11 Engine Ambieat and Combustion Chamber Pressures, Firing 42A

T T 17 1T T 771
FCHAMBER PRESSURE, PC-3
_ 1Y
\WE |
- __.--_:-"""‘j A L\
\
1
\
w4
4 \:TEST CELL PRESSURE, PA-2 |
N L L f
] ENGINE CUTOFF SIGNAL Hy |
LT T T T T I
-10 0 10 20 30 40
TIME, SEC

ETT-89-¥1-DQ3¥



PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 10-3

28T

2yt

20t

12

101

w
}

PRESSURE, PSIRA

PRESSURE, PSIA

1400

1200

1000

800

GO0

400

200

1000

800

500

uoo

200

AEDC-TR-68-223

T
// -
// — FUEL INJEC
= NJECTOR
FUEL PUMP / A~ N p _
SPEED, NFP-1P VT 7 [\RESSURE, PRI-IA
,/ / /"’
L’
/| /| "M CHAMBER i
/ /4 PRESSURE, PC-3
FUEL PUMP 5
DISCHARGE y/
PRESSURE, N/
| PFPD-1P—~ 7
mL//ﬁ’;
0 1 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Start
[ 1 1 |
OXIDIZER PUMP e -
DISCHARGE PRESSURE, POPD-2
| ! —-\’\ //
T |
// =
L—T
Fd =

l
dlal

N— CHAMBER PRESSURE, PC-3

AN

TIME, SEC

b. Thrust Chamber Oxidizer System, Start
Fig. 12 Engine Transient Operation, Firing 42A

43



AEDC-TR-68-223

800 1
700 //' =Ny
F GAS GENERATOR _' /y A
600 ]r FUEL INJECTOR /4
PRESSURE, PFJGG-2 ZAi —1
L I 1 ] A
1007 — SO0 .
z o \ b 144
a [ GAS GENERATOR /4
© 80t w 40O OXIDIZER —
z % \, INJECTOR —
O la PRESSURE, ~
£ O1¥ T\ rose2, ¥
2 40 200 f— \\ //->Q-f/ r«,\.f
L /~
= N\ 1 i "MAIN OXIDIZER VALVE
= 201 100 ] y - POSITION, LOVT
o
S S -
0 | 2 3
TIME, SEC
¢. Gas Generator Injector Pressure and Main Oxidizer Valve Position, Start
28001 800 I | | l ] l l
,—GAS GENERATOR OUTLET
24001 700 “¥ " TEMPERATURE, TGGO-1A AND 2
20001+ 60O N — <
)
w . [ \ al
© 1600t — 500 A . £
; o \ / N~
J \ [ /S
2 12001 i 40O —~——
a & \ f A —
i 7 I £ N _ 1
= 8007w 30 \ i 71 |<=GAS GENERATOR CHAMBER
= a \ | P PRESSURE, PCGG-2
4001 200 N ~
\ y
0t 100 {° N My —=—
a P tatudil a4
-400 1 0 '
0 1 2 3
TIME, SEC

d. Gas Generator Chamber Pressure and Temperature, Start

Fig. 12 Continved

44



PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 1073

AEDC.-TR.68-223

28| 1400
N Y .
[ - \-———-_--—__—
24 1200 | FhRiNJECTOR
—PRES SURE, N -
i 000 |—-PFJ-1A ¥
i Il I IR SR AN [ SPEED, NFP-1P
161 £ 800 A\ /
: \ W]
u T CravBER o\
121 @ 600 EESSSURE" “\| | _ATFUEL PUMP DISCHARGE
4 \ PRESSURE, PFPD-1P
81 > 400 T
“ENGINE \——\
yi 200 CUTOFF
SIGNAL k B
y) .L 0 L 1 o
32 33 3y 35
TIME, SEC
e. Thrust Chamber. Fuel System, Shutdown
10r 1060 \
OXIDIZER PUMP DISCHARGE
\o//— -
N . Q\\ PRESSURE, POPD-2
E VN
61y 600 —0XIDIZER PUMP
X L | | sPeed, NoP-1P
w \ 4
L 2 ygp LLCHAMBER RN
o PRESSURE, | ] AN
E __PC'3—"/ \\
21 200 L[~
ENGINE S e
| CUTOFF - I e —
AN
N ; SIGNAL 1 T N
32 33 3y 35
TIME, SEC

f. Thrust Chamber Oxidizer System, Shutdown
Fig. 12 Continued

45



AEDC-TR-68-223

TEMPERRTURE, OF

800 p—
700 \
600 \\
5 S0 \\ _GAS GENERATOR OXIDIZER
o GAS GENERATOR
P E, POJGG-2
- 4oo |FUEL INJECTOR L~ | INJECTOR PRESSURE, POJ
% PRESSURE, \(
A 300 |[PEIGG2—
W ERN
a. \\
200
_ENG INE
100 |-CUTOFF i —~L
SIGNAL \ o I
L ] I~
32 33 3y 35
TIME, SEC
g. Gas Generator {njector Pressures, Shutdown
28007 . 800 I | I l |
. - GAS GENERATOR CHAMBER
24001 700 === 17 T PRESSURE, PCGG-2
s |
20001 60O |
|« — GAS GENERATOR OUTLET  _|
16007 7 500 \ TEMPERATURE, TGGO-1A AND 2
1200} o5 400 J= \
& \ 2 \
A \ .
8001 & 300 y
1 g
o.
400+ 200
-ENGINE \
0l | CUTOFF
100 < onaL N
-yog L 0 I A
32 33 3y 35
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown
Fig. 12 Concluded

46



LY

FT X 1073

HF-1,

HERD,

uo : -7 7 T T
NOTE: STALL INCEPTION LINE IS BASED ON e
i TOTAL HEAD RISE ACROSS THE PUMP. Al |
THE DATA PLOTTED ARE PUMP DISCHARGE o &
STATIC PRESSURE CONVERTED TO HEAD. N
30 |- DATA ARE FROM FM SYSTEM FOR THE £ ~
INITIAL 3 SEC OF ENGINE TRANS IENT \4/
! OPERATION. B ey ]
20 e, -
STALL N\
REGION e
OPERATING
i REGION
/
U PR—
0 > y 8 10

FLOW, QF-2, GPM X 1073

Fig. 13 Fuel Pump Start Transient Petformance, Firing 42A

£22-89-y1-2Qav



AEDC-TR-68-223

OF

TEMPERRTURE,

413y
-4yt
415+

-4161

474
4184
-u194
-u20 |
-u21 ¢

422 |

-4e3+

PRESSURE, PSIA

FT

NET POSITIVE SUCTION HERD (NPSH),

4o

35

30

)

20

S00

ugoo

300

200

100

| = S N | scrssa,
wald ' '
L\ h, /\
[
I
[~ MINIMUM MODEL
,L__ SPECIFICATION NPSH (REF. 6)
\ | | NOTE: NPSH CALCULATED USING:
TFP1-2 (DIGITAL DATA SYSTEM)
PFPI-2 (DIGITAL DATA SYSTEM)
| QF-2  (FM SYSTEM)
1 | |
0 ! 2 3

Lttty
B —FUEL PUMP INLET PRESSURE, PFPI-1_. _|
] i ’ ]

£l B ) D

[t

FFUELTANK If } ¢ — " I ;
ULLAGE "\"‘*\—-::;;:i_—;f\‘**f:«%'

| PRESSURE, || N
-PﬁUT

HENENEDS
[

‘ _FUEL PUMP INLET e
) TEMPERATURE, TIFPI—l .
i | _ ‘

1 1L _,.,'.'!:5__"_ “' _“_ il 5

N
1N
L
\

L i e :
~———rFUELTANK BULK -+~ ENGINE A=

[~ TEMPERATURE, .TFRT-1-|- | — CUTOFF SIGNAL ~~t~— -~
10 0 10 20 30 40
TIME, SEC

a. Duct Pressure and Temperature Transients

TIME, SEC
b. Fuel Pump NPSH during Start Transient, Firing 42A
Fig. 14 Fuel Low Pressure Duct Performance, Firing 42A

48



AEDC-TR-68-223

100
0
& L
= -100
g \
w
[
& \
]
-200 N CONDITIONING
\ TARGET, -275 + 25%
—_1 |
-3C0
=24 -20 -16 -12 -8 -y 0
TIME, MIN
a. Thrust Chamber, TTC-1P
20 NOTES: 1. TARGET CONDITIONS WERE
+50 % 25%F AS READ ON
T TFTD-2, -3, AND -8.
00 TFID-85 % THIRZIAS IWALID FR  connimioning Tarcer
R ran i
= b
s ___TFTD-45 TR A T
F o Qi gz gz
[+
2 = -fITFrn-B
g OXIDIZER TURBINE~
& ES! S START TANK 17108
(V9]
-100 : FUEL TURBINE .
s s RT0R = _/; L/
CROSSOVER DUCT- ~TTT0-3AND 4
-+ -200
-2y -20 -16 -12 -3 -y 0
TIVE, MIN
b. Crossover Duct, TFTD
100 —
= ; ZX I T T AT T A7V, 7
S /,,/;/Aj//;f////%“z G705
L UGG A AU HH
& o0 o T — ZCONDITIONING "~ =
w -] -] - -1 ~TARGET, +50 = 250 -— = | ==
3 [Bedaobedes Tl ’ o
% el el Sy et B - s e et [l e Bt =i l————
E_IJD PP repens SRaiey ARPOHS oL i p—— - o sfam ol = . m— p— . [ —
- IR ey R I, = 53 e RSNt o5 ER RN S i Szt
g Ty b _l_.__- o - e fe——— ] — ——
-220
-yc -30 -20 -10 0

TIME. MIN
c. Start Tank Discharge VYalve, TSTDVOC
Fig. 15 Thermal Conditioning History of Engine Components, Firing 42B

49



AEDC.TR-68-223

100
&  ol— : |
o
5
z CONDITIONING
e TARGET, -100 + 50%F =~ |
= -100
-200
-40 -30 -20 -10 0
TIME, MIN
d. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1
100 |
|
& 0
ul
[+ = T
g :
3 CONDITIONING TARGET, /]
& -25%F MINIMUM ——
E -100
=
~200 L_! | I |
-40 -30 -20 -10 0
TIME, MIN

e. Gas Generator Control Yalve, TGGVRS
Fig. 15 Concluded

50




18

PSIA

CHAMBER PRESSURE,

1000
800 T
600 t
l100-‘-

200+

PSIA

CELL PRESSURE,

CHAMBER PRESSURE, PC-3 |

=]

%

A

L

|
i
i
"~ TEST CELL T
” PRESSURE, PA-2 ]
[

il

= -~ pmnn —

——

T  ENGINE

- CUTOFF SIGNAL

| | ] | |

-10

-5 0 S
TIME, SEC

Fig. 16 Engine Ambient and Combustion Chamber Pressures, Firing 42B

15

£€TT-89-41-0Q3V



AEDC-TR-68-223

PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 10-3

28

24 r

201

16+

121

PRESSURE, PSIR

107

PSIA

PRESSURE,

1400
1200 | - - |
_ - A
B “ | !
1000 | FuEL PumP spEED, NFP-1P — vd

|
\ . _/ruu INJECTOR |
é 1|/ PRESSURE, PFI-1A
800 1 XA /
L—T"
—— = b » S— —
500 i R A
/ FUEL PUMP T
— DISCHARGE va
w00 | __PRESSURE, ___|__ & T—CHAMBER PRESSURE, PC-3
___/ PEPD-2—__ | /I
200 §/ |
S A W | 2 X
0 | 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Start
1000 l
| T 1 1
800 OXIDIZER PUMP DISCHARGE //
PRESSURE, POPD-Z\\ ////’
L —T |
vdP
600 , /V -
1
400 SPEED, NOP-1P —~ // y PRESSURE, PC-3
/] //
N /
200
0 a f /"/
0 1 2 3
TIME, SEC

b, Thrust Chamber Oxidizer System, Start
Fig. 17 Engine Transient Operatian, Firing 42B

52



POSITION, PERCENT OPEN

oF

TEMPERATURE.

100 ]'
80t
60+
4yo +

201

2800 1

2400

2000+

16001

1200 1

800+

uoo

-4004

PRESSURE, PSIR

PRESSURE. PSIA

800
700
500
500
400
300
200

100

AEDC-TR-68-223

~—GAS GENERATOR FUEL g
/_ INJECTOR PRESSURE, g
PFJGG-2 ¥
Wi
| lcAs GENERATOR [/ MAIN OXIDIZER VALVE__|_
\|OXIDIZER INJECTOR [/l POSITION, LOVI— ]
PRESSURE, P0JGG-2— |/ 'y
\ Y A A
,f"y / / //
/ \LT/ Pans f
N, ==
N/ 7
/
1 2 3
TIME, SEC

Gas Generator Injector Pressures and Moin Oxidizer Yalve Position, Start

800
= —GAS GENERATOR OUTLET
500 TEMPERATURE, TGGO-1A AND 2
\ /[N( ,/"Idld’erv~§—“"
500
\\ I/ N L V4 -
400 ——{_ |
\ ] 7
300 \ !
| 7| —GAS GENERATOR CHAMBER
200 \ | / PRESSURE, PCGG-2
\\ F/
100 WA
\
N7
0
0 1 P) 3
TIME. SEC

d. Gas Generator Chomber Pressure and Temperature, Start

Fig. 17 Continued

53



AEDC-TR-68-223

2y 1200
™ N \
[ | FUEL INJECTOR] \ N\
= @07 1000 1pgessuRE, [\ |\ | _|=FUEL PUMP SPEED, NFP-1P
> < PFJ-1A= V¥
& 1561 800 A \
- e o re——l o
g 12 g 600 A\
& & CHAMBER \/\l___f—FUEL PUMP DISCHARGE
o < PRESSURE, PC-3 \ PRESSURE, PFPD-2
$ 81> uoo
>
T \T _—
yl oo L ENGINE \__| i}
| CUTOFF \
{ SIGNAL T —Rfa]
0 o l—
7 8 9
TIME. SEC
e. Thrust Chamber Fuel System, Shutdown
107 1000
T \-f—OxiDIzER pume DiscARGE
Y PRESSURE, POPD-2
=) e
. \ N
= ::
= 6+ v 600
a a
I AN
» wi
v > \\ —OXIDIZER PUMP
4+ @ 4oo 4 -
a " CHAMBER N v SPEED, NOP-1P
> & PRESSURE, PC-3 = \
& N
& NG ~—
21 200 S =
ENG INE S~ —
- CUTOFF - =
SIGNAL I e
0__ 0 1 ﬂ"-
7 8 g

TIME, SEC

f. Thrust Chamber Oxidizer System, Shutdown
Fig. 17 Continved

54



oF

TEMPERATURE.

2800 -

2400+

2000+

16001

1200 1

800 1

400 1

=400 +

PRESSURE. PSIA

PRESSURE, PSIR

AEDC-TR-68-223

800
700 =
600
500 \\
] GAS GENERATOR OXIDIZER INJECTOR
100 ~”"| PRESSURE, POJGG-2
\
300
\\
200
ENGINE GAS GENERATOR |~
100 [ ~utorF L FUEL INJECTOR —~——
5 SIGNAL PRES?URF.,I PFJ(I;G-Z
7 8 9 10
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
800
700
500 2=
oor GAS GENERATOR CHAMBER
PRESSURE, PCGG-2
500 T
400 GAS GENERATOR OUTLET
E \ TEMPERATURE, TGGO-1A AND 2
\ ~Y
300 =
200 l
100 FENGINE \
CUTOFF \
SIGNAL
0
7 8 g 10
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 17 Concluded

55



9%

HEAD, HF-1, FT X 1073

40

30}

20

10

NOTE: STALL INCEPTION LINE IS BASED ON
TOTAL HEAD RISE ACROSS THE PUMP.
THE DATA PLOTTED ARE PUMP DIS-
CHARGE STATIC PRESSURE CONVERTED

TO HEAD. DATA ARE FROM FM SYSTEM

FOR THE INITIAL 3 SEC OF ENGINE
TRANSIENT OPERATION.

&

<

/

/
|/
~

600 RPM

IV

T {

Y /] \22, 000 RPM
S
P\ N
<
STALL REGION & /4
My
QO N
c.',\‘/ / \\17, 500 RPM
> . - SAFE —
\] OPERATING
L \ REG ION
9,000 RPM

6

FLOW, QF-2, GPM X 1073

Fig. 18 Fuel Pump Start Transient Performance, Firing 42B

10

€ZT-89-81-00Q3Y



TEMPERATURE, OF

-413 ¢
41yt
-415¢
-416 ¢
4174
-4i8 T
-419¢
-420 ¢
-421 4
-422 1
-423+

PRESSURE, PSIA

NET POSITIVE SUCTION HEAD (NPSH), FT

AEDC-TR-68-223

35
™ -+ FUEL PUMP INLET B ) 3
PRESSURE, PFPI-1 % A
30 fif
N | 71 \
V- " !
. o g SN O Y i |
oo || X FUEL TANK ULLAGE (A 1] |
PRESSURE, PFUT W Rl [/ U A
I \V.
= FUEL PUMP INLET
| TEMPERATURE, TFP-1 T
20 .—\VL/—"-\F -—“ H L
N | 1 -
CFURLTANKBULK ||l |
TEMPERATURE, TFRT-1 i ENGINE CUTOFF _|
15 Ll b SIGNAL
-10 -5 0 5 10 15
TIME, SEC
a. Duct Pressure and Temperature Transients
>00 C T T 1 1 T 1 |
NOTE: NPSH CALCULATED USING:
TFP1-2 (DIGITAL DATA SYSTEM)
400 PFP1-2 (DIGITAL DATA SYSTEM)
QF-2  (FM SYSTEM)
300
MINIMUM MODEL
SPECIFICATION NPSH (REF. 5)
200 /,‘ 1N A
/\ [ BN /r\, [N\a \/'\/\._\/w/\.,-/\/ \("‘\_/WT
loo & /./\—.\/ -
| | L
2l |
0
0 | 2 3

TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 428
Fig. 19 Fuel Low Pressure Duct Performance, Firing 42B

57



AEDC-TR.68-223

163
[
N I N B N _
& \
. N
g N
= -100 - e
£ i
= I G ol
= CONDITIONING TARGET, 150 00% —~
-200 - | -
-300 I
24 -23 -16 12 -8 -y 0
TI¥E, MiN
a. Thrust Chamber, TTC-1P
203 NOTES: 1. TARGET CONDITIONS WERE
+50 + 259 AS READ ON
—t TFTD-2, -3, AND -8.
. TFID-2 WAS INVALID F
100 & -}E&s mecll %CCNN"UMNG TARGET =
TFTD-8
¢ | o
¥ Vs T A A IS IS A7 s 77 50 o s
| | [ |
= 0 “TF1D-3
& OXIDIZER TURBINE -
= — START TANK ] 171081
-1C9 FUEL TURBINE 1
TFTD-2 /
CROSSOVER DucT- ~TFTD-3AND 4
-200 ' : .
=24 -20 -16 -12 -8 -y 0
TIHE, MIN
b. Crossover Duct, TFTD
.20 -. : | |
- LLILLILLTEEL LA LI AL AL AT T
s ///////// ;/ ;////f/// gf f;f ;' ;f ;// . ,;”;” wra
Wz 0000 0 0 0 0
¥ gol- CONDITIONING 1"~
ui | TARGET, +50 & 25%F 5
% ) I o . i =
g 1 L
Ll
Q. !
X -100 2 o
-202 l I
40 -30 -20 -10 o
TIME, MIN

c. Start Tank Discharge Valve, TSTDVOC
Fig. 20 Thermoal Conditioning History of Engine Components, Firing 42C

58



TEMPERATURE, 9F

1EMPERATURE, OF

AEDC.TR-68-223

10C

CONDITIONING TARGET, -100 & S0°F +—|

-100

-200

-40

100

-100

-200

-40

-30 -20 -10 o}
TIME, MIN
d. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1
| | | |
! AN
N
TAR
CONDITIONING TARGET,
-250F MINIMUM ——
|
I | i i
-30 -20 -10 D
TIME. MIN

e. Gas Generator Control Valve, TGGYRS
Fig. 20 Concluded

59



09

PSIR

CHAMBER PRESSURE,

1000 1

800 1

GO0t

uUto 1

200-

T

CELL PRESSURE, PSIA

Fig. 21 Engine Ambient and Combustion Chamber Pressures, Firing 42C

v CHAMBER PRESSURE, PC-3
]
J i N 1
e
/ 1EES
f [ -
o y [ &
— TEST CELL
— PRESSURE, PA-27
» — 1 | ENGINE "|
B _:"CUTOFF'
SIGNAL N
-10 -5 ) 10 15
TIME, SEC

€22-89-¥1-003V



PUMP SPEED, RPM X 103

PUMP SPEED, RPM X 1073

e8r

41

20+

121

10

PRESSURE, PSIRA

PRESSURE, PSIA

1400

1200

1000

800

600

400

200

1000

800

600

400

200

|
|
//
/
_FUEL PUMP A | Agroe woectr |
SPEED, NFP-1P—| P " | PRESSURE, PFJ-1A
L
/j
//FUEL PUMP v g 7
DISCHARGE
PRESSURE, // /A Z
PFPD-2 / / CHAMBERR ~ ___
/ g PRESSURE, PC-3
[~
e AT
0 ! 2
TIME, SEC
a. Thrust Chamber Fuel System, Start
— OXIDIZER PUMP /«”\
DISCHARGE PRESSURE, POPD-2—] |
7 LT
y
/ -
" OXIDIZER PUMP Vas
SPEED, NOP-1P— A N
/ 7 = CHAMBER
/ \// // PRESSURE, PC-3
1 -
0 ! 2
TIME, SEC

AEDC-TR-68-223

b. Thrust Chamber Oxidizer System, Stort
Fig. 22 Engine Tronsient Operation, Firing 42C

61




AEDC-TR-68-223

TEMPERATURE, OF

POSITION, PERCENT OPEN

800 1
200 —GAS GENERATOR 1
FUEL INJECTOR T
500 ] PRESSURE, PFJGG-2 X
/A
1007 = 500 \\ // y
o GAS GENERATOR /7 v
80+ .3 400 Al OXiDIZER INJECTOR 4, 4
s PRESSURE, // )
60t B 300 \ P0JGG-2— /4 jad
4o+ 200 |= \ [.J\ Wi ——
0l 100 1 4 MAIN OXIDIZER
— VALVE POSITION, LOVT
ol 0 / LT 1
0 1 2 3
TIME, SEC
c. Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start
28007 800 T T T T ]
— GAS GENERATOR OUTLET
24007 700 7 TEMPERATURE, TGGO-1A AND 2
Y
2000"' 500 L~ ——
: i s ya
1600 = 500 v
> \ I T
1200+ j 400 \\ II o
5 y,
8001 & 300 \ ’ £
E:_J ] // ‘\\
wol 200 \ / 1 GAS GENERATOR CHAMBER
\ ¥ PRESSURE, PCGG-2
1 |
) 100 /
-yppl 0
0 1 2 3
TIME, SEC
d. Gas Generator Chamber Pressure and Temperature, Start
Fig. 22 Continued

62



PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 10-3

28
2u
|

161

20

121

10T

PSIA

PRESSURE.,

PRESSURE, PSIA

1400

1200

1000

800

600

u0o0

200

0

1000

800

600

400

200

AEDC-TR-68-223

f. Thrust Chamber Oxidizer System, Shutdown
Fig. 22 Continued

63

_—} FUEL PUMP SPEED, NFP-1P
\
r
| FUEL INJECTOR \ )\
PRESSURE,  \|\
PFJ-1A—
il NN
“CHAMBER \IT{
PRESSURE, -\ ~—FUEL PUMP DISCHARGE
PC-3 PRESSURE, PFPD-2
‘\\
ENG INE \
CUTOFF W\
 SIGNALS S
7 8 9 10
TIME, SEC
e. Thrust Chamber Fuel System, Shutdown
i | 1 | ] |
__|—OXIDIZER PUMP DISCHARGE
Y/ PRESSURE, POPD-2
i \
\ - —0XIDIZER PUMP
CHAMBER \ \ ,/ SPEED, NOP-1P
" PRESSURE, \
PC‘3—'\\ \ N
- \ \h
~ \
| ~_| |
ENGINE L - ——1
—CUTOFF A =
SN~
SIGNAL ——1 odsd. 1
7 8 9 10
TIME, SEC



AEDC-TR-68-223

800
700 |- “
600 \
\ | _4+—GAS GENERATOR OXIDIZER
« {47~ INJECTOR PRESSURE, POJGG-2
— 500
0 \
ui 400 |GAS GENERATOR
5 FUEL INJECTOR )
B 300 |PRESSURE, \
i PFJGG-2- \
\'\
200
| [~
100 | ENGINE \ ™
CUTOFF N R e
—SIGNAL —= g
0 1 | S—
7 8 9 10
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
28007 800
Y D N
] /—GAS GENERATOR
24007 700 7 [ CHAMBER PRESSURE, PCGG-2
1 — A
2000 600 7
.
16001 = 500
i g AGAS GENERATOR OUTLET
5 1200} o uoo / | TEMPERATURE, TGGO-1A AND 2
z g 2 4
w 12
< g0t & 300 =l [/
& s \J
[ and a.
4004 200
ENGINE
°T 100 Mcurorr W
—SIGNAL
-uoo L ol— AN
7 8 9 10
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown
Fig. 22 Concluded

64



<9

HERD, HF-1, FT X 1073

4o

30

20

10

FLOW, QF-2, GPM X 1073

Fig. 23 Fuvel Pump Start Transient Performance, Firing 42C

| J I | !
NOTE: STALL INCEPTION LINE IS BASED ON //
: TOTAL HEAD RISE ACROSS THE PUMP. s,
THE DATA PLOTTED ARE PUMP DISCHARGE o
STATIC PRESSURE CONVERTED TO HEAD. %,
" DATA ARE FROM FM SYSTEM FOR THE ' e 25
INITIAL 3 SEC OF ENGINE TRANSIENT ‘4
- OPERATION, —$ @ %
P> %,
STALL & N
REGION & I~
Y %
\@9,, SAFE
/ OPERATING
i o REGION
_— ey |~
0 2 Y 6 8 10

£TC-89-¥L1-D43Y



AEDC.TR-68-223

oF

TEMPERRTURE.,

4137
414t
-415¢
-416-f

-417

418+
4194
-u20 ¢
-y21 t
422 |

-423-+

FT

NET POSITIVE SUCTION HERD (NPSH),

PRESSURE, PSIA

35

30

25

20

15

J_\—FUEL PUMP INLET

~h . IPRESSURE, PFP1-1__

b

-t —f o — e

o —l- I-- --E- 1 . \ " - .
I X TR UR TANK ULLAGE | iﬁw

|
T |____:i'§J

FUEL PUMP INLET |~ [T

PRESSURE, PFUT

TEMPERATURE TFPl -1

:-_——_H i_ |‘Q O 1 O R A

.- LFUEL TAI\YK BULK TENiPETATIURE TFRlT 1|—
- 1 Ui ]

= A

REMEE

=ENGINE

-CUTOFF SIGNAL

Ililiffpi}t

-10

S00

uoo

300

200

100

-5 0 S
TIME, SEC

a. Duct Pressure and Temperature Transients

10

15

: o ol
NOTE: NPSH CALCULATED US ING:

TFP1-2 (DIGITAL DATA SYSTEM)
PFP1-2 (DIGITAL DATA SYSTEM)

QF-2 (FM SYSTEM)

MINIMUM MODEL

SPECIFICATION NPSH (REF. 5)3\

//\4

JEn

J - ¥y

|\/

/n/‘

b. Fuel Pump NPSH during Start Transient, Firing 42C

TIME, SEC

Fig. 24 Fuel Low Pressure Duct Performance, Firing 42C

66



AEDC.TR-68-223

100 I l I
0 - /ﬂ ™~
| \
< -
w
2 -100 \
% l\l 4
% T
w +
= CONDITIONING TARGET, -150 fg"r—/
-200 |
-300 l I
-24 -20 -16 -12 -8 -4 0
TIME, MIN
a. Thrust Chamber, TTC-1P
200 | | ]
1TFTD-8
100 “‘~J] \1\4 CODITIONNG TARGET
—
g- mn_‘? J// -z . 1 IIJIIrI{//
u 'S V7 SIS 775770 ¥ssss
£, 7
g 037 [ OXIDIZER TURBINE
P )
'%_J START TANK ——
-100 |} FUEL TURBINE NOTE: 1. CONDITIONING TARGET WAS
+50 + 259F AS READ ON
TFiD-2 TFTD-2, -3, AND -8.
: 2. TFTD-2 WAS INVALID FOR
CROSSOVER DUCTJ TFID-3AND 4 THIS FIRING
-290 1 1 ! 1 1 1 : H :
-24 -20 -16 -12 -8 .-y 0
TIME, MIN
b. Crossover Duct, TFTD
100 1 T | ; I
: Wi 777775772 14412177 1 1 Y11 1 A A 1 101,
e i 0 /?'////;AV/A% 000 ‘
& of-j -1 ECONDITIONING
w SPUVEH SN (S S - TARGET, +50 + =%
=] saledee baadead o |
e o
E.I g —, i o
E 00 - -
f | i —_ _|_ o -
proe BN I N I [ 14
-40 -30 -20 -10 0
TIME, WiN

c. Start Tank Discharge Valve, TSTDVOC
Fig. 25 Thermal Conditioning History of Engine Components, Firing 42D

67



AEDC-TR-68-223

100 .
. I O O R R I
_ I S - ]
e oY=l N [ S R .
% Tt L. ._I_. 1
S ]
2 S DO S N —d
g ] O L | :ﬁ 1.
& CONDITIONING TARGET, -100  S0%F ~— _
R e el e e o i o T e
_ = —— : )
NN -1 .__I __,__. J
-20C | l L | { | |

-4J -3C -20 -19 0
TIME. MIN

d. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1

100

1 ' L1111 ] A
CONDITIONING TARGET, -25°F M INIMUM ~

TEMPERATURE, OF

-|CO [T N A T J—

fESSRaEafeemasars

_200 1 [] [ ) ] | 1 ]
-40 -30 -20 -10 0

“IME, MIN
e. Gas Generator Control Valve, TGGVRS
Fig. 25 Concluded

68



69

CHAMBER PRESSURE, PSIR

1000 ¢

800 1

600 1

400 +

200 t

PSIA

CELL PRESSURE,

1.0

0.8 "CHAMBER PRESSURE, PC31| |
. \
\ P/
[ww”““““' / N
0.6 | [ \\__//
(1.
|
0.4 II
TEST CELL I’
PRESS PA-23
0.2 URE, PA-2 = 1
i 1T ENGINE
0.0 ~A CUTOFF SIGNAL T
-10 -5 0 c . "
TIME, SEC

Fig. 26 Engine Ambient and Combustion Chamber Pressures, Firing 42D

£ZT-89-¥1-0Q3Y



AEDC-TR-68-223

PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 10°3

TIME,

SEC

b. Thrust Chomber Oxidizer System, Start
Fig. 27 Engine Transient Operation, Firing 42D

70

281 1400 i
2yt 1200 =
e
20 1000 i e
. 4 L
« LA TR | —
61 © goo |_FUEL PUMP v ] PRESSURE, PFI-1A 2
) SPEED, NFP-1P— j / |1 ]
w .~
121 3 600 P )4 et
a / TFUEL PUMP Ay
8 < - DISCHARGE // A/
$E§§SZUE/_J,{//_ N"CHAMBER PRESSURE, PC-3
4l 200 / 74
/I—""‘— —] —_
0 |. 0 ll'-'=—=g —
0 1 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Start
107 1000 T T T
OXIDIZER PUMP
DISCHARGE PRESSURE, PFPD-2— LT
84 800 ),
////1
< |~
61 o 600 ,/ <
uj OXIDIZER PUMP /
S SPEED, NOP-1P —
'4 T g)) LlOO —\ /// A
wl
& AN / /<\
/ . — CHAMBER PRESSURE, PC-3
21 200 //\‘ S {{/
| e
0 0
0 1 2 3



POSITION, PERCENT OPEN

TEMPERATURE, °OF

100 1
80}
60+
uo ¢

20 ¢

28001

2u00 1

2000 1

1600 t

1200 1

800 1

400 +

E

-400-

800

700

600

500

PSIA

400

300

PRESSURE.

200

100

AEDC-TR-68-223

,—GAS GENERATOR FUEL 1
INJECTOR PRESSURE, PFJGG-2 1~
[ ,//
\ GAS GENERATOR / //
| oXIDIZER INJECTOR| [ /7 _ A
PRESSURE, P0JGG-2- A, P
) - ./ ///
- / /
P —
M1 MAIN OXIDIZER VALVE
/ POSITION, LOVT
/ L 1
1 2 3
TIME, SEC

c. Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start

800
700 —GAS GENERATOR OUTLET
./ TEMPERATURE, TGGO-1A
600 AN/
N ==
a
= 500 v
L \ | \ /]
ul T —
o \ I /
@ ~
@ 300 AR
= \ / |. “I—GAS GENERATOR CHAMBER
\ y PRESSURE, PCGG-2
200 N 1‘7/
4
100 V\/J‘N
0
0 1 2 3
TIME, SEC

d. Gas Generator Chamber Pressure and Temperature, Start

Fig. 27 Continued

71



AEDC-TR-68-223

PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 1073

281

R

20 1

161

10y

PRESSURE. PSIR

PSIA

PRESSURE,

1400
1200 \\
= \
1000 JFUEL INJECTOR —\—\
PRESSURE, \\ \\
PFJ-1A /—FUEL PUMP SPEED, NFP-1P
800 f————N— 4 :
Nl INLS
600 / \
~FUEL PUMP DiSCHARGE
LCHAMBER — PRESSURE, PFPD-2
400 I~ PRESSURE, PC-3
1
: \
200 }ENGINE |
CUTOFF _| N
SIGNAL o ]
0 - i =
7 8 9 10
TIME, SEC
e. Thrust Chamber Fuel System, Shutdown
1000
=TT \‘,,,-——oxmlzm PUMP DISCHARGE
800 PRESSURE, POPD-2
600 , \ \
ZCH&MBER \
—PRESSURE, PC-3 \
__4~—OXIDIZER PUMP SPEED, NOP-1P
400 \\\ :
N h\
\ \ ™~
200 < e
ENGINE \ ~__ —L 1 |
. SIGNAL+"] R [ ]
7 8 g 10
TIME, SEC

f. Thrust Chamber Oxidizer System, Shutdown

Fig. 27 Continved

72



oF

TEMPERATURE.

AEDC-TR.68-223

800 —
700 frr—p==t—=
600 I
- - \
% 500 [GAS GENERATORY
“ TR GAS GENERATOR OXIDIZER
il Mo v \ INJECTOR PRESSURE,
@A \ POJGG-2
9 300 \
G S
200 S
ENGINE ™
100
CUTOFF N N —
o [SIGNAL N
7 8 9 10
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
28007 80O
2y004 700
20001 600 f=—to=
@ <—|—GAS GENERATOR CHAMBER
180071 & 500 PRESSURE, PCGG-2
] |
12007 ¢ 400 \ —GAS GENERATOR OUTLET
2 . 7 TEMPERATURE, TGGO-1A AND 2
soof £ 300 VAR
&
yoo{ 200
ENGINE \
ot 00
Y00 1 curorr ha \
SIGNALT—=
-ypo 4 p == o~
7 8 9 10
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 27 Concluded

73



FT X 1073

NOTE: STALL INCEPTION LINE IS BASED ON //
™~

£TZ"89-¥1-DA3V

TOTAL HEAD RISE ACROSS THE PUMP. 1
CHARGE STATIC PRESSURE CONVERTED Pk\ 25,600 RPM

TO HEAD. DATA ARE FROM FM SYSTEM
FOR THE INITIAL 3 SEC OF ENG INE

THE DATA PLOTTED ARE PUMP DIS-
- \
TRANS IENT OPERATION.

A

vL
HF -1,

HERD,

S/ "\ 22, 000RPM
SL N
Q\
& |
\’\Q r / \
STI_\LL REGION r_,,\j | (. \‘17, 500 RPM B
/< \\ SAFE OPERATING
- 9, 000 RPM \ - REGION
A /"'—W
= ]
2 y 5 8

FLOW, QF-2, GPM X 1073

Fig. 28° Fuel Pump Start Transient Performance, Firing 42D




TEMPERATURE, OF

AEDC-TR-68-223

41371 35

T T T T TTT1 11
ygud "}~ FUEL PUMP INLET | A
A4/l PRESSURE, PFPI-1 WEN
415 ' AN
30
-416 ¢ /1 AN
FEIS
4 E foby t N
-417 g — . - [I 7]— S
-
4181 . 25 FUEL TANK ULLAGE L7
& PRESSURE, PFUT i AL/ A
ust @ FUEL PUMP INLET
ok TEMPERATURE, TFPI-1
ol § TR, TR
20 : ,
-y21 1 ; _ N\
yz2 1 £—FUEL TANK BULK _ ]
- .| TEMPERATURE, TFRT-1 ENGINE CUTOFF
-yp3l 15 l T R | SIGNAL
-10 -5 0 5 10 15
TIME, SEC

6. Duct Pressure and Temperature Transients

>00 T

NOTE: NPSH CALCULATED USING:
TFPI-2 (DIGITAL DATA SYSTEM)

400 PFPI1-2 (DIGITAL DATA SYSTEM)

GF-2  (FM SYSTEM

FT

300

- MINIMUM MODEL SPECIFICATION
/ NPSH (REF. 5)

200

[ AN VA Na

ol | I

NET POSITIVE SUCTION HERD (NPSH),

TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 42D
Fig. 29 Fuel Low Pressure Duct Performance, Firing 42D

75



AEDC-TR-68-223

100 I
0 |==—p—]
. |
g N\
= -100 N
= : N
o, —_—
x
v \
230 AN CONDITIONING
\TARGI:T, -215 25%F —J_
l I N A e —
-300
-4 -20 -16 -12 -3 -4 0
TIME, MIN
a. Thrust Chamber, TTC-1P
200 T T T i T 4 '
OX1DIZER TURBINE - i
‘ |
- START TANK TFTD-8 l
100 |- FUEL TURBINE NOTE: 1. TARGET CONDITIONS WERE
o -100 4 209 AS READ ON
= - TFTD-2 i TFTD-2, -3, AND -8.
. ! LTFID-3 AND 4 2. TFTD-2 WAS INVALID FOR
& o CROSSOVER DUCT -/ : THIS FIRING.
o TFTD-8 ] |
o« i
& "““-L L___q L CONDITIONING TARGET ]
= . === w—
; w4 ¥ e A
=129 o LELLGLLELS A
T
'—£| m‘o‘—s
-200
-4 -20 -16 -12 -8 -y 0
TIME., MIN
b. Crossover Duct, TFTD
100 : i !
A A I
00 0 0 00
& 0 1 -
. 4 CONDITIONING
& TARGET, +50 £ 5°F
= | 1
g |
g }
5 -1co
-200
-40 -30 -20 -10 0

TIFE, MIN

c. Start Tank Discharge Valve, TSTDVOC
Fig. 30 Thermal Conditioning History of Engine Components, Firing 42E

76



TEMPERATURE, OF

TEMPERATURE. OF

AEDC-TR-68-223

12
| N P
0 J_]
1 -

B T ARGET, 100 + 50F — 1
-100 CONDITIONING TARGET, -100+ 500 —1 |

-200 I l l
-40 -30 -20 -10 0

TIME, MIN

d. Main Oxidizer Yalve Second-Stage Actuator, TSOVC.1]

100

0

\\
Y I\
CONDITIONING TARGET, -25F MINIMUME"

-100

-40 -30 -20 -10 0

TIME. MIN

e. Gas Generator Control Valve, TGGYRS
Fig. 30 Concluded

71



CHRMBER PRESSURE, PSIR

10007
800
GOOT
uoo0 t+

200 1

PSIA

CELL PRESSURE,

TIME, SEC

Fig. 31 Engine Ambient and Combustion Chamber Pressures, Firing 42E

TEST CELL ' —
- PRESSURE, 4/ ENGINE CUTOFF SIGNAL _ B
PA-Z N\ | /
D A - 4//
}— CHAMBER PRESSURE, PC-3
S O O
- 5 10 15

€ZZ-89-¥41-003V



PUMP SPEED., RPM X 10-3

PUMP SPEED, RPM X 103

28Tt

241

20+

16..

12t

101

PRESSURE, PSIA

PRESSURE, PSIR

AEDC-TR-68-223

1400
1200
1000
FUEL PUMP
oo SPEED, NFP-1P— b
~ // \\
FUEL INJECTOR  ———ENGINE CUTOFF———
400 A PRESSURE, PFJ-IA/7 SIGNAL
Eravem (4 // \V l
— FUEL PUMP DISCHARGE
<08 /EEE;SERRE’ # \[ PRESSURE, PFPD-2
o bl A E T T S
0 l 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Start and Shutdown
1000
800
600
/—ENGIISIIE CUiI'OFF |SlGNf1L
400 [ X 1P, ';\ OXIDIZER PUMP DISCHARGE ]
' A\/, ™. { PRESSURE, POPD-2
200 y/ —/// \ \\
F—— 1 N o
Srnameerl T \\\ s
PRESSURE, N
K PC-3——F— d
0
0 1 2 3
TIME, SEC

b. Thrust Chamber Oxidizer System, Start and Shutdown
Fig. 32 Engine Transient Operation, Firing 42E

79



AEDC-TR-68-223

PERCENT OPEN

POSITION,

TEMPERARTURE, OF

100 1

801

60 t

4ot

201

800

700

600

500

4oo

300

PRESSURE, PSIRA

200

100

L~ GAS GENERATOR FUEL INJECTOR

PRESSURE, PFJGG-2 _
\ R
! GAS GENERATOR OXIDIZER
\[ "} INJECTOR PRESSURE, P0OJGG-2
/| ENGINE [
/ CUTOFF N
\\ | SIGNAL= 7\ =
A1 | ~—MAIN OXIDIZER VALVE > —
p i LK POSITION, LOVT
/ Vs 1 I [
1 2
TIME, SEC

c. Gas Generator Injector Pressures and Main Oxidizer Yalve Peosition, Start and Shutdown

2800 1

24004

2000+

1600 t

1200 1

800 1

uoo t

-400+

800
700
600 A GAS GENERATOR OUTLET
T o / TEMPERATURE, TGGO-1A AND 2
—~ 50
¢ / A
2 uoo [—IN /
g \ / N
i | [—ENGINE S~
& Y < CUTOFF =
200 SIGNAL
\\ /I |/ 4 \\ chs 'GENERATOR CHAMBER
100 \ PRESSURE, PCGG-2
0
0 1 2
TIME, SEC

d. Gas Generator Chomber Pressure and Temperature, Start and Shutdown

Fig. 32 Concluded

80




18

HERD, HF-1, FT X 1073

4o

30

20

10

NOTE: STALL INCEPTION LINE IS BASED ON
TOTAL HEAD RISE ACROSS THE PUMP.
THE DATA PLOTTED ARE PUMP DIS-

FLOW, QF-2, GPM X 1073

Fig- 33 Fuel Pump Start Transient Performance, Firing 42E

CHARGE STATIC PRESSURE CONVERTED R
TO HEAD. DATA ARE FROM FM SYSTEM i
FOR THE INITIAL 3 SEC OF ENGINE /Z 5 \
TRANS IENT OPERATION. 5 \%&p _
\”7\
AN
@,
- STALL REGION————— Y
»
5\ \, .
ENGINE
SAFE OPERATING REGION
gy |\
- & —_— {
0 > y 5 8 10

£CC-89-¥1-2QA3Y



AEDC-TR-68-223

TEMPERATURE, OF

41371
-4i4
-41S¢
4164
4171
-418 1
-419¢
-420 ¢
-y21 4
-422 -

4+

-423-

PRESSURE, PSIA

NET POSITIVE SUCTION HERD (NPSH}, FT

S0 7
A\
_— FUEL PUMP INLET [\
# | PRESSURE, PFPI-1 [
4s [ [\
HR!
(W
.I Jal
. e, Y . e \I "' 'JV\/ A, ~ ﬁ
40 [ —=FUEL TANK GLLAGE [| 11 A TN WAL LA P YT
PRESSURE, PFUT-1 k ll \\ L =
FUEL PUMP INLET ; ] \ —
TEMPERATURE, PFP1-1 i
35
Z—FUEL TANK BULK 7~ENGINE
TEMPERATURE, TFRT-1 " CUTOFF
30 LT T T SIGNAL
-10 -5 o S 10 15
TIME, SEC
a. Duct Pressure and Temperature Transients
1200 -
| l | l I
1000 ! - !
Z MAXIMUM MODEL SPECIFICATION NPSH (REF. 6)
i ; . i
800 N — |
NOTE: NPSH CALCULATED US ING ]
T A TFPI-2 (DIGITAL DATA SYSTEM)
600 ] PFP1-2 (DIGITAL DATA SYSTEM) —|
N\ QF-2 (FM SYSTEM)
v o |
4oo S |t .
. _)/:MINIMUM MODEL SPECIFICATION NPSH (REF. 6)
200 -,v— ' | ___-_._.,l.__l =
S —— e e e il e " -d. —
ENG INE CUTOFF SIGNAL '
o l S AL | |
0 P 2 3

TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 42E
Fig. 34 Fuel Low Pressure Duct Performance, Firing 42E

82



AEDC.TR-68-223

100
N
0 \\
& i
£ -100 N
[ o4
I \
5 N
5 CONDITIONING
-200 TARGET, -215+ 25%F |
— _\
M~——_N
-300
-4 -20 -16 -12 -8 -y 0
TIME, MIN
a. Thrust Chamber, TTC-1P
200
TFT0-4 TETD-8 FCONDITIONING
100 X [ / TARGET
|
& T : LETOTEEORAASAAM AN
'u‘:cf [mln_z - DNAANRNRY AASSKSSNSS
- v]
B s Yant oo L ReIe 7
: I
£ WERE +50+ 25%F AS —  START TANK“@ ' TFID-8
= READ ON TFTD-2, -3, j
-100 AND-8, _ —{FUEL TURBINE— e -
! FID-2 =
| CRDSSOVER DUCT- TFIO-3AND4
-200 1 1 i 1 1 1
-24 -20 -16 -12 -8 -y 0
TIME, HIN
b. Crossover Duct, TFTD
100
AVANVINAAARAVAN AV IRFAVAVIVANANAN
AN ATITALALATAVARANAN
s CONDITIONING TARGET, 50 £ 25%F ="
ul
@
-
o
]
EJ -100
-200
40 -30 -20 -10 0
TIME, MIN

c. Start Tank Discharge Yalve, TSTDVOC
Fig. 35 Thermal Conditioning History of Engine Components, Firing 43A

83



AEDC.-TR-68-223

120
1
— — '
& 0 -
. _——
i <
g |
&
 -100 '
o i CONDITIONING TARGET, -100= 50
1 ' i |
-200 I I
-40 -30 -20 -10
TIME, MIN
d. Main Oxidizer Volve Second-Stage Actuater, TSOVC-1
100 1 0 I
"
& o
bn_::: I
|
g 1] /
% -100 CONDITIONING TARGET, -50°F MINIMUM
i
-200 : !
-4o -30 -20 -10

TIME, MIN

e. Gas Generator Control Yalve, TGGVRS
Fig. 35 Concluded

84



q8

CHAMBER PRESSURE, PSIAR

1000 1
800 1
600 t

400+

200+

CELL PRESSURE, PSIRA

1.0
— CHAMBER PRESSURE, PC-3
0.8 7
1/
' \
0.6 { 7
\ A
7
TEST CELL
0.4 PRESSURE,
PA-2 ="
\// N | \
0.2 ENG INE
CUTOFF
SIGNAL ——=H
0.0 | [ 1]
-10 0 10 20 30 yo
TIME, SEC

Fig. 36 Engine Ambient and Combustion Chambher Pressures, Firing 43A

£22-89-81-2Q3v



AEDC-TR-68-223

2871 1400
24t 1200 1
v
& 201 1000 ) =
= « |~ L FUEL INJECTOR,
> 5 FUEL PUMP PRESSURE, PFJ-1A
E 1610 800 SPEED, NFP-1P=y P
:5 12 § 600 ] AP
i @ /| FUEL PUMP A A1 crameer
) o / DISCHARGE / // PRESSURE,
o 8+% uoo PRESSURE, 4 e
5 PFPD-2 — // L/
4+ 200 / 5 B
0-|- 0 l==.L"/ -
0 1 2 3
TIME, SEC
a. Thrust Chamber Fue! System, Start
107 1000
VA[\/V\I\/\M\
OXIDIZER PUMP
8+ 800 DISCHARGE v
7 PRESSURE, POPD-2—1—=f |
> [ /// /'
) e
= 61+ v» 600 e
[\ [+ 18 /
~ . OXIDIZER PUMP / yd
a § SPEED, NOP-1P /7
& Ut B uoo
a u {
o & /] /// | /+1——CHAMBER PRESSURE, PC-3
= \,\ -
SR | 1/
2 200 7
N
ot 0 / A
0 1 2 3
TIME, SEC

b. Thrust Chamber Oxidizer System, Start
Fig. 37 Engine Transient Operation, Firing 43A

86




POSITION, PERCENT OPEN

TEMPERRTURE, OF

AEDC-TR-68-223

800
700 //‘/ <
//
500 GAS GENERATOR FUEL P
" INJECTOR PRESSURE, PFJGG-2 4/
a
1001 = 500 \ }/
; \
. GAS GENERATOR 4
80 1 4yoo
& \| _oxipizer inJECTOR |/ TmaIn oxID1ZER P
ol B 00 PRESSURE, A {VALVEPOSITION, | _¥~
i —K_P0JGG2—; 7 LOVT — )28
-
201 100 ~—1
0+ 0 J
0 1 2 3
TIME, SEC
c. Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start
1 800
zeo0y ——— T
ayoo 4 200 |-GAS GENERATOR /—GAS GENERATOR OUTLET
| CHAMBER PRESSURE, /| TEMPERATURE, TGGO-1A AND 2
PCGG-2 -
2000 + 600 r( / \\\ i /F’A
a / \x
1200+ w1 U400 \ [ —
= \ / —
@2 /
8001 & 300
& /
u00t 200 \\ I
N
ot 100 =
r
-400+ 0
0 1 2 3
TIME, SEC

d. Gas Generator Chamber Pressure and Temperature, Start
Fig. 37 Continyed

87



AEDC.TR-68-223

PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 10-3

28t

2u+

201

161

12¢

IOT

PSIA

PRESSURE,

PRESSURE, PSIR

1400

\e—FUEL PUMP SPEED, NFP-1P
1200 \\
[FUEL INJECTOR:
PRESSURE, '@ \ A
1000 [pF)-1a AN
EAA
800 s 1 H________________F&
B __CHEQ“SBER N \A | —Fuet pume pischarce
PE=aSIRE Y PRESSURE, PFPD-2
L PC-3
400 I i
ENG INE
CUTOFF
200 |5 1GnaL T— \
S
0 —
32 33 34 35
TIME, SEC
e. Thrust Chamber Fuel System, Shutdown
1000 T T 1T T T 1
\ OXIDIZER PUMP DISCHARGE
PRESSURE, POPD-2
800
gCHAMBER
— PRESSURE,
- PC-3
I
\.\\ —OXIDIZER PUMP
400 ~Z|  SPEED, NOP-1P
\
ENGINE M T~ —
200 [CUTOFF ] -~
SIGNAL——* SNl —
T~ l ]
5 "‘V\J\/"-d..___\_-_—-_-_-
32 33 34 35
TIME, SEC

f. Thrust Chamber Oxidizer System, Shutdown
Fig. 37 Continuved

88



TEMPERRTURE, OF

AEDC-TR-68-223

800

\
700 ‘\
600 \\
T cgp GAS GENERATOR OXIDIZER
- 400 {FUEL INJECTOR | |
e PRESSURE,
A PFIGG-2+—{ |\
300 \
o«
o \\
200 L
 ENGINE
CUTOFF ~
100 I's1GNAL N —
0 A .
32 33 3y 35
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
28001 800
2400+ 700 fe—t—
. 4—GAS GENERATOR CHAMBER
20001 500 PRESSURE, PCGG-2
16001 &= 500
a.
R ,—GAS GENERATOR OUTLET
12001 w400 TEMPERATURE, TGGO-1A AND 2
2 \
800+ £ 300 / =
[
o
400+ 200 >
ENGINE \
CUTOFF
O  100fsieNALTF—
-yop+ 0 Sl
32 33 3y 35

TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 37 Concluded

89



06

FT X 103

HF -1,

HERD,

40

30

20

10

NOTE: STALL INCEPTION LINE IS BASED ON
TOTAL HEAD RISE ACROSS THE PUMP.

THE DATA PLOTTED ARE PUMP DIS-

CHARGE STATIC PRESSURE CONVERTED

TO HEAD. DATA ARE FROM FM SYSTEM

/
/

FOR THE INITIAL 3 SEC OF ENG INE

TRANS IENT OPERATION.

%

(]

o<

"D

o

STALL REGION

N
Q

QN
@3//\

4

N

)

N
N/
c;\‘/

4

a

)

0
%

SAFE OPERATING _}

v { REGION
N /4,000 \(
S
2 Y 6 8 10

FLOW, QF-2, GPM X 10-3

Fig. 38 Fuel Pump Start Transient Performance, Firing 43A

£2Z-89-31-0Q3v



TEMPERATURE, OF

AEDC-TR-68-223

-4137 35 “VI “\
A
AT el [—FUEL PUMP INLET ) -y -
154 PRESSURE, PFPI-1 A N
30 / NAN 1\

-416+ A ) \
- l < \ i
"117 g: 1 /j//// -
41871 . 25 HE-FUEL TANK [Py v

& —TULLAGE I
-4191 3 — PRES SURE, i

m pr——
_y20l & PEUT_ i, | _—FUEL PUMP INLET

“ 5 \( TEMPERATURE, TFPi-1
-u21 4
4221 £ FUEL TANK BULK

TEMPERATURE, TFRT-1
-423-L 15 [ T I O U I H
-10 0 10 20 30 4o
TIME, SEC

a. Duct Pressure and Temperature Transients

S00 T T T T T T T T
- NOTE: NPSH CALCULATED USING:
N TFP1-2 {Di GITAL DATA SYSTEM) —
T PFPI-2 (DI GITAL DATA SYSTEM)
¢ 400 QF-2 (FM SYSTEM) ]
Z
o
Vi
T 300 X
z /[ MINIMUM MODEL SPECIFICATION
- / NPSH (REF, 6)
(]
2 200 £ :
7))
w /\ f A Al A AL A'AV/\‘
: ATV
g 100 J"
a 1
= \ | ~
e \ V
0
0 1 2 3
TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 43A
Fig. 39 Fuel Low Pressure Duct Performance, Firing 43A

91



AEDC-TR-68-223

100 T
] | =
+20,
CONDITIONING TARGET, -150 _jo% -1y
0 N \
& \\ \
g -100 AN '
a “~_____~\\~ 3
EJ \——N-
E 1
-200
-300
-2y -20 -16 -12 -8 -y 0
TIME, HIN
a. Thrust Chamber, TTC-1P
200
1FTD-8 CONDITIONING TARGET 5
100 =t Vi !
hL‘_‘--h._____‘_ \ aRRtRRY \\i\\}\\\\ \\\\
& TFTD-27 AR AN
- 2 AR AR e |
o«
£ 0 TFTD-BJJ TF1D-47
& NOTE: TARGET CONDITIONS WERE 1073 OXIDIZER TURBINE
& +50% 259 ASREADON  START TANK—@ . o8
= TFTD-2, -3, AND -8, . e
-100 FUEL TURBINE . S >
TFT0-2 ~ I \(2,1/
CROSSOVER pucT~ “TFTD-3AND 4
-200
24 -20 -16 -12 -8 -4 0
TIME, MIN
b. Crossover Duct, TFTD
‘00
\\L‘ ;\“ \\\\\\ \\\ ‘\\\Q \\\ \\ \\\\\X\\\:\ \\\ \\\\ AN
n ATV VARSI A VY ST
& o
R CONDITIONING TARGET, +50 25%F
g |
=2 —
o
=4 —
o
z .00
&
-200
“40 -30 -20 -10 0

TIME, MIN
c. Start Tank Discharge Valve, TSTDVOC
Fig. 40 Thermal Conditioning History of Engine Components, Firing 43B

92



oF

TEMPERARTURE.

TEMPERATURE, OF

AEDC-TR-68-223

100
0
CONDITIONING TARGET, -100+ 50°F~{
-100 AN
-200
-40 -30 -20 -10 0
TIME, MIN
d. Main Oxidizer Second-Stage Actuator, TSOVC-1
100
o }
i
0
/
-100 r/
CONDITIONING TARGET, -50°F MINIMUM —
-200
-40 -30 -20 -10 0
TIME., MIN

e. Gas Generator Control Valve, TGGYRS
Fig. 40 Concluded

93



v6

CHAMBER PRESSURE, PSIA

1000

800 -

600 1

400 -

200 1

1

A\

CELL PRESSURE, PSIA

CHAMBER

PRESSURE, PC-37

Fig. 41 Engine Ambient ond Combustion Chamber Pressures, Firing 43B

—TEST CELL
"~ PRESSURE, PA-2=[_
~N
ENG INE
CUTOFF
S IGNAL T
-5 0 5 10 15
TIME, SEC

£€TT-89-¥L-D2A3V



PUMP SPEED. RPM X 1073

PUMP SPEED, RPM X 1073

AEDC-TR-68-223

281 1400
24U+ 1200
/
201 1000 =t
= A '/ o l;llJzElesTJJREEc TSEJ-IA
61 P 800 SPEED, NFP-1P—|—" ) '
w — S / <
121 » 600 A Va
] / / 1
e f FUEL PUMP yiv-4 CHAMBER
81 ~ u00 /| DISCHARGE J PRESSURE, PC-3
PRESSURE, fi—A /4
4l 200 [ | ereo2 /11—
/ —
ol 0%—/—/"‘"ﬁ
0 1 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Start
107 1000 ;
JA/J\/V\ VV\'WW\.\,\
81 800 rOXIDIZER PUMP /rJ
DISCHARGE PRESSURE, POPD-2
< =1
61 & 600 7
1 ~OX{DIZER PUMP //
ol @ yog [ SPEED, NOP-1P /\_
Tw
& AN} | \cramser pressure, pc-3
<
21 200
_Jr
O_L 0 4 J’-——‘
0 : 1 2 3

TIME, SEC
b. Thrst Chamber Oxidizer System, Start

Fig. 42 Engine Transient Operation, Firing 43B

95



AEDC-TR.68-223

POSITION, PERCENT OPEN

TEMPERATURE, OF

1001

801

60 1

40

20t

Al

28001

24001

2000 1

1600t

1200 ¢

800+

400t

-400+

PRESSURE, PSIA

c.

PRESSURE, PSIA

800
L~ T
700 4 e
GAS GENERATOR FUEL P
INJECTOR PRESSURE, N
600 PFJGG-2 7/
0 %
S00 | |GAS GENERATOR /A
[ OXIDIZER INJECTOR
Yoo \ PRESSURE, P <
\PO562 MAIN OXIDIZER VALVE | |~
300 [POSITION, LOVT 7
= \ / ! -Z //
/] >
200 —
\‘ / L e
100 — L
/
0 /
0 1 2 3
TIME, SEC
Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start
800 JFGAS GENERATOR CHAMBER I I I I
208 | | PRESSURE, PCGG-2 | _—{GAS GENERATOR QUTLET
] [ |TEMPERATURE, TGGO-1A AND 2
600 /< —F
\‘\\ >
500 \ / ~— £/
300 \ //
N |
200
\\ 1
100 7
NI
0
o] 1 2 3
TIME, SEC
d. Gas Generator Chamber Pressure and Temperature, Start
Fig. 42 Continved

96



PUMP SPEED, RPM X 10-3

PUMP SPEED, RPM X 1073

81

U+t

20t

16 1+

12t

PRESSURE. PSIRA

1071

PRESSURE. PSIR

AEDC-TR-68-223

1400 I | r
\ f—FUEL PUMP SPEED, NFP-1P
1200 \ /
\
1000 }H=FUEL INJECTOR
PRESSURE, \
- PFJ-1A \
X
£ CHAMBER V FUEL PUMP DISCHARGE
— PRESSURE, PRESSURE, PFPD-2
4oo —Fl'c—s
|
200 | ENGINE
| CUTOFF A
SIGNALT— e
0 L '
7 8 g 10
TIME, SEC
e. Thrust Chamber Fuel System, Shutdown
1000 T I ] T
OXIDIZER PUMP
S <L D ISCHARGE PRESSURE,
X/ POPD-2 '
800
500 _ZCHAMBER \
PRESSURE, \ \\ — OXIDIZER PUMP
| PC-3 \\ A SPEED, NOP-1P
400 r\\
200 \L\\ 1
ENGINE N I e S
CUTOFF — e =
5 SIGNAL+—> j ~——
7 8 9 10
TIME, SEC

f. Thrust Chomber Oxidizer System, Shutdown
Fig. 42 Continved

97



AEDC-TR-68-223

TEMPERATURE, OF

800
700 :
600 |
\ [, —GAS GENERATOR OXIDIZER
« INJECTOR PRESSURE, POJGG-2
7 900 [GAS GENERATOR
e FUEL INJECTOR 1Y
ui 400 |PRESSURE, \
S PFJGG-2
@ \
g_, 300 \
.
200 —
-
ENG INE L
100 T oyrorr \ ]
SIGNAL
U L
7 8 9
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
2800]— 800
2400+ 700
| —GAS GENERATOR CHAMBER
2000 ¢ 600 *”"T PRESSURE, PCGG-2
1500--% 500
.
R GAS GENERATOR OUTLET
12001 ui 400 . TEMPERATURE, T6G0-1A AND 2
(?) \ .k"\
800+ &) 300 v}
&
4004 200
1  ENG INE \
0 100 [ curorr
[ SIGNAL
~ypp 07 : . .
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown
Fig. 42 Concluded

o8



66

HEAD, HF-1, FT X 1073

40

30}

20

10

NOTE: STALL INCEPTION LINE IS BASED ON /
TOTAL HEAD RISE ACROSS THE PUMP. P N
THE DATA PLOTTED ARE PUMP DIS-
CHARGE STATIC PRESSURE CONVERTED / >:<25 600 RPM
TO HEAD. DATA ARE FROM FM SYSTEM , ’

FOR THE INITIAL 3 SEC OF ENG INE /4 /
TRANS IENT OPERATION. ~_/

N\

I /'\
& // \22, 000 RPM
STALL REGION S A\
Ny
c}y 7\\17, 500 RPM
L/ SAFE OPERATING
d 9, 000 RPM ' Lilil
r\ ]
——/ X<
2 Y 6 8 10

FLOW, QF-2, GPM X 1073

Fig. 43 Fuel Pump Start Transient Performance, Firing 43B

€2Z-89-4L-0Q 3V



AEDC-TR-68-223

OF

TEMPERATURE,

413
44t

-415¢
-416 1
4171
-418 ¢
-419+4
-420 1
-421 ¢
-422 ¢

-y231

PRESSURE, PSIRA

FT

NET POSITIVE SUCTION HERD (NPSH),

35 [ [ ]
T PN
I N
~7_A—FUEL PUMP INLET 1/
30 7 T PRESSURE, PFPI-1 / \
; N
j J
\ ) | ]
25 =% ; i, /1
-FUEL TANK ULLAGE AV T N
PRESSURE, PFUT ! oY
| I |
A e e SR A A e
20 P Frie PUMP INLET 4
TEMPERATURE, TFTI-1T =
L FUEL TANK BULK - |~ ENGINE
TEMPERATURE, TFRT-1 | CUTOFF
15 L L 1| ! 3 SIGNAL
-10 -5 0 5 10 15
TIME, SEC
a. Duct Pressure and Temperature Transients
500 - e T T T
NOTE: NPSH CALCULATED USING:
TFP1-2 (DI GITAL DATA SYSTEM)
PFP1-2 (DIGITAL DATA SYSTEM)
400 QF-2 (FM SYSTEM) .
300
— MINIMUM MODEL SPECIFICATION
/' NPSH (REF. 6)
200 T
/ /\/ \JAV . JA \ o] vﬁ Av
~ A
100 \J /\ ’J/
oL
0 1 2 3
TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 43B
Fig. 44 Fuel Low Pressure Duct Performance, Firing 43B

100



TEMPERATURE. OF

o

TEMPERATURE,

100

-100

-200

-300

-24

200

100

~-100

-200

-4

AEDC-TR.68-223

CONDITIONING

TARGET, -150 *200F — |

-12
TIME, MIN

-18

a. Thrust Chamber, TTC-1P

['TFTD-?- AND 4

NOTE: TARGET CONDITIONS WERE

+50 + 25°F AS READ ON
TFTD-2, -3, AND -8.

CONDITIONING TkRGET]

J

ANARRRNARNN \* \

f Limo-s

AR ARRRY BEERARRRY

LTFTD-Z

OXIDIZER TURBINE

START TANK

FUEL TURBINE

rﬁ@\&- </

TFTD-2 N

CROSSOVER pycT- ~TTTD-3AND 4

-20

-12 -8 -4 0

TIME, MIN
b. Crossover Duct, TFTD

-16

Fig. 45 Thermal Conditioning History of Engine Components, Firing 01A

101



AEDC-TR-68.223

100
AN A N AN RN AN N N
= . \\\\\\\\ ) NI NI \\\ \\\\\ \\
NN NN OROSONONONININ N
& 0 1 I /
¥ CONDITIONING TARGET, +50+ 25% /|
5 l l [
p—
(e 0
[s . _
[V ]
= -100
—_
- l
200 || | | L 1]
-4 -30 -20 -10
TIME, MIN
c. Start Tank Discharge Yalve, TSTDVOC
100
& 0
W
% N\.
& B |
= — |
o
= -100
= I
CONDITIONING TARGET, -100 & 50%F —_
|
-200 | |
-40 -30 -20 -10

TIME, MIN

d. Main Oxidizer Yalve Second-Stage Actuator, TSOVC.1
Fig. 45 Concluded

102



€0T

CHAMBER PRESSURE, PSIA

1000 -

800 T

600 Tt

oo +

200 ¢

PSIA

CELL PRESSURE,

CHAMBER PRESSURE, PC-3
|| ol 1
. J
- \——
[ [ TEST CELL PRESSURE, PA-2
41 \
B _ ENGINE
1 CUTOFF
_ i SIGNAL—]
11T
-10 0 10 20 30 4o

TIME, SEC

Fig. 46 Engine Ambient and Combustion Chamber Pressures, Firing 01A

€IT-89-¥1-2Q03¥



AEDC-TR-68-223

281 1400 ,
a4 1200 ]
™ h J/’ l
& 207 100 FUEL PUMP | /FUELINJECTOR
> z SPEED, NFP-1P > 4 PRESSURE, PFJ-1A=—
o _\ e | |
S 1242 600 § <t A Ll
1 o /1 1 / /] =
o T FUEL PUMP N CHAMBER PRESSURE,
e 81 400 DISCHARGE T)7 PC-3 .
D PRESS URE, L/
W 200 [1 prpo-2+ T
L1927
o+ 0 IEJ/AQ;: I |
0 1 2 3
TIME, SEC
a. Thryst Chamber Fuel System, Start
107 1000 T -y
I NV TV VAN
OX1DIZER PUMP /,If M
DISCHARGE
8+t 800 PRESSURE,
? POPD-2 -
= 64 o 600 -
& o /
o W OXIDIZER PUMP , <
o = SPEED, NOP-1P — // CHAMBER PRESSURE, PC-3
=
21 200 ! <
Y/
N
0 1 2 3

TIME, SEC
b. Thrust Chamber Oxidizer System, Start
Fig. 47 Engine Transient Operation, Firing 01A

104



POSITION, PERCENT OPEN

o

TEMPERATURE ,

IOOT
801
601
4o+

20t

2800 T
2400 1
2000 |
16001

1200 1

800 A

400t

-400-

AEDC-TR-68-223

d. Gas Generator Chamber Pressure and Temperature, Start

Fig. 47 Continued

105

800
[
—
WM\
700 | Z
Vi
_— GAS GENERATOR
600 ~ FUEL INJECTOR
YT PRESSURE, PFJGG-2
a 500 l ] l ]
0 \ 1T 1 1 ]
o ! GAS GENERATOR 7
W 400 OXIDIZER
< INJECTOR /
@ 300 \__PRESSURE, | MAIN OXIDIZER
£ N\ PoJGG2+ Y VALVE POSITION, | /
200 N 7 LOVI 7
AN I
100 v
5 /
0 1 2 3
TIME, SEC
. Gas Generatar |njector Pressures and Main Oxidizer Valve Pasitian, Start
800
I I T
200 /— GAS GENERATOR OUTLET
/__TEMPERATURE, TGGO-1A AND 2
f""L—-—_\_.
600 ~—t \
S i 7 N
0 \ / / 1
& /
=
a \ |
9 300
& \ / /[ GAS GENERATOR CHAMBER
\ PRESS URE, PCGG-2
200 e
100
N
0 | 1
0 1 2 3
TIME, SEC



AEDC-TR-68-223

PUMP SPEED, RPM X 10-3

PUMP SPEED, RPM X 103

28 ;

107

PRESSURE,

PRESSURE, PSIA

PSIR

1400

_— FUEL PUMP
SPEED, NFP-1P

1200 |~

PRESSURE,

FUEL INJECTOR \\

1000 PFJ-lA—-\ VAN
- I\ N
800 A
[\ chamer W\l
500 PRES SURE, ; I
PC-3 W V\L—FueL PumP DISCHARGE
¥ PRESSURE, PFPD-2
400 .
ENGINE \ \
200 | CUTOFF |
SIGNAL IANAN , |
0 | — ==
32 33 3y 35
TIME, SEC
e. Thrust Chamber Fuel System, Shutdown
1000 | \.l T T T T 1
—— OXIDIZER PUMP DI SCHARGE
\\ PRESISURE, POII>D-2
800 \‘
500 \ \ |
CHAMBER \ \,\\ | ,—OXIDIZER PUMP
PRESSURE, \_,/1___SPEED, NOP-IP
PC-3
400 _ﬂ'\ \\
N
AN
200 | N [T~
ENGINE AN —
| CUTOFF \\ R s S L
SIGNAL SN B
oL D D e e O I
32 33 34 35
TIME, SEC

f. Thrust Chamber Oxidizer System, Shutdown
Fig. 47 Continued

106



TEMPERATURE, OF

2800 T
24001
2000 1
1600
1200 1

800 t

400 1

ool

PRESSURE, PSIA

PRESSURE, PSIA

500

AEDC-TR.68-223

T
700 |-—3 \\
1 \ |
600
\ |
_—GAS GENERATOR OXIDIZER
500 PRESSURE, POJGG-2
400 \
\ | GAS GENERATOR FUEL
00 L\ INJECTOR PRESSURE,
3 \ | PFJGG-2
N
200 A
ENGINE
0o |CUTOFF T
SIGNAL N |
o L1 =
32 33 3y 35
TIME, SEC
g- Gas Generator Injector Pressures, Shutdown
800
700 (31 |—GAS GENERATOR CHAMBER
7T PRESSURE, PCGG-2
600
S00 GAS GENERATOR OUTLET
) - /| TEMPERATURE, TGGO-1A AND 2
4oo ‘\ - £ —
300 \
200
ENGiNE
CUTOFF
100 15 6NAL N
ol '
32 33 3y 35
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 47 Concluded

107



801

FT X 1073

HF-1,

HERD,

4o

30

20

10

NOTE: STALL INCEPTION LINE IS BASED ON
TOTAL HEAD RISE ACROSS THE PUMP.
THE DATA PLOTTED ARE PUMP DIS-
CHARGE STATIC PRESSURE CONVERTED
TO HEAD. DATA ARE FROM FM SYSTEM
FOR THE INITIAL 3 SEC OF ENGINE /

TRANS | ENT OPERATION. |

R

\
A
STALL REGION-|— — & 5

FLOW., GF-2, GPM X 1073

Fig. 48 Fuel Pump Start Transient Performance, Firing 01A

€22-89-¥1-0Aa3v



oF

TEMPERATURE,

~4137
414+
4151
416 ¢
4171
-y184
-4194
-'420"
-y214
-y224

-4y23 1

PRESSURE, PSIA

NET POSITIVE SUCTION HERD (NPSH), FT

35

AEDC-TR-68-223

| i
- \
~FUEL PUMP INLET AL P! L
qz_PREssuas, PFP|-1 pd i |
30 [ AR | ) \
AL L NN A e 4 N N
FUEL TANK ULLAGE i 1
PRESSURE, PFUTST T T7 |
W W, \
2 AN ‘
~FUEL PUMP INLET TEMPERATURE, TFPI-1
20 L A
\
\
7 | ENGINE
=FUEL TANK BULK CUTOFF
5 TEMPERATURE, TFRT-1 SIGNAL=S
-10 0 10 20 30 uo
TIME, SEC
a. Duct Pressure and Temperature Transients
500 T T 1 T T T 1
NOTE: NPSH CALCULATED USING: i
TFP1-2 (DIGITAL DATA SYSTEM)
400 PFPI-2 (DIGITAL DATA SYSTEM) |
QF-2 (FM SYSTEM)
300
~-MINIMUM MODEL SPECIFICATION NPSH (REF. 6)
200 X = A\ £
f‘t[ N A ANV VTN
i~
100 f\\ /[
NI
0 1 2 3
TIME, SEC

b. Fuel Pump NPSH during Start Tronsient, Firing 01A
Fig. 49 Fuel Low Pressure Duct Performance, Firing 01A

109



AEDC-TR-68-223

100
0 N
u \
. CONDITIONING
';‘cJ +20,
S oo L_JARGET, -150 {0 °F 1,
& N \
[o =g
w
o -
=
w
[
-200
-300 |
-2y -20 -16 -12 -8 -y
TIME, MIN
a. Thrust Chombker, TTC-1P
=00 NOTE: TARGET CONDITIONS WERE
+50 + 25F AS READ ON
TFTD-2, -3, AND -8.
Pod | ﬂD"S CONDITIONING TARGETZ
100 e
. FAUSEE NN jAmsiuuuLeY
wi I r\ﬂ-\—\\\\\\\\\—\ A TR VA ;r—.—\‘\ \\\\\
S g 4 . .
g LTFTD-3 AND 4 OXIDIZER TURBINE7
a i
uzJ START TANK | TFTD-8
L ._
-100 FUEL TURBINE
TFTD-2 — ! /
CROSSOVER DUCT-/ TFTD-3 AND 4
_200 L [} 1 . 1 1 1
-2y -20 -16 -12 -8 -y
TIME, MIN

b. Crossover Duct, TFTD

Fig. 50 Themol Conditioning History of Engine Components, Firing 01B

110




oF

TEMPERATURE,

TEMPERATURE, OF

AEDC-TR-68-223

100 | ]
N NN N
i NN
0 £ CONDITIONING TARGET, +50 + 25%F
-100
-200 ‘
-40 -30 -20 -10 0
TIME, MIN
c. Start Tank Discharge Valve, TSTDVOC
100
0

CONDITIONING
TARGET, -100 * 50%

-100 ' ﬁl\%

-200
-u0 -30 -20 -10 0

TIME, MIN

d. Main Oxidizer Valve Second-Stage Actuator, TSQVC-1
Fig. 50 Concluded

111



AN

CHAMBER PRESSURE, PSIA

1000 1

800 -

600

uo0 1

2001

CELL PRESSURE, PSIR

1.0
CHAMBER
0.8 PRESSURE, PC-3 T
[y,
0.6
/
o.u ]
TEST CELL - 7]
PRESSURE, PA-2- 1
0.2 ] —
= ENGINE
CUTOFF —] -
AL
0.0 S| GNAL-—
-10 -5 0 5 10 15
TIME, SEC

Fig. 51 Engine Ambient and Combustion Chamber Pressures, Firing 01B

£TT-89-¥L-0Q3av



PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 1073

o
PRESSURE, PSIA

107"

)
PSIRA

==
PRESSURE,

1400

1200

1000

800

600

400

200

1000

800

600

uoo

AEDC-TR-68-223

///
//
/ e
pd FUEL INJECTOR |
| SPEED, NFP-1P5 7 N = 8
A // //;/
7~
/1A CHAMBER PRESS URE,
/FUEL PUMP s c-
y s PC-3
/ DISCHARGE 7
PRESSURE, V7
[ | prPD-2 Va
| —1_ | ‘
4/__/-—'—' |
0 1 2 3
TIME, SEC
o. Thrust Chamber Fuel System, Start
J\/WW\AA A A
Vv \/\[
OXIDIZER PUMP DISCHARGE —
PRESSURE, POPD-2 —~|
L/ // e it
/,/// /Jr”JJ—
—— OXIDIZER PUMP / /|
SPEED, NOP-1P /
I N~ CHAMBER PRESSURE, PC-3 |
/ \ Vs // E'
y /
/ __/""“—J
1 2 3

TIME, SEC

b. Thrust Chamber Oxidizer System, Start
Fig. 52 Engine Transient Operation, Firing 01B

113



AEDC-TR-68-223

POSITION, PERCENT OPEN

TEMPERATURE, OF

100+

801

60 1

uo+t

20t

28001

2u00 1

20001

1600

1200 ¢

800 ¢

4oo ¢

-400-

c.

PSIR

PRESSURE,

PRESSURE, PSIRA

800

700

600

500

400

300

200

100

0

AT
V. <t math
~GAS GENERATOR FUEL L A
A INJECTOR PRESSURE, 4
PFIGG-2 7
\ /A
\\ GAS GENERATOR ,//
OXIDIZER INJECTOR —/ MAIN OXIDIZER .
PRESSURE, / VALVE POSITION, |
,_\\POJGG-Z—I / LOVT | //
id -
\V\/"_/ / H
A
/
/
0 1 2

TIME, SEC

Gas Generator Injector Pressures and Main Oxidizer Yalve Position, Start

800

700

600

S00

Yoo

300

200

100

,—GAS GENERATOR OUTLET

/ TEMPERATURE, TGGO-1A AND 2

]

L

/I

—
L—1"1

PRESSURE,

\—GAS GENERATOR CHAM

PCGG-2

BER

TIME, SEC
d. Gas Generator Chamber Pressure and Temperature, Start
Fig. 52 Continued

114




PUMP SPEED, RPM X 10-3

PUMP SPEED, RPM X 1073

24t

201

16 ¢

121

28 W

107

PRESSURE, PSIA

PRESSURE, PSIR

1400

1200

1000

800

600

400

200

1000

800

[#)]
o
o

=
o
(]

200

0

AEDC.-TR-68-223

[ |
__—FUEL PUMP
\{~ SPEED, NFP-1P
\
FUEL INJECTOR
PRESSURE, _ \ |\
PFJ-1A-. \
- CHAMBER \
PRESSURE, \| |\ /\| ~—FUEL PUMP DISCHARGE
PC-3 V" PRESSURE, PFPD-2
ENGINE |
CUTOFF
SIGNAL N\ [\
| .
7 8 9 10
TIME, SEC
e. Thrust Chamber Fuel System, Shutdown
{ 1 T T li
\ OXIDIZER PUMP DISCHARGE
AAT PRESSURE, POPD-2
Al CHAMBER
PRESS URE, \
PC-3 _~OXIDIZER PUMP
\ \\e/ SPEED, NOP-1P
A
N\
ENGINE \"‘-\ e —~—
e —
CUTOFF T~ I
S1GNAL ——= S —= —
' | T !
7 8 g 10
TIME, SEC

f. Thrust Chamber Oxidizer System, Shutdown

Fig. 52 Continued

115



AEDC-TR-68-223

800
700 ~—GAS GENERATOR OXIDIZER
\ ¥~ INJECTOR PRESSURE, P0JGG-2
600 \r l
|
< 500 \\ i
[7p] 1
" \
W 4oo \
< \
a \
@ 300
L \
o ~N
200 S g
ENGINE \ , '
CUTOFF \ [/~ CAS GENERATOR __
100 {5y eNAL N/ FUEL INJECTOR : —
] PRESSURE, PFJGG-2 —
0 ' ] ] | |
7 8 9
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
28007 800
2400+ 700
_—GAS GENERATOR CHAMBER
20001 600 =\ X PRESSURE, PCGG-2
L 4
S 1600+ = 500 1L
¥ @ '~ GAS GENERATOR OUTLET
& . /| TEMPERATURE, TGGO-1A AND 2
2 12001 o 400
a o« N l
[ el 2
i @ \
< o0t 2 300 y
ul c
— o )
400 1 200 I
ENGINE \\
1 CUTOFF
0 19015 onaL |
-4oo 4 0 |
7 8 9

TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown
Fig. 52 Concluded

116



L11

FT X 10-3

HERDu HF—I ’

4o

30

20

10

NOTE: STALL INCEPTION LINE IS BASED ON
TOTAL HEAD RISE ACROSS THE PUMP,

THE DATA PLOTTED ARE PUMP DIS-

CHARGE STATIC PRESSURE CONVERTED
TO HEAD. DATA ARE FROM FM SYSTEM /

FOR THE INITIAL 3 SEC OF ENGINE
TRANS IENT OPERATION.

/

A

STALL REGION NS

SAFE OPERATING
REGION

/\2’
f

6

FLOW, QF-2, GPM X 1073

Fig. 53 Fuel Pump Stort Tronsient Performance, Firing01B

10

£22-89-31-003av



AEDC-TR-68-223

oF

TEMPERRTURE,

-413

41y -

4151
4161
-4174
4181
4191
-420 ¢
-y21 ¢

-4ee A

423

PRESSURE, PSIA

FT

NET POSITIVE SUCTION HERD (NPSH),

35 ] - 4 [ | |
~ FUEL PUMP INLET i
M T™1,/ _ PRESSURE, PFPI-2 \
30 | 4 A\
4 VN
[ \
i (L ‘ e
q » I‘ | ,-J/ \\ N
———a T e T
5 e 0 PYY =
FUEL TANK ULLAGE i ™
PRESSURE, PFUT T 1T
FUEL PUMP INLET TEMPERATURE, TFPI-1
20 4—‘-—1-—-‘ --—‘L‘_'I‘___"""'!-v-"'\A\
: N
)\ ST TANK BULK TEMPERATURE, |_~-ENGINE CUTOFF _|
TFRT-1 ] & | SIGNAL
15 1 {
-10 -5 0 5 10 15
TIME, SEC
a. Duct Pressure and Temperature Transients
500 T T R T T ] 1
NOTE: NPSH CALCULATED US ING:
TFP1-2 (DIGITAL DATA SYSTEM) —
PFP1-2 (DIGITAL DATA SYSTEM)
400 QF-2 (FM SYSTEM) =
300
—MINIMUM MODEL SPECIFICATION NPSH (REF. 6)
200 £ -
/\ A ANNANNANS
T T MY Y T
100 \ ~4
LY
0 1 2 3
TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 01B
Fig. 54 Fuel Low Pressure Duct Performance, Firing 01B

118



oF

TEMPERATURE,

oF

TEMPERATURE,

100

-100

-200

-300

200

100

0

-100

-200

. .
~ YARRN CONDITIONING
— _— TARGET, -275 + 25%F —
; - \\ ’ '\
| T
-2y -20 -16 -12 -8 -y 0
TIME, MIN
a. Thrust Chamber, TTC-1P
NOTE: TARGET CONDITIONS WERE
+50 + 25°F AS READ ON
TFTD-2, -3, AND -8.
b8 | ! CONDITIONING TARGE;7
|
TFTD-3 AND 4 '
—1 g L AN NN NN NN \\é\ \\\\\\\\\
‘-\\“lll‘_ \:"—¥ e L W W W Y \Es
zmu-z
OXIDIZER TURBINE
START TANK .
FUEL TURBINE
TFTD-2 . / 1
CROSSOVER pucT- ~TFTD-3 AND 4
-2y -20 -16 i -8 - 0
TIME, MIN

AEDC.TR-68-223

b. Crossover Duct, TFTD
Fig. 55 Thermal Conditioning History of Engine Components, Firing 01C

119



AEDC-TR-68-223

TEMPERRTURE., OF

TEMPERATURE, OF

100
ANAVARENARARRTATAN =
A1 AV \f\ MM N
1
- L

g LCONDITIONING TARGET, +50 + 25%F

-100
!

-200 : —

-4o -30 -20 -10

TIME, MIN
c. Start Tank Discharge Yalve, TSTDVOC
100
0
CONDITIONING
TARGET, -100 + 50%F —~__

-100
-200

-40 -30 -20 -10

TIME, MIN

d. Main Oxidizer Yalve Second-Stage Actuater, TSOYC-1
Fig. 55 Concluded

120




X4

PSIA

CHAMBER PRESSURE,

1000 T

800 1

600 +
400 ¢

200 1

PSIA

CELL PRESSURE,

1.0
W _
W )
0.8 CHAMBER NI
PRESS URE, \
PC-3 —
0.6 \,I
:’
0.4 .
s
TEST CELL r
~PRESSURE, PA-2={ —
0.2 117 |7 ENGINE
CUTOFF
RN SIGNAL
0.0 L]
-10 -5 0 5 10 15
TIME, SEC

Fig. 56 Engine Ambient and Combustion Chamber Pressures, Firing 01C

£CT-89-¥L-0Q3V



AEDC-TR-68-223

PUMP SPEED, RPM X 10-3

PUMP SPEED, RPM X 10°3

81

24t

20t

16 -

107

PRESSURE, PSIA

PRESSURE, PSIRA

1400

1200

1000

800

600

yoo

200

1000

800

600

400

200

|

A\

__—

]

_FUEL INJECTOR

FUEL PUMP

SPEED, NFP-1P

> /

| PRESSURE, PFI-1A— |

UEL PUMP DISCHARGE

/ PRESSURE, PFPD-2 A
y

—T | |

=
1 T
( CHAMBER PRESSURE,

1///

PC-3

%

a. Thrust Chamber Fuel System, Start

TIME, SEC

>
p)
=
5
>
)

PRESSURE,

OXIDIZER PUMP DISCHARGE//
POPD-2 -
\ [ /

\

/

Y

CHAMBER PRESSURE,

OXIDIZER PUMP
SPEED, NOP-1P—

/

PC-3

N

7

NS

[

A
\'
.~

=1

b. Thrust Chamber Oxidizer System, Start

TIME, SEC

Fig. 57 Engine Transient Operation, Firing 01C



POSITION, PERCENT OPEN

TEMPERATURE, OF

100 7
80 1
60+
40 -

20+

2800 §
2400
2000 1
1600
12[2.10 1

800 1

400 1

_uoa 4+

AEDC.TR-68-223

800
et s
a8 — GAS GENERATOR FUEL A T 1
| INJECTOR PRESSURE, yod
600 -
/T PFIGe:2 7

= 500 |
o \
"+ oo \ | GAS GENERATOR i
£ \[” oxioizeR INSECTOR L/ yay oxipizen A
2 200 8P A vaveposiion) | 1
& u 7 y LOVT ~h, %

100 v

/N
0 /
0 1 2 3
TIME, SEC

. Gas Generator Injector Pressures and Main Oxidizer Yalve Pasitian, Start

800
| 1 1|
GAS GENERATOR CHAMBER
700 PRESSURE, PCGG-2
N GAS R
600 L GENERATOR  f N JP= oot By aa man
« {OUTLET TS
= 500 TEMPERATURE / <
¢ \ T6G0-14 N
ul N ——— ]
& \ /
A 300 \ |
& /
200 \\ [ //
\ Yy
0
0 1 2 3
TIME, SEC

d. Gas Generatar Chamber Pressure and Temperature, Start
Fig. 57 Continved

123




AEDC-TR-68-223

28T 1400 | | |
— FUEL PUMP
4t 1200 =] \ SPEED, NFP-1P
? sl N\
S 20{ 1000 — :
o «  LFUEL INJECTOR VN
> » PRESSURE, PFJ-IA \| )
7 \
a 16+ o- 800 ___._..____1___\ A
- - --‘-‘\‘-9-_._
w127 @ 600 "= CHAMBER FUEL PUMP DISCHARGE
o Ly PRESSURE, \7£PRESSURE, PFPD-2
€ 81 % uoo PC-3
= . \
ENGINE \
y 4 200 CUTOFF
S| GNAL —= _
U.L 0 | | _ e
2 3 y 5
TIME, SEC
e. Thrust Chamber Fuel System, Shutdown
107 1000 T 1 ]
OXIDIZER PUMP DISCHARGE
rvv”"M PAA< /_ PRESSURE, POPD-2
Bt 800
3 -l A
<~ = praiiliilh
51 © 600
z &£ [~ | \—CHAMBER J v |/~ OXIDIZER PUMP
. ui PRESSURE, A\ SPEED, NOP-1P
o @ PC-3
g 3 )
a U+ w 4yoo 3
w us \
e |® N
T ENGINE N
2y 200 CUTOFF ~=
SIGNAL ~ T
T —
A
ol 0 D e 0
2 3 Y 5
TIME, SEC

f. Thrust Chamber Oxidizer Sy stem, Shutdown
Fig. 57 Continuved

124



oF

TEMPERRTURE,

AEDC-TR-68-223

800
700 ==
A N
500 1\ | ,—GAS GENERATOR OXIDIZER
i \ INJECTOR PRESSURE, POJGG-2
]
E g | GAS GENERATOR
® | FUEL INJECTOR
= 400 | PRESSURE PFJGG-2 \\ ]
2 \
Y 300
g 00— X
200 >~ ~———
ENGINE ——{_
100 CUTOFF N
SIGNAL \ ——
0 [ || |
2 3 y 5
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
2800 ¢ 800 —
2400 1 700
2000 + 600 o
a
1600 = 500 |
| . —GAS GENERATOR OUTLET
1200 i 400 —— TEMPERATURE, TGGO-1A AND 2
[ip]
800 { &3 300 \f =
« I
| . +—— GAS GENERATOR CHAMBER
400 00 I et 1 U1 PRESSURE_PCGG-2
| CUTOFF AN T |
-yppt 0 | ! L |
2 3 y 5
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown
Fig. 57 Concluded

125



9¢1

HF-1,

HERD,

FT X 1073

40 "NOTE: STALL INCEPTION LINE IS BASED ON_

TOTAL HEAD RISE ACROSS THE PUMP.
THE DATA PLOTTED ARE PUMP DIS-
CHARGE STATIC PRESSURE CONVERTED
30 TO HEAD. DATA ARE FROM FM SYSTEM
FOR THE INITIAL 3 SEC OF ENGINE
TRANSIENT OPERATION,

Y
&

20 ]
a.f@
STALL REGION \'ﬁo
10 |- 7| — SAFE OPERATING—
REGION
/
0
0 2 y 6 8 10

FLOW, QF-2, GPM X 103

Fig- 58 Fuel Pump Start Transient Performance, Firing 01C

€IT-89-y1-2Q3v



oF

TEMPERATURE,

-1113-(
-414 1
-415¢
-416 ¢
-417+¢
-418

PRESSURE, PSIR

-419+

fp—

-1420 1
4214
-4ye2 1

-1123-\-

NET POSITIVE SUCTION HERD (NPSH), FT

AEDC-TR-68-223

35
\
—FUEL PUMP INLET AR
/4 PRESSURE, PFP|-1 s
/[ \
Al 1
{1l A N y
- Y- S
e = ' / l/ \
ZFUEL TANK ULLAGE LM {
| PRESSURE, PFUT [~ 11
FUEL PUMP | NLET TEMPERATURE, TFPI-1
20 (== —] . H
! AN
- .
FUEL TANK BULK ~-1—ENGINE CUTOFF S1GNAL
TEMPERATURE, TFRT-1
15 | I I I R
-10 -5 0 5 10 15
TIME, SEC
o. Duct Pressure and Temperoture Transients
So0 1 T 1 1T T 1
NOTE: NPSH CALCULATED USING
TFPI-2 (DIGITAL DATA SYSTEM)
4o PFP1-2 (DIGITAL DATA SYSTEM)
QF-2  (FM SYSTEM)
300
MINIMUM MODEL SPECIF ICATION NPSH (REF. 6) |
200 ﬁ: - 1Al
i\k [ S AN s AN WY
100 « V\/M
|
NV
0 1 2 3

TIME, SEC

b. Fuel Pump NPSH during Start Tronsient, Firing 01C
Fig. 59 Fuel Low Pressure Duct Performonce, Firing 01C

127



AEDC-TR-68-223

o

TEMPERATURE,

oF

TEMPERATURE.

100
0 \
\\
-100 g
\ |
CONDITIONING TARGET, -150 g%

-3 '
-2y -20 -16 -12 -8 -y 0
TIME, MIN
a. Thrust Chamber, TTC-1P
200
|
[ TFTD-3AND 4 CONDITIONING TARGET—
100 /
. j - > \\ \\\\ - \\\ \\Y‘ \\\\ \\\ \\\\‘}\\
1 N \ \
m:)_ ) LTFTD-8 NNONNN SSOEONONORNONANNNNN
o }—1 !
NOTE: TARGET conmngs OXIDIZER TURB INE -
WERE +50 + 259F AS | -
READ ON TFTD-2, -3, START TANK TFTD-8
AND -8,
-100 FUEL TURBINE
TFTD-2 / [/
GROSSOVER DugT- ~TF1D-3 AND 4
_200 | | 1 1 L
-2u -20 -16 -12 -8 -y 0

TIME, MIN
b. Crossover Duct, TFTD
Fig. 60 Thermal Conditioning History of Engine Components, Firing 01D

128



TEMPERATURE, OF

TEMPERATURE, OF

AEDC-TR-68-223

100
- NASAVANANAN ) AW GNANANANANAN
N ~N
NONCROINN NIV NN
. £ CONDITIONING TARGET, +50 + 25%F
-100
-200 '
-40 -30 -20 -10 0
TIME, MIN
c. Start Tank Discharge Yalve, TSTDVOC
100
0
-100
CONDITIONING TARGET, -100 £ 500F "
-200
-y -30 -20 -10 0
TIME, MIN

d. Main Oxidizer Yalve Second-Stage Actuater, TSOVC-1
Fig. 60 Concluded

129




0ET

CHRAMBER PRESSURE, PSIR

1000 1
800t
600 1

200t

CELL PRESSURE, PSIA

CHAMBER PRESSURE, PC-3F

[ TEST CELL

PRESSURE, PA-2

n \ ENGINE

— ] — CUTOFF
SIGNAL ——=
| T
-5 0 5 10 15
TIME, SEC

Fig. 61 Engine Ambient and Combustion Chamber Pressures, Firing 01D

£22-89-¥L1-2Q3V



PUMP SPEED, RPM X 1073

PUMP SPEED, RPM X 10-3

281

2u+t

201

16 1

121

101

PRESSURE, PSIA

PRESSURE, PSIRA

AEDC-TR-68-223

1400
1200 /,/
1000 FUEL PUMP //Vr'
SPEED, NFP-1P— /{ FUEL INJECTOR
\ V% 7“1 PRESSURE, PFJ-1A=5 ]
800 s Vi
T A
500 /// /, K//
N
[ //// N— CHAMBER !
400 FUEL PUMP //, PRESSURE, PC-3
DISCHARGE p
PRESSURE, | /]
200 PFPD-2— =
"
0‘ #443
0 1 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Stort
1000 : ZAMY
| MV VA
— OXIDIZER PUMP
DISCHARGE PRESSURE, POPD-2—
800 2 //
/ / P
/j _/
600 7 Py
OXIDIZER PUMP N
"~ SPEED, NOP-1P
400 —7 ,/ \— CHAMBER PRESSURE, PC-3
v
Y \L / ﬁ/
™~ [/
200 ,
} I |
/[ - |
0
0 1 2 3

TIME, SEC
b. Thrust Chamber Oxidizer System, Start

Fig. 62 Engine Transient Operation, Firing 01D

131



AEDC-TR-68-223

POSITION, PERCENT OPEN

o

TEMPERATURE

100

801
60t
uot

204

2800

ml

2400 1
2000
1600 !
12001

800 1

l;OO-r

-5001

PSIA

PRESSURE,

c.

PRESSURE, PSIA

800

700

600

500

400

300

200

100

0

[T T T 1 T 1 i —
J ?ﬁfﬁgggngR:RT&RsngsL PFJGG-Z_-_;I T
/ | )
‘ ¥
£/
\ [y
\\ GAS GENERATOR /A
OXIDIZER INJECTOR
PRESSURE,
| P0JGG-2 — /
T e
] /
/TN A d
/ |
|
R — MAIN OXIDIZER
/ VALVE POSITION, LOVT
/ I | | ] I
0 ] 2 5
TIME, SEC

Gas Generator Injector Pressures and Main Oxidizer Yalve Pasition, Start

800

700

600

500

400

300

200

100

| | [ | | !
/—GAS GENERATOR OUTLET
TEMPERATUJRE, cho-lm AND 2
AN
\ 7 -
\ / )4 i
\ / —
/ )4 L Y
\ / / -} GAS GENERATOR CHAMBER
\ 4 PRESSURE, PCGG-2 ]
\ 7 |
| N
L_ ! \\“—J 1 1
j | l I 1 ] 1 ]
0 1 3
TIME, SEC

d. Gas Generator Chamber Pressure and Temperature, Start
Fig. 62 Continued

132



PUMP SPEED, RPM X 107

PUMP SPEED, APM X 1073

28 T
24 +

201

101

PSIA

PRESSURE. PSIA

PRESSURE,

1400

1200

1000

800

600

400

200

0

1000

800

600

400

200

AEDC-TR-68-223

|FUEL PUMP SPEED, NFP-1P

/

\
\

FUEL INJECTOR \ N\

PRESSURE,
PFJ-1A

AN

PC-3

\
/ W
g:ﬁ?sBuERRE, \A

‘\\

|

_—FUEL PUMP DISCHARGE
PRESSURE, PFPD-2

1
L ENGINE

"] /\\

CUTOFF

_SIIGNA’.-’

I

7

TIME, SEC

e. Thrust Chamber Fuel System, Shutdown

10

f\f\A

Ly

] | 1 1 i I
/—-OXIDIZER PUMP DISCHARGE
PRESSURE, POPD-2

— CHAMBER

PC-3

= k-

PRESS URE,\

,—OXIDIZER PUMP
/' SPEED, NOP-1P

o

|__CUTOFF __|

ENGINE

--\-‘-
oI

SlTGNALI_-

\\
-\-\'—""\-._...-
—]

|

TIME, SEC

9

§. Thrust Chamber Oxidizer System, Shutdown

Fig. 62 Continved

133

10



AEDC-TR-68-223

TEMPERATURE, OF

2800 7

2400t

2000 -

1600 1

1200 1

800 -

400 1

~400 4

PRESSURE, PSIA

PRESSURE, PSIA

800

700

600

500

400

300

200

100

800

700

600

500

400

300

200

100

h. Gas Generator Chamber Pressure and Temperature, Shutdown
Fig. 62 Concluded

134

— T T T T T 1 1
GAS GENERATOR OXIDIZER
\ INJECTOR PRESSURE, POJGG-2
{
—GAS GENERATOR FUEL
INJECTOR PRESSURE, PFJGG-2
i !
\
\
\\
N
| ENGINE
| CUTOFF
SIGNAL \ ——
l N
7 8 S 10
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
|
~— GAS GENERATOR CHAMBER
PRESSURE, PCGG-2
L L /
v
GAS GENERATOR OUTLET
/| _ TEMPERATURE, TGGO-1A AND 2
/
\J
- ENG INE
|_CUTOFF
SIGNAL \
7 8 g 10
TIME, SEC



et

FT X 1073

HF-1,

HERD,

40

30

20

10

I

NOTE: STALL INCEPTION LINE IS BASED ON
TOTAL HEAD RISE ACROSS THE PUMP.
THE DATA PLOTTED ARE PUMP DIS-
CHARGE STATIC PRESSURE CONVERTED
TO HEAD. DATA ARE FROM FM SYSTEM
FOR THE INITIAL 3 SEC OF ENGINE
TRANS IENT OPERATION.

STALL
REGION

ZSSWANY

SAFE

OPERATING

REG|ON

FLOW, QF-2, GPM X 1072

Fig. 63 Fuel Pump Start Transient Performance, Firing 01D

10

£22-89-31-003vY



AEDC-TR-68-223

oF

TEMPERATURE,

41371
414yt
-415¢1

-y16+4

417+
-418 1
-419¢+
-420+
421 4
-422 ¢+

-423+

PRESSURE, PSIA

FT

NET POSITIVE SUCTION HERD (NPSH),

S0 [T T T ' )
FUEL PUMP INLET /
PRESSURE, PFP|-2 '.\ \
i 1\
us \
I A\
I
l —
"Cr Yy ! \
'40 AN _ﬂf'frl W 1 1
[
P<=FUEL TANK ULLAGE AT ~ \
PRESSURE, PFUT 7
35 [ ™1—=FUEL PUMP INLET T\ =
TEMPERATURE, TFP1-1
| 1 1 |
FFUEL TANK BULK
. =FENG INE
" TR, T S s
-10 -5 0 5 10 15
TIME, SEC
a. Duct Pressure and Temperature Transients
1200
1000
\—MAXIMUM MODEL SPECIFICATION NPSH (REF. 6)
NOTE: NPSH CALCULATED USING:
800 TFP1-2 (DI GI TAL DATA SYSTEM) ;
PFP|-2 (DIGITAL DATA SYSTEM)
QF-2 (FM SYSTEM) 1
600 - B Wt
\ Yo
|V}
Yoo

J—-MINIMUM MODEL SPECIFICATION NPSH (REF. 6)

200 ,\V y

TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 01D
Fig. 64 Fuel Low Pressure Duct Performance, Firing 01D

136



TEMPERATURE, F

TEMPERATURE, 9F

AEDC-TR-68-223

{00
0} \\
A N
-100 \\
N CONDITIONING
~ TARGET, -275 £ 25F —
-200 ~] \
\\ .
e \
b ———
-300 ‘
-2y -20 -16 -12 -8 -4 0
TIME, MIN
a. Thrust Chamber Threat, TTC-1P
200 rNOTE: TARGET CONDITIONS OXIDIZER TURB INE 5
WERE -100 + 20°F AS START TANK .
READ ON TFTD-2, -3, ] TFIp-8
AND -8.
100 FUEL TURBINE
TFTD-2
CROSSOVER DUCT-
0 |
/—IFTD-B CONDITIONING TARGET —
. | 7
-100 mﬁi\ B e LR RLALNNALALANRNANAN 3
[ B—— j/ LR SRS AR AR EATLARR
__1rr0-32_LETrTD-3
g | | .
-2y -20 -16 -12 -8 -4 0
TIME, MIN

b. Crossover Duct, TFTD

Fig. 65 Thermal Conditioning History of Engine Components, Firing 01E

137




AEDC-TR-68-223

TEMPERATURE, OF

TEMPERATURE, OF

100 I
J— \‘\\\ \\\\\\ N \ \‘\\\\ \ \
=g
NNRNN O
0 CONDITIONING TARGET, +50 + 250F 4+—
I
-100
|
-200 | '
-40 -30 -20 -10
TIME, MIN
c. Start Tank Dischorge Valve, TSTDVOC
100
0
-100
CONDITIONING
TARGET, -100  50°F
-200
-4g -30 -20 -10
TIME, MIN

d. Moin Oxidizer Yolve Second-Stoge Actuator, TSOVC-1

Fig. 65 Concluded

138




6ET

PSIA

CHAMBER PRESSURE,

1000 7

800 1

600 1

400

200 1

PSIA

CELL PRESSURE,

N

_+—TEST CELL PRESSURE, PA

_ ' [ |— CHAMBER PRESSURE, PC-3

] e

_+—ENGINE CUTOFF SIGNAL

S I O O I

-5 0 5 - 10
TIME, SEC

Fig. 66 Engine Ambient and Combustion Chamber Pressures, Firing 01E

€ZZ-89-¥1-2Q3%



AEDC.-TR-68-223

281 1400
241 1200
.n FUEL PUMP SPEED,
& 201 1000 = NFp-1p
- 151 £ 800 \'
N 1IN /—FUEL PUMP DISCHARGE _|
. e T PRESSURE, PFPD-2
Q121 3 600
i a /| FUEL INSECTOR _J—l_
i o« i~ PRESSURE, PFJ-1A "/ — 1
e 8t 400
: \ 7
J a0 // \ s \|_/| \_{—CHAMBER PRESSURE, PC-3
0-[ 0 lﬂ=l/ E:;==L_3J _ ! n
0 1_/ 2 3
A
ENGINE CUTOFF SIGNAL ———
a. Thrust Chamber Fuel System, Start and Shutdown
107 1000
. 8 800
=
= a /—OXIDIZER PUMP DISCHARGE
= 619 600 PRESSURE, POPD-2 —
[+
i i L OXIDIZER PUMP
a l 5 SPEED, NOP-1P — CHAMBER PRESSURE, PC-3
s wn
e & / ’X‘!Q‘\\;\
z 2 200 < \\
T SV < =
jé : i dVihSNEn=s
"y —
0o+ 0 - s | 4---—.._
0

n
i
w

1
ENGINE CUTOFF SIGNAL TIME, SEC

b. Thrust Chamber Oxidizer System, Start and Shutdown
Fig. 67 Engine Transient Operation, Firing 01E

140



POSITION, PERCENT OPEN

oF

TEMPERRTURE,

AEDC-TR-68-223

800
700 —MAIN OXIDIZER VALVE
POSITION, LOVT
600 -
« —GAS GENERATOR OXIDIZER
1075 >0 ' 77 INJECTOR PRESSURE,
* \ J/ " POJGG-2
801 ui 400
o \
sol B 300 \ [l 1 —GAS GENERATOR FUEL ]
& A J1 V' INJECTOR PRESSURE, PFIGG-2
a.
w200 —p N} /7/‘ >4
ol P N
\ ) =
201 100 \,f L~ =
\ \__|__T—ENGINE CUTOFF SIGNAL
04 0 / = S
0 1 2 3
TIME, SEC
c. Gas Generator Injector Pressures and Main Oxidizer Valve Positian, Stert and Shutdown
T+ 800
2600 N N I I
GAS GENERATOR CHAMBER PRESSURE, PCGG-2
200+ 700 /_ GER
1 0
2000 °0 / J—GAS GENERATOR OUTLET ]
a J 4 /N /| TEMPERATURE, TGGO-1A AND 2
16001 = 500 i 7 J
o
12001 ui 400 \ // AN
z \ ] =
800+ & 300 \
o /
4004 200 \ / /A\
ol 100 | —ENGINE CUTOFF SIGNAL
~L_ _
-yop L 0
0 1 2 3
TIME, SEC

d. Gas Generator Chamber Pressure and Temperature, Start and Shutdown

Fig. 67 Cancluded

141



54

FT X 1073

HF-1,

HEAD,

4o

30 |

20

10

NOTE: STALL INCEPTION LINE IS BASED ON i
TOTAL HEAD RISEACROSS THEPUMP. | /N _ 5!
THE DATA PLOTTED ARE PUMP DISCHARGE ‘%,
STATIC PRESSURE CONVERTED TO HEAD, N
DATA ARE FROM FM SYSTEM. / \
™~ .4
RS2
« A d
S N
S o SAFE
L5 w n OPERATING
™ @ REGION
N ~
STALL S
REG 10N : %
T AT %, [ I—ENGINE CUTOFF STGNAL 1

6

FLOW, QF-2, GPM X 1073

Fig. 68 Fucl Pump Start Transient Performance, Firing 01E

8

10

€TT-89-¥1-0Q3V



TEMPERATURE, OF

-4137
-414 +
-415¢4
-ui6 4
4171
-418 1
-419¢%
-420 4

—t

-u2l +
-422 -

T

-423+

PSIR

PRESSURE .,

FT

NET POSITIVE SUCTION HERD (NPSHI,

AEDC-TR-68-223

50 l
) 3
4S _—FUEL PUMP INLET ]
PRESSURE, PFPI-1]_ 2
/M
A1)
\ L e
y ——
1o & Sk T T
FUEL TANK ULLAGE J If \\ [ —
PRESSURE, PFUT / O e
1| == | =FUEL TANK BULK i
35 a \,'1 ! TEMPERATURE, TFRT-1
X T -
N-FUEL PUMP INLET - ! :
TEMPERATURE, TFPI-1__! —ENG INE CUTOFF SIGNAL
30 A A LT 1T T
-10 -5 0 5 10 15
TIME, SEC
a. Duct Pressure and Temperature Transients
1200 |
1000 \
MAX IMUM MODEL SPECIFICATION NPSH (REF. 6)
800
| | NOTE: NPSH CALCULATED USING
600 =N JA/f - TFP1-2 (DIGITAL DATA SYSTEM) |
PFP1-2 (DIGITAL DATA SYSTEM) |
QF-2  (FM SYSTEM)
400 !
MINIMUM MODEL SPECIFICATION NPSH (REF. 6)
200 ,
\/
0 La——ENG INE CUTOFF SIGNAL |
0 L 2 3
TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 01E
Fig. 69 Fuel LowPresiure Duct Performance, Firing 01E

143



AEDC-TR-68-223

oF

TEMPERRTURE,

TEMPERRTURE, OF

190
0 [ S -
-100 DATA IN THIS
REGION WAS
NOT RECOVERED
/ CONDITIONING TARGET, -275 25°F—\
-200 ‘
/[ 1 \
l ‘
-300
-2y -20 -16 -12 -8 -y 0
TIME, MIN
a. Thrust Chamber, TTC-1P
200 OXIBIZER TURB INE
START TANK ! TFTD'B
100 FUEL TURBINE .:
TFTD-2 =, / [/ N
NOTES: 1. TARGET CONDITIONS = | LTFTD-3 AND 4
WERE -100 % 20°F AS CROSSOVER DUCT
0 READ ON TFTD-2, -3,
AND -8, TFTD-4
2, TFID-8WAS INVALID———/— CnDITIONING /-
FOR THIS FIRING. 4
-100 3. DATA FROM t-15T0 ]\ TN\ N\ AN N A e
t-11 MIN WAS NOT A e Y 1o . FANA R AR VAR
RECOVERED. TFTD-24—/_ [ 1FTD-3
-200
-2y -20 -16 -12 -8 -y 0
TIME, MIN

b. Crossover Duct, TFTD

Fig. 70 Thermal Ceonditioning History of Engine Components, Firing 02A

144



TEMPERATURE, OF

TEMPERATURE, OF

TEMPERATURE, OF

AEDC-TR.68-223

100

] | |
NSRS NAHNNRY
NN NOMNNNTISRON NN
. CONDITIONING TARGET, +solx 5% 1/
-100
-200 | !
-40 -30 -20 -10 0
TIME, MIN
c. Start Tank Discharge Valve, TSTDVOC
100 T
\
[——
[ | (]
0
L b
N CONDITIONING TARGET, -100: 50% —|
g N
-100 ™~
_anp 1 || [ [
-4 -30 -20 -10 0
TIME, MIN
d. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1
100 T I I
| I
SSwy
0
| |
|
! , )
s INEEE L1 1/
- | CONDITIONING TARGET, -5(°F MINIMUM —
T
= || [ 1] I
-40 -30 -20 -10 0
TIME, MIN

e. Gas Generator Control Valve, TGGVRS

Fig. 70 Concluded

145



9%1

PSIA

CHAMBER PRESSURE,

1000 1
800 T

600 ¢

400 -

200

CELL PRESSURE, PSIA

STl

[

CHAMBER PRESSURE, PC-3

———rt

i
T

o

—TEST CELL PRESSURE, PA—Z—FhL

/
[
S < Bhan —
= ENGINE T
CUTOFF
'SIGNAL F——
-10 0 10 20 30 40
TIME, SEC

Fig. 71 Engine Ambient and Combustion Chamber Pressures, Firing 02A

£€2T-99-¥1-0Q3av



PUMP SPEED, RPM X 10°3

PUMP SPEED, RPM X 10-3

28T

24Tt

2071

16 ¢

121

107

PRESSURE, PSIR

PSIA

PRESSURE,

AEDC-TR-68.223

1400
_—1|
1200 .
///
]
1000 // -
/] A
FUEL INJE
500 | FUEL PUMP SPEED, NFP-1P~ | 7 ohssire oy-1a
}// // ////
| ——
500 i A
/"/
FUEL PUMP
7
100 DISCHARGET™ ™1 1" &~ | L CHAMBER PRESSURE, PC-3
/ PRESSURE, A4#
PFPD-2 »
200 f V/
_/\/-‘
0 bt I
0 1 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Start
1000
OXIDIZER PUMP
500 DISCHARGE PRESSURE, POPD-2 —_ . /\,/vx’\/\r
< .
| /% .
A LA
500 2
OXIDIZER PUMP
SPEED, NOP-1P ~ Ay //
400 \ AV
N\ | 1/ 4} CHAMBER PRESSURE, PC-3
R4V
200 N~ //
W T
= /
0 1 2 3
TIME, SEC

b. Thrust Chamber Oxidizer System, Start
Fig. 72 Engine Transient Operation, Firing 02A

147



AEDC-TR-68-223

PERCENT OPEN

POSITION,

TEMPERATURE, OF

] | | 1. ]
. B
700 - —s
. R =l
600 }— | -
,—GAS GENERATOR FUEL 1/ B
« INJECTOR PRESSURE, PFJGG-2 -
IOOT = 500 " / S S .
7 T .
804 i uo0 L~
& GAS GENERATOR L~
A OXIDIZER INJECTOR e
601 {3 300 | PRESSURE, POJGG-2> /// ] —
a.
uot 200 dyAu, /\\
NP vs //, - MAIN OXIDIZER VALVE |
20l 100 \ r!"fﬁ ” POSITION, LOVT
oL /
0 1 2 3
TIME, SEC
c. Gas Generator Injectar Pressures and Main Oxidizer Valve Pasition, Start
2800 1 800 l l r I I |
~GAS GENERATOR QUTLET
u00t 700 7| TEMPERATURE, T6GO-1A AND 2
{
20004 600 =
a L~
1600+ —= S00 <
= A
12001 o 40O
§ / N LT
800+ & 300 l] /]
[vsl
wol 200 \ ] Y-GAS GENERATOR B
\ i ) CHAMBER PRESSURE,
—PCGG-2
OT 100 |- \ { i
~yood 0 L |
0 1 2 3
TIME, SEC

800

d. Gas Generator Chamber Pressure and Temperature, Start

Fig. 72 Cantinued

148



PUMP SPEED, RPM X 103

PUMP SPEED, RPM X 10-3

28 T
24t
201
161

12+

107

PRESSURE, PSIA

PRESSURE, PSIRA

AEDC-TR-68-223

1400
} \
1200 FUELINJECTOR\\\
PRESSURE,
1000 [PEL-IA \ N\ |~ FUEL PUMP SPEED, NFP-1P
N \<
800 \ N
| CHAMBER Ry —
600 rE'égSUREu A
\| __L-FUEL PUMP DISCHARGE
¥ | PRESSURE, PFPD-2
400 ‘
200 ENGINE \ \
| CUTOFF ANAN
0 SIGNAL B s
32 33 3y 35

TIME, SEC
e. Thrust Chamber Fuel System, Shutdown

1000 L 1 L) 1 1 1]
\ | OXIDIZER PUMP DISCHARGE
PRESSURE, POPD-2

800 \
CHAMBER \
600 [ PRESSURE,
Pc-3/"\ \\ 4~ OXIDIZER PUMP SPEED, NOP-IP
400
\\
ENGINE \ P~ T
- CUTOFF < = ~
o LsienaL AT
32 33 34 35
TIME, SEC

f. Thrust Chamber Oxidizer System, Shutdown
Fig. 72 Continued

149



AEDC.TR-68-223

oF

TEMPERATURE.,

2800 1

2400 1

2000 -

1600 1

1200

800 1

400 ¢

-400+

PRESSURE. PSIR

PRESSURE. PSIA

800
\
700 \ L -
\ | _—GAS GENERATOR OXIDIZER
Y INJECTOR PRESSURE, POJGG-2
600
\
SO0 |GAS GENERATOR \
FUEL INJECTOR
yoo |PRESSURE,
PFJGG-2 \\
300
A
N
200 <k _\
100 |ENGINE i N
| CUTOFF
o LSIGNAL
32 33 34 35
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
800
R |
- _}—GAS GENERATOR CHAMBER
»~ | PRESSURE, PCGG-2
500 |
>00 —GAS GENERATOR OUTLET
400 \ /| TEMPERATURE, TGGO-1A AND
\ -
300 Ay
200 :
ENGINE \
100
CUTOFF
o [s1nAL
32 33 34 35
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 72 Concluded

150



161

HEAD, HF-1, FT X 1073

uo

30}

20

10

NOTE STALL INCEPTION LINE

IS BASED ON

TOTAL HEAD RISE ACROSS THE PUMP.

THE DATA PLOTTED ARE

CHARGE STATIC PRESSURE CONVERTED
TO HEAD. DATA ARE FROM FM SYSTEM

FOR THE INITIAL 3 SEC

PUMP DIS-

OF ENGINE

TRANS IENT OPERATION.

7N

\\.25, 600 RPM

N

/ \\

\}ﬁg, Y, \3 000 RPM
STALL REGION Q&\%
§/ j N 17,500 RPM
f_‘,\& \ ' |
/ SAFE OPERATING
/< 9 OOOARPM o
/ \'
g ;
2 4 6 '8 10

FLOW, QF-2, GPM X 1073

Fig. 73 Fuel Pump Start Tronsient Performance, Firing 02A

€TT-89-Y L-0Q3v



AEDC.TR-68-223

TEMPERRTURE, OF

4137
-4y 4
4151
-4161
-u174
4181

-419

-420 1
-u21 1
422+

PRESSURE, PSIA

-423-

FT

NET POSITIVE SUCTION HERD (NPSH),

35

30

25

20

15

FUEL PUMP INLET = -~ ﬂ[’ \\\
/1 PRESSURE, PFPI-1 /] - S
A A i 8
T R
FUEL TANK // P AN X
ULLAGE )4
PRESSURE, P
PFUT —~ 1T
AN AN
v :E& L/ \
FUEL PUMP INLET
TEMPERATURE, TFPI-1
» ™\
g \ el
7 ] I ENG INE
“FUEL TANK BULK CUTOFEF
TEMPERATURE, TFRT-1 SIGNAL
-10 0 10 20 30 uo
TIME, SEC
a. Duct Pressure and Temperature Transients

500

400

300

200

!00,—\5& I/J“\"I’
N[
. iR |

[ oo
| NOTE: NII°SH CALCULATED USING

TFPI-2 (DIGITAL DATA SYSTEM)

| PFPI-2 (DIGITAL DATA SYSTEM)

QF-2  (FM SYSTEM)
|

~MINIMUM MODEL SPECIFICATION
NPSH (REF. 61)

(] L] ]

| £
A | A -

™™

TIME, SEC
b. Fuel Pump NPSH during Start Transient, Firing 02A

Fig. 74 Fuel Low Pressure Duct Performance, Firing 02A

152



AEDC-TR-68-223

10C I | l
(]
&
& //‘
2 -100
[=¢
E‘ N
a
=
& | \\
-200 \\ CONDITIONING  ——
TARGET, -275 £ 25 Fj
-300
-2 -20 -16 -2 -8 -y 0
TIME, MIN
a. Thrust Chamber, TTC-1P
200
OXIDIZER TURBINE
START TANK TFTD-8
130 [FUEL TURB INE——f \___/ NOTES: 1. TARGET CONDITIONS WERE
w \ -100 + 20°F AS READ ON
s TFTD-2 - j / TFID-2, -3, AND 8.
W CROSSOVER DucT- TFTD-3AND 4 2. TFT?-SWAS INVALID FOR
] 0 I i THIS FIRING.
g ! [ 1 |
& . TFID-2 CONDITIONING TARGET =
& Va il i/
b= ] [ s I IIS IR VTGS IS ST,
-100 —— 1 T O TR LTI T2 77 I I T T XTI = J%
1 | |2V SLLLLALLLL SIS LT VI III ISP 7D OIS IS NP
11F1D-3
| |
-24 -20 -16 -12 -8 -y o}
TIME, MIN
b. Crossover Duct, TFTD
100
L |
» 7 fff/ L,/ '/ //4 'L,/’l >
////////////{//
w
.0 COND ITIONING TARGET, +50 £ 25%
¢ I
)
3 |
o«
(VY]
= -100 |
[
-200 4
-40 -30 -20 -10 0

TIME, MIN

c. Start Tank Discharge Valve, TSTOVOC
Fig. 75 Thermal Conditioning History of Engine Components, Firing 02B

153



AEDC-TR-68-223

TCMPERATURE, OF

TEMPERATURE, OF

100
[ |
0 ~ I\,\
=1
|
| CONDITIONING TARGET, -100 + 50°F —}—__
-100 [-- T ;
11 I
[ |
i T
-202
-40 -30 -20 -10
TIME, MIN

d. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1

100 I l T T
0
-100 . I |
CONDITIONING TARGET, -50°F MINIMUM
]
-200 ' . '
43 -30 -20 -10
TIME, MIN

e. Gos Generatar Control Valve, TGGVRS
Fig. 75 Concluded

154




satl

CHAMBER PRESSURE, PSIR

1000 1
800 1
600:-
400 +

200 ¢

PSIRA

CELL PRESSURE,

CHAMBER PRESSURE, PC-3 1

|
|
Yl
- PRESSURE, PA-2— -

S

_ AL ENGINE-|

CUTOFF -

— SIGNAL =—
L1

-5 0 S
TIME, SEC

Fig. 76 Engine Ambient and Combustion Chamber Pressures, Firing 02B

10

15

€TZ-89-41-0Q3V¥



AEDC-TR-68-223

PuMP SPEED, RPM X 10°3

PUMP SPEED, RPM X 1073

281

2[4 4

20+

161

121

107

PSIA

PRESSURE,

PRESSURE, PSIA

1400
1200
/// —
/ —
1000
FUEL PUMP d ﬁfmmroa
SPEED, NFP-1P— / /
800 . b PRESSURE, PFJ-1A
A
600 ,—/}/ 4 |E g™
FUEL PUMP N 7 £ CHAMBER
4o 7 DISCHARGE 7 PRESSURE, PC-3]
PRESSURE, vz
200 // PFPD-2——| _9/
0 LEL
0 1 2 3
TIME. SEC
a. Thrust Chamber Fyel System, Stort
1000
OXIDIZER PUMP W,
DISCHARGE PRESSURE, POPD-2— W
800 7T
J/
e N
) h J
OXIDIZER PUMP Ve = CHAMBER
SPEED, NOP-1P | /{ /4 PRESSURE, PC-3
400 7 /
'y,
P ——
/ M
0 1 2 3
TIME, SEC

b. Thrust Chamber Oxidizer System, Start

Fig. 77 Engine Transient Operation, Firing 02B

156



POSITION, PERCENT OPEN

TEMPERATURE, OF

1001

801

G0t

40t

20t

2800 T

2400 1

2000 1

16001

1200

800 %

400+

-400 -~

PSIA

PRESSURE,

PRESSURE, PSIA

800
700 ~GAS GENERATOR FUEL e
INJECTOR PRESSURE,
500 // PEJGG-2 L
A
500 "{ //
\TGAS GENERATOR 7 —
300 OXIDIZER INJECTOR /
PRESSURE,
s00 |—1/ Npasse2—1  LZ1 |
f RVANY4 4_MAIN OXIDIZER |
N/ ) VALVE POSITION, LOVT
100 =
ps
0 /
t 2 3
TIME, SEC
Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start
800 T T T T 1
/—GAS GENERATOR OUTLET
200 TEMPERATURE, TG6GO-1A AND 2
600 1
500 {"\ : /\\
\ A
o —1 A -
300 \\ / A
200 \ / —}—GAS GENERATOR ]
\ 4 CHAMBER PRESSURE, PCGG-2
N\ Ve
100
\\\'\/‘f
0
0 | 2 3
TIME, SEC

AEDC-TR-68-223

d. Gas Generator Chamber Pressure and Temperature, Start

Fig. 77 Continued

157



AEDC-TR-68-223

287 1400
_ \ FUEL PUMP
2t 1200 SPEED, NFP-1P
& 201 1000 le=FUERL INJECTOR,_\
= - PRESSURE, || \
> = PFJ-1A \
a 16+ a- 800 e
N i Iﬁjﬁ:ﬂg”\\
S 121 5 soo | —S-CHAMBER \\ \JA
% & N \ FUEL PUMP DISCHARGE
e sl & 5 : p PRESSURE, PFPD-2
5 | s~
o
— ENGINE
u}t 200 |- CUTOFF
sighAL—=] A\ I\
U | 0 | ] _——
7 8 9
TIME, SEC
e. Thrust Chamber Fuel System, Shutdown
10 [ 1000 6X|D|IZER |PUMPI I 1 i
I o
AN “f DISCHARGE PRESSURE, POPD-2
. 8f so0f
é M;NM-\
= a /
< - CHAMBER
z 61 ¢ 60D PRESSURE, ——=0XIDIZER PUMP
i K PC-3 SPEED, NOP-1P
[an] o
Byl @ yoo \
o 7] X ~
(72} wl \q
@ o
5 p
o ™ \\““'--.._
24 200 < S
ENG INE P
— CUTOFF b ey =& m___ﬂ__,_h
SIGNAL—* e
ol ob—— —
7 8 9
TIME, SEC

f. Thrust Chamber Oxidizer System, Shutdown
Fig. 77 Continved

158



TEMPERATURE, OF

2800 1

2400+

2000 +

1600 ¢

1200 -

+

PRESSURE,

800 T

PRESSURE, PSIA

PSIA

AEDC-TR-68-223

800 —
700 \
00 \ 1 —GAS GENERATOR OXIDIZER
L.~ INJECTOR PRESSURE, P0JGG-2
500 Y\
400 \
\
300
A\\
200 |— d
L ENG INE T
100 |-CUTOFF 1T
SIGNAL Ne—GAS GENERATOR FUEL ]
0 N INJECTOR PRESSURE, PFJGG-2 A
! 8 9 10
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
800
700
s | ~-GAS GENERATOR CHAMBER
600 A PRESSURE, PCGG-2
500
/—GAS GENERATOR OUTLET
400 / TEMPERATURE, TGGO-1A AND 2
X -
200
L ENGINE
100 |CUTOFF \
SIGNAL \
0
7 8 9 10
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown
Fig. 77 Concluded

159



091

HERD, HF-1, FT X 1073

uo

30

20

10

| 1 | | |
NOTE: STALL INCEPTION LINE IS BASED ON 4
| TOTAL HEAD RISE ACROSS THE PUMP. /S
THE DATA PLOTTED ARE PUMP DIS-
CHARGE STATIC PRESSURE CONVERTED N
- TOHEAD. DATA ARE FROM FM SYSTEM 7 B
FOR THE INITIAL 3 SEC OF ENGINE \4;
| TRANSIENT OPERATION. %
STALL
| [ReGION
% SAFE
| OPERATING — ]
REGION
5
LT
/ \"f<_
2 y 6 8

FLOW, QF-2, GPM X 1073

Fig. 78 Fuel Pump Start Transient Performance, Firing 02B

10

€ZT-89-¥L-OQ3V



oF

TEMPERATURE,

41371
-41y 1
-4iS+

-416 1

-417+4
-4181
-419+
-420 1
-421 +
-4e2 ¢+

PRESSURE, PSIR

-423-

| —

NET POSITIVE SUCTION HERD (NPSH), FT

AEDC-TR-68-223

35
1 A
it PRESSURE, PFPI-1 N\
0 ]
11V4
| N\
\ ) - ' N
L _A
25 2| ]
A FUEL TANK ULLAGE = Mkl
PRESSURE, PFUT _ A
/1 FUEL PUMP INLET TEMPERATURE, TFPI-1
A —
20 'Y
SN
]
FUEL TANK BULK = ENG INE ]
s - TEMPERATURE, TFRT-1 "CUTOFF SIGNAL ]
-10 -5 0 5 10 15
TIME, SEC
a. Duct Pressure and Temperature Transients
500 . y — 7 ] 7
NOTE: NPSH CALCULATED USING:
B TFP1~2 (DIGITAL DATA SYSTEM)
PFP1-2 (DIGITAL DATA SYSTEM)
400 - QF-2 (FM SYSTEM)
300
MINIMUM MODEL SPECIFICATION
200 /[ NPSH (REF. 6) |
N\/\_ I NIAY A/f\’
/\ [ 1o AT ~VIVVIV L
./—t( | J e
100 \ Vad
1V
0 1 e 3
TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 02B
Fig. 79 Fuel Low Pressure Duct Performance, Firing 02B

161



AEDC-TR-68-223

10C

< !

1
I
l j
1

5 \ | conoiTioninG

TARGET, -215 = z:°||=

i

-100

TFMPERRTURE

I ) | | ~. |
| | I |
-30c
-4 -20 -16 -12 -8 -y 0
TIME, MIN
a. Thrust Chamber, TTC-1P
230 |
CONDITIONING TARGET —
100 ;—TlFTD'4 \\
TFTD-;
o DI 2 N \ ANRN
. b WY
w T 1 AW WY
5 Er - I
& [ OXIDIZER TURB INE ~
¢ S I 4 starTank !
& 1, TARGET CONDITIONS : TFTD-8
= WERE +50 £ 250F AS
-1C3 [—  READ ON TFTD-2 -3, —JFUEL TURBINE o
AND -8,
| 2, TFTD-8 WAS INVALID —  TFTD-2 - ! i'/ =
IiOR THIS FIRINIE. | CROSSOVER pucr— “TFTD-3AND 4
-2C0 L - 1 1 1 1
-2y -20 -16 -12 -8 -y 0
TIME, MIN
b. Crossover Duct, TFTD
10¢
1] | | |
i 27 A
- 4 r/ L L r/ 4 P’ —7 P~
NAAAAAAAAAA Wi
& 0 i /
. CONDITIONING TARGET, +50 + 259 }_ F
&
2
& |
l&l T
= -100
- |
|
|
-200 I | .
-40 -30 -20 -10 0
TIME, MIN

c. Start Tank Discharge Valve, TSTDVOC
Fig. 80 Thermal Conditioning History of Engine Components, Firing 02C

162



TEMPERATURE. OF

or

TLMPERATURE,

AEDC-TR-68-223

100
0
-190 ] L
| : : | { ]
| ] CONDITIONING TARGET, -100 + 50%F —t~_
oo | 1 | |
-40 -30 -2C -10 0
TIME, MIN
d. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1
100
.-
J
1
-1c0 CONDITIONING TARGET, -50°F MINIMUM
-40 -30 -20 -10 0
TIME, MIN

e, Gas Generator Control Valve, TGGVRS

Fig. 80 Concluded

163



791

CHAMBER PRESSURE, PSIR

1000 1
800 1
500 1
4o 1

200 ¢

PSIA

CELL PRESSURE,

B
"CHAMBER
PRESSURE, PC-3 =}
B :
-
|
TEST CELL — I
PRESSURE, PA-2f7| ] T T
A T ENGINE
NGIN
_ ":Tj’{'_"_ _'__:“’J . feurorr | I B
et bbb L SIGNAL e i ||
AP TS
-10 -5 0 5 10 15
TIME, SEC

Fig. 81 Engine Ambient and Combustion Chamber Pressures, Firing 02C

€£2T-89-¥.1-D2Q3V



PUMP SPEED, RPM X 10°?

PUMP SPEED, RPM X 1073

281

2ut

20T

16 1

121

+

PRESSURE, PSIA

107

PRESSURE, PSIR

AEDC-TR-68-223

1400
1200 ///
1000 |-FUEL PUMP A -
SPEED, NFP-1P L/ // FUEL INJECTOR
N PRESSURE, PFJ-lAf
800 N i < 7 B T
/]
1 Eug" e / A “—CHAMBER
400 A—DISCHARGE / PRESSURE, PC-3]
PRESSURE, /7 '
/ PFPD-2 )r
]
L
0 S "
0 1 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Start
1000
A AL
OXIDIZER PUMP AAMA,
800 DISCHARGE PRESSURE, POPD-2—J
AT
7
600 A |~
/
| OXIDIZER PUMP / CHAMBER
SPEED, NOP-1P |
' PRESSURE, PC-3
400 Z /// /
/(’/ e _’//
R
200 } o]
V) ]
0 ] ! / _f""—d
0 1 3

b. Thrust Chamber Oxidizer System, Start

TIME, SEC

Fig. 82 Engine Transient Operation, Firing 02C

165



AEDC-TR-68-223

1001

PERCENT OPEN

POSITION,

2800 1
2400 1

2000 1

TEMPERATURE, OF

uoo +

801
60 1
upo+

201

1600t
12001

800

-400 1

PRESSURE. PSIRA

800

700

600

500

uoo0

300

200

100

//// d
FGAS GENERATOR FUEL [/
/] INJECTOR PRESSURE, PFJGG-2 £,
/ Vi
! 7
\ / /]
\_[GAS GENERATOR / V
\ |OXIDIZER INJECTOR L~
|| PRESSURE, % T
APO.IGG-Z | /,
r( ))/ e /
\ | Z-MAIN OXIDIZER
p o " VALIVE POSITION, LPVT_
/ | [ ]
0 1 2 3
TIME. SEC

c. Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start

PSIA

PRESSURE,

800

700

600

S00

400

300

200

100

0

| 1 1 1 1]
L GAS GENERATOR OUTLET
TI TEMPERATURE, TGGO-1A AND 2
JaN §
A [ \ /
\ / N/
\ [ /
\ | ~_
\ [ /| T~—GAS GENERATOR
] )4 CHAMBER PRESSURE, PCGG-2
\ [ 1/
N v
A\ /
0 1 2 3
TIME, SEC

d. Gas Generator Chamber Pressure and Temperature, Start

Fig. 82 Confinued

166



PUMP SPEED, RPM X 103

PUMP SPEED, RPM X 10-3

28T

2u 1

20T

16

12--

lUT

PSIA

PRESSURE,

PRESSURE, PSIA

AEDC-TR-68-223

1400
1200 \\
FUEL INJECTOR\ N\ FUEL PUMP SPEED, NFP-1P
1000 [—PRESSURE, \ \ Y.
| PFJ-1A N7
800 N ; ‘\
LcHAmBER \
600 A —FUEL PUMP DISCHARGE
PRESSURE Y|/ PRESSURE, PFPD-2
400
ENGINE \
200 I cutorr N
-S1GNAL == 1
o L—1 ==
7 8 9 10
TIME, SEC
e, Thrust Chamber Fuel System, Shutdown
1660 OXIDIZER PUMP 1
/—
LA g/ DISCHARGE PRESSURE, POPD-2
- \(i
L. N
600 |- CHAMBER \
PRESSURE, \ \ 1 OXIDIZER PUMP
- PC-3 —s\ vy SPEED, NOP-1P
UOO \\
AN
200 | AN s N
ENGINE Y ]
| CUTOFF - - ~
SlGINAL > e
O e ————
7 8 9 10

TIME, SEC
f. Thrust Chamber Oxidizer System, Shutdown
Fig. 82 Continued

167



AEDC-TR-68-223

TEMPERATURE, OF

2800 1

2400+

2000 ¢
16001
1200

800 1

400t

-400+

PSIR

PRESSURE,

PRESSURE, PSIA

800

S~ \
700 ~GAS GENERATOR OXIDIZER
\\,/ INJECTOR PRESSURE, POJGG-2
600
\
500 \ ~GAS GENERATOR FUEL
\[_A" INJECTOR PRESSURE, PFJGG-2
400
\
300
\\
200 AN
| ENGINE i M
100 |- CUTOFF \ -
| SIGNAL \ ]
ol N
7 B 9 10
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
800
I I I
s " —GAS GENERATOR CHAMBER
00 1 " PRESSIRE, PCoG-2
600
500
400 | —GAS GENERATOR OUTLET
\ ~7’[ TEMPERATURE, TGGO -1A AND 2
\ AN 1
300 \/
200
| ENGINE
100 |- CUTOFF \
SIGNAL \
ol
7 8 g 10
TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 82 Concluded

168



691

HEAD, HF-1, FT X 1073

uo

30

20

10

NOTE: STALL INCEPTION LINE IS BASED ON
TOTAL HEAD RISE ACROSS THE PUMP.

THE DATA

CHARGE STATIC PRESSURE CONVERTED

TO HEAD.
FOR THE |

TRANS IENT OPERATION.

PLOTTED ARE PUMP DIS-

DATA ARE FROM FM SYSTEM
NITIAL 3 SEC OF ENGINE

STALL
REGION

> 2
@V N% SAFE

—/

OPERATING
/<I/ REGION
9 dp '
By | £

FLOW, QF-2, GPM X 1073

Fig. 83 Fuel Pump Stort Transient Performance, Firing 02C

10

€TT-89-¥L-DA3VY



AEDC-TR-68-223

3y B [T T 111 i T
[ —-FUEL PUMP INLET I / \
-4y |y PRESSURE, PFPI-1 [ \
v Il =
-415+ X
(
30 / \
-416+ / \
[
° 4171 5‘; - f N
g yigl o 25 ' A e
= i FUEL TANK ULLAGE: WL
& 15 PRESSURE, PFUT ! W
u_,-lllg ) T A v
e 0 7=FUEL PUMP INLET
W o-yp04 & TEMPERATURE, TFPI-1
20 =
-y21 4
-4y22 ¢ FUEL TANK BULK 3~ ENGINE -
423 g L1 TEMPERATURE, TFRT 1 ! CUTOFF SIGNAL 7
-10 -S 0 5 10 15
TIME, SEC
a. Duct Pressure and Temperature Transients
_ S00 T T T T T T |
u- NOTE: NPSH CALCULATED USING
Iy TFPI-2 (DIGITAL DATA SYSTEM}
& uoo PFP1-2 (DIGITAL DATA SYSTEM)
9 QF-2  (FM SYSTEM) l
(]
a
¥ 300
3
= C MINIMUM MODEL SPECIFICATION
9 / NPSH (REF. 6)
7 200 . Aﬂ%\/\/\/ A
= [ VJ/\W
= |1
% 100 \ /
o
W |V T
0
0 1 2 3
TIME, SEC

b. Fuel Pump NPSH during Start Transient, Firing 02C
Fig. 84 Fuel Low Pressure Duct Performance, Firing 02C

170



AEDC.TR-68-223

1c2
0 =
[ N CONDITIONING
; K frareer, <150 T |
wl N -
[l
= -100 \ AN
v
x -
@
-2%0 _ —
-303
-2y -20 -16 -12 -8 4 0
TIME, MIN
a. Thrust Chamber, TTC-1P
220 T T T — T
OXIDIZER TURBINE
START TANK—@ | rioe ,
10 FUEL TURBINE— —"=- i
w W o r— NOTES: 1. TARGET CONDITIONS WERE
& TFID-2 — = ! -100+ 2°F AS READ ON
4 CROSSOVER DUCT ¢ ~TF1D-3AND 4 TFTD-2, -3, AND -8.
5 4 . ; 2. TFTD-8WAS INVALID FOR
& TF1D-4 THIS FIRING.
g TFID-2 |
i _— =
-'00 e | Wr A /] A
- 7 g A0 R
JI CONDITIONING TARGET
-203
-2y -20 -16 -12 -8 -y 0
TIME, MIN
b. Crossover Duct, TFTD
100 | l
1 7 b7y 7777 7
72 ////////,’///’//V/ j/f;// f Z A,///////A/A
YA LU A T P77,
u | /' |
< 0 | = CONDITIONING TARGET, +50+ 25%F
_‘cj 1
e
(o9
[«
o
& -100
e
-200
-ug -30 -20 -10 9
TIME, MIN

c. Start Tank Discharge Valve, TSTDVOC
Fig. 85 Thermal Conditioning History of Engine Components, Firing 02D

171



AEDC-TR.68-223

100 . —
& ]
i . '
o©c
=4
E *L
g |
% 100 : |
i
_—COND”!ONING TARGET, -100 & 50%F
-230 l
-40 -30 -20 -10
TIME, MIN
d. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1
100 T
]
& 0
ul
s _ |
g L [ ¥
& l /
.3::' -130 [ : 7
4L CONDITIONING TARGET, '50°FIIWIN|MUM—'
' I
-20C
~-40 -30 -20 -10

TIME, MIN
e. Gos Generator Contral Yalve, TGGVRS
Fig. 85 Concluded

172



el

CHAMBER PRESSURE. PSIR

10007

800 1

600 -

HOOL

200t

PSIA

CELL PRESSURE,

TIME, SEC

Fig. 86 Engine Ambient and Combustion Chomber Pressures, Firing 02D

/]
/
-
/
/
-4 [~ TEST CELL — /
— PRESSURE, PA-2=~ | |||
\\ !
/ — _
] — CHAMBER PRESSURE, PC-3
- ] / _
_ENGINE CUTOFF SIGNAL— = | & [ ] |_ [
I T I O N
-10 -5 0 5 10 15

ETT-89-¥L-DQ3V



AEDC.TR-68-223

PUMP SPEED, RPM X 10-3

PUMP SPEED, RPM X 103
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b. Thrust Chamber Oxidizer System, Start and Shutdown
Fig. 87 Engine Transient Operation, Firing 02D
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d. Gas Generator Chamber Pressure and Temperature, Start and Shutdown
Fig. 87 Concluded
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Fig. 88 Fuel Pump Start Transient Performance, Firing 02D
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Fig. 89 Fuel Low Pressure Duct Performance, Firing 02D
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Fig. 90 Expected Deviation in Comparing Thrust Chamber Average Temperature
Utilizing 6- and 24-Thermocouple Averages
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OXIDIZER PUMP INLET PRESSURE, PSIA
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NOTES: 1. IGNITION DETECT DELAY TIMES
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Fig. 91 Oxidizer Pump Inlet Pressure Effect on Augmented Spark

Igniter Ignition Detect Delay Time
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OX1DIZER PUMP INLET PRESSURE AT ENGINE START, PSIA
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SPARK IGNITER (TEST PER1ODS 1801-28
THROUGH 1801-33)
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Fig. 92 Comparison of Augmented Spark Igniter Ignition Detect Delay for Test Periods

J4-1801-42 through J4-1901-02 and J4-1801-28 through J4-1801-33
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Fig. 93 Fuel Pump Operating Characteristics, Firings 43B and 01D
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Fig. 94 Fuel Pump Operating Characteristics, Firings 43B and 42C
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Fig. 95 Fuel Pump Operating Characteristics, Firings 42D and 42C
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Fig. 96 Fuel Pump NPSH Influence on Gas Generator Initial Peak Temperature
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WHERE Q = VOLUMETRIC FLOW RATE
N = PUMP SPEED
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© NPSH = 125 FT AT ENGINE START
BLANK SYMBOLS REPRESENT FIRINGS DURING TESTS J4-1801-29 THROUGH
- J4-1801-33, DARK SYMBOLS REPRESENT FIRINGS DURING TESTS

J4-1801-42 THROUGH J4-1901-02.
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Fig. 97 Fuel Pump NPSH Influence on Fuel Pump Stall Margin during Start Tank Discharge
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Fig. 98 Fuel Pump NPSH and Thrust Chamber Temperature Effect on
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Fig. 99 Typical Oxidizer Dome Pressure Oscillations Recorded during Oxidizer

Dome Prime by the Photocon Transducer

188



TABLE |

MAJOR ENGINE COMPONENTS

AEDC-TR-68-223

Part Name P/N S/N .

Augmented Spark Igniter|Assembly 206280- 161 4084018
Augmented Spark Igniter Oxidizer Vaive 308880 4079065
Auxiliary Flight Instrumentation Package 704090-21 4075163 )
Electrical Control Package 502670-51 4081748
Fuel Bleed Valve 300034 4084042
Fuel Flowmeter 251225 4074110
Fuel Injector Temperature Transducer NA5-27441 AA013283F66
Fuel Turbopump Assembly 460390-181 4073647
Gas Generator Control Valve 309040-31 4055754
Gas Generator Fuel Injector and Combustor 308360-11 40950408
Gas Generator Oxidizer Injector and

Poppet Assembly 303323 4092973
Gas Generator Oxidizer Supply Line NA5-260113 045
Helium Contrel Valve (Three-Way) NA5-27273 372452
Helium Regulator Assembly 558130-111 4061139
Helium Tank Vent Control Valve {Three-Way) | NA5-27273 379313
Ignition Pnase Control Valve (Four-Way) 558069 8313398
Main Fuel Valve 409920 4074288
Main Oxidizer Valve 411031-21 4072666
Main-Stage Control Valve {Four-Way) 558069 8284312
Oxidizer Bleed Valve 309029 4078081
Oxidizer Flowmeter 251216 4075154
Oxidizer Turbine Bypass Valve 409940 4073096
Oxidizer Turbopump Assembly 458175-111 6610105
Pressure-Actuated Purge Control Valve 558126 4073862
Pressure-Actuated Shutdown Valve Assembly | 558127-11 4074549
Primary Flight Instrumentation Package 704095-21 4074730
Propellant Utilization Valve 251351-51 4075182
Restartable Ignition Detect Probe 500750 2125567
Start Tank 307579 0098
Start Tank Discharge.Valve 306875-21 4093388
Start Tank Fill/Refill Valve 557998 4091617
Start Tank Vent and Rellef Valve 557848 4080517
Thrust Chamber Body 15-205875 4062445
Thrust Chamber Injector Assembly 208021-11 4089721
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SUMMARY OF ENGINE ORIFICES

TABLE 1I

Diameter
Orifice Name Part Number Inches Unless Date Effective Comments
Otherwise Noted

Gas Generator Fuel Supply | RD251-4107 0. 485 ® .
Line RD251-4107 0.524 July 5, 1968

Gas Generator Oxidizer RD251-4132 0.279 O] .
Supply Line RD251-4132 0. 304 July 5, 1968

Oxidizer Turbine Bypass RD273-8002 1.424 ® -
Valve Nozzle RD273-8002 1. 600 July 5, 1968

Main Oxidizer Closing 410437—082_ 8. 2_0 scim June 21, 1968® Thermostatic
Control Line 410437-0760 7. 60 scfm July 5. 1968 Orifices

710437-083 8. 30 scfm Y 2 ;

Ox1d1zt_er Turbine Exhaust RD251-9004 10. 00 ® o
Manifold

Augmented Spark Igniter 309358 0.125 June 9, 1968 ---
Oxidizer Supply Line

Augmented Spark Igniter/ . 0.266 July 5, 1968 .

Fuel Supply Line

G)As delivered to AEDC

£2Z-89-31-0Q3V
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TABLE Il
ENGINE MODIFICATIONS
(BETWEEN TEST PERIODS J4-1801-42 AND J4-1901-02)

Modification Completion Date Description of Modification
Number

RFDl- AEDC June 20, 1968 Augmented Spark Igniter Fuel

33-68 QOrifice Installation
RFD-AEDC June 21, 1968 Retiming Main Oxidizer Valve

34-68 to 1900 £ 20 msec

10
June 26, 1968

Test J4-1801-43

None

Test J4-1901-01

July 3, 1968

RFD-AEDC
1-68

RFD-AEDC
33-1-68

RFD-AEDC
36-68

July 5, 1968
July 5, 1968

July 5, 1968

Retiming Main Oxidizer Valve
to 1750 £ 20 msec

Deletion of Augmented Spark
Igniter Fuel Orifice

Engine Reorificing

1RFD - Rocketdyne Field Directive
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TABLE IV
ENGINE COMPONENT REPLACEMENTS
(BETWEEN TEST PERIODS J4-1801-42 AND J4-1901.02)

Replacement Completion Date Component Replaced

June 19, 1968 Fuel Turbine Inlet Tempera-
ture Probe

June 19, 19868 Gas Generator Outlet
Temperature Probe

Test J4-1801-43 June 26, 1968
June 26, 1968 Fuel Turbine Inlet Tempera-
ture Probe
June 26, 1968 Gas Generator Outlet
Temperature Probe
UCR! 005138 June 29, 1968 Gas Generator Control Valve
L
Test J4-1901-01 July 3, 1968
|
| July 3, 1968 Gas Generator Outlet Tempera-

ture Probe

l1UCR - Unsatisfactory Condition Report
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t - 80

TABLE V
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE

70

t - 80

t - 50

Time, min

t - 40

1= 30 t

- 20 1 10

t +10

Turbnpump snd Gas
Generator Purpa
(Purge Manifold
System)

Helium, 82 - 130 psia
50 - 200°F

{Nominel 6 scfm

at Customer Cunnect

Propellant Drop

2-min Minimum

Oxidizer Dome end
Gaa Generator Lamid
Oxygen Injector
(Engane Pneumatic
System)

Helium, 1400 pag
50 100°F

{Nominal 230 s¢fin

at Customer Connect)

1 gec (Supplivd by

Engine Helium Tank during
Start and Cutoff Transiente, ——I
Purge on for Durstion of

Fusl Le1d at Engmelsmrt)

110 3 min —se] et

Oxidizer Dome
{Feellity Line
to Port CO3A)

Nitrogen, 41S - 675 psie
100 - 200°F
175 = 330 sefm

On at
Fngine
Cutoffl

Oxidizen Turbopump
Intermediate Seal
Cavity (Engine
Pneumatic Syetem)

Helum, 1400 payig
50 - 200°F
2600 - 7000 scfm

1
Main Stuge Operstion
{Supplied by Bugine
Hefaum Tenk)

Thruet Chamber
Jacket

{Customer Connvct
Panef)

Nitrogen, 1685 = 215 psia
100 200°F
Nomiral 100 #chiu

On at
Fuagine
Cutofl

Helium, 55 - 300 psia
Ambaent
Temperature

Ul

Thrust Cbamber

Helinm, 1000-pnia Maximum

Temperature Temperature as
Conditiuning Reyuired

Pump Inlet Oxidizer, 35 iu 48 psia
Presaure end -288 to 280°K
Tempel ature Fuel, 28 to 46 puia
Conditioning -424 toAuG'F

Hydrogen Stert Tank
end Helium Tank
Preseure snd Tem-
peraturs Conditioning

Hydrogen, 1200 - 1400 paia
=140 to -300°F

Helium, 1700, 3250 psia
-140 to-300* 1

Croaaover
Duct
Temperature

Helium, =300°F to
Ambient

Start Tank Discharge
Vslve Temperature

Helium - Amblent

Low Pressure
Fuel Duct

Heater Tape; 13, 000 watts

IRequired on Tests 31 and 32 onl

2Cunditioning Temperature to be Mainteincd for the Lsst 30 mm uf Pre-Fire

€2T-89-31-043V



¥61

TABLE VI
SUMMARY OF TEST REQUIREMENTS AND RESULTS

14-1301-42400 3 14-1001-42800 34-1801-42C0 0 -1801-4209@ 4-1801-426@
vEts - | J4-1801-420 J
Target | Actusl I Target |  Actual Target | Actua! Target | Actun et Actual
Tima of Day, hr/Firing Data pilE—— oy (LD /68 [15391 ___———————%T75785 ]1620 §/19/88 5768
Prassure Altituds at Engina art, ft (Ref. 1) 100, 000 95, 000 100, 000 103, 000 100, 000 103, 000 100, 000 104,000 100, 000 104, 000
Firing Duration, ascQ 32.500 32.572 7.500 7,585 7,500 7,688 1,500 1,508 1. 250 1.243
Prassure, psin ss.o_‘", 15,8 28,550 27,2 2854} 27.0 2.5%) 27.1 szl 2.1
Fual Pump Inlet C
al Engina Seart Tamperalure, °F [-420,4 £ 0.4 -420.2 -420,4 % 0,4 -420, 1 <420,4 2 0.4 -420.1 -420.4 £ 0.4 ~420.1 ~420.4 2 0,4 =420, 0
NPSH, ft 410 1% 128 120 125 115 125 115 810 810
tet Pressurs, psia 48.0%1 45,7 4,07} 45.4 4.0?) "5 a0l 32.8 33l 2.5
Oxldinar Pump In H o
Conditions at Engina tart | Temparsiurs, °F [-204.520.¢| -200.4 -200.52 0.4 -2045 -204.53 0.4] -204.% -204,52 0,4 -204.4 [-200.520.4 -204,4
Start Tank Condi Preasure, pain 1225 2 10 1229 1380 £ 10 1378 1380 & 10 1380 1300 ¢ 10 1300 1250 ¢ 10 1248
at Engine Start Tampersturs, °F ~250 ¢ 10 -280 =270 % 10 -270 -270 % 10 -288 <300 2 10 =303 -140 £ 10 -138
Hsllum Tank Conditiona Praasura, paia = 2118 .- 2077 -e- 2120 oo 2140 W 2404
at Engine Start Tamperstura, *F -245 - -264 --- -264 -297 --- -13
Thrust Chambsr Tamparatura Throat -235 %15 -320 -275 % 25 -278 -150 fig -137 -150 :fg -150 -275 ¢ 25 -281
Conditiona at Engioa Start, *F Reetets - s " = . = — o E= T200
TFTD-2 +50 & 28 .- 450 & 25 - +50 % 25 -- +50 + 25 .- -100 + 20 -
Croasover Duct Temperstura at
Engins Start, *F® TFTD-3 l 88 36 l 20 n | <2
TFTO-1 ] 5 a | 38 55 | 94
Main Oxidizer Valvs Second-Staga Actustor -100 ¢ 50 -8 -100 £ 50 -128 -100 £ 50 -130 -100 & 50 -131 =100 + $0 -137
Temperatura at Engina Start, °F -
Fusl Lesd Time, sec® 1.000 1.002 1, 000 1,004 1. 000 -1.003 1.000 1.003 1.000 1,001
Propellant in Engina Tima, min [] (1] ] 47 [+ £8 ] 45 [ 8
Propellant Recirculation Tima,_min 10 11 .10 10 10 10.5 10 10 10 10
. Eropellant Reciroy ston "Ry - —
Sart Sequenca Logic Normal Normal Normal Nermal Normal Normal Normal Normal Normal Normal
TOBS-1 - ] --- &1 - 20 55 15 - s
Gas Gsnsrator Oxidizar Supply Lins o
Tampereturs at Engina Start, °F TOBs-2 s 38 &5 (1] --- 45 - 43 E:
TOBS-28 - 58 e 80 oo 58 - 57 e 54
Start Tank Dischargs Valvs Body Tamperatura =
al Engina Start, °F SOFEay s 50225 8 50 + 35 57 50 £ 25 5 50428 4
Vibration Safaty Counts Duration, maec, and " 21 -—- 2% - 14 -— 14 - 38
Occurrenca Tima, aec, from tg - 0.977 - 0.983 - 0. 985 - 1.013 = .05
Gs s Genarator Outlet tnitinl Psak --- 2107 - 1943 --- 2226 e=e 2118 --- 1959
Temperatura, *F [Second Paak] = &= = e — p— - - oo
Fusl Pump Stall Margin during Start Tank - 1800 o 1810 = 1410 = 1420 - 1500
Dischargs, gpm
Augmanted Spark Ignitlon Detcet Delay Tima i - T e e - = -
from Engins Start, maec - b g T
Thrust Chambar Ilgnjtion (P, * 100 paia) - - = = i
Tima, ssc (Raf. 10 0.978 0.987 o 0,988 - 1,018 1.087
Main Oxidinar Valva Second-Stage Initinl - 1110 L 1.007 il P -
Movamant, ssc (Ref. to)& e g 1.0%0 1,024 0,918
Main-Stags Pressure No, 2, asc (Ref. to® --- 1.810 " ee- 1873 - 1.580 .- 1.854 .- -
Tima Chambar Praseure Attains 530 pain, L 1.886 et 1.903 — 1,845 8 1.945 - . =
asc (Raf. to) - 3 W
Propellsnt Utitization Valva Position, Null Null Null Nuil Null Null Null Null Null Null
Engina Start/tg + 10 ace Toned Closed e - o ot o = oo =
Gss Ganarator Control Valve Tempersture at |25 Minimum 54 -25 Minimum| 4 -25 Minimum . -25 Minimum -e8 -25 Minimum -84
Engina Hart, °F

Opata reduced from osclilograph,
c. io be

d within limits for last 15 min before angine start,

[
Dses11 approach monitor activaled.
@Turbins ovarspaed trip activated.

DP ropellant-io-angioa lims in dependent on main osidinar valva requ :

time in 30 min.

£TT-89-81-003V
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TABLE VI (Continued)

(%] @
7 = J4-1801-43A J4-1001-4389 J4-1001-014' J4-1901-01B 34-1901-01c®
Target |  Aclual Target | Actual Target | Actual Target | Actusl et Act,
Tims of Day, hr/Firing Dete ]z20/00] 21> 26/g0 JUITE 3/80 ._-—-——"— 753/0! 1356 703168
Preasurs Altituda et Engina Rart, ft {Ref. 1} 100, 000 B0, 000 100, 000 101, 000 100, 000 101, 000 100, 000 100, 000 100, 000 101, 000
Firing Duration. aec® 32500 3351 - 7,500 7,59 —f 32 500 32.575 7.500 7,508 2500 3,025
- Ptassure, psia 26,510,5 8.6 26,5 10.8 20.0 26,52 0.5 20.5 26,5£0.8 20.3 20.8 £0.9 20.7
Puel Pumg Intet C
at Engine Start Temperature, °F N-420.4 10,4 -4a19.8 J-420.420.4 -420.2 [-420,420,4 -420.3 J-420.420.4] -a20.4 -420.42 0.4 | -420.2
NPSH, Rt 125 15 125 20 125 110 128 123 125 105
e taten Pressure, paia 42} .6 as i) .6 .0} .2 33,01} 3.0 450250 4s.8
Conditions st Engise Start | Tamperstore, °F [-204,5 20.4 204.4 [-294.520.4 -294.8 J-204.520.4 -204,3 [-204.520.4 | -204.8 -204.5 4 0.4 ~204.4
S TN C Prassure, psia 1300 2 10 1304 1400 £ 10 1400 1360 2 10 1302 1300 2 10 1302 1400 2 10 1398
at Engina Start Tempersture, *F -300 2 10 -300 ~240 2 10 -236 -270 £ 10 -271 -300 2 10 -304 -2402 10 -243
Halium Tank Condiliona Preasure, pala --- 2118 --- 2148 --- 2134 --- 2118 --- 2525
at Engios Start Temperaturs, °F s -300 e -238 == -270 s ~208 % ~242
it Chambet Tomperswre Throat -215 £ 25 209 150235 142 150 *33 -140 130 39 -150 -2752 25 218
Conditiona st Engina Start, °F Averege o3 -201 .- -184 - -180 - -107 ..o -293
TFTD-2 5028 a 80 ¢25 ) +50 £ 25 38 80428 © 50225 20
Cruasover Duct x)unpcnmn at
Engiae Start, °F 1rTD-3 | 4 i oy | a7 n | a1
TFTO-6 | 4 | 56 | ) 80 | 36
Matn Oxidigar Valva Second-Saga Actuator -100 2 50 -63 =100 2 50 ~100 -100 2 50 -84 ~100 £ 80 -100 E ~101
100 £ 80
‘Temperature af ine Sart, °F
Fuel Leed Time, 1. 000 0.000 1. 000 0. 008 1. 000 1.001 1,000 1, 001 1,000 1.001
Propallant ia Engine Time, min @ 81 [] n ] 96 ) 12 [) 69
Propellant Recirevlation Time._min 10 10 10 11 10 1 10 10 1o 10
Start Sequence Logic Normal Norme! Normal Normal Normal Normal Normal Normal Normal Normal
TOBS-1 - 48 —-e - 40 - » e 20 .- 23
Gag Genarator Oxidiaar Supply Liae - .- 17
Temperature at Engine Star, *F TOBS-2 i 3 S 27 s 28 = 20
TOBS-2B .ee 50 .= 48 .- 41 ——- 4“ 200 44
Sart Tank Dischargs Valve Body Temperatura % = et -
ot Engina Start, °F s0t2 00 +50 £25 [} 50+ 28 o 5 50235 «
Vibration Safety Counta Duralion, maec, and e 27 = 5 g 3 T 37 cee 15
Occurrence Tima, aec, fromlg 50 . 983 e 0.004 === . 984 ol 0-984 coo 0.088
Gas Generator Outlat initin) Paak --- 2060 --- 2051 --- 2080 --- 2014 --- 2032
Temperature, ‘F Second Pesk| .- - oen 1840 - 2115 .- e oo =
Pual Pump Stall Margin duriag Start Tank s 1480 i 1490 s 1490 n 1510 i e
Discharga. gpm
Augmented Spark Ignition Detect Delay Tima LS 228 o 242 o= 1t ) oo 378 . 208
from Engina Start, maec
Thruat Chambar Ignjtinn (P = 100 pala) - 0,962 .- 0.084 .. 0,938 - 0,967 .. 0,990
Time, sec (Ref. to
[Tid
Maia Oxidiasr Valva Secgnd-Stags Initial S 1,158 = 1.120 = 1102 o 1.125 - .
Movement, aec (Ref. tg o
Maln-Staga Pressurs No. 3, sec (Rel. tg® --- 1.001 -e- 1816 - 1032 --- 1,683 . 1. 604
Tima Chamber Prassurs Allaina 350 psla, . 1.072 =i 1.720 e 1.078 =k 1,938 s 1851
sec (Ref. tgfD
Propaliant Utiliaation Valva Position, Null Null Null Null Null Null Null Null Null
Engine Start/tg + 10 sec Cloaed Tloaed .o .- Cloaed Tlosed .- .- .- -
Gss Generator Control Valve Tamperatura st 50 Mintmum 40 -850 Minimues 4 -50 Mtntmum <. §-%0 Minimum --- 56 Mlnimumi oo
Englna Start, °F

?D-n reduced from oecillograph.
g

to be i

all approach monltor ectivated.
®Turbine ovarspaed trip activated.

d within limita for last 15 mia before engine etart.
P ropellant-ia-angiae tima ia dependent on main oxidiaar valve conditioniag requirements: minimum tima 1a 30 min,

£2Z-89-¥1-2Q3V
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TABLE VI (Concluded)

14190101000 1 J4-1901-01 14-1901-02400 J4-1901-028% J4-1401-02CD J4-1001-02080 ]
¥iring Number
Terget Actual Target Actuai Target Actual Target Actusl Target | Actual
Time of Dey, hr/Firing Dete T 3768 1608 /66 Ji15¢ 176841353 Tiijes | 1425 1616 1m0
Pressure Altitude at Engine Start, ft (Ref. 1) 100, 000 103, 000 100, 000 108, 000 100, 000 99, 000 100, 000 101, 000 100, 000 100, 000 108, 000
Firing Duration, secd 7. 500 7.590 1,250 1, 248 32. 500 32.573 7, 500 7.587 7, 500 7, 590 1. 250 0. 447
Pressure, pals L0210 411 4L0%1.0 0. 26,520.5 26.3 26.540.5 26,7 6.5 40,3 26,8 4.01.0 40.7
Fuel Pump Inlet Conditiona
at Engine Start Tempereture, °F -420,4 £ 0, 4 -420,0 -420.4 2 0. 4 -420.0 -420.42 0.4 -420,2 -420.4 £ 0,4 -420,1 -420,4 % 0.4 -420. 4 -420,4 £ 0. 4 -420.0
NPSH, ft 210 575 410 sto 125 25 125 100 125 130 610 360
Onidizer Pump Inlet Pressure, psia 4s,0%) 4.6 30t} 32,4 33,075 3.9 [ 33.4 't 45,5 ) 330
Conditiooa at Engins Start Temperature, °F [ -294,5 2 0.4 -204.3 -284.53 0. 4 -294.2 -294.5 £ 0, 4 ~304.6 -204,5 2 0.4 -294.6 .284.5 2 0.4| -2048 .204,52 0.4 -294,8
Sort Tank C: Pressure, psia 1400 + 10 1397 1250 + 10 1250 1200 £ 10 1203 1250 £ 10 1247 1200 ¢ 10 1206 1400 ¢ 10 1372
at Engine Start Temperaturs, °F -240 £ 10 -240 -140% 10 -138 -200 % 10 -196 -140 2 10 -137 -300 % 10 <300 <140 £ 10 142
Halium Tank Conditiona Preawure, pale --- 2265 - 2855 --- 2227 -- 2217 .- 2189 —-- 2184
at Engine Start Temperature, °F - -239 -137 196 -- -129 p— -302 = -142
Thrust Chamber Temperaturs Throat -150 14§ -152 -275 ¢ 25 ~278 -2754 28 -260 -275 £ 28 -272 -275 % 28 -278 -180 1T -151
Conditions at Englas Start, °F Average - -188 = -288 . -260 == -274 - ~293 = ~183
TFTD-2 50 £ 28 51 <100 ¢ 30 -108 -100 £ 20 -108 -100 ¢ 20 -98 +50¢ 25 8 -100 ¢ 20 -6
Crossover Duct T e at :
Engina Start, TP TFTD-3 1 62 -103 -51 -98 | +46 | -88
) TFTO-¢ | 53 “i5h e _— I — ] —
Main Oxidizer Velve Sccond-Stage Actuator -100 ¢ 50 -92 -100 ¢ 50 -27 -100 % 50 -133 -100 ¢ 20 -63 -100 £ 50 -7 -100 £ 50 ~68
Temperaturc st Enginc Start, *F
Fusl Lead Time, vec® 1. 000 1. 001 1. 000 1. 001 1,000 1. 003 1. 000 1. 001 1, 000 1, 001 1, 000 1. 001
Propallant in Engine Time, mun () 84 [ 63 ] 96 [ 114 []) 51 ) 1]
Proeell.m Recirculation Time, mn 10 10 10 13 10 10 10 10 10 10 10 10
Start Soglnee Logic Normal Normal Normel Normal Normal Normal Normal Normal Normal Normal Normal Normal
TOBS-1 - 26 -- 22 - 25 --- 53 --- sl - 4
Gaa Generator Oaidlzer Supply Line p— —
Temperature at Engine Stert, °F TOBS-2 500 R oo 13 --- 15 .- 38 52 )
TOBS-2B 4“ 42 50 55 —-- 53 [ 51
Start Tank Discharge Valve Body Temperature j o5
ut Engine Start, °F 3 se » 50238 s 50 ¢ 25 5 50428 51
Vibration Safaty Counts Durstion, maac, and o= 4 ==t 2 50 29 === K . 3 .- -
Occurrence Time, sec, from g --- 0,945 - 1, 060 - 1. 081 - 1.0m - 0. 966 --- ---
Gus Generator Outlet initlal Peak 1932 - 1608 --- 1901 --- 1724 --- 1950 .- -—
Temperature, “F Second Peak] 204¢ =5 . p— e v . e - -
Fuel Pump Stsll Margio during Start Tank s T . s - it . o0 e 1510 e -
Dlecharge, fpm
Augmented Spark Ignition Detect Deley Time ] o = - j "
from Engine Stert, muec a5z 562 : 356 474 o 257 .
“Thrust Chamher Ignjtion (P, = 100 pala) e . . . - 0. 998 - =
T tinet (e ] 0,953 1,088 1.063 1,0m -
Main Oxidizer Valve Secqnd-Stage Initinl e eaie . . . - ce- =
emant, eec (R-l.m . 1,038 0. 887 1023 1,011
Maln-Stage Preasure No. 3, sce (Ref. tg)® --- 1.621 --- - - 1,766 --- 1813 - 1.647 .- -
Time Chamber Pressure Attaing 330 peia, S — —_— — . - 1.888 oo e
de (RE 1638 2. 040 2,089 .
Propellant Utiliastion Valve Pos kion, Null Null Null Null Null Null Full Null Null Nall Nall Null
Engine Start/1g ¢ 10 sec - .- .- ——- sed Clo-.J .- -—- - - .o -———
Ges G:ﬂ;::"‘"_f"““" ValveiTewperatereior -50 Minimum --- -50 Minimum} --- -$0 Minimum| 15 -50 Minimum] 47 -50 Minimum| “ 50 Minimuzm “

Opata reduced from oscilingraph,
10 be

B¢,

Dp, .3 ng! time 18
Dall spprosch monkor activated.
@ Turbine overspead trip activated.

within limks for last 13 min before engine start.

time is 30 min.

on maln oxidissr valve

o
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TABLE VIl

ENGINE VALVE TIMINGS

Start
&8, Siart Tank Discharge Valve Hpabij) virie Valve, First Stuge | Valva, Second Stage g Ouidiser Poppet TBypase vave
J4-1901- Time |[Vslve | Valve | Tima (Valve | Vaive Time (Valve| Valva Time |[Valve | Valve Time |Valve | Vslve Tima |[Valve | Valve Time |Valve | Valva Time ([Valve | Valve
of Delay | Opening of Delay [Closing of Delay |[Opening of Delay {Opening of Delay |Opening of Delay |Opening of Delay [Op T4 of Delay [Cloaing
Opening|Time, | Time, |Closing | Time.| Time, |Opening |Time,| Time, [ Opening |[Time,| Time, [Opening |Time.| Time, |Opening |[Time, | Time, [Opening|Tima,| Tima, | Closing |Time,| Time,
Signal | sec aec Signal sec sec Signal sec sec Signal | aec sec Signal aec sec Signsl | sec sec Signal | sec aec Signal | sec sec
42A 0.0 0.140 | 0. 126 0. 451 0.101 | 0.249 -1.002 |0.088) 0.092 0.451 | 0,055| 0,045 0.451 [0.666 | 1.879 0.451 0.102 | 0. 027 0,451 0,175 | 0.069 0.451 |0.220| 0. 280
42B 0.0 |0.140| 0.137 | 0.450 |0.099 | 0.229 -1.004 {0,080) 0,092 0.450 | 0.054] 0,047 0.450 [0.557 | 1,958 0,450 |0,103} 0,025 0.450 {0,191 0.094 0,450 |0.218| 0,280
42C 0.0 [0,137 | 0.129 0. 450 0.0%0 | 0,227 -1.003 {0.090) 0.117 0.450 | 0.058| 0.048 0.450 |0,832 ) 1.928 0.450 [0.109 |0, 029 0.450 0.184 | 0.099 0. 450 |0.220| 0.290
42D 0.0 [0.135| 0,129 | 0.450 |0.090( 0,230 -1,003 {0.077| 0.119 0.450 | 0.055| 0,048 0.450 |0.578 | 1.983 0.450 | 0.110 0,028 0.450 |o0.187]0.082 0,450 |0.223| 0.290
42E 0.0 [0.130| 0.125 | 0.450 0,090 0.238 -1.001 |0.081} 0.122 0,450 | 0.055] 0.050 0,450 |0.580 o0 0,450 (0,109 |0, 029 0.450 [0,191] 0,083 0,450 |o.220| 0. 300
43A 0.0 [0.138| 0.120 | 0.451 0,089 | 0.220 -0.999 (0. 088| 0.092 0.451 | 0.0581 0.042 0.451 |0.703 | 2.043 0. 451 0,103 | 0, 028 0. 451 0.188]| 0.092 0,451 |0,218] 0,265
43B 0.0 [0,139] 0.129 | 0.449 |[0,094 | 0.239 -0.998 {0.073| 0.113 0.449 | 0.057] 0.047 0.449 |0.973 | 2,097 0,449 | 0,108 | 0.029 0.449 | 0.198] 0.089 0,449 |0.215] 0,290
01A 0.0 [0.140| 0.125 0.450 [0.093| 0.229 -1.001 {0,090| O, 100 0.450 | 0.052| 0.049 0,450 |0.752] 1.999 0. 450 0.105 [ 0.032 0. 450 0, 180| 0, 080 0.450 |0.205| 0.318
01B 0.0 |0.134[ 0.125 | 0.449 |0.090| 0.233 | -1.001 [0.091] 0,112 | 0.449 | 0.052]| 0.047 | 0.449 [0.872 | 2.030 | 0.449 [0.105]0.030 § 0.445 |o0.178] 0.074 § 0.449 |0.200| 0.305
01C 0.0 [0.139] 0.125 | 0.443 |0.090| 0,233 | -1.001 [0.080] 0.122 0.449 | 0,055] 0048 | 0.449 |0.878| --- 0.449 [0.104[0.031 | o 449 |o. 190 0.070 | 0,449 |0.229] 0.284
01D 0.0 |0.141| 0.130 | 0.449 0.091| 0,231 -1.001 |0.087| 0.118 0.449 | 0.053] 0.047 0.449 0,751 | 2,018 0.449 | 0.108]| 0.030 0, 449 ©0.193] 0.085 0. 449 |0.221| 0.310
01E 0.0 |0.135 0.120 | 0.450 |0.090| 0.239 | -1.001 [0.071] 0.131 | 0.450 [0.053] 0.048 | 0.450 |0.592| --- 0.450 [0.105]0.030 | o 450 |o0.178] 0.073 § ©.450 |o.222| 0.298
02A 0.0 {0.136] 0.123 | 0.452 [0.094 0.238 | -1.001 |0.098] 0.094 0.452 {0.054| 0,051 | 0.452 [0.542 1.870 § 0.452 [o0.104]|0.020 [ 0.452 [o0.172[ 0.074 | 0.452 [0.232] 0.290
02B 0.0 |0.139]| 0,118 | 0,450 |0.089| 0.238 -1.004 |0.083| O, 100 0.450 { 0.055| 0.044 0,450 |0.571 | 1,900 0.450 | 0.102| 0,031 0,450 | 0,172] 0,079 0,450 |o0.228] 0,295
02C 0.0 J0.135| 0.129 | 0.449 | 0,090 0.238 | -1.001 [0.119| 0.088 | 0.445 | 0.049] 0.048 | 0.440 [0.582| 1.970 | 0.449 [0.101[0.029 [ o 445 |o0,199] 0.079 | 0.449 |0.227] 0.2985
02D 0.0 0,159 | 0.129 | 0.449 oo oo -1.001 |0.118| 0.078 0,449 - --- 0. 449 oS0 o0 0. 449 - .- 0, 449 - o 0. 449 -ee coe
Final Se- = SR P oo = oo E== = - === - e e e Ls, = . e == o R pEksy s 228 . _
| quence Run
42 0.0 |0,089{ 0.105 0. 449 0,098 | 0,241 -1.003 |0.052] 0.110 0.448 | 0.050| 0.043 0.448 [0.595| 1.80% 0.448 | 0.080| 0.034 0, 448 0, 140| 0.090 0. 448 | 0, 200 0.290
43 0.0 [0.099] 0.102 | 0.450 [0.093] 0.241 | -1.001]o0.050] 0.110 | 0.450 [0.051] 0.043 | 0.450 [0.948] 1.917 | 0.450 [o0.091]0.032 | o.450 | 0.138] 0.092 § o.450 |o0.200] 0.299
o1 0.0 |0.095] 0.104 | 0,449 [o.085[ 0.240 [ -1.001 [0, 052] o.099 0.449 | 0.050| 0.044 | 0.449 [0.847] 1.909 [ 0.449 | o0.082] 0.035 0.449 | 0.138] 0.069 | 0.449 | 0.208] 0.283
02 0.0 [0.099] 0.107 [ 0.449 |0,109] 0.249 | -1.000 |0.052| 0,112 0.448 [0.051] 0.048 | 0.448 [0.833| 1.760 | 0,448 | 0,142 0.06 0.448 | 0.081] 0.038 | ©.445 | 0.203 0,290
Notea: 1. Afl vaive times are referenced to tg.

. Valve delay tima ia the time for the initial valve movement after the valve "open” or valve "closed" solenoid haa been energized,

1
2
3, Data sre reduced from oscillogram.
4

. Final

q check is condv

ed without propellanta within 12 hr before testing.
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TABLE VIl (Concluded)

Shutdown

Main Fuel Valve

Main Oxidizer Valve

Gas Generator
Fuel Poppet

Gas Generator
Oxidizer Poppet

Oxidizer Turbine
Bypaaa Valve

‘Flrmg
J4-1801- Time [Valve | Valve Time {Valve | Valve Time |Valve] Valve Time |Valve | Valve Time |Valve | Valve
of Delay [Closing of Delay | Closing of Delay | Cloaing of Delay |Closing of Delay [Opening
Closing |Time, | Time, | Closing | Time, | Time, | Closing |Tune, | Time, | Cloaing |Time, | Time, | Opening |Time, | Time,
Signal | sec aec Signal aec sec Signal sec sec Signal | aec sec Signal sec sec
42A 32,572 |0.107 0.301 32,572 {o0.081 | 0.182 32.572 | 0.065| 0.025 32.572 | 0.030| 0.010 32.572 |0.249 | 0.700
42B 7.585 |0.118 | 0.338 7.585 {0.078 ) 0.189 7.585 | 0.074| 0.015 7.685)10.035| 0,015 7.585 [0.234 | 0. 500
42C 7.588 [0.117 0,336 7.586 | 0,073 | 0.176 7.588 | 0.088| 0.023 7.586 | 0.038| 0.019 7,588 |0.244 | 0.500
420D 7.688 |0.118 | 0.332 7.588 |0.079 | 0.187 7.688 | 0.084] 0,025 7.588 | 0,037 0.022 7.588 |0.243 | 0.510
42E 1.243 |0,110 | 0.317 1,243 oo oo 1.243 | 0,095| 0.025 1.243 | 0.0438| 0.027 1.243 |0.155 | 0.580
43A 32.674 |0.104 0.283 32,574 |0.077 | 0.188 32.574 | 0.075| 0.017 32.574 | 0.033| 0.018 32.574 |0.255 | 0.550
43B 7.685 |0.111 0.307 7.585 [0.077 | 0.187 7.585 | 0.080| 0.015 7.585|0,035| 0.015 7.585 |0.240 | 0,530
0l1A 32.573 0.112 | 0.320 | 32.573 |0.080 | 0.183 32.573 | 0.070( 0.015 32,573 | 0.030| 0.017 | 32.573 |0.250 | 0. 551
01B 7.588 [0.120 | 0.334 7.588 [0.074 | 0.167 7.588  0.071| 0.017 7.588 | 0.034| 0,013 7.588 10.240 | 0.533
01C 3.025 |0.118 | 0,335 3.02% ceo oo 3.025 | 0.070| 0.021 3.025} 0.034| 0.012 3.025 |0.221 { 0.560
01D 7.680 }0.118 | 0.336 7.590 | 0.078 | 0.158 7.590 | 0.072| 0.020 7.590 1 0.032| 0.017 7.590 |0.242 | 0.551
01E 1.248 |0.113 | 0,311 1.248 | --- oo 1,248 0.079| 0.021 1.248 1 0.043| 0.019 1.248 [0.160 | 0.5985
02A 32.573 |0.114 { 0.327 32,573 |0.088 | 0.184 32.573 | 0. 075| 0.010 32.573 1 0.030) 0.013 | 32.673 (0.268 | 0.580
02B 7.587 (0,108 | 0,310 7.587 |0.077 | 0.155 7.587 | 0.087] 0.010 7,587 | 0.033( 0.014 7.587 |0.248 | 0.5984
02C 7.580 [0.112 | 0.330 7.590 |0.072 [ 0.162 7.580| 0.065] 0.010 7.690 | 0.032| 0.014 7.590 |0.250 | 0.570
02D 0.447 |0.108 0,272 D. 447 - -— 0,447 Do - 0. 447 ==D El= 0. 447 = ==
Finel Se- . —— - ——— - ——— . —— ——- ——- . I ——— —_— ———
quence Run
42 4,884 |0.080 | 0.225 4.664 [0.050] 0.127 4.664 | 0,095) 0.035 4.664 | 0.082| 0.020 4.864 10.218 | 0.601
43 7.128 |0.082 | 0.226 7.128 [0.064 | 0.120 7.1281 0. 094} 0.035 7,128 0.062| 0.023 7.128 |0.220 | 0.582
01 7.188 |0.083 | 0.229 7.188 |0.060 | 0.124 7.186 | 0.092| 0.040 7,188 | 0.060| 0,023 7.186 (0,221 | 0.588
02 ==S 0,082 | 0.227 =00 0.057 | 0.123 oS00 0.095( 0.038 - 0.058| 0.026 oS00 0.210 | 0.585
Notes: 1. All valve times are referenced to tg,

Valve delay time 1s the time for the initial valve movement after the valve "open" or valve "closed" solenoid has been energized.

Dyts are reduced from ¢scillogram.

Final

check is

d without propellants within 12 hr before testing,
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TABLE VIl
ENGINE PERFORMANCE

- R _ . _ _ _ _ Rocketdyne Sea-Level
Firing Number J4-1801-42A J4-1801-43A J4-1901-01A J4-1801-02A Aceeptance Test No. 313-019
Site Normalized Site Normalized Site Normalized Site Normallzed Site Normalized
Thrust, 1b¢ 231,707 | 230,589 229, 656 228, 842 228, 299 2217, 2117 241, 500- 239, 948 171, 188 231, 743
Overall Chamber Preaaure, psia 793 8% 766 180 782 774 624 615 799 769
Fngine Mixture Ratio 5.568 5.588 5.711 5. 897 5.692 5, 682 5.432 5. 415 5.497 5.478
P‘erfurmmec Fuel Welght Klow, 1bpy,/sec 83.7 82.9 61.6 81.1 81.5 80.9 86.6 88.1 65.0 84,2
| Oxidlzer Weight Flow, 1bp/aec 486.3 461.8 486.0 461.8 484.0 459.7 482, 6 476.9 467,3 461, 2
Total Weight Flow, lb,,/aec 550.0 544.8 547.6 542.9 545.5 540.6 571. 4 565.0 552. 3 545,3
Thrust Mixture Ratio 5.776 5.779 5,931 5.920 5.905 5. 897 5. 842 5.626 5,701 5, 682
Chawber Total Weight Flow, Iby,/sec 543.0 537.7 540.6 535.9 538.6 533.7 563. 6 557.3 545 538
Performance| Characteristle Velocity, ft/aec 8001.2 7999, 3 7971.8 973.7 7952.0 7953.0 6007.4 8010, 6 6026 8032
Pump Efficiency, pereent 74.2 4.2 74.1 74,1 I74.2 74,2 73.6 73.8 73.5 3.5
Pump Speed, rpm 28, 869 26, 623 26,636 26, 388 28,520 26, 295 127, 968 27,695 27,119 27,002
Fuel -
Turbopump Turlnne Efficioeney, percent 62.3 62.1 60.8 G0.6 60.0 59.9 62.2 62.1 63.2 63.1
Performance] Turbine Pressurc Ratio 7.22 7. 22 7.24 7.23 7.25 7.25 7.55 7.55 7.22 7.22
Turbine Inlet Temperature, °F 1225 1204 1210 1166 1253 1230 1223 1198 1210 1201
Turbine Waight Flow, lby/sec 7,05 7.02 7.01 7.00 8.93 6. 91 7.75 7.72 7.11 T.03
Pump Efficicney, percent 80.4 60.3 60.4 60.3 80.4 80.3 60.5 80.4 80.3 80,2
Pump Speed, rpm 8773 8723 8742 8695 8713 8663 0984 8910 6797 6749
Oxudizer ———
Turbopump Turbine Efficiency, percent 49,7 49.6 49.6 49.6 49,2 49,2 50. 8 50.7 50.7 50.5
Performance| Turbine Pressurc Ratio 2.62 2.62 2,61 2,61 2.61 2, 61 2,63 2,63 2,60 2.80
Turhinc Inlet Temperature, *F 804 769 - 798 761 820 804 770 ™2 769 770
Turbine Weight Flow, lby,/sec 6.25 6.23 6.23 6. 21 6.15 6.13 6. 89 6. 65 6.3 6.2
gas t Muxture Ratio 0,954 0, 942 0.948 0.931 0,971 0. 956 0,953 0.939 0, 945 0. 940
onerator | opumber Prassure, pain 884.3 | 6v9.5 879.5 615.6 676.0 871.7 152. 8 748. 4 689 661
| Performance -
Note; 1, Site data are calenlated from test data,

2. Nurmalized data are corrected to standard pump wnlet and engine amblent pressure conditions.
3, Input data are test data averaged from 29 to 30 sec, cxcept aa noted.
4, Site and normalized data were computed using the Rocketdyne PAST 640 modilication zero computer program.
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TABLE IX
SUMMARY OF ENGINE START CONDITIONS FOR AEDC ALTITUDE
FIRING J4-1801-42A AND SEA-LEVEL ACCEPTANCE TEST

Parameter Rocketdyne -
Test 313-019 KA1801-424
Fuel Pump Inlet Pressure, psia 37.5 35.8
Conditions at
Engine Start Temperature, °F -419.86 -420. 2
Oxidizer Pump Pressure, psia 46. 7 45.7
Inlet Cond:tions
at Engine Start Temperature, °F -295.5 -294.4
Start Tank Con- Pressure, psia 1261 1229
ditions at
Engine Start Temperature, °F -172 -250
Thrust Chamber
Temperature TTC-1P 54 -229
Conditions at
Engine Start, °F
Fuel Turbine
Inlet Tempera- - 1201 ---
ture at Engine
Start, °F
| Fuel Lead Time, . 8 1

sec
Propellant Utili-
zation Valve
Position at
Engine Start --- Null Null
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APPENDIX Il
INSTRUMENTATION

The instrumentation for AEDC tests J4-1801-42 through J4-1901-02
is tabulated in Table 1II-1. The location of selected major engine in-
strumentation is shown in Fig, III-1. The instrumentation applies to all
tests except as noted.
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TABLE I1I-1
INSTRUMENTATION LIST

AEDC Tap Micro- Magnei.c Oscillo- Strp X-Y
_Code Parsmeter _No, Range sadic Tape _graph Chsrt Plotter

Curren: arm
1cc Control 0 to 30 X x
11C lgr.tion 00 30 X X

Event
EASIOV Aagmented Sparx Igr.ter Oxldizer

Vaive Open Oper:/ Closeo x x

EECL Engire Cutoff Lockin On/ Off X X
EECO Engne Cutoff Signal On/Off x x x
EES Engine Start Command On/Off X x
EFBVC Fuel Bleed Valve Cloaed Limit Open/Closed x
EFPVC/O  Fuel Prevalve Closec{Open Lim:t CioseafOpen x
EHCS Heluum Control Solenowd On/Off x x
EID Ignition Detected On/Off b b
EIPCS Ignition Pkase Control Solencid On/off x x
EMCS Msin-Stage Controi Solenoia On/Off x x
EMP-1 Main-5Stage Presaure No. 1 On/Off x
EMP-2 Main-Stage Preaaure No. 2 On/OfAf x x
EOBVC Oxidizer Bleec Valve Cloaed Limit Open/Cloaed X
EOPVC Oxldizer Prevalve Closed Limit Closed x x
EQPVO Oxudizer Prevaive Open Lumi: Oper. x X
ESTDCS Start Tsnk Discharge Control Solencid On/Of1f X x X
RASIS-1 Augmented Spark Igniter Sparx No. 1 Onl Oz x
RASIS-2 Augmented Spark Igniter Spsrk No, 2 On/Off X
RGGS-1 Gas Generator Spark No. 1 Or./Off x
RGGS-2 Gas Generaszor Spark No. 2 on/oft X

Flows Epm_
QF-1A Fuel PFF 0 to 9000 x
QF-2 Fuel PFFA 0 to 9000 x x x
QF-1SAM Fue. Flow Slal. Approach Monitor 0 to 9000 x x
QFRP Fuel Recirculation 0 to 160 x
QO-1A Oxidizer POF 3 te 3002 x x
QQR-2 Oxidizer POFA 0 to 3000 x X X
Q(')RP Oxidizer Recirculation 0to 50 x X

Pos.on Percent Open
LFVT Maun Fuel Valve 0to 100 x x
LGGVT Gaa Gererztor Valve 0to 100 x x
LOTBVT  Oxidizer Turbine Bypass Valve 0to 100 x Yox
LovVT Main Oxid.zer Valve 9to 100 X x
LPUTOP Propellant Utilization Valve 010 100 x x x
LSTDVT Start Tank Diacnarge Valve 0to 100 b X
Pressure sia

PAl Test Cell 0w u.b x X
PA2 Test Cell Oto 1.0
PA3 Test Cell 0t0 5.0 x X
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TABLE lII-1 (Continued)

AEDC Tap Micro- Magnetic Oscillo- Strip X-Y
Coce Psrsmeter _No. Range sadic Tape graph _Chart Plotter
_Pressu.re psia
PC-1P Thrust Chsmber CGl 0 to 1000 % X
PC-3 Tkrust Chamber CGlAa 0 =0 10C0 x x x
PCBO-1 Constant Blecd Orifice 0 to 50 x
PCDP Crcssover Duct Purge 0 to 100 x
PCGG-1P  Gas Generator Chamber Preasure 0 to 1000 X x
PCGG-2 Gas Generator Casmker GGlA 0 to 1000 x
PFBL-3 Fue! Bleed Line 0 to 500 x
PEJ-1A Msin Fuc. Inzection CF2 0 to 1000 x x
PFJIGG-1A Gaa Generstor Fuel Injection GF4 0 to 1000 x
PFGG-2 Gsa Gencrator Fuel Injection GF4 0 to 1000 x X
PFPC-1A Fucl Pump Balarcc Piston Caviy PF5 0 to 1000 x
PFPD-1P Fuei Pump Dischsrge PF3 0 10 1500 x
PFPD-2 Fuel Pamp Diacharge PF2 0 to 1500 X x x
PFPI-1 Fuel Pump Inlet 0 to 100 x
PFPI-2 Fuel Pump Inlet 0 to 100 X x x
PFPI-3 Fuel Pump Inlet 0 to 200 x
PFPPSD-1 Fuel Pump Primary Seal Dra:n 0 to 200 x
PFRFO Fuel Recirculation Pump Qutlet 0 to 60
PFRPR Fuel Recircuiatlor Pumnp Resurn 0 to 50 x
PFST-1P Fuel Stsrt Tank TF1 0 to 1500 x x
PFST-2 Fuel Start Tark TF1 0 to 1500 x x
PFUT Fuel Tunk Ullage 0 o 100 x
PFVI Fuel Tank Pressurization Line
Nozzle Inlet 0 to 1000 x
PFVL Fuel Tark Preasurization Line
Nozzle Throat 0 to 1000 x
PHECMO Pneamazic Control Module Oulet 0 to 750 X
PHEOP Oxidizer Recirculation Pump Purge 0 to 150 x
PHES Hellum Supply 0 to 5000 X
PHET-1P Helium Tsnk NN1 0 to 3500 x x
PHET-2 Helum Tank NN1 0 to 3500 x x
PHRO-1A Hellum Regulator Cutlet NN2 0 to 750 x
POJ-14 Mawn Oxldizer Injection co3 0 o 1000 x x
POJ-2 Msin Oxidizer Injection CO3A 0 to 1000 x x
POJ3 Ms!in Oxidizer Injection 0 to 2000 x
POJGG-1A Gas Generator Ox:dlzer Injectior  GO5 0 to 1000 x x
POJGG-2 Gsa Generator Oxidizer Injection GOS 0 to 1000 x
POPBC-1A Oxic.zer Pumg Besring Ccolant POT7 0 to B0OO X
POPD-1P  Ox!dizer Pump Discharge PO3 0 to 1500 x
POPD-2 Oxid.zer Pump Diackarge PO2 0to 1500 x x X
POPI-1 Oxidizer Pump Inlet 0to 100 x x
POPI1-2 Ox.dizer Pamp Inlet 0 to 200 X x
POPI-3 Oxidizer Pump Inlet 0t 100 x
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AEDC
Code

POPSC-1A
PORPO

PORPR
POTI-1A
POTO-1A
POUT
POVCC

POVI
POVL
PPUVI-1A
PPUVO-1A
PTCFJP

PTCP
PTPP

NFP-1P
NFRP
NOP-1P
MORP

SGFASI-12
SGFas1-22
SGFASI-3
SGFASI-4
SGOASI-1
sGoast-2!
SGOASI-S

TA1l

TA2

TA3

TA4
TAIP-1A
TBPM
TCOP
TECP-1P

TABLE ll-1 (Continued)

Tap
Parameter No.

Pressure

Oxidizer Pump Primary Seal
Cavity PO6

Oxwdizer Recirculation Pump
Outlet

Oxidizer Reclrculatinn Pump Return
Oxidizer Turbine Inlet TG3
Oxidizer Turkbine Outiet TGq
Ox:dizer Tark Ullsge

Main Oxidizer Valve Closing
Control

Oxidizer Tenx Pressur.zazlon
I.ine Nozzle Inlet

Ox.dizer Tark Pressurization
Line Nozzle Throat

Propeliart U:.lizaz.ox Valve
Inlet POB

Prcpe.lant Utilization Valve
Outlet PO¢

Thrus: Chamber Fuel Jacket
Purge

Thrust Chamber Purge

Turbopump and Gas Generaior
Purge

Speeds
Fuel Pump PFV
Fuel Recirculation Pump
Ox.dizer Pamp POV
Oxidizer Recirculat.on Pump

Straw
Augmented Spark lIgniter Fuel Line
Augmerted Sparx Igriter Fuel Line
Augmented Spark Igniter Fuel Line
Augmentea Spark Igniter Fuel Line
Augmented Spark Igmter Oxidizer Line
Augmented Spsr« lguter Oxié.zer Line
Augmented Spark lgmter Oxidizer Line

Temperatures

Test Cell {North)
Test Cell (East)
Test Cell (South)
Test Cell (West)
Auxiliary Instrumert Package
Bypass Manifold
Crossover Duct Purge

Electrical Controls Package NST1A

Rangc

Micro-
sadic

Mzgnetic
Tape

Oscillo-
graoh

Strp  X-Y
Chart Plosler

oHla
—————

0 to 50

0t 115
0to 100
0 to 200
C e 100
0to 100

0 ta 500

0 to 1000

0 to 1000

0 to 1500

019 300

0 to 100
0 to 1000

0 to 250
Tpm
0to 30,000
G to0 13, 200
0 to 12, 000
0 to 15, 000

uin. /in,

x1500
£1500
*1500
=1500
+1500
+1500
+750
_F
-50 to +800
=50 o =800
-50 to +800
-30 to +800
=300 0 200
-325 to ~200
-150 to +150
=300 to +200
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AEDC
Code

TFASIL-4
TFBV-1A
TFD-1
TFJ-1P
TFPD-1P
TFPD-2
TFPI-1
TFPI-2
TFPI1-3
TFRPO
TFRPR
TFRT-1
TFRT-3
TFST-1P
TFST-2
TFTD-2
TFTD-3
TFTD-4
TFTD-8
TFTO
TFTSD-1
TGGO-1A &2
TOGVRS

THET-1P
TNODP
TOASIL-1

TOBS-1
TOBS-2
TOBS-2B
TOBV-1A
TODS-1
TODS-2
TOPB-1A
TOPD-1P
TOPD-2
TOPI-1
TOPI-2
TORPO
TORFPR

TORT-1

Parameter
Temperatures
Augmented Spark Igniter Line
Fuel Bleed Valve
Fire Detection
Main Fuel Injection
Fuel Pump Diacharge
Fuel Pump Discharge
Fuel Pump Inlet
Fuel Pump Inlet
Fuel Pump Inlet
Fuel Recirculation Pump Outlet

TABLE 1lI-1 (Continued)

Tap
No.

GFT1

CFT2
PFT1
PFT1

Fuel Recirculation Pump Return Line

Fuel Tank

Fuel Tank

Fuel Start Tank

Fuel Start Tank

Fuel Turbine Diecharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Outiet

Fuel Turbine Seal Drain Line
Gas Generator Outlet

Gas Generator Valve
Retaining Screw

Helium Tank
Liquid Oxygen Dome Purge

Augmented Spark Igniter
Oxidizer Line Skin

Oxidiger Bootstrap Line
Oxidizer Bootstrap Line
Oxidizer Bootetrap Line
Oxidizer Bleed Valve
Oxidizer Dome Skin
Oxidizer Dome Skin
Ox:dizer Pump Bearing Coolant
Oxidizer Pump Discharge
Oxidlzer Pump Diacharge
Oxidizer Pump Inlet
Oxidizer Pump Inlet

TFT1
TFT1

TFT2

GGT1

NNT1

GOT2

POT4
POT3
POT3

Oxidizer Recirculation Pump Outlet

Oxidizer Recirculation Pump
Return

Oxldizer Tank

Range
°F

-425 to +500
=425 to -375
0 to 1000
-425 to +250
~425 to -400
-425 to -400
<425 to -400
-425 to -400
-425 to -400
-425 to -350
-425 to -250
-425 to -410
=425 to -410
-350 to +100
=350 to +i00
=200 to -1000
=200 to +1000
=200 to +1000
=200 to +1400
0 to 1800
=300 to +100
0 to 2500

-100 to +100
-850 to +100
0 to -300

-425 to +500
-300 to +250
~300 to +250
=300 to +250
-300 tc -250
-300 to +100
=300 to +100
-300 to -250
-300 to -250
=300 to -250
-310 to -270
-310 to -270
=300 to -250

-300 to -140
=300 to -287
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TABLE {ll-1 (Concluded)

AEDC Tap
_Code_ Parameter No.
TORT-1B Oxldlzer Tank
TORT-3 Oxidizer Tank
TOTI-1P  Oxidizer Turbmne Inlet TGT3
TOTO-1P  Oxidizer Turblne Qutlet TGT4
TOVL Oxidizer Tank Pressurization
Line Nozzle Throat
TPIP-1P Primary Instrument Package
TSC2-1 Thrust Chamber Sk:n
TSC2-12 Thrust Chamber Skin
TSC2-13 Thrust Chamber Skin
TSC2-17 Thrust Chamber Skin
TSC2-20 Thrust Chamber Skin
TSC2-24 Thrust Chamber Skin
TSOVC-1 Oxidizer Valve Actuator Cap
TSTDVDLS Start Tank Discharge Valve Draw
Line
TSTDVOC  Start Tank Discharge Valve
Open.ng Control Port
TTC-1P Thrust Chamber Jacket (Control) CS1
TTC-2 Thruat Chamber Jacxet
TTPP Turbopump Purge
TXOC Crossover Duct Conditioning
Vibretions
UASIF-1 Augmented Spark Igniter Fuel
Orifice Block
USA1V-1 Augmented Spark Igniter
Oxidizer Valve
UASIV-33  Augmented Spark Igniter
Oxidizer Valve
UFPR Fuel Pump Radial 90 deg
UMFV-1 Main Fuel Valve
UMFV-2!  Main Fue! Valve
UMFV-37  Maln Fuel Valve
UOPR Oxidizer Pump Radial 90 deg
UOTBV-1 Oxidizer Turbwne Bypass Valve
uTCD-1 Thrust Chamoer Dome
UTCD-2 Thruat Chamber Dome
UTCD-4 Thrust Chamber Dome
u1lvsc No. i Vibra:.on Safety Counts
u2vsC No, 2 Vibration Safety Counts
Voltage
VvCB Control Bus
VIB Ignition Bus
VIDA Ignition Detect Amplifier
VPUTEP Propellant Utilization Valve Excitation
Notes: 1. Deleted after firing 42.

2. Not requirec for firing 43.
3. Added beginning with firing 43.

Range
=300 to -287

-300 to -287
=300 o0 1200
0 to 1000

-300 o +100
-300 to +200
- 300 to +500
-300 to +500
~300 to -500
=300 to +500
-300 to +500
=300 0 ~300
=325 to +150

-100 to +200

-300 to +200
-425 to +500
-425 15 =500
=150 to +150
-325 to +200
£8
+150
*+150

+150
+300
=150
+150
+150
+200
+150
+500
+500
41000
On/Off
On/Oft
yolts.
0 to 36
0to 36
8 to 16
0tod

4. Deleted after firing 43,

Micro-

sadie

x

®OM OB M K K K XX LI T

® K X KR

K X ¥ X

Magne:.c Oscillo- Strip X-Y
Tape graph Chart Flotter

E I

x

X

X

x x

x

x

x

x

x

x x

x X
x
X

5. Added beginning with firing 02.
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TABLE I
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a. Engine Pressure Tap Locations
Fig. lil-1 Instrumentation Locations
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TSTDVOC

TSTDVCC <

Four-Way Valve

d. Start Tank Discharge Valve
Fig. I1I-1 Continued
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Vehicle
Prevalve
Interface

TFP1-3

Engine Fuel
Pump Inlet
Flange Interface

f. Low Pressure Fuel Duct
Fig. I1l-1 Continued
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SGOASI-3
TOASIL-1

TFASIL-4

_SGFASI-3
SGFAS|-4

~=—UASIF-1

o

Augmented Spark
Igniter Assembly

USASIV-1

To
Start
Tank

SGOASI-1
SGOASI-2

Augmented
Spark Igniter
Oxidizer Valve

& Fuel Inlet Manifoid 3 f

SGFASI-1
SGFAS|-2

9. Augmented Spark Igniter Propellant Lines
Fig. IIl-1 Continued
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APPENDIX IV

METHODS OF CALCULATION (PERFORMANCE PROGRAM)

TABLE V-1
PERFORMANCE PROGRAM DATA INPUTS

I;“:.l Parameter
1 Thrust Chamber (Injector Face) Pressure, psia
Thrust Chamber Fuel and Oxidizer Injection Pressures,
psia
3 Thrust Chamber Fuel Injection Temperature, °F
4 Fuel and Oxidizer Flowmeter Speeds, Hz
5 Fuel and Oxidizer Engine Inlet Pressures, psia
6 Fuel and Oxidizer Pump Discharge Pressures, psia
7 Fuel and Oxidizer Engine Inlet Temperatures, °F
8 Fuel and Oxidizer (Main Valves) Temperatures, °F
9 Propellant Utilization Valve Center Tap Voltage, volts
10 Propellant Utilization Valve Position, volts
11 Fuel and Oxidizer Pump Speeds, rpm
12 Gas Generator Chamber Pressure, psia
13 Gas Generator (Bootstrap Line at Bleed Valve)
Temperature, °F
14 Fuel* and Oxidizer Turbine Inlet Pressure, psia
15 Oxidizer Turbine Discharge Pressure, psia
16 Fuel and Oxidizer Turbine Inlet Temperature, °F
17 Oxidizer Turbine Discharge Temperature, °F

*At AEDC, fuel turbine inlet pressure is calculated from

gas generator chamber pressure.
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NOMENCLATURE
A Area, in.2
B Horsepower
C Coefficient
Cx* Characteristic velocity, ft/sec
D Diameter, in.
F Thrust, lbg
H Head, ft
h Enthalpy, Btu/lbm
I Impulse
M Molecular weight
N Speed, rpm
P Pressure, psia
Q Flow rate, gpm
R Resistance, sec2/ft3-in.2
r Mixture ratio, O/F
T Temperature, °F
TC* Theoretical characteristic velocity, ft/sec
w Weight flow, lb/sec
Z Differential pressure, psi
B Ratio
2% Ratio of specific heats
n Efficiencies
6 Degrees
p Density, 1b/ft3
SUBSCRIPTS
A Ambient
AA Ambient at thrust chamber exit
B Bypass nozzle
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BIR
BNI
C
CF
coO

HI1R
H2R
IF
10
ITF
1ITO

NB

By pass nozzle inlet (Rankine)
Bypass nozzle inlet (total)
Thirust chamber

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

Engine fuel

Engine measured

Engine oxidizer

Engine, vacuum

Exit

Exit measured

Thrust

Fuel measured

Thrust, vacuum

Fuel

Gas generator

Gas generator fuel

Gas generator oxidizer

Hot gas duct No. 1

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

Inlet oxidizer

Isentropic turbine fuel
Isentropic turbine oxidizer
Nozzle

Bypass nozzle (throat)
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NV

ocC
OF
OFIS
OM
(0]0)
PF
PO
PUVO
RNC
SC
SCV
SE
SEV

TEF
TEFS
TF
TIF
TIFM
TIFS
TIO
TO

XF
X0

Nozzle, vacuum

Oxidizer

Oxidizer pump calculated
Outlet fuel pump

Outlet fuel pump isentropic
Oxidizer measured

Oxidizer outlet

Pump fuel

Pump oxidizer

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

Specific, engine vacuum
Total

Turbine exit fuel

Turbine exit fuel (static)

Fuel turbine

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

Throat

Vacuum

Valve

Fuel tank repressurant

Oxidizer tank repressurant
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PERFORMANCE PROGRAM EQUATIONS

THRUST

Thrust Chamber, Vacuum

Fcy = C(Pc)y « B(Pg) + A

Empirical Determination from Curve Fit of Thrust
versus PC

Thrust Chamber
Fc = Fcv - PaaAc
A - Aem + 12.8
Paa = Measured Cell Pressure

Engine, Vacuum

Fev = Fcv
Engine
FE = FC
MIXTURE RATIO
Engine
_ ¥Eo
‘E = VWer

Weo = Wom - Wxo
WEr = Wrm —- WxF
Thrust Chamber

rc = €9
Wco = Wom - Wxo - Wgo

Wcr = WM - Wxr - WeF
¥xo = Standard'o.g lb/sec
Wxp = Standard 2.1'lb/sec
Wco = Wr - Wgr

T _ Wt

Wr . Prir Arir Kg
TC*tIF
K, = 32.174

219



AEDC.TR-68-223

Normalized engine and thrust chamber vacuum data
calculated as measured, except all flows are normal-
ized using standard inlet pressures, temperatures, and
densities listed below:

Pio STD = 39 psia

Pir STD = 30 psia

P1oISTD = 70.79 b/t

pir STD = 4.40 Ib/ft°

Tio STD = -295.29F

Tir STD = 422.5°%
SPECIFIC IMPULSE

Engine

Engine, Vacuum

Fev
Ispv -
Wgyv = WE Normalized using standard inlet pressures,
temperatures, and densities
Chamber Fc
Isc = 5
Wc = Wco + Wcr
Chamber, Vacuum
Frv
Iscy = =CV¥Y
SCV Vev
Wcv = W Normalized using standard inlet pressures,

temperatures, and densities

CHARACTERISTIC VELOCITY

Thrust Chamber

K, Pc A
* _ 7 FC M
¢ - c
K, = 32.174
Thrust Chamber, Vacuum
K7 Pcv Ay
Cx = %oy
K; = 32.174

220



AEDC-TR-68-223

Nozzle
% _ _C*
Cy = X
K¢ = 1.086
Nozzle, Vacuum
" CY
Cky = %
K¢ = 1.086
THRUST COEFFICIENT
Engine
Fc
CF - PCAQ
Engine, Vacuum
. _ Fcv
Crv = Pca,

DEVELOPED PUMP HEAD

Oxidizer
Poo _ Pio}
Ho = K, (Poo - PIO)
K, = 144
p = National Burean of Standards Values i(P,T)
Fuel

Hy = 778.16 AhoFIs

Ahoris = horis - hiF
horis = f(P,T)
hir = #(P,T)

Fuel and Oxidizer Vacuum

Conditions normalized using standard inlet pressures,
temperatures, and densities.

PUMP EFFICIENCIES

Fuel, Isentropic

_ horis - hir
TF~ " hor - hIF

hor = f(Por, TOF)
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Oxidizer, Isentropic

o = Moc Yo
2
Toc = Kso (—-%POO> + Kso (—Q§3+ Keo
Yo = 1.000
Kg = -5.033  Ksp = 3.861 Kgp = 0.0733
TURBINES
Oxidizer, Efficiency

_ Brg

0 = Biro
W H

Bto = K; 2P0 O

Mo
K; = 0.001818

Wpo = Wom - Wprvo

Z 4 0
Wpuvo = f PU\RO P00

Zpyvo = A + B (Pog)

A = -1597
B = 2.3828
if Poo > 1010

set Poo = 1010
fruvo

fthRy = A + B (BPrvo) - ClBPUvVEY + D) '

fprvo fpuvol?
+ E@pyvoe) 7 + Fley 7

= 5.566 x 107!
= 1.500 x 10~2
= 7.941 x 1076
1.234

= ~7.255 x 1072
= 5.069 x 1072

MO O w s
]

Fuel, Efficiency

Mg = BTF
TF BiTF
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" BiTE = Kig Ahp Wy

Ahgp = hTiF - hTEF

Wpp H
Bty = Bpr = Ks (—E%F—L)
Wpr = Wpy
Kio = 1.415

Ks = 0.001818

Oxidizer, Developed Horsepower
Bro = Bro

W H
Bpo = K5<—£%é—g>

Ks = 0.001818
Fuel, Developed Horsepower

BTr = Bpr

] Wpr H
Ber - K; (SP57F)
Wpr = WFM

Fuel, Weight Flow
Wrp = W
%ro = Wt - Wy

n

) 2 4 Yup ~ 177"
r_)k.ll. )er — ———
Wy o= | ——— PRy Yne 1 — (Prag) Yz
YH2 ™

Paxe = T (BaB. sz)
By = Dap/Dg

Yiig Mipo = f(Tll2Rv'rG)

ANB = K”(D:\B)z

Kia = 0.785%
Tpig = TTio + 460
PNt = PTEFS

PTEFs = leration of PTEF
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Y H2

2 . _
. Wop Than YH2 " | Vg~ |
Priev = Prive 1 + Kk = + H2
Fr Tkt . \Prews Ddp g Mpe YH2

Ry = 38.90

GAS GENERATOR

Mixture Ratio

16 = D, (Tg1)® + C, (Ty))»? + B, (Try) + A,

A, = 0.2575
B, = 5.586 x 1074

C. = -5.332 x 10~°
D, = 1.1312 x 10~!!

TH1 = TTIFM

TC*1ir = D, (Ty1?® + C,(TH1)? + B, (Tu)) + A,

A, = 4.4226 x 108
B, = 3.2267
C, = -1.3790 x 1073
D, = 2.6212 x 1077
YH1

' o \2 - YH1 -
W T y 1| YH1-1
PriF = Prips |1 + Kg{—T R 11
Prirs/ DriF ME1 vy,

K, = 38.8983

Note: P1iF is determined by iteration.
Tyir = TTiFM + 460

Mu1, Yu1, CpyrH1 = { (THIR, rG)
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APPENDIX V
METHODS OF CALCULATION (HEAD RISE AND FLOW COEFFICIENTS)

FLOW COEFFICIENT, ¢

Vi
¢ ~ Vo
where V¢ = Absolute fluid velacity at inducer inlet, ft/sec
Vi = Q Q = Flow rate, gpm
(448.9) A A = Inducer annulus area, ft* (speci-
fied as 0.2856 fi* by Rocketdyne)
Q
o = —=
Vi = 7582
and VT = Absolute velocity of inducer rotor tip, ft/sec
V1 = (6”_0 (D1) (N) N = Pump speed, rpm
DT = Inducer rotor tip diameter, ft (specified
as 0.653 ft by Rocketdyne)
Therefore,

1+ 1 e
¢ = [(128.2) (0.0340) ] N

Q
¢ = 0.2201
HEAD RISE COEFFICIENT
(VPP (Vi
where H = Total pump head rise, ft
g = 32.174 {t/sec?
and VY1t = Absolute velocity of pump rotor tip, ft/sec
Vp = (”_> (D) (N) N = Pump speed, rpm
60
Dyt = Pump rotor tip diameter, ft (speci-
VIt = 0.03164N fied as 0.6043 ft by Rocketdyne)
Therefore, .
v - [ 32.174 ] H
(0.03164)° N?
¥ = 32,1507
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