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Foreword

The appendices in this book contain detalled calculations,
curves and substantiating data which support the information
contained in Volume II - Engine Design Characterilstics. Appen-
dix I contains a description of the development of the RL10O
ignition system, Thils informatlion was included because the most
advanced RL10O igniter design is identical to that used on the
RL10 derivative engines and the data obtained during the de-
velopment of this igniter is directly applicable, Appendix II
describes the performance calculations used for the RL10 deri-
vative engines. It includes a descrilption of the JANNAF wmethod-
ology used and the performance results obtained. Appendix III
describes the computer simulations used to establish the control
system requirements and define the engine transient character-
istics. Also included in this appendix are curves obtalned
from the simulation runs which show the translent characteristics
of various engine parameters during different transient modes.
Appendix IV describes the computer programs used to define engine
steady state cycle characteristics. It also includes cycle
printout sheets for significant operating points for all of the
baseline engines. Appendix V presents the Maintainability
Engineering Layout Review Forms. These forms document the
results of the reviews made of the engine component layouts
to insure that maintainability requirements were adequately

taken 1into account.
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Development of RL10 Engine Ignition System

The torch igniter concept and hardware proposed for use
in the RL10 derivative engines evolved durlng eight years of
RL10 engine development. During this time period three basic
design changes were made,

The 1nitial RL10O design shown in Fig, I-1 utilized a
direct spark ignition system. Its performance was found to
be unreliable because the design did not insure that a com-
bustible mixture ratio was present at the spark igniter tip.

As a result, an extensive research program was conducted
in 1961 to investigate the ignition limits of hydrogen-oxygen
mixtures and to develop an improved igniter system, This
program 1s documented in Reference No. 1., As an ald to under-
standing the basic ignition characteristics of a spark“ignited
hydrogen-oxygen system, a serles of static lgnition tests were
conducted. The effect of spark gap, energy level, propéllant
temperature and flame quenching upon the ignition envelope
defined by unlit chamber pressure and mixture ratio were in-
vestigated., The static 1lgnition envelope achieved by the
selected RL10O spark gap and energy level with ambient propellants
is shown 1n Fig, I-2.

In order to insure that the propellant mixture present
at the engine spark igniter was well wilthin the ignitable reglon
defined above, a torch igniter system was developed. Thils system

provides a flow of hydrogen and oxygen which 1is mixed in a annulus
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around the spark igniter tip, ignited by the spark, and passes
into the combustlon .chamber to 1gnite the main propellants
as shown in Filg, I-3. The oxidizer flow 1s shut off during
the acceleration to full thrust., Thils igniter, whose ignition
characteristics are shown in Fig, I-4, 1is standard equipment
for the RL10OA-1, RL1OA~3, RL10OA-3-1, and RL10A-3-3 engilnes,

In 1963 a program was initilated to increase the reliability
of the RL1OA-3-1 ignition system previously described. This
program is documented 1n Reference No, 2, Thils increase in
reliability was to be accomplished by providing dual exciters
and spark igniters and by eliminating the need for an oxidizer
shutoff valve, The dual spark and exciter configuration pro-
vided a faill safe energy source and designing the igniter to
operate at rated thrust with oxidizer and fuel flow eliminated
the possibility of igniter damage due to valve leakage. Eight
configurations were investigated during the development of the
lgniter system. The selected configuration, shown in Fig., I-5,
provided an ignition envelope, shown in Fig, I-6, While this
dual ignition system offered 1increased rellilability it did not
significantly improve the allowable range of ignition,

In 1965 a program was undertaken to provide an improved
ignition system for the RL10A-3-3 engine then under development,
This program, building upon the results of the previous programs,
retained the dual spark igniter and continuous torching features
while revising the igniter inJjection configuration to improve
the ignition envelope. Results of this program were documented

in monthly contractual reports such as Reference No. 3.
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Four configurations were tested leading to the design
shown in Fig, I-7. The fuel and oxidizer is 1ignited by a
spark exciter assembly which provides a minimum of 20 sparks
per second at an energy level of 0.5 joules. The total oxidizer
flow is injected into the igniter through a single oxidizer
element located in the upper end of the igniter chamber, Fuel
flow is split. Part of the flow is delivered to a concentric
slot surrounding the oxidizer injector element and the remainder
used for igniter barrel cooling. The burned propellants are
discharged into the main chamber through the igniter injector
sleeve. As shown in Fig. I-8 the ignitable envelope was improved
considerably over that of the previous design by moving the in-
Jection element closer to the spark igniter,

This filnal igniter configuration is standard equipment on
the RL10A-3-7 engine and since it has been tested extensively
under tank head 1dle start conditions it was selected for use on
the RL10 Derivative II engines. Table I-1 documents one such
series of tank head idle tests on an RL10A-3-7 engine at liquid,
gas and two phase inlet conditions over a range of inlet pressure
from 40 psia to 16 psia.

The results of the test series shown in Table I-1 were used
in conjunction with an igniter/engine chamber rig test series
to establish the main chamber ignitlion envelope shown in Fig, I-9.
It should be pointed out that the main chamber ignition limit data
defined during rig testing is a true chamber limit since it was
obtained by varying the chamber conditions until a light was
achieved wlth a continuously torching igniter, The engine tank

head data defines a conservative chamber limit, however, since
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it was obtained by simultaneous ignition of the chamber and
igniter, The chamber ignition envelope is better than that

indicated by the line of Fig. I-9 at low mixture ratios.

References
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RL10 DUAL IGNITION SYSTEM
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Figure I-5
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RL10A-3-3 Experimental Torch Igniter
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Engine Performance Calculatilons

An in-depth analysis was accomplished for the Derivative II
and Category IV engines to define specific impulse characteristics.
JANNAF methodology was used to define these characteristics at
both design and off-design operating conditions. In this appendix,
the JANNAF‘methodology 1s discussed and the results of the design

point JANNAF specific 1impulse calculations are presented.

1, JANNAF Methodology

The JANNAF methodology used was similar to that specified in
Addendum No. 1 to CPIA Publication No., 178 and Amendment No, 1
thereto, These documents outline a procedure that permits per-
formance to be determined without use of either the JANNAF
Distributed Energy Release (DER) program or the real gas JANNAF
Two-Dimensional Kinetics (TDK) program. The DER program was not
avallable during the contract period and the real gas TDK program
is difficult to run and requires a large amount of computer time,
Although thls procedure was specifically written for the Space
Shuttle Main Engine (SSME), 1t was sufficilently general so that
application to the RL10 Derivative engines was possible,

A flow diagram of the JANNAF methodology used to calculate
performance 1is shown in figure II-1, The first step in generating
overall engine performance was to define a control volume about
the engine system and establish energy and flowrate balances,
Figure II-2 shows schematically the control volume and the flow-

rate and energy changes to the system that were considered.

II-1
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Flowrates and energy levels were obtained from engine cycle
balance and heat transfer calculations. The regenerative nozzle
heat was assumed to come from the boundary layer and was added
to the mainstream propellant enthalpy levels. The base enthalpy
levels used for the mainstream propellants were the ones specified
in the referenced procedures. These propellant base enthalpy
levels were adjusted for the net change in energy determined by
the energy balance for the control volume.
JANNAF methodology defines energy release efficiency (MER)
as a function of both mixing efficiency ("mix) and vaporization
efficiency (Mvap). For these calculations it was assumed that
the mixing efficiency is 100%. Therefore, the combustion process
is vaporization limited and, as such, energy release efficiency
is the same as vaporization efficiency. For such cases the pro-
cedure specifies that oxidizer droplet characteristics be established
using in-house methods and that the energy release efficlency be
determined as a function of combustion chamber length and oxidizer
droplet size. A complex analysis of injection, vaporization,
and mixing characteristics 1s required to establish the oxidizer
droplet size characteristics and the combustlion system mass and
mixture ratio striation characteristics. The 1Injection and com-
bustion process was analyzed using P&WA in-house inJjector and
combustion system characterization programs. The analysis was
conducted for the bill-of-material RL10A-3-3 injector since it
is essentially the same as the injectors for the RL10O Derivative
engines., The RL10OA-3-3 injector was divided into five annular

geometric zones, The mean mixture ratios and oxidizer vaporizatlon

II-2
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characteristics for each zone were determined from an analysis
of the characteristics of the flow emerging from the individual
elements, A summary of the zonal characteristics is presented
in Table II-1. It shows that the overall vaporization efficlency
(and therefore energy release efficiency) for the RL10A-3-3 in-
Jector is 99.4% at an overall mixture ratio of 5.0. Using the
mixture ratio distribution shown it was determined that the mix-
ture ratio striation loss was only 0.1 seconds., For the derivative
engines it was assumed that comparable energy release efficlencies
could be obtained at a mixture ratio of 6.0 by injector reoptimiza-
tion and that striation losses could be reduced to less than 0.1
seconds.

The JANNAF One-Dimensional Kinetics (ODK) program was used
to determine the nozzle kinetic losses for the specific nozzle
contours of each of the three derivative engines. Nozzle diver-
gence losses were obtalned by running the Two-Dimensional Kinetics
(TDK) program in an ldeal gas mode.

The JANNAF Turbulent Boundary lLayer (TBL) program was used
to determine the boundary layer thrust loss, AFp1. Wall temp-
erature profiles used 1n the calculations were obtained from heat
transfer analyses of the thrust chamber., Mainstream edge con-
ditions for the boundary layer calculations were obtained using
a P&WA Two-Dimensional Bell Nozzle Performance program run in
an equilibrium mode.

Specific impulse of the hydrogen used for dump cooling was

estimated from one-dimensional values of specific impulse for
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heated hydrogen (~1800°R) expanded through the small nozzles
(e~3,5) at the end of each of the coolant passages. A specific
impulse efficiency of 0.92 was assumed for the expansion process.,
As shown in figure II-1l, these values were mass weighted with
the specific 1mpulse values for the maln thrust chamber to
arrive at overall engine delivered specific impulse.

The JANNAF One-Dimensional Equilibrium (ODE) program was
used to establish the effect of regenerative cooling enthalpy.
This program was run using both engine Inlet enthalpies and the
adJusted enthalpy levels described previously to determine the

net effect of the enthalpy galn on performance,

2, Selection of Nozzle Contours

In order to determine specific 1mpulse values using the
JANNAF methodology, the engine configuration had to first be
defined. The nozzle contours were defined using a P&WA in-
house Bell Nozzle Design computer program, Thils program uses
a two-dimensional method-of-characteristics analysis to define
the nozzle characteristics., The nozzles were truncated to a
minimum length contour in order to obtaln the highest impulse
possible for a specified engine length,

The nozzle optimization considered the effects of chamber
mixture ratlio and nozzle kinetic losses on the design point
characteristics, The optimization was accomplished by first
using assumed values of chamber pressure and mixture ratio.

After the nozzle had been defined using these values, the

II-4
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design point cycle program was used to predict the cycle operating
characteristics, If they did not match the assumed chamber pres-
sure and mixture ratio characteristics, an iteration was performed

to find the final optimum configuration.

3. Results of JANNAF Calculations

Using the JANNAF methodology described above delivered specific
impulse values were predicted for the RL10 Derivative engines. The
results of the various intermedlate JANNAF calculations for the
design point calculations for the baseline Derivative IIA and IIB

and the Category IV engines are presented in Table II-2,

1I-5
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Table II-1
Striation and Vaporization Efficiency Summary
RL10A-3-3 Engine

15000 1b Thrust, 5.0 O/F
Annulus Number 1 2 3 4 5 TOTAL

Area, in® 11.4 17.8 26,0 7.9 19.25 82.35
Outer Diameter, in 3.92 6.175 8.435 9,02 10.28

Mixture Ratio 5,0 4,98 4,95 5.45 4,76 5.06
Flow Rate, lbm/sec 5.1 7.66 10,98 7.39 2.52 33.65
Flow per UBit Area,

1lbm/sec/in LAh7 431 423 .935 .131
Vaporization :

Efficiency, % 100, 100. 100, 98.0 98.0 99.41

II-6



TABLE II-

2

Summary of JANNAF Methodology Results

RL10 Derivative

Nozzle Area Ratio
Chamber Pressure, psia
Engine Overall Mixture Ratio

Chamber Mixture Ratio

Engines

Derivative ITA and IIB

Chamber Total Propellant Flow, lb/sec

Ivac' (Inlet Conditions) at chamber O/F(ODE),sec

A h Regen, BTU/1b H2
Ivac' (with Ah) at chamber 0/F(ODE)
Ivac' (with Kinetic loss) (ODK), sec

Divergence Efficiency (TDK),%

, sec

Boundary Layer Thrust Loss (TBL), AFgy,, lbs

Energy Release Efficiency, %
Striation Loss, sec

Overboard Leakage Loss, sec

Ivac' (Dump Nozzle), sec

Impulse Efficiency of Dump Nozzle, %

Ivac Delivered (JANNAF), sec

11-7

263
400
6.0
6.4
32.44
479.3
1562
487.3
479.5
98.63
289
99.41
<0.1
<0.1
475.0
92.

461.0

FR-6011
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Category 1V

401
915
6.0
6.4
31.53
484.9
1920
494 .8
490.3
98.96
385
99.41
<0.1
<0.1
475.0
92.

470.0
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JANNAF PERFORMANCE METHODOLOGY FLOW CHART
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CONTROL VOLUME SCHEMATIC - ENERGY AND FLOW BALANCE
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Appendix III

Definition of Engine Transient Characteristics

Two transient computer simulation programs were used to
define the transient characteristics and control system require-
ments for the Derivative IIA and IIB and Category IV engines.
One of these program was used to simulate turbopump cooldown
for all of the engines (THI transients) and the acceleration
and deceleration transients for the Derivative IIA and IIB
engines, The other program was used to simulate the accelera-
tion and deceleration transients for the Category IV engine,
Options are available in the programs to select the engine
configuration, the inlet conditions, the mode of operation and
the type of transient to be run. In addition, the programs
have the capability of operating in a steady state mode and
generating the valve areas required for any desired thrust and
mixture ratio level.

To reduce computer costs, options were incorporated in the
programs to allow each of the different kinds of transients to
be run independently of each other or in series with another
transient, i.e. a THi transient and a THI to maneuvering thrust
transient can be but they do not have to be completed before a
maneuvering thrust to full thrust transient can be simulated.
When they are run independently, the transients are started from
a steady state mode and 1t 1s assumed that the engine has stabilized
at that particular thrust and mixture ratio prior to the tran-

slent belng initiated. The programs-also have a restart capability

ITI-1
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which allows a transient or THI run to be stopped and restarted
at any time durilng the transient without losing the effects of
the transient dynamics,

Tank Head Idle simulations can be made for any of the
engine configurations with different propellant conditions (gas,
liquid or two-phase), different initial ambient temperatures
and different initial suction line temperatures. Vehicle/engine
interactions can be included for both the THI cooldown and the
engine transients by mating vehicle inlet line and propellant
tank simulations with the engine simulations.

The methods used to simulate the components in the transient
simulations are similar to those used in the steady state cycle
program discussed in Appendix IV, The major differences in the
programs are the dynamics included in the transient programs and
additional routines required for THI cooldown,

1, Acceleration and Deceleration Transient Simulations

Figure III-1 is a simplified flow schematic that shows the
more important calculations and convergence loops used to simu-
late a Derivative IIA engine during acceleration or deceleration
transients., Except for the oxidizer low speed inducer portion of
the simulation, this flow schematic 1s also representative of the
simulation for the Derivative IIB engine. The Category IV engine
si.ulation is also similar; however, is has a fuel low speed
inducer simulation located upstream of the fuel pump and the
single turbine simulation is replaced with simulations for the

two turbines in series. Dynamics are one of the main considerations,

ITI-2
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in this program and a brief discussion of the dynamics used is
included later in thils Appendix.
2., Tank Head Idle Cooldown Simulations

Figure II-2 is a flow schematic which shows how the Deri-
vative IIA engine is simulated during a tank head idle cooldown
transient, The Derivative IIA and Category IV engine simulations
are similar except for the low speed inducer and turbine routines.,
Since the effects of fluld dynamics on these transients are in-
significant compared to the effects of the thermal dynamics,
steady state flow 1s assumed to exist at each time increment
during the THI transients and a Newton-Raphson rapid convergence
technique 1is used to balance the simulation at each increment.
The independent varilables used to balance the programs are fuel
flow, pressure at the inlet of the primary nozzle heat exchanger
and chamber pressure, and the dependent varlables are fuel flow,
primary nozzle heat exchanger exit pressure and combustion chamber
inlet and outlet flows. Fuel flow, inlet pressure to the heat
exchanger and chamber pressure are varied at each time increment
until the assumed fuel flow at the heat exchanger 1nlet equals
the flow calculated through the second stage of the fuel pump,
the pressure calculated at the exit of the primary nozzle heat
exchanger equals the pressure calculated at the inlet of the
turbine bypass valve, and the total flowrate entering the com-
bustion chamber equals the flowrate calculated at the throat

of the chamber,.
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3. Method for Simulating Engine Dynamics

Dynamic performance characteristics are determined by
numerically integrating time varying differential equations.
This 1is accomplished by calculating the differentials from
known variables such as pressures, flows, speeds, etc, multi-
plying the differentials by the time increment (DT) selected
for the program, and adding the result to the last calculated
value of the parameter being integrated. The technique of
numerical integration is shown by the following example where
flow rates through a known control volume are integrated to
obtain the pressure within the volume,
The integral equation is defined by

P =./. wdt

where P 1s pressure

and jiw is summation of flow rates crossing volume boundaries
Expressing the equation in finite difference form

Pn = Pn_q + 4P

where P, 1s pressure at time = n

and Pp_3 1s pressure at time = n-1
Using numerical integration

AP = jzw-DT

where DT = integration time increment
This method of numerical integration 1s used to define the
dynamic behavior of the engines. The dynamic elements of

the engines that have been simulated 1nclude:
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1, Acceleration of oxldizer and fuel turbopumps
2., Thermal dynamics of all turbopumps (cooldown)

3. Thermal dynamics of the 1inlet propellant feed
lines (cooldown)

4, Thermal dynamics of the primary nozzle heat exchanger
and the Gox heat exchanger

5. Fluid dynamics of the heat exchanger and main
chamber

The integration time increment (DT) is an input variable.

The DT value normally used provides a compromise between simula-
tion accuracy and the amount of computer time fequired to run
the simulation., The DT varies depending upon the operating mode
of the simulation,

A simulation of tank head 1dle requires much more computer
time than a simulation of a turbopump acceleration to full thrust.
During a cooldown, fluid dynamics are of secondary importance
compared to cooldown thermal dynamics. This permits large time
increments (1.0 second) to be used for THI to minimiée computer
time. To accomodate the large DT and prevent "mathematical
instabilities" steady state flow is assumed during the cooldown.,
Dynamic heat transfer equations are used to simulate the com-
ponent cooldowns, and flowrates and pressure are calculated as
a function of the exit temperatures, pressures, and densities.

At the conclusion of cooldown when the turbopumps are started,
the DT 1s reduced to 0,01 seconds to permit the turbopump acceler-'
ation dynamics to be considered., At the end of pumped idle

(maneuvering thrust) the DT is reduced further to 0,001 seconds,
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During the acceleration to full thrust and the deceleration: to
pumped idle the turbopump and fluld dynamics become very sig-
nificant,
4, Method for Simulating Engine Cooldown

Special calculations are requlred to simulate the transient
thermal conditioning of the inlet lines and engines. These
routines were developed for the RL10O engine and they were checked
out using RL10 test data generated under simulated space con-
ditions at the NASA Plumbrook facility.

For this simulation a quasi-steady state solution of the
conventional lumped mode thermal energy transfer and storage
equations is made, Conduction, heat storage, phase change,
free and forced convection capabllity, plus radlation boundary
conditions are all considered, Temperature variable solid and
fluid propertles are used.

The engine lines, housings, valves, etc. are transformed
into equivalent rods and cylinders. The thermal model then
performs a one-dimensional, quasi-steady state heat transfer
analysls of the engine system. Each component of the engine
may be subdivided into several such rod and cylinder combin-
ations and they may be linked together 1in different flow and
conduction path patterns. A simulation of a typical engine
fuel pump is shown in Figure III-3,

A typical engine cooldown calculation 1s shown in the
following example, In this case, the engine system is made

up of components (rods and cylinders) at some initial temp-
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. erature and 1t 1is subjected to known external heat loads and
fluld inlet conditlons. The system 1s evaluated over a small
time increment and an energy balance 1s made for the first rod/
cylinder combination, The change 1In energy stored in the
cylinder 1s determined by calculating the heat removed from
the cylinder by the convective cooldown process of the coolant
flow and subtracting the heat added to the system from external
heat load sources., The energy change of the rod is also deter-
mined by defining the heat removed by the convection process of
the coolant. The energy increase of the coolant then becomes
the sum of the heat energles removed from both the rod and cylinder
surfaces, This energy 1is added to the fluid in the form of
enthalpy and velocity increases which are determined by con-

‘ tinuity and energy conservation equations, The properties of
the coolant leaving the first component become the inlet con-
ditions for the next component and these calculations are re-
peated for each component in the system, The basic equations
used to calculate the thermal characteristics of the components
during THI are:

1. Ql = hy Ay (Typ - T) dt
. Q2 = hpo Ay (Ty2 - T) dt

2
3. QpopaL = Q1 + Q2
I

- )
A H2 = H]_ + QTOTAL + Vl - V22 u7205
Wat 2 - ] X

5. Q1 vy =20 vy
‘where Q = heat transferred, BTU

' A = area, £t2
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heat transfer coefficient, BTU/sec - £t2 - OR

oy
il

Temperature (Average), °R

=]
n

dt = delta time increment, sec
H = fluid enthalpy, BTU/lbm
V = fluid velocity, ft/sec

Q@ = fluid density, 1lb/ft3

and subscripts

1 = upstream condition or outer component (cylinder)
2 = downstream condition or inner component (rod)
w = wall condition

The energy removed from each component has now created a system
unbalance in the form of a temperature gradient between each rod
and cylinder and their adjacent components. This unbalance
initiates a conduction process which alters the distribution of
the remaining energy in the system and reduces the temperature
gradient between the various components. This transfer of con-
duction energy is determined by solving the second law of thermo-
dynamics, The solution obtalned at the end of one time increment
provides the starting conditions for the next time increment and
the analysis is continued until the temperatures of critical com-
ponents (pump housings and impellers) reach desired levels.
5. Basellne Engine Transient Characteristics

Translient characteristics obtained for each of the basellne
engines are included in this appendix. Numerous engine para-
meters were determined from the simulations of these transients,

The parameters that best defined engine operating characteristics
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were plotted and they are included 1in Figures III-4 through
IIT-14, The transients included are as follows:
a. Tank Head Idle Transients
(1) Derivative IIA, Figure III-4
(2) Derivative IIB, Figure III-5
(3) category IV, Figure III-6
b. Derivative IIA & IIB Start and Deceleration Transients
(1) Start Transilents
(a) THI to maneuvering thrust, Figure III-7
(b) Maneuvering thrust to full thrusf, Figure III-8
(2) Deceleration Transients
(a) Full thrust to maneuvering thrust, Figure III-O
(b) Maneuvering thrust to THI, Figure III-10
c. Category IV Start and Deceleration Transients
(1) start Transients
(a) THI to maneuvering thrust, Figure III-11
(b) Maneuvering thrust to full thrust, Figﬁre TII-12
(2) Deceleration Transients
(a) Full thrust to maneuvering thrust, Figure III-13

(b) Maneuvering thrust to THI, Figure III-14
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Nomenclature for Figures III-1 and III-2:

Cs

DKE

dt

EFF

FSV

HYD

Ivac!

Pamb

Pe

Re

TQ

Area, inches?®

Surface Area, 1nches2
Capacltance

Specific Heat Capacity, BTU/1byp - °R

Nozzle Boundary Layer Loss and Divergence Loss
Nozzle Kinetic Loss

Time increment, seconds

Efficiency Terms Cs, DKE, nc¥

Thrust, 1bg

Enthalpy, BTU/lb,

Hydraulic Dlameter, inches

Heat Transfer Coefficient, BTU/hr - £t° - OR
Jdeal Vacuum Specific Impulse, sec.
Turbopump Polar Moment of Inertila, ft-1lb-sec?
Turbopump Speed, RPM

Pressure, psia

Ambilent Pressure, psila

Combustion chamber pressure, psia

Heat transferred, BTU

Density, lbm/ft3

Gas Constant, ft-lbs/oR—lbm

Mixture ratio

Entropy, BTU/lb,-°R

Temperature, °R

Torque, ft-lbs
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TW

TAU

<

WD
WFTP
WLTP

nIvac
0%
AP

AT
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Wall temperature, ©R

time, seconds

Transient response time constant, sec

Velocity, ft/sec

Turblne Velocity Ratilo

Flowrate, lbm/sec

Fuel flowrate calculated at second stage discharge, lbm/sec

Oxidizer flowrate calculated through oxidizer injector,
lom/sec

Dump coolant flowrate, lbm/sec

Fuel tank pressurization flowrate, 1lbm/sec
Oxidizer tank pressurization flowrate, lbm/sec
Propellant Quality

Component (Impeller, pump housing, etc.) mass, lbm
Efficiency (pump or turbine)

Vacuum impulse efficiency

Specific heat ratio

Pressure loss, psid

Temperature rise, °R

Subscript Description

1,2,...16 Station locations

BP

boost pump
Combustion chamber
Discharge

Fuel propellant

Fuel pump, lst stage
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Fuel pump, 2nd stage
Oxidizer propellant
previous value
Turbine

Upstream

Average
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Engine Steady State Cycle Calculations

There were four computer programs used during this study
to generate steady state engine cycle characteristics., Off-
design programs were generated and used for each of the three
baseline englnes to deflne off-design operating characteristics.
In addition, an expander cycle deslign polnt program was used for
the Category IV engine to define the optimum design point cycle
characteristics., The programs are briefly described below.
1, Off-Deslign Programs

The three off-design computer cycle programs have similar
logic and they all use similar calculation techniques. All of
the programs can be balanced in the same three manners. They
can be balanced (1) to a particular vacuum thrust and inlet mix-
ture ratio, (2) to a particular oxidizer flow control valve
effective area and turbine bypass effective area, and (3) to
a particular chamber pressure and oxildizer flow control valve
effective area, The first option 1s used to define character-
istics for a particular operating thrust level and mixture ratio.
It provides control valve areas to use in running the other op-
tions., The second option is used to establish the operating
characteristics of the engines when running with fixed control
areas, Since the engines operate in maneuvering thrust (pumped
idle) with fixed control areas, this option is normally used to

determine the effects of inlet pressure variations and/or changes
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in tank pressurization flow rates in that operating mode.
The third option 1s used to simulate engine operation at
full thrust where chamber pressure 1is held constant by the
thrust control, This option is normally used to evaluate
the effects of changing inlet condltions and other variables
on engine operation while operating at full thrust.

A schematic of the Derilvative IIB engine off-design cycle
program is shown in Figure IV-1l, It is typical of all of the
programs and shows the general operation of the off-design
programs.

The pump operating characteristics are simulated in the
programs using head coefficient-flow coefficient and efficiency-
flow coefficient relationships. The Derivative IIA and IIB
characteristics were derived from RL1O pump test data and the
Category IV characteristics were obtained from high pressure
engine pump test data., The characteristics used in these pro-
grams for the main pumps are shown in Figures IV-2 through
Iv-13,

Turbine efficiency characteristics are used 1in the simulation
as a function of isentropic velocity ratio. The off-design
turbine characteristics used for all of the engines were obtained
from RL10O turbine rig test data. The characteristics for the
Derivative II and Category IV engines are shown in Figure IV-14,

Main chamber and primary nozzle off-design coolant pressure
loss and temperature rise characteristics are simulated 1n the
programs using regression equations that calculate AP and AT

characteristics as functions of fuel flow, chamber pressure,
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characteristic velocity efficlency, Jjacket inlet pressure,
chamber mixture ratlo and chamber combustion temperature,
The equations are shown 1n Table IV-l, They were generated
by fitting test data and analytical predictions of chamber-
nozzle heat transfer characteristics., Thrust chamber and
nozzle performance 1s calculated in the cycle programs by
applying performance loss characteristics obtained from various
JANNAF performance programs to JANNAF ODE ideal performance
predictions.

Off-design heat transfer characteristics for the gox
heat exchanger are simulated in the programs using correla-
tions established for similar heat exchanger configurations.
These correlations are for the compact configuration base-
lined for the engines and they were obtained from work published
by W, Kays and A, L, London. The equations used are shown
in Table IV-2.
2. Design Point Program’

The Category IV design polnt computer program optimizes
all of the components 1n the engine for a given set of input
design conditions, With a given fuel pump speed the program
can balance to elther a particular fuel pump discharge pressure
or a particular chamber pressure level, When it 1s desired to
maximlze chamber pressure such as was done for the Category IV
engine, the program 1s run balancing to a particular fuel pump
discharge pressure, Different pump discharge pressures are run

to determine the maximum obtailnable chamber pressure level,
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The program was initially set up to optimize the engine
design using pump characteristics predicted from Worthington
performance predictions and turbine characteristics predicted
using the Baljé’method. However, as mechanical designs were
made of various components the design point performance levels
were adjusted to reflect predictions made for the actual com-
ponents,

3. Baseline Engine Cycle Sheets

Cycle sheets summarizing the values for significant para-
meters in the engine cycles were generated for each of the
baseline engines using the off-design computer programs. Cycle
sheets were generated at full thrust for mixture ratios of 5.5,
6.0 and 6,5 and at the design points for maneuvering thrust
(pumped idle) and tank head idle. These cycle characteristics
are for the baseline engines operating with nominal inlet con-
ditions and no tank pressurization flows, As shown in the
Interface Control Document (Volume III of this report) the
effects of tank pressurization flows on the engines opérating
characteristics are small, The baseline engine cycle sheets
are shown in Figures IV-15 through IV-29,

In addition to the above, cycle sheets are included in this
Appendix for the Category I engine. These cycle sheets are for
full thrust operation at mixture ratios of 5.5, 6.0.and 6.5 with
no tank pressurization flow, They are shown 1in Figures IV-30

through IV-32,
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Table IV-1
Main Chambar and Primary Nozzle
Heat Transfer Predictions
Derivative II and Category IV Englnes
The followlng equatlons are used to predict the off-design
main chamber and primary nozzle coolant temperature rise and

pressure loss characteristics:

ar = KL X RPCO 214 x rpINO.005 x RECsl.951 x RrCR.427
rRmY+ 53 x pup©-+3°

AP= |gFIP- [JPIP2- (WFC \2 x (TAVG A ; 0.5 1.
(WFED) X (TAVGD)X PAVGD X PD X 2 X 1.73

coolant temperature rise at off-design point

where: AT

AP coolant pressure loss at off-design point

K1l = constant to set design point level

Chamber pressure

RPC

19,
RPIN = Inlet Pressure Of Coolant
70.
RECS = Jc*
0.9%
rTc = Combustlon Temperature
7147,
RRM = Chamber Mixture Ratlo
5.0
rRwr = Coolant Flow Rate
0.293
JFIP = Coolant Inlet Pressure
WFCD = Coolant Flow Rate At Engine Design Polnt
TAVGD = Average Temperature Of Coolant In Jacket At

Engine Design Point

PAVGD = Average Pressure of Coolant In Jacket At Engine
Design Point

APD Coolant Pressure Loss At Engine Deslgn Point

WEC Coolant Flow Rate At Off-Design Point

TAVG = Average Temperature Of Coolant In Jacket At Off-
Design Point
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Table IV-2
Oxygen Heat Exchanger
Heat Transfer Predictions

Derivative II and Category IV Englnes

The following equations are used to predict off-design gox

heat exchanger heat transfer characteristlics in the off-design

cycle programs:

Cmin = Lowest of Cpg X Wo or Cpp X WF

C = Highest of Cpy X Wp or Cpp X Wp

max

UA = Overall Heat Transfer Coefficient Times Surface Area

XNTU = UA
Cmin

Effectiveness = f(fmin, XNTU) from curve

Cmax

Heat Flux = Effectiveness X (TFIN-TOIN) X Cmin

Reference: Kays, W. and London, A, L,, Compact Heat Exchangers,

McGraw-Hill, New York, 1964,
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DERIVATIVE IIB CYCLE SCHEMATIC NOMENCLATURE

FPIP Fuel Pump Inlet Pressure
FNPSP Fuel Pump Inlet Net Positlve Suction Pressure
OPIP Oxldizer Pump Inlet Pressure

ONPSP Oxildizer Pump Inlet Net Positive Suctilon Pressure

AFI Fuel Injector Area

AOI Oxidizer Injector Area

ARN Nozzle Area Ratilo

WOTP Oxidizer Tank Pressurization Flow
WFTP Fuel Tank Pressurization Flow

RPM Fuel Pump Speed

WPC Chamber Propellant Flow

FOI Input Thrust

RMI Inlet Mixture Ratilo

BPACDI Input Turbine Bypass Valve Area
ACDOCI Input Oxidizer Control Valve Area
PCI Input Chamber Pressure

WLEAK  Coolant Flow to Gearbox and Dump Nozzle

WO Oxidizer Flowrate

WF Inlet Fuel ‘Flowrate

FPDP Fuel Pump Discharge Pressure
FPDT Fuel Pump Discharge Temperature
HPF Fuel Pump Horsepower

EFFFP Fuel Pump Efficiency

FPIT Fuel Pump Inlet Temperature

WFC Chamber Fuel Flow

AT Main Heat Exchanger Temperature Rise
A:P Main Heat Exchanger Pressure Loss

Filgure IV-1
1vV-8 Sheet 2 of 4



FTIP
FTIT
JFTIP
JFTIT

PC

RMC
VR
ETAT

P /P

AT

WT
ABYP
Wpypass
FPIJ
FTIJ
AFI1IJ
FHIJ
APLOIJ
OPDH
AOIJ
HPO
OPDP
OPDT
EFFOP
OPIT
ACDOCV
OPI1IJ

Fuel Turblne Inlet Pressure

Fuel Turbine Inlet Temperature
Jacket Inlet Pressure

Jacket Inlet Temperature

Chamber Pressure

Characteristic Velocity Efficiency
Chamber Mixture Ratio

Isentropic Velocity Ratilo
Turbilne Efflclency

Pressure Ratilo

Turblne Area

Turblne Flowrate

Bypass Valve Area

Bypass Flowrate

Fuel Injector Inlet Pressure
Fuel Injector Inlet Temperature
Fuel Injector Effective Area
Fuel InJector Inlet Enthalpy
Oxidizer Injector Pressure Loss
Oxidizer Pump Discharge Enthalpy
Oxidizer Injector Effectlve Area
Oxidizer Pump Horsepower

Oxldizer Pump Discharge Pressure

Oxidizer Pump Diséharge Temperature

Oxidlzer Pump Efficiency

Oxidizer Pump Inlet Temperature

Oxidizer Control Valve Effective Area

Oxidizer Injector Inlet Pressure
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IVAC!
CSTAR!

CFVAC!
A KE
CS
IVAC

n I0

n Cro
FVACY

FVAC
DNIMP

Ideal Impulse

Ideal Characteristic Velocity
Ideal Thrust Coefficient

Nozzle Kinetic Loss

FR-6011
Volume II
Appendix IV

Nozzle Boundary Layer Loss and Divergence Loss

Vacuum Specific Impulse at RMC

Impulse Efficiency

Thrust Coefficlent Efficiency

Pseudo Thrust
Thrust

Dump Nozzle Impulse

FVACDEL Delivered Vacuum Thrust

IVACDEL Delivered Vacuum Impulse

Iv-10
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DERIVATIVE 11 A

BASE CASE

—— - - ——— — ———

FUEL
PRESSURE
TEMP
NPSP
FLOW
LOX LSI
e o ok Rk K % o Kk X
SPEED 3c22.
FLCW 28,028
POWER 2el4
EFF Ce64T5h
DISCH P 22425
DILCH T 1€2.9
RHC IN 7C.893
FUEL TURBINE
o0 oo ok Aok R ok KoK
FLOW 3958
PCWER 541.11
EFF 0.7129
INLET P 652 .48
INLET T 47443
DIS P(S) 487,29
DELH ACT S6e 1
M. VEL R Cea0C
ACD 1.072
TDIS MIX 451.07
HP TRANS 8i.2
P/P 1.341

FUEL INJECTCR

e o o o e o o o o ok ok ook o
DELTA P b8eT2
INLET P G468 .54
INLET 7T 451.1
ACL 1.682
MV £l1.249

MCODIFIED RLIC CFF-DESIGN O

- —

FR-6011
Volume II
Appendix IV

— - —— ————— ——— — " —— - — g — — o~ — ——— o~ -

RM=6,.C

———— " ———— ——— -~ —— - — — . - — —— —— {— - — - —. — ————

INLET CCNDITICNS
st e 3 o 3ok et sl o ok oot o e ok ok o ok ok e e o o o o e b ok o o s e ook ok ok ok o ok ok

LOX
1.0 PRESSURE 16,0
36.9 TEMP 163.8
0.0 NPSP 0.0
467 FLOW 28,032
FUEL PUMP LOX PUMP
Sk ook kK Kok %ok b %ok %k Sk sk ok o sskook sk ek ok
SPEED 28571 SPEED 11428,
FLOW 4,611 FLCW 28.C28
INLET GPM 461.9 POWER €l.17
tFF 0.6345
INLET P 32.2°%
% 1ST STAGE * INLET T 163.9
PCWER 20782 DISCH P £E3C.8¢C
EFF Ceb1l7c DISCH T 166.9
INLET P 16.00 RHU IN 70.892
DISCH P 408411 KHC CUT T2.693
CISCKE T 44 875 INLET GPM 177.%
KEC IN 44,298
RHC OUT 44315

* ¢ZND STAGE x

PUWER
EFF
INLET P
DISCH P
DISCH T
REC CUT

LCX INJECTCR

Aok ok ok ok R A kR kR
DELTA P 46eT1
INLET P “bbobl
INLET T 16742
ACC Ce73C
RHO TCT19
MV 15,225

1V-24

282411
Ce49(C2
405,11
821.36

55 .7
44145

4o s fele ok e 3 ok sk s skl sk ok ek ko o ek Kok Kok

* *
* MIXTURE RATIC 6.CCC %
¥  THRUST 14998, *
* IMPULSE 45L&t *
* CHAMEER PRFSSURE 29G,91 %
* *
3 3 oo 3 ool ok ok ok ot ok sk ok ok skok ok ok ok R ok ok kK



JACKET
A e o ok e ook ook sk ok ook X
FLOW 4,41
INLET P &l4.46
INLET T 55,7
DELTA PJ 154.382
DELTA TJ 41€.538

LEAKAGE & RLEED

¥ 33K kK ek R Aok ARk e dkokok
WLEAK Ce265
WT/P-FUEL C.<
WT/P=LOX  G.0
TCXP C.l
PCXP 0.0
PEP 4664637
TFP 451.C67

SYSTEM PRESSURE LCSSES
ok o e e o ok 3k o ko ok ko ok kKoK Kk

OB/P DIS LINE C.0
FBE/P DIS LINE C.C
PUMP INTR STG Cel
PUMP DIS LINE 20342
GOX HEAT EXR Ce&CC

JAC IN LINE 44558
JAC DIS LINE C.C
FUEL TURE 1IN 6601
INJ IN LINE 12,998

RM CONTRCL VviLv

FR-6011
Volume II
Appendix IV

THRUST CONTKCL

ook 3k ek ook Aok feok ook Bk Ok 3 e ok o Sk dokoRok R X ek
DELTA P 844,17 ACD 0.1053
ACD De5428 WTEY/WF 9,185
K FACTCK «£9E1  WTBY Ce&lt
P/P 1.293

CHAMBER

4 3 X e 0 ok ek ek drode Ak e e ok Rk R X kR %k Rk

PC (INJ FACE) 360,915
IMPULSE (CHAMEER) 458,883
IMPULSE (DELIVERED) 4584649
MIXTURE RATIC(INLET) 6.00C
MIXTURE RATIC(CHAMBER) €e361
cs Ce567
ETA C* 0.994
AREA RATIC 262480C

Iv-25
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T . e e~ — " —— ————— . T~ — ] ——— — T —— T~ — —_—— —— - —— {— _— = i\ S~ " (. St . S - o S . S o7 S " = —

MODIFIFfL KLIC OFF-UDESIGN CECK

DERIVATIVE 11 A LASE CASE

e s S . O . ST S — — T S —— ———. {—— — — — T~ {—~ _— ] — T {— _— . {_— . - S —— . —————

INLET CONDITIONS
e 3 e o e el ok e okt ok s skl ok o el ok ok oK o ok ket sk ook sk otk sl koK ok % sk

FUEL LCX
PRTS SURE 16.0 PRESSURE 16,0
TEMP 36.9 Time 162.8
NPSP 0.0 Nesp 0.0
FLOW 4.53 FLOW 27.13
LCX Lol FUEL PUMP LCX PUMP
e e o 3 oK 3 KOR FoF KRk K oK o 3k e e o ok R olok ok ook Sk ok o ok ok Rk ok Kok
SPEED 3C61. SPEED 28637, SPELED 11575.
FLOW 27124 FLOW 4,923 FLCW 274124
PCWER 2493 INLET GPM  48&,6 POWER 1. 85
EFF Te6372 EFF {46265
DISCH P 34.7¢ INLET P 34.,7C
DISCH T 163, 9 ¥ 1ST STAGE = INLET T 163.¢
RH(C IN TCe893 PCWER 2lE.8Y DISCH P LY )
EFF Geb270 CISCH T 167.1
FUEL TUREINE INLET P 16.0C RHC IN T1C. 892
e e e S R 3 g R R A Ak DISCH P 4ile €€ RHC CUT TC.892
FLCW 4e233 DISCH T 44,767 INLET GPM  171.8
PCWER 566466 RHC IN 44398
EFF Ce7212 REG QUT 40324
INLET P 66€489
INLET 7T 43G9,5 * 2ND STAGE %
DIS P(S) 49G.3C PCWER 268,92
DELF ACT 944 7 EFF Ce5017
M. VEL R Ceall INLET P 411.¢8
ACD 1.07¢ CISCH P £29.,&2
TOIS MIX 4156.97 DISCH T b 4%
HP TRANS 81le9 RHC CUT 415
P/P 1.360C
FUEL INJECTOR LOX INJECTCR 3k o o o o ok % e e st ok ok ok K % oK Sk Kok o o ok K
ook ok ook Rk dokdok b R koR RoRdoR AR R ok Rkk ¥ *
DELTA P T7i.Ce DELTA P 43,80 * MIXTURE RATICO 5.5CC *
INLET P 471.21 INLET P 463,95 *  THRUST 14823, *
INLET T 4170 INLET Y 1675 ¥ IMPULSE 4€62.25 %
ACD 1986 ACD Ce72u % (HAMEBER PRESSUKE 4CCa18  *
MV 52.834 RHC TC.676 * *
MV 14278 %% kokok ok oot des oo ok ok ok ok ok oo o o koo ook

IV-26
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JACKET LEAKAGE & ELEED EM CONTROL VLV THKUST CONTROL
ook ok Rokok R AR R Rk R Ok R ROk dORk ek ok ook oksiok ok o oo kol bk ol ok ot ok ok kot ot ok sk ok ok ks
FLUW 4ot T WLEAK Cectb CELTA P 10z2.4©¢ ACO LelGGE
INLET P E22411 WT/P-FUEL (l.C ACD LedTEZ WTEBY/WF Be221
INLET T £he5  WT/P—-LOX Cel K FACTCK G .88692 WTRY Ce3ERE
CELTA PJ 1%8.48&C TUXP Cel p/p 1.414
DELTA TJY 3¢&3.,9¢E pPOXP C.C

PFP 4714209

TFP 416,969
SYSTEM PRESSURE LOSSES CHAMEER
e 3e ok o Sk o s o e sk e o % oo ok e e st ook ok Sk s o ok ok o ok ol o ool o ookl o o o o ok
CEB/P DIS LINT Cal PC (INJ FACE) 400, 146G
FE/P D15 LINE Qew IMPULSE (CHAMBER) 462 .52C
PUMP INTK STG Ul IMPULSE (DELIVIRED) 4624251
PUMP DIS LINE 2ot 1Y MIXTURE RATIC(INLET) SeH0(
GCX BEAT Xk C.6LC MIXTURE RATIU(CHAMEER) Ea812
JAC IN LINE S5e (Y2 Cs T e967
JAC DIS LINE Gal FTA Cx Ce994
FUEL Turt IN e 36 AREA KAT IO 2624800
INJ IN LINE l4ou2t

Iv-27



DERIVATIVE 1T A

————— o — —————— ———

MCDIFIED RLIC

FUEL
PRESSUKE
TEMP
NPSP
FLOW
LCX LSI
ok e e oK kK oK R R K
SPLED <961 .
FLOW 29.01¢
PCWER Zeb
EFF Ceb40E
DISCH P 31.91
DISCHE T 162.9
RHG IN 76693
FUEL TURBINE
ek o o ook e sk 3ok o ok ok %
FLUW 3.761
PCWER 8522 62C
EFF Ce 7096
INLET P 643,40
INLET T 503, 4
DIS P(S) 4E4.62
DELH ACT G8.2
Me VEL R Ce2G1
ACD 1.075%
TCIS MIX 479.59
HP TRANS 6le1
P/pP o328

FUEL INJECTOR

ke stk o ok ol ok oK R
DELTA P 66453
INLET P 466643
INLET T 479.6
ACD 1.97%
MV 49,766

CFF~DESIGN

—— - —

FR-6011
Volume 17T
Appendix Ty

DECK

o o —— T T — — T —— T~ — T~ - > P T _—— . — —— — —————

INLET CONDITICNS
3 ok ook 3 ok ool s ok ook B3k ok o 3 e skl 3k ol ok Sk ok o K ok o sk s ok oK ok o ek oKk SR ok K

LCX

16,0 PRES SUKE 16,0

36.9 TEMP 163.¢8

0.0 NPSP 0.0

4obb FLCW 29.C2

FUEL PUMP LCX PUMP
e o 3 o o 3 K ek Ojok Ak ek %ok S s o X o sk X Xk okok %k %k
SPLeD 28284, SPEED 11314,
FLOW bbby FLOW 29.C1l6
INLET GPM  440,7 POWER &l.12
EFF Ca6417
INLET P 31.91
* 1ST STAGE % INLET T 162.9
PCWER 199,81 DISCH P £l7.46
EFF CeBCT76 DISCH T 166.8
INLET P 16.00 REHD IN 7C.893
CISCH P 296,¢£2 RHC QUT TCEQ2
DISCH T L5 005 INLET GPM 183,.7
XHC IN «398
RHC CUT 44307

* 2ND STAGE %

POWER
EFF
INLET P
DISCH P
DISCH T
T

LeX INJECTCR

% ol A Aok o o ek ok Kok Bk
OELTA P EC.L4
INLET P “44G,93
INLET T 167.0C
ACD 730
RHC TCT5E
MV 16.209

IvV-28

241.48
Cet8 LY
299,62
ECte &7

£5.9
“a127

3 24 6 Rk 3k o o ok 3 o s ok o o Ao o 3 3k ok ke e ok o e ok o ok ko

* *
* MIXTURE RATIC 6500 *
*  THRUST 15128, *
* IMPULSE 451.85 %
* CHAMEER PKESSURE 39G.90 X%
x %

3¢ % 3 o e ek 3 Ak e e o g 3k Ak vk sk ool s s ke ofe e e o o ok Feodok deoke



JACKET
ok ok oK ROk Ko X FORRE K
FLOW 4.2C
INLET P 500.3¢
INLET T 5Le Y
DELTA PJ 15C.4t1
DELTA TJ 447.43¢

LEAKAGE & ELEED

FR=-6011
Volume II
Appendix IV

RM CONTROL VLV THRUST CONTROL

e ofe ke ok %k F Rk Rk kKRN Sk % 3 o e R ok ook ok X 3 3 3¢ o e ook A ok 3k ok sk kok

WLEAK
WT/P-FUEL
WI/P-LCX
TOXP

poxe

PEP
TFP

SYSTEM PRESSURE LOSSES
ook o o o o % ROR R RO R RO R X ¥

CE/sP OIS LINE
FE/P RIS LINE
PUMP INTR STG
PUMP DIS LINE

OOC
C.é
GeC
2e136

GGX BHEAT ©XK Ceb6CC

JAC IN LINE
JAC DIS LINE
FUEL TURE IN
INJ IN LINE

4.157

Cel

6499
12.560

Ue265 DELTA P 6T.72 ACD CelC0T
N ACD (e6265 WTEY/WF 9.443
C.C K FACTLR £.,7C28 WTRY Ce397
vew P/sP 1.378
CeC
466.427
479.588
CHAMEER
3 o e e e ag Aok Ak A i Ak ok kg e e o ok e ok Xk kR
PC (INJ FACE) 260,898
IMPULSE (CHAMBER) 452,027
IMPULSE (DELIVERED) 451.853
MIXTURE RATIQ(INLET) Eo5CC
MIXTURE RATIO(CHAMEBER) €910
Cs CeG66
ETA C* 0.991
AREA RATIC 262 .8CC
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DEFTVATIVE

MOGTETIFD SL1IC CRF=-NESICN DICK
IT & PUMFED TLLE B=21-73

FUEL
PPESSUPRE
TEMmp
NPSP
FLOW
LOX LST
o K e % 3 ok 3 o Ok R N Rk
SPLED 1435,
FLOW F el
PCWES o2
EFF Cobif1
DISCH 2221
DISCH T 162 .9
RHC IN TCo 692
FUEL TURLINE
3 o e ok 3k o o dfoskose vk e ke e e ok
FLOW 0. 707
PUOWEFR PRI §
EFF CaH65]
INLET P 1%2.46
INLET 7 &21.8
DIS P(S) 120.C0
DELH ACT 5 el
M. VEL © Geldc?
ACD 1.137
TL1S MIX 612,26
HP TEANS 75
P/F 1.17:

FUEL INJECTICR

ok oo o O S R Rk
DELTE P 22469
INLET P 124682
INLET T £12 3
ACL Ce0CG
MV 16,292

INLET CONGITIONS
33 3 9 e % 3% 3 o ok ode o ok o o R o o 3k Sl o %%k 3 3ok o o ek ok sl ko sk ok sk ol ok o ol Rk

LEX

16.0 PRESSURE 16.0

36,9 TEMP 1¢3.8

0.0 NESP 0,0

1e27 FLOW 25

FUEL PUMP LOX BUME
o %0 3K 55 o ¥ et ook s oK % o dode Bk sk ook ok A okokok
SPETD 13%¢64, SPEED R 28,
FLOCW le224 FLOW o367
INLET €GPM 115.9 POWER Taedt
EFF Gaari327
INLEY P £7e2]
%  YET  STEGF % INLET T 16¢2.9
FOWEER 20.96 DYSCH P 133,11
EFF Ce2172 ODISCH T 1% .2
NLFT P 16.00 BHO IN TCLERY
DISCH P 109.1¢ FHC CUT TC77)
BISCH T 40 o477 IMLET GFM Lt o5
QMO IN 4o QR
RREO LUT 4,709

*  ZND STAGE =%

FOWPw
EFF
INLET P
DISCH P
CISCH 7
EHO CUT

LOX INJECTOR
3 ook ot oo o ok o ookl ok

CLLTE P Zazl
INLET P 10%.54
INLET T 1¢5.3
ACD 0.730
RO 70.771
MV 1.045

Iv-30

2504
Qo200
1C¢ .18
205,01

41*'0‘:;
4e17%

e s e A e Sk o Sk ook ke 3k ok o ok ke ofe A o Sk ok koo sk kb ok

* %
¥ MIXTUKF RATIC € (0 *
¥  THRUST 27RO, *
* IMPULSE L7751 *
*  (CHAMRIR PRESSURE 102,24 *
%* *
o Bk o ook koo ol ook e o o okok o o el s o ok ok ok ok sfeak kol ok



JACKFT LIAKAGE & FPLEL

e ok ok ol o Rk RO ROKK R % ok o e ol o ooh o ok ok ok

FLOW 1ol WLERK 0. 1CE
INLET P eG5BT WT/F-FUCL 0.0
INLEY T L g% WT/P=LIX 0.0
DELTLE PO ECaRT( TXP Cel
CELTA TJd E7€.901 FOXE Q0

FFE | DL S

TFFP €17 267

SYSTOM PRESSURE LOSSES
B RO H R KRR AR R AR KRR

Oe/P DTS
FE/P LIS

LYRE

PUMP LIS LINE
GOX HIAT EXR
JAC TN LTNF
JAC LIS LINE
FUEL TUEE IN
TNY TH OLINE

LINF
PUMP INTF €70

Q.0
Gol
Gal
0aloe
CL.000
(1a2G1
Celt
1,540
LBty

Iv-31

RM CONTROL VLV

3 o 3ok 3 ok e Ao o oe % Xk kg ok
ZT.56
ACL C24FY
3641394

DELYA P

K FACTCR

FR-6011
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THRUST CONTROL
s o ok ek ok o e ook o e o ok

ACD 0.6169
WTEY/WF  36.6%E
WTEY G010
PP 1.203

CHAMEER

% 3 3 3R 3k A Y ko e oo oo ok s ek koo

PC (1INJ FACFE)

107 .33¢

IMPULSE (CHAMBER) “Zbkel13
IMPULSE (DELTVFREDR) 427 <504
MIXTURE RATIC(INLET) €.000
MIXTUFE BATICICHAMRBER) 6578
Ccs DeGET
ETA (* (aS94
AREA RATIC 262 .800
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PRATT & WHITNEY AIRCRAFT

Florida Research and Development Center

Derivative IIA Engine

TANK HEAD IDLE

INLET CONDITIONS

Fuel Oxidizer

Pressure = 16,0 psia Pressure = 16,0 psia

Temperature = 36,9 ©R - Temperature = 163,8 °R

Saturated Liquid Saturated Liquid

Fuel Side Oxidizer Side

Flow = .081b/sec ~ Flow = 0,32 1b/sec
Jacket Inlet Temperature = 36.8 °R Main Pump Discharge Temperature = 163.8°R
Jacket Inlet Pressure = 15.9 ps1a Main Pump Discharge Pressure = 15.9P5IA
Jacket Discharge Temperature = 582. °kR  Injector Inlet Temperature = 385 °R
Jacket Discharge Pressure = 10.3 psIA Injector Inlet Pressure = 14,5 PSIA
Injector Inlet Temperature = 426. °R  Injector Pressure Loss = 7¢3 °R
Injector Inlet Pressure = 6.8 PSIA
Dump Nozzle Coolant Flow = ‘ 0.006 LB/SEC

Chamber Pressure = 5.2 PSIA

‘Thrust = 157.IBf_
Mixture Ratio = 4,0
Impulse = 287, sec

Chamber Mixture Ratio = U.3

- -

. e

1v-32
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DERIVATIVE IIB

MODIFTED RL10 OFF-DESIGN DECK

0/F=6.0

8-21-73

FUEL
PRESSURE
TEMP
NPSP
FLOW

FUEL TURBINE

2k 3 2 2 3k ok 2k 3 2k ok ok ok o ook
FLOW 3.948
POWER 529.61
EFF 0.7105
INLET P 651.25
INLET T 4T73.7
OIS P(S) 487.13
DELH ACT 94.9
M. VEL R 0.392
ACD 1.076
TDIS MIX 451.02
HP TRANS T6.6
P/P 1.337

FUEL INJECTOR

Aeokaok ok ok ook ok ok ok o %ok
DELTA P 68.61
INLET P 468.70
INLET T 451.0
ACD l1.982
MV 51.241

INLET CONDITIONS
St e oo o ok 6 ko 3 oK o ol ok X ok o o ol s ok S Aok o o ok o o oK oo ok ok ok ok ok

LOX
16,43 PRESSURE 19,71
36.5 TEMP 163.8
o3 NPSP 3.71
4.67 FLOW 28.03
FUEL PUMP (MAIN) LOX PUMP (MAIN)
% 3k s 2 e % 3k 3 o ok ok ok ok ok ok e 3 ok 2 3 o 3 gk ol ok o ok o ok ok
SPEED 27852, SPEED 11141,
FLOW 28.028
FLOW 4,671 POWER 76462
INLET GPM  461.9 EFF 0.6375
INLET P 19.71
INLET T 163.8
* 1ST STAGE =* DISCH P 487.98
POWER 217.03 DISCH T 166.6
EFF 0.5209 RHO IN 70.893
INLET P 16.43 RHO OUT  70.893
DISCH P 425.15 INLET GPM 177.5
DISCH T  45.214
RHO IN 44398
RHO OUT 4.314
* 2ND STAGE %
POWER 235.97
EFF 0.4949
INLET P 425.15
DISCH P 819.27
DISCH T 5544
RHO OUT 4.156

LOX INJECTOR

ook ok ARk ok KoKk ok ok ok ok
DELTA P 46.66
INLEY P 446.75
INLET T 166.8
ACD 0.730
RHO T0.795
Mv 15.208

Iv-33

o8 e o o ok o sk o ook sfe sk ok sk o ok ok o sk ok ok o o 3 3 o o o ok ok ok

* *
* MIXTURE RATIO 6.000 =*
* THRUST 14997, *
* IMPULSE 458,65 *x
* CHAMBER PRESSURE 400,09 *
* *
*

e o 2ol A ook ok ook o 3ok ok o ko ok o ke s ok o ool ok ok ok ok ok
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JACKET LEAKAGE & BLEED RM CONTROL VLV THRUST CONTROL
FokRokokokok ok ok gokokkok  sdokoRokojolokok kool dokokok  okokekokokokokokeskokokokokaeok ol ook sl sk ofeskoie sk ok dkeok ok ok
FLOW 4e41 WLEAK 0.265 ODELTA P 41.24 ACD 0.1083
INLET P 812.39 WT/P-FUEL 0.0 ACD 0.7755 WTBY/WF 9.401
INLET 7T 55.4 WT/P-LOCX 0.0 K FACTOR 13,7217 WTBY 0.414
DELTA PJ 154.557 TOXP 0.0 p/pP 1.388
DELTA TJ 418.333 POXP 0.0

PFP 468 .699

TFP 451 .019

SYSTEM PRESSURE LOSSES CHAMBER

3 e s oo o o ok ek ek ek ik ok ok ke e ok sk e e ok ok 2030 2 e 3 sk e e ke o e ok sk ke e ol e o s ke e e o ok e ok
oB/P DIS LINE 0.0 PC (INJ FACE) 400.088
FB/P DYS LINE 0.0 IMPULSE (CHAMBER) 458 .883
PUMP INTR STG 0.0 IMPULSE (DELTVERED) 458,649
PUMP DIS LINE 2336 MIXTURE RATIO(INLET) 6.000
GOX HEAT EXR 0.0 MIXTURE RATIO(CHAMBER) 6.361
JAC IN LINE 4.545 cS 0.967
JAC DIS LINE 0.0 ETA Cx* 0.994
FUEL TURB IN 6.578 AREA RATIO 262.8006
INJ IN LINE 13.995

IV-34
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DERIVATIVE 118

MODIFIED RL10 OFF-DESIGN DECK

O/F=5.5

§-21-73

FUEL
PRESSURE
TEMP
NPSP
FLOW

FUEL TURBINE

3 2k ok ok o o 2k o o ook sk ol ok
FLOW 4.218
POWER 553.71
EFF 0.7172
INLET P 663.97
INLET T 438.7
DIS P(S) &E9.99
DELH ACT 92.8
M. VEL R 0.403
ACD 1.073
TOIS MIX 416.64
HP TRANS T6.9
p/P 1.355

FUEL INJECTOR

etk ok ok ok ok ok ok koK
DELTA P 70.99
INLET P 471.12
INLET 7 416.6
ACD 1.986
MV 52.800

INLET CONDITIONS
o e ok o ol e ks o e e s o o e ol e o oo ol o o s o ok e o akok ook o ok o o o ok ook koK ok ok koo

LOX
16,43 PRESSURE 19,71
36.9 TEMP 163.8
U3 NPSP 3.71
4,93 FLOW 27.13
FUEL PUMP (MAIN) LOX PUMP (MAIN)
3 o o 3 o o o e 3k o o e o ok ok ok a3k o o ok ek ok o ok ok ok ok
SPEED 28155. SPEED 11262.
FLOW 27.132
FLOW 4.933 POWER 76.88
INLET GPM 488.6 EFF 0.6305
INLET P 19,71
INLET T 163.8
* 1ST STAGE % DISCH P  499.81
POWER 229.34 DISCH T 166.8
EFF 0.5299 RHO IN 70.893
INLET P 16.43 RHO OUT  70.893
DISCH P 432.65 INLET GPM 171.8
DISCH T 45,138
RHO 1IN 4,398
RHO OUT 4,322
* 2ND STAGE =*
POWER 247.50
EFF 0.5071
INLET P 432.65
DISCH P 837.00
DISCH T 56,2
RHO OUT 4.180

LOX INJECTOR

3 ok e e 2 o A ok ok ok ok ok ol ok % ok
DELTA P 43.74
INLET P 443 .88
INLET T 167.0
ACD 0.730
RHO T0.761
MV 14.258

IV-35

3 33k 3 3 o ke s ok ok ok o s ok ok ok o ok e e ol o A ok b ofe o o ok ok ok ok

* *
* MIXTURE RATIOC 5.500 *
*  THRUST 14821. *
* IMPULSE 462.24 *
* CHAMBER PRESSURE 400.13 =*
* *
o o ool ook oKk o kol o ook ok ok ook Sk ok ok K



JACKET
o 3 e o o kol ok o o o o ok e ok
FLOW 4,67
INLET P 829.33
INLETY 7 55.2
DELTA PJ 158.646
DELTA TJ 383.511

LEAKAGE & BLEED

2 Y 2 2 3 A e ok ok e o 3k ok ok ok ok
WLEAK 0.265%
WT/P-FUEL 0.0
WT/P-L0OX 0.0
TOXP 0.0
POXP 0.0
PFP 471.121
TFP 416 .642

SYSTEM PRESSURE LOSSES
oot ot ok sk ek kol et o s o ke ok ok o kol ok

oe/P DIS LINE
FE/P DIS LINF
PUMP TNTR STG
PUMP DIS LINE
GOX HEAT EXR
JAC IN LINE
JAC DIS LINE
FUEL TURB IN
INJ IN LINE

0.0

0.0
0.0
0.0
2.607

5.072

0.0

6.707
144424

1V-36

RM CONTRGOL VLV

FR=601
Volume

1
II

Appendix IV

THRUST CONTROL

Rk okl kok ok kkkokokk kKooK kR skakokok Kok KoK
DELTA P 55.94 ACD 0.0986
ACD 0.6446 WIBY/WF 8.635
K FACTOR 5.3871 WTBY 0.403
P/P 1.408
CHAMBER

ek ok e o oo e o o e e ok o ook ook ek o e o ook ok

PC (INJ FACF) 400.13
IMPULSE (CHAMBER) 462.50
IMPULSE (DELIVERED) 462.23
MIXTURE RATIO(INLET) 5.50
MIXTURE RATIO(CHAMBER) 5.81

cSs 0.96

ETA C* 0.99

AREA RATIO 262.80

3
6
7
0
2
7
4
0
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DERIVATIVE IIB

MODIFYED RL10O OFF-DESIGN DECK

O0/F=6.5

8-21~73

FUEL
PRESSURE
TEMP
NPSP
FLOW

FUEL TURBINE

e 2 ok Ok 3k o B o ok ook ok kok
FLOW 3.750
POWER 511.25
EFF 0.7048
INLET P 641.24
INLET T 503.2
DIS P(S) 484.48
DELH ACT 96.4
M. VEL R 0.384
ACD 1.079
TDIS MIX 479.92
HP TRANS T6.8
p/P 1.324

FUEL INJECTOR

Aok o o koK ok o ke o ok
DELTA P 66034
INLET P 466.48
INLET T 479.9
ACD 1.979
MV 49.805

INLET CONDITIONS
e e o ok ek ok Aokok ok ok s ok ok s okoiok skok kol ok ok ok kool el ok ok ook ok ok ok ok ok

16,43

36.9

oli3
4446

PRESSURE

TEMP
NPSP
FLOW

LOX INJECTOR

Kook gokokokokfokokk %k

DELTA P 49.94 *

INLET P 450,09 * THRUSTY
INLET T 166.6 * IMPULSE
ACD 0.730 * CHAMBER
RHO 70.893 *

MV 16.278

FUEL PUMP (MAIN)

Aok o ok o ok ok ok ok ok ok oKk
SPEED 27600.
FLOW 4.464

INLET GPM 440.7

* 1ST STAGE =*
POWER 207.97
EFF 0.5117
INLET P 16.13
DISCH P 416.64
DISCH T  45.321
RHO IN 4 298
RHO OUT 4,305
* 2ND STAGE x
POWER 226.51
EFF 0.4853
INLET P 418.64
DISCH P B804.75
DISCH T 55.6
RHO OUT 4.139

Iv-37

MIXTURE RATIO

PRESSURE

19.71

163.8

3471

29.02
LOX PUMP  (MAIN)
ok 3ok Aok o ok s o e ek o ok
SPEED 11040,
FLOW 29.017
POWER 76.76
EFF 0.6441
INLET P 19,71
INLET T 163.8
DISCH P 477.45
DISCH T 166.5
RHO IN 70.893
RHO OUT  70.893
INLET GPM 183,7

6.500
15129.
451.86
400.14

* % # B %R

A e o o 3 Kok sk o sl o sk o o ol ok oo sk oK o e ok ok ok ook ok

o3k 2 3k 2 2 3 o ok 3l 3 ok ok ok e ok ok ok ok 3k ke 3k sk 3 ok sk ok ook ok kok



JACKET
e sk 3 e ok o o e ok ok ok o ok o ok o
FLOW 4,20
INLET P T798.47
INLET 7 55«6
DELTA PJ 150.757
DELTA TJ 447.606

LEAKAGE & BLEED

2k ok o e o 3k ok ok e e ok e ok ok ok
WLEAK 0.265
WT/P-FUEL 0.0
WT/P-LOX 0.0
TOXP 0.0
POXP 0.0
PFP 466 .483
TFP 479 .917

SYSTEM PRESSURE LOSSES
e 3k 3 o o o o ok kol o o e s kol ok ol Kok

OB/P DIS LINE
FB/P DIS LINE
PUMP INTR STG
PUMP DIS LINE
GOX HEAT EXR
JAC IN LINE
JAC DIS LINE
FUEL TURE 1IN
INJ IN LINE

0.0

0.0
0.0
0.0
2.130

44145

0.0

6.4T7
13.598

Iv-38
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RM CONTROL VLV THRUST CONTROL
Aok o ook dodolokokok ook ko okook ok of ok ok ok ok ok %k ok
DELTA P 2T.36 ACD 0.1122
ACD 0.9857 WTBY/WF 9.693
K FACTOR 2.3037 WTBY 0.407

P/P 1.273

CHAMBER

3k e e oo 3 A e e 3ok sk ol s 3 sk ok e ok s ook ok ok
PC (INJ FACE) 400.145
IMPULSE (CHAMBER) 452.037
IMPULSE (DELIVERED) 451 .862
MIXTURE RATIO(INLET) 6.500
MIXTURE RATIO(CHAMBER) 6.910
CcsS 0.966
ETA Cx* 0.991
AREA RATIO 262 .800
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MODIFIED RL1C

DERIVATIVE I1B

PUMPED ICLE

8-21-73

FR-6011
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> Sl - —— G G ——— —— ———. S S — i ———— — G W~ —

CFF-DESIGN DECK

INLET CCONDITICNS

a3k ok ook Aok Ao ok e o o ok ok o ok ok ok o ok ok ko ol o ko A 3k ok ol ol s ok ok ok ok kol

FUEL LOX
PRESSURE 16.0 PRESSURE 16,0
TEMP 36.9 TEMP 163.8
NP SP 0.0 NPSP 0.0
FLCW 1e22 FLCW T.3%

FUEL TURBINE FUEL PUMP (MAIN) LGX PUMP  (MAIN)
3ok o ok o e s e e sk o kR K %k e 0 3k 3 3 ok 3k ok 3k ook sk ok sk B3k 3k o xk ok saak ¥ ok ok ok Aok
FLCW C.709 SPEFD 13361, SPEED 5344,
POWER 53,28
EFF Ce5612 FLCW ie224 FLOW T.347
INLET P 152.46 INLET GPM  118.8 PCWER 7.23
INLET 7 621.7 EFF ALY,
DIS P(S) 129.94 INLET P 16.0
DELH ACT 53.1 * 1ST STAGE x INLET 7 163.8
Me VEL K C.223 PCWER 21.¢1 DISCH P 123.82
ACD 1.139 EFF G.3153 DISCH T 165.C
TDIS MIX 612.21 INLET P 16. 0 RHC 1IN 7C.893
HP TRANS T.2 DISCH P 111.99 RHC CUT  7¢.781
P/P 1.173 DISCH T 4(C.l.501 INLET GPM  46.5

RHO IN 44405
RHO OUT 4.310
* 2ND STAGE *
PCWER 24,24
EFF C.25(6
INLET P 111.99
DISCH P 205.CC
DISCH T 44 .8
RHC CUT 40178

FUEL INJECTOR

40k S o Ao e sk ok kol
DELTA P 22.47
INLET P 124.8C
INLET T 6li.z2
ACD 2.009
MV 16.295

LOX INJECTOR

3 %3 e e 3 2 3 e R e o o
DELTA P 3421
INLET P 105.53
INLET T 165.1
ACD CeT20
RHC T¢.781
MV l.C45

1v-39

% 3 e o e 3 ok o o o o e s ok e 3ok ok ok 3k ok ook ek ok

* *
* MIXTURKE RATIC 6.CCC %
*  THRUST 3750. *
* IMPULSE 437,50 *
* CHAMBER PRESSURE 102.32 =%
* *
cde kot ook ol ok ok ok o ok s ek ol sl s e el ke ol sk ok e o ok ok
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JACKET LEAKAGE & PLEED RM CCNTRCL VLV THRUST CONTRCL
ok 3 ok 3 ok o g ook ko ok a5 e 2k e o Ak ok ko ok 3ok X A% 2 %0k 3 ok X o ok o ok ok X% Xk ok X o e o e X o o e ok o ook
FLUW 1.12 WLEAK Collt DELTA P 18.29 ACD 0.6141
INLET P 204e56 WT/P-FUEL (.0 ACD Ce3C55% WTEY/WF  36.504
INLET T 44.8 WI/P-LOX  G.C K FACTOR 23.9615 wWTBY PP
DELTA PJ 5C.557 TOXP 5o P/F 1.2C4
DELTA TJ 576.935 POXP C.C
PFP 124,796
TFP 612.215
SYSTEM PRESSURE LCSSES CHAMBER
% 3k 3 %ok 3 ok Aol o g o ke ootk ok e i koK 2 ok 2 e e 3 Ak ok o %l ook o o ke S ko e ok ok R ok ok
OR/P OIS LINE 0.C FC (INJ FACE) 102,324
FB/P DIS LINE 0ed IMPULSE (CHAMBER) 438.1C8
PUMP INTK S$TG 0.0 IMPULSE (DELIVERED) 437.498
PUMP DIS LINE Colay MIXTURE RATIC(INLET) 6.CCO
GOX HEAT EXR  C.C MIXTURE RATIC(CHAMBER)  6.576
JAC IN LINE 0.29C cs ' Ce957
JAC DIS LINE Gel ETA C* 0.994
FUEL TURE IN 1.54C AREA RATIC 262.800
INJ IN LINE 4,554

v-40
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PRATT & WHITNEY AIRCRAFT

Florida Research and Development Center

Derivative IIB Engine

Fuel

Pressure = 16,0 péia
Temperaturc = 36.9 ©R
Saturated Liquid

Fuel Side
Flow = .081b/sec

Jacket Inlet Temperature =
Jacket Inlet Pressure =

Jacket Discharge Temperature = 582.

‘Jacket Discharge Pressure =
Injector Inlet Temperature =

Injector Inlet Pressure =
Dump Nozzle Coolant klow =

TANK HEAD IDLE

INLET CONDITIONS

oxidizer
Pressurc = 16,0 psia

- Temperature = 163,8 ©R
Saturated Liquid

Oxldigzer Side

Flow = 0.32 1b/sec

Main Pump Discharge Temperature = 163.6°=

15.9 psia Main Pump Discharge Pressure =

Injector Inlet Temperature =

rsia Injector Inlet Pressure =

Injector Pressure Loss =

. 0,006 LB/SEC

Chamber Pressure = 5.2 PSIA
-Thrust
Mixture Ratio = L.0

= 15{0 LBf

= 267+ sEec

Chamber Mixture Ratio = [.3

IV-41

15.98570
2854 °R
14,5 P,
9.3 °R
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RL10 EXTENSION OFF-DESIGN DECK

CATEGORY IV BASE CASE

DATE

£-21-73

RM=6.0

FUEL
PRESSURE
TEMP
NPSP
FLOW
FUEL LSI
3 3 5 2o ek e A o o ok ok o ok
SPEED 30450,
FLOW 4¢56
POWER 6.0
EFF 0.7337
DISCH P 32.57
RHO IN 4.405

FUEL TURBINE

3¢ 2k 2 3 o e ok ok o ke ook o ok ok
FLOW 4.018
POWER 931.23
EFF 0.6741
INLET P 1824.87
INLET T 580 ¢4
DIS P(S) 1193.31
DELH ACT 163.9
M. VEL R 0.463
ACD 0.405
PCT HP 97.12
HP TRANS 21.5
P/P 1.529

FUEL INJECTOR

ek ook ok ok oK ok %ok ok
DELTA P 86.39
INLET P 1001.76
INLET T 530.4
ACD 1.283
MV 41.603

INLET CONDITIONS
e o o S o ok e e e o o e e o o ok e e e e s e e e o o e e o 3k ke Ak o ok o ol e ok ok ok ok ok o ok

16,0

36.9

0.0

4.56

LOX LSI
e e e s Ak o 3k 2 % S o ok ke o ok ok
SPEED 3002.
FLOW 27.37
POWER 6.1
EFF 0.6482
DISCH P 54.92
RHO 1IN 70.893

LOX TURBINE

oo ok ok ok sk oKk ok
FLOW 4.018
POWER 218.40
EFF 0.7400
INLET P 1135.49
INLET T 537.4

DIS P(S) 1032.32

DELH ACT 38.4
M. VEL R 0.470
ACD 1.020
PCT HP 114.67
P/P 1.100

LOX INJECTOR

3 e 3 o e e e 3k 3 ok dkook sk ok %k ok
DELTA P 151.34
INLET P 1066.71
INLET T 171.7
ACD 0.396
RHO T70.566
MV 26794

IV-42

LOX
PRESSURE
TEMP
NPSP
FLOW

FUEL PUMP (MAIN)

4 e 2 o o ek o ok 3k ok e ok ok
SPEED 75048,
FLOW 4,562
INLET GPM 462.6
NPSP 17.57
* 1ST STAGE *
POWER 468.73
EFF 0.5984
INLET P 32.45
DISCH P 1047.06
DISCH T 54,543
RHO 1IN 4.427
RHCO QUT 4.316
* 2ND STAGE =*
POWER 484,05
EFF 0.5980
INLET P 1036.66
DISCH P 2048.31
DISCH T 72.8
RHO OUT 4,245

16.0
163.8

0,0
27.37
LOX PUMP (MAIN)
***************{
SPEED 38862.
FLOW 27.374
POWER 184 .40
EFF 0.6938
INLET P 54.60
INLET ¥ 164.0
DISCH P 1321.54
DISCH T 170.7
RHO IN 70.968
RHO OUT  70.970
INLET GPM  173.1
NPSP 38.46

e 2o A e e 3k okl ok o ok ok o ol 2k o ol ok o ok ok ok ok ok kK

MIXTURE RATIO
THRUST
IMPULSE

* % % % %

CHAMBER PRESSURE

*
6.000 =*
15008, *
469,93 *x
9215.37 *
*
*

% 2k 2 ok ek 3 ek ok ek sk e sk o o 3 ok ok ok s ke ek ook ok o ok ok ok ok



JACKET
Aok o ook ok ok ok ok ok ok ok ok
FLOW 4.26
INLET P 2042.00
INLET 7T 72.8

DELTA PJ 199.294

DELTA TJ 507.560

LEAKAGE & BLEED

ok ok g ok Aok ko ok ok K X
WLEAK 0.300
WT/P-FUEL 0.0
Wi/7P-LOX 0.0
TOXP 0.6
pPOXpP 3.000
TFP 530.382

SYSTEM PRESSURE LOSSES
o 3 ok oo ok o ok 6 ok ok ok o okl oK

0B/P DIS LINF
FB/P DIS LINE
PUMP INTR STG
PUMP DIS LINE
JAC IN LINE
JAC DIS LINE
FUEL TURB 1IN
FUEL TURB DIS
FUEL INTR LINE
INJ IN LINE
0X TURB IN

X TURB DIS
INJ IN LINE

0.315
0.124
10.398
2.140
4.164
0.0
17.834
35.269
224544
0.0
30.558
0.0

IV-43

RM CONTROL VLV

FR-6011
Volume II
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THRUST CONTROL

k3 3 o ok s a2 o i ok o 3 o ok ok ok ok 3 2ok ok gk sk ook dkokok
DELTA P 254,83 ACD 0.0230
ACD 0.3045 WTBY/WF 5.720
K FACTOR 24.1359 WTBY 0.244
P/P 1.839
CHAMBER
3 3 e e 2 A e 2 e e i e ek e ok ok ke ok e ek K oK ok ok ok ok
PC (INJ FACE) 915.370
TMPULSE (CHAMBER) 470.313
IMPULSE (DELIVERED) 469.935
MIXTURE RATIO(INLET) 6.000
MIXTURE RATIO(CHAMBER)  6.422
cs 0.965
ETA C* 0.994
AREA RATIO 401.000
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RLIO EXTENSION OFF-DESIGN DECK

CATEGORY 1V BASE CASE DATE 8-21-73 RM=5,5

INLET CONDITIONS
ot e e e 3 o o e s e o e o o s sk sl ok ot e oo s o e ke sk ok sk kool ok Sk ok ok e o ok o ok ok ok ok ok

FUEL LOX
PRESSURE 16.0 PRESSURE 16,0
TEMP 26.9 TEMP 163.8
NPSP 0.0 NPSP 0.0
FLOW .82 FLOW 26.51
FUEL LSI LOX LSI FUEL PUMP (MAIN) LOX PUMP (MAIN)
Ao R g ok AR kR ok ok qe ok o afe oo Xk i ok ok ok 3k ak 2k ok o ok ok Fodkok okokok ook ook ofokoak ekl ko ok Kok Kk K
SPEED 31322. SPEED 3088. SPEED T7196. SPEFD 39974,
FLOW 26.510
FLOW 4.82 FLOW 26.51 FLOW 4.820 POWER 194.24
POWER 6.5 POCWER 6.8 INLET GPM 488.8 EFF 0.6892
EFF 0.7316 EFF 0.6364 NPSP 17.88 INLET P 60.18
DISCH P 32.91 DISCH P 60.48 INLET T 164.1
KHC 1IN 4.40% KRHO IN 70.892 * 1ST STAGE * DISCH P 1427.41
POWER 518.47 DISCH T 171.4
EFF 0.5975 RHO IN 70.890
FUEL TURKINE LOX TUREINE INLET P 32.77 RHO OQUT 70.956
Fokookodokodolok ok ok ook dokdkokokdokkdkokkkokkkk  DISCH P 1092.62 INLET GPM 167.9
FLOW 4.395 FLOW 4.395 DISCH T 55.3432 NPSP 44.00
POWER 1016.29 POWER 247.48 RHO 1IN 4,426
EFF 0.6788 EFF 0.7413 KHO OUT 4.312
INLET P 1907.03 INLET P 1150.69
INLET 7 538.3 INLET T 496.0 * 2ND STAGE *
CIS P(S) 1212.32 DIS P(S) 1034.53 POWER 537.24
DELH ACT 163.% DELH ACT 39.8 EFF 0.5954
M. VEL R 0.478 M. VEL R O.476 INLET P 1081.01
ACD 0.405 ACD 1.019 DISCH P 2134.87
PCT HP 95.67 PCT HP 123.08 DISCH T T4e6
HP TRANS 39.4 p/P 1.112 RHCO QUT 4.234
P/P 1.573

FUEL INJECTOR

LOX INJECTCR

3 o 3 o o ko o ok ok a3k ok 3k 3k ok e s 3 e ek sk ok ke ok o ok ok ok ok ok

Aogodotekokokokok kokkokokk  dokokokolokkolokdokokokkokk Xk *
DELTA P 87.72 DELTA P 142.34 * MIXTURE RATIO 5.500 *
INLET P 1002.85 INLET P 1057.50 * THRUST 14794, *
INLET 7 487.1 INLET 7T 172.8 * IMPULSE 472.20 *
ACU 1.283 ACD 0.396 * CHAMBER PRESSURE 915.17 *
My 42.990 RHO 70.370 =* *

MV 254200  dokadkokokookoioookolok ok ok sk okok ok ok ok ook sk ok s ok ok

IV-L4



JACKET
e e oo o o ok ok Kok ok ke
FLOW 4.52
INLET P 2127.76
INLET T T4e6
DELTA PJ 201.666
DELTA TJ 463.70&

LEAKAGE & BLEED

e e ook o o ok o ok ok R ko
WLEAK 0.300
WT/P-FUEL 0.0
WT/P-LOX 6.0
TGXp 0.0
PGXP 3.000
TFP 487.135

SYSTEM PRESSURE LCSSES
i e o e o o ook ek ook o ook o o K ok o

OB/P DIS LINE
FE/P DIS LINE
PUMP INTR S$S16
PUMP DIS LINE
JAC IN LINE
JAC OIS LINE
FUEL TURE 1IN
FUEL TURB DIS
FUEL INTR LINE
INJ TN LINE
CX TURB IN

OX TURE DIS
INS IN LINE

0.296
0.138
11.614
26413
4 o695
0.0

19.066
37.026
24,601
0.0

31.645

0.0

IV-45
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RM CONTROL VLV THRUST CONTROL

e ok e ok e s ok e e 2 e o ke ok ok s ok e o o ol o ok 3 dk ok o ok ok %k %k
DELTA P 369,91 ACD 0.0108
ACD 0.2448 WTBY/WF 2.764
K FACTOR 37.3479 WITBY 0.125
P/P 1.921
CHAMBER
e 3k s 2 3¢ o 2 ke e Ak ok e e sk ok 3k a2 o Ak o ok ¥k ok
PC (INJ FACE) 915.170
IMPULSE (CHAMBER) 472 .605
IMPULSE (DELIVERED) 472.197
MIXTURE RATIO(INLET) 5500
MIXTURE RATIO(CHAMBER) 5.865
CS 0.965
ETA Cx* 0.994
AREA RATIO 401.000
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RL10 EXTENSION OFF-DESIGN DECK

CATEGORY IV BASE CASE DATE 8-21-73 RM=6,5

INLET CONDITIONS
303k o o o ok e e koo e ok oo o s e o o el o s o ok o s ook ok ok oo ok ok s o e o o o o sk ol ko ok

FUEL LOX ,
PRESSURE 16.0 PRESSURE 16.0
TEMP 369 TEMP 163.8
NPSP 0.0 NPSP 0.0
FLOW 4,37 FLOW 28.38
FUEL LS1 LOX LSI FUEL PUMP (MAIN) LOX PUMP (MAIN)
9 e 2 e e 3 3k e A ok ok ok o e e ko % A 3 e Ak Ao o ook ok ook 4 3 e o 2 2k 3 e o ke e ok ok ok ok Xk 3k 2 3 e o o e e 3 ke o ok o ok %k ok
SPEED 29881. SPEED 2946. SPEED 732644, SPEED 38135,
FLOW 28.378
FLOW 4.37 FLOW 28.38 FLOW 4,366 POWER 180.29
POWER 5.6 POWER 5.6 INLET GPM 442.7 EFF 0.6921
EFF 0.7283 EFF 0.6430 NPSP 17.48 INLET P 50.18
DISCH P 32.48 DISCH P 50.52 INLET T 164.0
RHO IN 4,405 RHO IN 70.893 * 1ST STAGE * DISCH P 1240.66
POWER 436447 DISCH T 170.3
EFF C.5974 RHO IN 70.892
FUEL TUREINE LOX TURBINE INLET P 32.36 RHO OUT  70.959
3 ok o o g o o ok A ok ok ok R oA ok A 2 2 3 e o 3k 3 A e ok o ok ok ok ISCH P 1017.65 INLEY GPM 179.7
FLGW 3.785 FLOW 3.785 DISCH T 54,116 NPSP 34.0%
POWER €71.70C POWER 20672 RHO 1IN 4 o426
EFF C.6706 EFF 0.7348 RHO OUT 44,315
INLET P 1774.57 INLET P 1128.64
INLET 7T 609.1 INLET T 566.1 * 2ND STAGE *
DIS P(S) 1184.18 [©IS P(S) 1029.25 POWER 451,14
DELH ACT 162.9 DELH ACT 38.6 EFF 0.5971
Me VEL R 0e455 Me VEL R 0.459 INLET P 1008.13
ACD 0.405 ACD 1.025 DISCH P 1991.74
PCT HP 97.57 PCT HP 111.20 DISCH T 71.9
HP TRANS 15.9 P/P 1.096 RHO COUT 4,244
P/P 1.499

FUEL INJECTOR

LOX INJECTOR

e 2 Ak e ok 3 3 3k ok s e sk s ol e e s sk ok ok o 3k o B ok ok 3 ok Skook ok ok ok

ok kR dokokkdokkok kR R xRk X *
DELTA P E4.77 DELTA P 162.34 % MIXTURE RATIO 6.500 *
INLET P 999,34 INLET P 1076.92 * THRUST 15186. *
INLET T 559.6 INLET T 170.9 * IMPULSE 463,78 *
ACD 1.282 ACD 0.396 % (CHAMBER PRESSURE 914.57 *
MV 40.009 RHC T70.699 * *

MV 28743 kool ok Aok #ok skok ok dkokok Sk ok sk ok ok

IV-L6



JACKET
b o o ok oo ok ok o o o ook o ok
FLOW 4,07
INLET P 1986.00
INLET T 71.9
DELTA PJ 194.421
OELTA TJd 537.154

LEAKAGE & BLEED

e e ok oo o o ok e ook o ook
WLEAK 0.300
WT/P-FUEL 0.0
WT/P-LOX 0.0
TGXP 0.0
pPOXP 3.000
TFP 559.625

SYSTEM PRESSURE LOSSFES
ste ook e e o s e o sk st ok ook o sk ok o ok ok o

0B/P DIS LINE
FB/P DIS LINE
PUMP INTR STG
PUMP DIS LINE
JAC IN LTNE
JAC DIS LINE
FUEL TURB IN
FUEL TURE DIS
FUEL INTR LINE
INJ IN LINE
0X TURB 1IN

OX TURE DIS
INJ IN LINE

0.339
0.113
9.524
1.947
3.790
0.0
17.008
34.361
21.183
0.0
29.913
0.0

Iv-47
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RM CONTROL VLV THRUST CONTROL

sokoiofokojok otk dkokok ok sk okokokok ok ok koK ok kok
DELTA P 163.75 ACD 0.0279
ACD 0.3939 WTBY/WF 6.904
K FACTOR 14.4283 WIBY 0.281
psp 1.793
CHAMBER
ok ook ook okl ok ok ok ook ko R kokok Kok ok
PC (INJ FACE) 914,575
IMPULSE (CHAMBER) 464,088
IMPULSE (DELIVERED) 463.775
MIXTURE RATIO(INLET) 6.500
MIXTURE RATIO(CHAMBER) 6.980
) 0.964
ETA Cx 0.969
AREA RATIO 401.000



CATLCCRY TV

FUEL
FRESSURE
TE My
NESP
FLOW

FUEL LST
o R e o kR OKOok %%k %k

SPLED 12¢¢8¢,.
FLOW 1.0
PCWER Q.
EFF CeBELE
DISCH F 70 ot ts
FHCG TN 4,405

FUEL TUFRETME

o okok koo oRok ok ok e kokok ok
FLOW te S 76
POWE F ToLhE
EFF 8416
INLET P “at o YU
INLET T T51a7
DIS ®(S) Ztv.n1
Delk ACT T3 e
Me VEL ® Cedel
ACL Cob2"
PCT WP .61
HP TRANS e
P/F e U

FUEL INJECTUR
e 3 oi ok o 3 3 ol o 3 ok o sl bk

DELTL P ZTeEC
INLET P 2¢1.81
INLET T 7273
ACD 1.292
MV 12,560

FUNMPED TOLY

—— —— ————— —— ———— — — ——— " T— — l—— {— ] (——— {— - -

FLIC EXTENSION OFF-CESICN

S - S A — — - " —— T ——— . — ——— — = W~ o T

TRLET CLONDTTICNS
N3 ok ok X ok 3 ook B ok ok 3ol o s sk ok sk sk o ksl sk ok o ok v ok e o ook e ol ok ok s s S e o ok ook ok ook sk

16.0

Tt et

0.0

1.0

LOX L&Y
%K B 0 5 o i X o o koo o Sk
SFIFU 1080,
FLUW 7.1%
POWEP Cat
FFF Cea7ZC
niscr v 2€ 00
FHC TN TO 802

LOX TUFRDIME
Aok b o g R R kR Kk

FLOK Ce8T¢C
POWER 1°.RC
EFF b bbf
INLET P bzl
INLET X Tz1.0
LIS vIS)Y 2tel.2
cPLy AQT iZed
Me VEL F Oecl?2
PCT  HP 15¢.72
FrF 1.06F¢

LOX INJECTGR
o e e o e o e o 3 ok o ok sk e

CELTL F 140
INLET F YT
INLET T 168 .8
ACD Colbe
L TCa17"
C MV lo.t4z
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————

LECK

LCX

FRESSURY
TLMF
NEESP
FLOW

tUEL FUMP

(MAIN)

>3 e 3ok ok ok i o o o e Sheofe o ok

SPEF L 32006,
FLOW l1.19¢
INLET CGFM 12146
NPSE LGy
¥ IST STeCE  *
PCWEF S e 27
LFF Qe aBRET
INLET + cUeb
CISCH F TNC |
DISCH T 414754
2HG TN bo424
FRO CUT 44 33C
* NI OSTAGE =
PLWER 20 W

FFF C.4001
INLET F CZEBE0
UIsCH & 4rTelz
LTSCH T 4741
REGuUUT “od Xl

MIXTUKE FATIC

X
*x

¥ THRUST
%  1MPULSE
»

-

16,0

leZ 8

0.0

Tl
LCX pPUMP (MATN)
s ok 3 oo s o s kot e ok ok ok
SPEED let78,
FLOW 7.191
FOWER 11 ot
L FF Ca®9G0
INLET ¥ 26 .87
INLET T 162 .9
CYsCH P e L0
DICCE 7T 1¢% .6
KRG OIN TC.HEE
SR LT TC. 41
INLET ePm LF L E
NFSP 1G.F4

(HAMEEE PRESSUFE

E?fc .
4e¢ S

-

23 “ ool

e 3 e e e e 3 e ofe e kol e o ol s o e ok o ke ok ek ok ko ko

#0333 3 o

S % 2ok 3 Ak 3K X ook S ok ook o o S ook S ofe ok Sl of of e e o skook ke



JACKE]
2 sk ok o ok e A ok ok o 3k X%
FLCW l.0¢E
INLET P “wzte7]
INLET 1 47«1
DELTE FJ  TCecoT
DELTA Td T(a.624

LEAKACE

& oeLtlil

EE R R XX T ST E R R RS

wLEAK

W1/P=FUL

WT/7P~-LIX

TOXP
FOXP
TEP

SYSTEM FRISSURE LOSSES
e o 2 o ok oo ok ok k% o ok o 3 ok ok ok e Ok

GE/F B1S LIt
FE/P BTL LINE
PUMF INTR STC
PUMP LIS LINL
JAC IN LINE
JAC DYS LTNE
FUEL TUKL 1IN
FUEL Tuft IS
FUEL INTFE LINE
INJ IN LINE
X TUFE IN

OX TURE CIt
ING IN LINE

Ce e
O o (10
(716
CelZ7
Ca.ze€
CeC

‘ 03"”’
LW EGE
;’ c"f‘ré}
GaC

4,211

al)

ak

0.1:2
L (.G

GaC

Geal
Aeoos e o ok o Nk
7

2.3
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KM CONTROL VLV THRUST COMTECL
A %Ok e R ook Rk ok o ok ok o e ok ok ok ok
LELTE P 4C .3t ACUL 0,317¢
ACL Gac312 WTEY/WF Lt o5zl
K FACTORE %%5.2131 WTey (Pe®C1
Ps¥ 1.27¢
CHAMBHR
ofe st o 3k st S s o o 3 o ok o o o % ok o e ol e oo vk ooh ko
FC (INJ FACE) 2344305
IMPULSE (CHAMLER) LUT JEChH
IMPULYE (CELIVERELD) Lbt JGhE
MIXTURE RATIC{INLET) ¢ 00
MIXTUPE RATIOQ(CHAMEER) € 6T
cs (V95T
ETA C=* 0 GO3
AREA ERTIC (1 .000
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PRATT & WHITNEY AIRCRAFT

Florida Research and Development Center

Category IV Engine

TANK HEAD IDLE

INLET CONDITIONS

Fuel Oxidizer ' i
Pressure = 16,0 psla Pressure = 16,0 psia
Temperature = 36,9 ©OR - Temperature = 163.8 COR

Saturated Liquid

Fuel Side
. Flow

Jacket
Jacket

.04 1b/sec

Inlet Temperature
Inlet Pressure
Jacket Discharge Temperature
Jacket Discharge Pressure
Injector Inlet Temperature
Injector Inlet Pressure
Dump Nozzle Coolant Flow =

Saturated Liquid

Oxidizer Side

Flow = .15 lb/sec
36,9 og Main Pump Discharge 'Temperature = 163.8°R
15.9 psia Main Pump Discharge Pressure = 15.9PSIA
836. g Injector Inlet Temperature = 579 °R
11.4 psta Injector Inlet Pressure = 15.6PSIA
599, g Injector Pressure Loss = 9.7 PSIA
7.0 PSIA

. 0,006 LB/SEC

Chamber Pressure = 5,9 pP3IA
‘Thrust = 73.1bf.
Mixture Ratlo = 4,0
Impulse = 385 sec

- -

Chamber Mixture Ratio= L, L

IV-50 |
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—————— o S S~ —— S S S B B e e o VA T SO T S e S - (A S A W O A S S S A e - ——— - ——— - — g — - W - W G o -

—-—-—.——-—-—.—--_.—.’.—_-_--.-—..—--.—-_..—.—--__....._..._....___—-_—.--——.—_..-._.___-..._..—.._——._._—-——.—--..—-—

FUEL
PRESSURE
TEMP
NPSP
FLOW

4

FUEL TURBINE

e o ol o oo ok e K oK
FLOW 4,283
POWER 569,26
EFF 0.7267
INLET P 670.14
INLET T 438.3
DIS P(S) 494,59
DELH ACTY 93,9
Me VFL R O.415
ACOD 1.074
TDIS MIX 416.29
HP TRANS 85.4
p/P 1.355

FUEL INJECTOR

o ook o e e ok oo ok ok o e
DELTA P 73.98
INLET P 4T4.52
INLET T 416.3
ACD 1.994
MV 55.035

INLET CONDITIONS
o sk ok o A A st e oK s e ol sl R 4o R AOK RO KA R RO Ok K AR ROR R K R K R kK

LOX

16,43 PRESSURE 15.71

3649 TEMP 163.8

O4l3 NPSP 3,71

4.89 FLOW 29.34
FUSL PUMP {MAIN) LOX PUMP  ‘MAIN)
EERCERVE SIS E SR E TS EE T TS F I RS 3
SPEED 29034 SPEED . 6blb.
FLOW 44,890 FLOW 29.340
INLET GPM 504.5 POMWER 85 .45

EFF 0.6421
INLET P 19.71

% 1ST  STAGE * INLEY T 163,8
POWER 231.81 CISCH P 526480
EFF 0.5361 DISCH T 169.6
INLET P 16,42 RHO IN 704893
DISCH P 471.20 RHO OUT 70.152
DISCH T 44,712 INLET GPM 1B8.0
RHN IN 16398
RHO OUT 4,311
* 2ND STAGE =*
POWER 251,20
EFF 0.5142
INLET P 471.2C
DISCH P 911.51
DISCH T 55.9
RHO OUT 4,196

LOX INJECTOR

o 2ok o ok ke ook e 3 o ook ook
DELTA P 51.56
INLET P 452.10
INLET T 169.8
ACD 0.732
RHO 70.081
MV 16.784

e e Aok o 2 ok R ok o o ook ool oo o oot o ok ke o ko ok o ok ok

* *
* MIXTURE RATIO 6.000 *
*  THRUST 14997. *
* IMPULSE 436.13 *
* CHAMBER PRESSURE 400.54 *
* *
R R Rk R R R R Rk Rk R Rk

IV-51



JACKET
ko ok ok ok ok ko Rk ek Xk
FLOW 4.82
INLET P 872.50
INLET T 55.9
DELTA PJ 163.345
DELTA TJ 382.398

LEAKAGE & BLEED
AR K R R K
WLEAK 0.070
WT/P-FUEL 0.0

SYSTEM PRESSURE LOSSES
ok ok o ok ook ok ok ok kR ok K K K oK

PUMP INTR STG
PUMP DIS LINE
GAS VENTURI
JAC IN LINE
JAC DIS LINE
FUEL TURB IN
FUEL TURB DIS
INJ IN LINE

0.0
26.756
36.014

2.073

0.0

0.0

94202
6,098

Iv-52

RM CONTROL VLV

Ao o oo o ok ok ok Kok
DELTA P T4 .71
ACD 0.6072

K FACTCR 6.0371

FR-6011
Volume II
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THRUST COUNTRCL

AR AR R Rk ko
ACD 0.1329
WTRY/WF 11.142
WTRY 0.537
P/P 1.268
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--—-—.—-—-—-———-—-——————--————.—__—————-—.—.—.o—--—---.-.—c————-—..-_——-——--‘.-.-._—n

MODIFIED RL10 OFF-DESIGN DECK

CATEGORY I

BASELINE  OfF

—— - ——— — - — — A A T (- SO - hn M0 S G . e 40 e S S S P e G B0 O - G G - G VA A S G G e s S M B S S R S G S R O —— s e

FUEL
PRESSURE
TEMP
NPSP
FLOW

-~

FUEL TURBINE

s o 2% o o ok ok K kX X0k
FLOW 4.611
POWER 603.59
EFF 0.73C6
INLET P 666,04
INLET 7 40647
DIS P({S) 497.%0
DELH ACT 92 .5
M. VEL R 0.426
ACD 1.072
TDIS MIX 385.09
HP TRANS 86.8
p/pP 1.378

FUEL INJECTOR

o o 0ok o 3 ok o sk ok ok R ok K
DELTA P 79.88
INLET P 477.41
INLET T 385.1
ACD 1.996
MV 56.003

INLET CONDITIONS
o ok o 0 ook o R R oK K K s ol O ot o e AOK o ok ok ook R KKKk ko R

LOX

16443 PRESSURE 19,71

3649 TEMP 163,8

Oel3 NPSP 3,71

5.18 FLOW 26.47
FUEL PUMP (MAIN) LOX PUMP  (MAIN)
%k % o o o o ok XAk o ok ok ok o o o o e e o ofe o Xk e o o o Xk
SPEED 29478. SPEED 11791.
FLOW 5.177 FLOW 28.473
INLET GPM  534,1 POWER BE.83

EFF 0.6249
INLET P 19.71

* 1ST STAGE * INLET T 163,8
POWER 247.71 DISCH P 544,50
EFF 0.5455 DISCH T 16947
INLET P 16443 RHO IN 70.893
DISCH P 484,10 RMHO OUT  70.193
DISCH T 44,806 INLEY GPM  182.5
RHO IN 116398
RHO OUT 4,321
*# 2ND STAGE %
PUWER 268,40
EFF 0.5213
INLET P 484,10
DISCH P 937.08
DISCH T 5549
RHO OUT 4,211

LOX INJECTOR

ke ok o o ko ok b o ok o kook %ok
DELTA P 51.92
INLET P 449,38
INLET T 169.9
ACD 0.732
RHO 69.913
MV 15.692

Aok o Aok oo ok e o A e ook o ok ook 3 ok ook ok ok dokok K

* *
* MIXTURE RATIO 5500 *
*  THRUST 14867. *
* IMPULSE 441.80 *
* (CHAMBER PRESSURE 397.5C *
* *
s ook A KK OR R Rk Rk Rk KRRk R
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JACKET LEAKAGE & BLEED RM CONTROL VLV THRUST CONTROL
Rk dkokkk kR kkk  dokkokokokd Aok ok ok sk dobkdokok gk ook ok kok Rk Rk ok kK ok
FLOW 511 WLEAK 0.070 DELTA P 95.02 ACD C.1140
INLET P 893,45 WT/P-FUEL 0.0 ACD 0.5221 WTBY/WF 9.C74
INLET T 55.9 K FACTOR B8.2034 WTBY 0.496
DELTA PJ 168.334 p/p 1.391

DELTA TJ 350.850

SYSTEM PRESSURE LOSSES
ok ook ok ok ok Kok oKk ok oKk oKk % Kok

PUMP INTR STG 0.0
PUMP DIS LINE 43.350
GAS VENTUPRI 27.949
JAC IN LINE 3.130
JAC DIS LINE 0.0

FUEL TURE IN 0.0

FUEL TURB DIS 94487
INJ IN LINE 64289

IV-54
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CATEGCRY

1
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MCDIFIED RL1O OFF-DESIGN DECK !

BASFLINE

O/F = 6.5 8-21-73

——— — ——— — G S - o e - G T > V-G S S G G B Rt W S S S . A - Wy W A S - o P 2 > > T —— Y G T - ——— > W A . S S

FUEL
PRESSURE
TEMP
NPSP
FLOW

4

FUEL TURBINE

o ol koK ok gl ok
FLOW 4,076
PCWER 545.37
EFF 0.7237
INLET P 660.73
INLET T 461.5
DIS P(S) 493.82
DELH ACT 94 .6
M. VEL R 0.408
ACD 1.076
TDIS MIX 439,329
HP TRANS 5.2
P/P 1.338

FUEL INJECTOR

ook AR ok o o o AR ok K K
DELTA P T1.¢9
INLET P 474.04
INLET T 439.4
ACD 1.990
MV 54.163

INLET CONDITIONS
stk o o o e o e ook ko ok ek ol oKk A Xl ol Rl ol s oK ok Rk 3 Kook ok ok ok ook

LOX

16.43 PRE SSURE 19,71

36.9 TEMP 163,8

Oelu3 NPSP 3.71

4,69 FLOW 20.51
FUEL PUMP (MAIN) LOX PUMP (MAIN)
ook o o B o Aol koK ¥k ko sk ok e e 0 gk o e e ok e X koK
SPEED 26682. SPEED 11473,
FLOW 4,692 FLOW 30.508
INLFT GPM 484,1 POWER £S5, 17

EFF 0.6494
INLET P 19.71

¥ 1ST STAGE % INLET T 163,8
PUWER 220,22 DISCH P 511.60
EFF 0.5295 DISCH T 169.5
INLET P 16.143 RHU IN 704893
DISCH P 460,40 RHO OUT 70.213
DISCH T 44,624 INLET GPM  195.5
RHU IN 398
RHO OUT 4.307
* 2NN STAGE *
POWER 238.7C
EFF 0.5075%
INLET P 460.40
DISCH P 891.04
DISCH T 55 .8
RHC OUT 4,186

LOX INJECTOR

3 AR O ol o o kK
CELTA P 55.73
INLET P 458.08
INLET 7 169.7
ACD 0.732
RHO 70.115
MV 17.915

*#********************#***#*******

MIXTURE RATIOD
THRUST

*

* 6.5C0
*

* IMPULSE

*

*

*

*

*
15211, *
432,13 *
*

*

*

CHAMBER PRESSURE 402.35

o 2 o o o o ol s ol o ol o ol ook ook o okoR o ok ok g koK
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JACKET LEAKAGE & BLEED RM CONTROL VLV THRUST CCNTROL
. 332222222 L 2 2 ok 2 ok o ak ac oe deook of ogok ok ok Frkkk kR kRl Rk ok koK kkk
FLOW 4.62 WLEAK 0.070 DELTA P 53.50 ACD 0.1420
INLET P 855.08 WT/P-FUEL 0.0 ACD 0.7458 WTBY/WF 11.821
INLET T 55.8 WT/P-LOX 0.0 K FACTOR 4.0242 WTEBY 0.546
DELTA PJ 159,225 P/P 1.352

‘DELIA TJ 405,752

SYSTEM PRESSURE LOSSES
ook oK ok ok ok K o ok kK

PUMP INTR S$TG 0.0
PUMP DIS LINE 35.727
GAS VENTURI 22,114
JAC IN LINE 3.032
JAC DIS LINE 0.0

FUEL TURB IN 0.0

FUEL TURB DIS 849L6
INJ IN LINE 5.926
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Appendix V

Maintainability Englineering Layout Reviews

During the Critical Elements Evaluation and Baseline Engine
Design effort, englne design layouts weré reviewed by the Design
Maintainability Group to insure that maintainability requlrements
were adequately considered in the engine designs. Maintalnability
Engineering Layout Review (MELR) forms were 1ssued to document the
results of these reviews. A total of 20 MELR's and 5 supplementary
MEIR's were issued during this study as a result of these reviews.
Of the MELR's issued, 18 are applicable to the three final baseline
engine configurations selected and they are classified as "active'.
The others do not apply to the configurations selected and they are
classified as "inactive",

Copies of all of the MEIR's are included in this appendix.
Section I contains all of the MELR's that apply to the Derivative
ITA and IIB and Category IV englnes whereas Section II contailns
all of the inactive MELR's that no longer apply to the baseline
engines in their present configuration. MELR's are included 1in
this appendix for the following engine component layouts:

Section I, Active MEILR's (i,e. those applicable for the final
baseline engines)

Oxidizer Boost Pump (ILayout #228068) - Applicable to RL1O
Derlvative IIA engine.

Two Position Nozzle (Layout #228113) - Applicable to RLI1O
Derivative II and Category IV engilnes.

Two Position Nozzle Seal (Layout #228303) - Applicable to
RL10 Derivative II and Category IV engines.
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Two Position Nozzle Brake and Disconnect Valve (Layout #228330) -
Applicable to RL10O Derivative II and Category IV engines,.

GO2 Heat Exchanger (Layout #228365) - Applicable to RL10O Derivative
IT and Category IV engines.

Two Position Nozzle Seal (Layout #228367) - Applicable to RL1O
Derivative II and Category IV engines.

Turbopump (Layout #228398) - Applicable to RL10O Category IV
engine with RL10 Derivative IIA interfaces.

Turbopump (Layout #228398) - Applicable to RL10O Category IV engine
with minimum power head diameter.

RL10 Category IV Engine Installation (Layout #228401) - Applicable
to Category IV engine.

Primary Nozzle (Layout #228402) - Applicable to RL1O Derivative
IT engines.

RL10 Derivative IIA Engine Installation (Layout#228412) - Appli-
cable to RL10O Derivative IIA engine,

RL10 Derivative IIB Engine Installation (Layout#228413) - Appli-
cable to RL10O Derivative IIB engine.

Turbopump (Layout #228436) - Applicable to RL1O Derivative IIA
engine.

Valves (Layout #228480) - Applicable to RL1O Derivative II and
Category IV engines.

Quick Disconnect Valve (Layout #228368) - Applicable to RL1O
Derivative II and Category IV engilnes.

Section II. Inactive MEIR's (1.e. those not applicable to the
baseline engines in their present configuration)

GOo Heat Exchanger (ILayout #228062) - Applicable to RL10O Derlvative
II and Category IV engilnes.

GHo Driven Low Speed Inducer (Layout #228118) - Applicable to
RL10 Derivative IIA and Category IV engilnes.
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Section I
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Appendix V
. . MODEL RL-1O DERIYATIVE oA PAGE_/ OF 5

ravouT no, 2280068 T11LE OX/DIZER BOOST PUMP SCHEME

SHT, _/ OF_/ CHG. NC DESIGNER 7). 7 RENSCHEL

REVIEWED BY . e E EXT. 324 O DATE _&5-/0- 72

INTENT | PROVIDE [ coNcEPTUAL DES/SEN COF A
GEAR DRIVEN BoesT PUr7/~-

OXIDIRER EoosTl P

QD THE GEAL AND SHAET TIEBOLT REQUILES 4 TABWASHEE
SHFETY lockK.

D rHE BRG. AND SEAL SCEEVE (UL REPUIRE A PULLER
GROOVE 70 FRCILITATE D/:Sﬁ.‘.‘iS(;‘:A’)BL‘,/.

@ THE et EE SEAL RING |5 /) SEPHRATE PART JND
1T 18 ERsrey RELLALED /F DAMIAGELD o

@ /7 OPPENRS THAT T HE TBOOST Purmp CAN BE SEPFARITEL
FROM THE &'EBOX (O THOOT 7O pJel TROMNSL.E -

. A4/ OXI1DIEEL UM
B 7 APPERRS THAT THE PUMP AND &'B0X MUST BE
REMOVED 115 sif0 ASSEMEB LY,

@ 711 DrpuETARY GEAR BRG SHAFTS SHOULD HAVE EXTERN AL
IVRENCHING FLATS TO FACILITATE AssY, AND THE BRG 1D

JACE SPACERS SHovl.D BE FPART OF THE PLATE

CBRMN Bl o wELD> W0 PLALE ). -

FOLLOW UP

PWA 10696D Rev, 10-71
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£ MAINTAINABILITY ENGINEERING LAYOUT REVIEW ,o0wie &
’ e vopEL KL-/0 DERIV. PAGE oFr 5
‘ . Lavour No, 228068  timE
| SHT, __ OF___  CHG. DESIGNER
REVIEWED BY _gu Qgglg—zfz EXT.

DATE

@ THE PLANETAHRY GEARS CAN BE N=rAtLED BACKWARDS,
SEE SKET<H

® 7HE PLAVETARY GEAE BRPG'S SHOULD BE SYMMETRICH
56 THEY CRO BE WNSTACLED iTHER WARY AMND

] PULLER GROOVE SioulD BE /WNCLUDED TO FACILITATE

REMOVAL -
THE PUMP SHAET GEAR (AN BE INST L ED VPS/IDE
DouwsN,y FooLPROOF/NG /S NEEDED (STEP DIR'SD.

9 PULLEL GROOVE OB THEBEADED HOLES SMoulD ALSO
BE JNCLUDED Fof REMOVAL - (SEE SKETCH )

THE Rott ER BEG'S Gpa BE |NSTRLLED UPSIDE Do),
FoOoCL PROSFING IS /UEEID&:ZD) AND PULLEE GFROOVES
SHOULD BE |NCLUDED To FALILITATE BR6 KEMOVAL .

@ THE G'Box IDLER GEAE /S fFooeproorED 8Y c:ouf:/éuenné,«/.

@ /£ /75 NSTALLED UPSIDE Dowa THERE (S (ONSIDERALLE
INTERFELENCE BETWEEN THE GEARL HND THE HSEe
0D THE PuripP BAce BRG CAN BE /NSTALLED UPSIDE
Dowmn, FooLPReoFING 1S MNEEDED . /) PULLER GROOVE
/S MNEEDED TO FALICITATE REMOVALL -

FOLLOW UP

V-5
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£ MAINTAINABILITY ENCINEERING LAYOUT REVIEW poorute
s’ MoDEL LL-/0 PEE 14 PAGE oF 5
Lavour no, Z28C(&  rime
SHT, ___ OF____ CHG. DESIGNER
REVIEWED BY _ ¢ (PUIGL L ‘,/ EXT. DATE

@B T o) 2f2 SN LB DAY

TSI ESESIVE ./,,

S )ERR L SO ITS o
TN Pori= Hoos NGE ARE FOO PR O FED

NI 2N
r MOl O

S Mool O
Fol

SY Corf g URRT o) /e

(D PUMP J1)PLbtCS 1 JE iiens iR CrED BY CONFIGURR 7rort .

SOV I e FERTUIREE T HOWED ZE, INCLUD ED, | PriL &L

(Rl CoVEE ke Mol Tl %

o

0D Srjce PACKAGE STACKS zMeul.D L= F00L PROOFE D

TO eSS EENTT /L-//sﬁSSE/\/)/S N
T3 CCrMIMRATE THE RIVET Lock A

:m/-“m‘f- O THE BRG JPETRINECIE TING o

D yslf P TAB LockK

FOLLOW UP

PWA 10696D Rev. 10-71
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GEARS NSTALLED i Bppendix V
UR SIDE DOtVA

GEAR JNSTALLED
UPSIDE DowN

B f \\‘
BEEARING SPACERS
' SHouLD BE PERMANTENTLY

ATTACHED 70 THE
PLATE | (WELD -BRRZE) .

MELR — 2283063 -1
W-QUIGLE/
@ . rp73
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%, MAINTAINABILITY ENCINEERING LAYOUT REVIEW 35300

! Volume II
‘*wy MODEL < 0 LELV/ATIVE IZA pAGE Jo§ | Appendix V
LAYOUT No. 228006 % T1TLE OXIDIZER 0027 Pl F2 SCHE I
ST, _/_ OF_[ __CHG. "/_ DESIGNER nE TEENﬁgf/EL_
REVIEWED BY s/ (¢t v EXT. o726 0 DATE _ =+/5- 72
/

T SUPRLE S TEZNT co,c'y =

/fﬁcjﬁ S O
/)= ond CF FELbAES gD GELE //J(: °

1) FrroviprE A00ESS #02 [AFERIL.

07) Jz ol SO oS 10 plld s Feiz £ AN PE
TOE S Cpfmnda O DA S T TR S o

THE JBROYE ESSERTIRC INSEECT oM /'z.«w’J/m..r’ AL
PHE JTO FEE LJOCl R LIiGpHED cwirs T ‘-

EoASCIAE T e L EDS I THE T T
1/5‘/‘// C e b__.' .

FOLLOW UP —

PWA 10696D Rev. 10-71
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Appendix V
MODEL KL JO DERVATIVE ITA,LLE, fTH PAGE { OF 3
NOZZLE
Layour No, 2Z&// 2  TITLE ADVANCED KLIO (¢car JT) 7Wo PosiT1on

SHT, —_ OF — _ CHG. NC DESICNER _f2 . 7- =
REVIEWED BY /U-QU/GLGIY EXT. 52’50 DATE _4-2- 23

T syeer [/ oF 2 WO APPARENT MAINTAINABIL ITY PROELEMS 5

AIORE DETAILED JNFOEIINTION PROVIDED ON SHEET Z »

N sHEET 2 oF 2

LAYouT SeEcTron A-A

1) FHE Bt BEARINGS EmoulD BE COAron) FoR BortH

COMIECTIONS | THEY SHoulD BE SYrMETRICH L S0
THEY CAR BE NSFALLED EITHEE WAY QNnD PULLEE

G RoOVES SHOULD BE PROVIDED FOE L£AsY RE,LDVAL o

23 THE SEALS SHOULD BE CorIMOA Fog Bo7t Comnnw ECT/IONS.

3) THE Hous/inG SHOOLD HAVE. WRENCHING FRov/SIoNS SO
/T CAN BE HELD SRHFELY WHILE THE JovER /S SEING
TR pUED -

1) £L1mINATE THE BRe IR SPANNER NUT | Lock WASHEE,
AND THREADS 9D UsE 7 RETAINING RING AS SHownN
IN THE oproSITE COVVECT/ON 5 THIS LVOUVLD MHELD
[REDUC E COST PGND AIPROVE 2-06/S771CS -

5D FHE CIP SEAC SHOUED BE Cormon 7O Acl LocAT/oNS.

b)) THE SPACEL sSrHoocD BY SYMMETRICRL SO 17 CRN

BE IOSTRALLED EITHER WAY AND PULLEE GROOVESIHOVLD

BE Prov/IDED [F. REQUIRED FOL 12/.5/955_4_5"’78:.;{,
FOLLOW UP

V-10
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Appendix V
‘ mopEL AL /1O PAGE 2 or @ :
1aYoUT No, 228 1 /3 TITLE
SHT, __ OF____  CHG. DES IGNER
REVIEWED BY _/{J- _Qgg&géﬁ _ EXT, DATE
LAYooT Secrron B-B £ ¢-C

1) PROVIDE PULLER GRoOVE O INNER SUPPORT |F REQUIRED
FOL DISASSEMIBLY.

20) FHE SPACELS SHOULD B SYMMETRICRL AND PULLEE
GRoOVES SHoOULD &E ADDED |F REQUIRED-

9 ELIMINATE SPLIT RINGS AND USE AV " BAND
MARIION T YPE CLAMI .

4) A CASELLATED SPANNER VUT SHouLD BE USED TC /MPROVE
TO0L A0CESS AND THE DrineD Lock SHoUuLD BE REPLRLED

WIrrl ) TABWHASHER 5,9;5-77/ WWHICH 15 EASIERL 1IND
FASTEL »

view K

/) ELIMINATE THE SPRCERS RETWELN THE EBPE& FACES

MDD THE SPANMNEE LUTS,
@ > vE BreS SHoueD BE Cormen To BorH ENDS OF THE

BHiL SCREW y THEy SHOUCD BE SYMMETRICRALL co
THEY A BE /WSTALLED /N ZrTHEL POSIT/ION AND
PULLEL GZeovES SMHOULD BE ,)DDED 7O FAC/L! TATE
REAIO (1Pl ©

9D 7HE BRG SPANNEE WUTS witl REpuIRE A TABWASHEE
O A o

FOLLOW UP

v-11
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‘ . MooEL, RC /O PAGE 3 OF ®

LAYO 228/ TITLE
SHY, ____ 35____ CHG. . DESIGNER
REVIEWED BY __/4/° muzzl-éz EXT. DATE

4) rHE BRG Z.R- IHoucD BE RETAINED WitH A BING,
SAME AS VIEW l. e THIS wouved ECI1m27I1MVATE
THE SPRANNGE MUT, TAB WASHER. | AND THREADS,
(€cpoce Cos7 JMPROvVE L0G1ST/C s).

HL//AE:V‘/ 4‘-:
/) THE SPAVNVEGE ADUTS Wit REQUIRE A TAS WpHRSHEE
Locke
2D 7HE BRG O SPANNER NUT HAS YERY Pook
TOoL/NG FCCESS + A CASELLATED JUT WouLD
)IMPROVE WPRENCH ACCESS.

FOLLOW UP

V-12
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«MAiNTAINABILITY ENCINEERING LAYOUT REVIEW 4 0endic v
R’ oL RL-)O DERIVATIVE TIA, ITE £ L pacE__/ oF / |

LAYOUT No, 228 30X TITLE SEAL - EXTEND» ééOZz?L.C
SHT, / OF__J/ _  CHG. DESIGNER

REVIEWED BY _ /4 J- QZMKQ-‘:EZ EXT. ___QQ___ DATE 6-6- 7.8

INTEND = PROVIDE AN INPROVED EXTENDIBLE NO2eL

SEAL FOC THE ApvaNCED RL-/0 A7 I
ROCKET NGINE o

/) THREE SCHEMES /N ORDEE (OF PREFERE NCE -

=cyEIIE T (Bours £ Lock MOTS
(W) SEAL COMPONENTS HRE EAS/ z.y REPLACED
(&) USE TAB LOCKS oW SEAL RING TPLATE BoLrs.
ScHEME T CBocT>)
(> SERL CorrPONENTS QPE EASILY PEPLACED .
(b) USE TAB tocks O SEAL RING PLATE LolrS.
() SEAC SUPPORT RETENTION BOLTS THREAD
INTO TAPPED HOLES WHICH ARE DIFFIcuLCT
TO IREPAIR 1k THEY ARE DAMAGED -
seHemEIL (RIVETS)
(a) RIVETED CONSTRULTION MAKES SEAL
REPLACEMENT MIORE D/FFICULT THAN
A BOLTED SCHEME

FOLLOW UP

v-13

PWA 10696D Rev., 10-71



o S FR-0011
S MAINTAINABILITY ENCINEERING LAYOUT REVIEW  Volure I

, Appendix V
@ws® MODEL A L-/O D&/’/V/\T-:\/E NOZELE pu’ K PAGE / OF 4

ZETW LySCONANECT = L O LA O D ACTUATED
LAYOUT No, 228 230 TITLE YET Er1 ERAKE ST I1D

SHT. 7 OF /__ CHG. A/ C. DESIGNER
. REVIEWED BY Lo/ G VI/ALE // EXT. 3¢

) . SOLEMNOID J)eruATED BEMVE JUILL BE ») O oypnssD
(ENMNDOE £} TEES 1 BLY
lap rr RIPPERFS AT T E WO TOLENDIDS ARE
VRED R PRRILEL I Lol O oD TNISE
NS Rl t& IRV ELNIT OF THE BRE /&= ONE SOLENOID
MBRCFONCTIONS « SUGGE=T THE Soc.EAO'DS
BE (WIRED & SELIES EITHEL CQOHNIETEIC
OF /WNL/pdE OpI e BEL I 1L THMHE ~Nvolr 67,
(SEE ATTACHET S KET )
() \IDDITI0M M (o JNEORAISITION /S R </ BED /7~ 4
COMPRE HEASVE MAIMIAIH B 7Y //5<5~~’NF/U"“
[ST0 BE A IDE s THE FOLLO (L ING rHIREAS 17 i
BE /<SEV/EMED tOMNMEA THE DES/G6r] 1S F1/er7
1) MIOOKTING - A0 £55 FOL CHEKOUT J/?g;p(,)(fum,
. RD ELLCTEI R L. COMIECT 1OAS
I REPAE COLISIDERATIONS.

= OCAIT AL LS

FOLLOW UP

® -

PWA 10696D Rev. 10-71
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Appendix V
. MODEL R} )0 DEPRIVATIVE PAGE_2- ofF &
‘ LAYOUT No, 228330 TITLE
SHT. OF CHG. DESIGNER
REVIEWED BY /(J DI/ Gl E ,s/ EXT. DATE b-7-73

DUIC IS DIBSOOIIECT SCHE ME

1D THERE APPERRS TO BE ADEQUATE LEAD 1N 7O ENABLE
THE 7B 70 BE FPROPERLY SERTED WHEN THE NOEELE
IS EXTENDED.
2D 1T APPERRS THAT THE PPRTS OPE FOOLPRoOFED
EY ConvrEraoeArromnN
() SEALS SHOWLD BE COMMON TO 5/ T BOTH SIDES OF
SEPHERICAL SERC vornT .
(b)) SprerRICA  SERL SERTS SHouLD BE COrrMON
TO EBeTH SIDES -«
3) USE Bow7S gD SELE LotkING NUTS 0N SERL FLANGE,

. v CEE PAGE 4 For ITEM LALL -ouT =

FOLLOW UP

V-15
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CURRENT DESIaN

: SOLENOIDS WIRED IN
SERIES IN-LINE OR IN-LINE

OPPOSING

SOLENOIDS WIRED N
3ERIES CONCEVTRIC

( : T - —

| SR |

|
| |
— | | o
]
. MELRR-228330
RL-10 DERIVATIVE

WQUIGLEY 6-T1-73
V-16
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& MAINTAINABILITY ENGINEERING LAYouT REVIEW  ,Jo00e &
s’ MopEL RL-10 DERWAT I VE 27/7»17'355 gp et +o- O paGE ) OF / "

LAYOUT No, 228365 r1TLE HEAT EXCH. RLIO CATEGORY IL
SHT. 4 _ OF_{4 CHG. A/ C DESIGNER & A7 LOWNIAN
REVIEWED BY /() (PUIGCE S EXT. ~JEZ40 DATE _(-/2 73

INTENT < JOROVIDE A COMPACT Ha-Oa o/ EX FOR THE
[RLNO T TL ENGINE ¢

/) 1T AFPERRS THAT THE HEX Opr BE NSTALLED EROEWARDS .
FoncpkooFrN(, /S REQUIRED, L& psE DIFFERENT S/3&
FLANGES O OFF ~ SET FLANGES 70 BREVENT
AVSRSSEINBL. f"

2D ADDITIoNA L. JNFORMAT 1 ON 13 REGUIBED & A

COMMPIEES I M SHIE MH/UT/)/M/JES/z_fry ISSESSMEMT /S TO

EE MRADE « THE FOLLOWING L NS WILL BE REVIEWIED

PWHERS THE DESIGN /S Fr2pr]
(&) TUBE TO HEX FLAMNGE FASTEMEES 650(_75 ‘ Zoc,ruurs) s

. (B HEX AIoUrTI MG PIRO Vi< 1 0SS FORZ preL st ZrL Ty

 HND EASE OF mEPLACEMENTS
() RELAIE CONSIDERAHTIONS

FOLLOW UP

V-18
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. MODEL /40 DERIVAT IVE ZZA4, Z B 7¥ _PAGE / oF 2
O e IfiLT, um AR Rl et gy ies
REVIEWED BY Vs EXT,

DATE _ ¥ -Z24 - 73
INTENT < ProviIDE 9 MNOZ ZCE SEAL SOHEME 0L THE

L~10 CHT LK ENGINE o

1) THE CoRCENTRIC SERL. RINGS SHOULD BE SEGMENTED
7O FACILITATE RERPAIR o THE DAMAGED SEGMENT
AL BE RELLAICED I STEAD OF EEPLLACIN G
A COMIPLETE FING SEAL o
EOTHE SEhRC CONEIGCURHIION PREVENTS REMOUA L
OF THE EXTEDNIBLE NOZ2ZLE FROM THE REPRE OF
THE ENG/INE s 7O RERLACE THE NOZZLE THE ENG/INE
MUOUST BE REMOVED MDD THE EXTEND/ BLE MNO2Z2LE
/S TERANSLATED FOEWARD OVEL. THE DOWEL HEAD
DPESIGN SHOULD INVESTIGATE THE DosSS/B/erTy
OF A SEAL 1VHICH WOVLD rlLlow FHE MOZZLE
TO BE FEPLACED FRONM TFTHE FELL 10 rimo ]

‘ ENGINE REMO VAL e SEE A7TRCHED SKETCHs

FOLLOW UP

V=19
PWA 10696D Rev., 10-71
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FAGE 2 oF 2 Appendix V
CURRENT AOZZ2LE

SEAC SCHEM £

ProPOSED NOZZLE

REMOVAL OF THIS
SEAL RING WOULD ActoW
YHE NOZZLE TO BE JPE NMOVED

EROM THE BAHCK 1WITHOUT
EGINE 2E /IOy -

MELR 228367 /-7
W PUIGLEY
&-24-73

V-20
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.‘MA!NTAINACBAI!’__I_]L_L; ENCINEERING LAYoUT REVIEW  velume I

| MODEL RLIQ DERWATIVES fg[,‘f,, g‘ggz / éAZ;Ae’A'}/’/O'\ﬂ PAGE__/ __oF _/
LAYOUT No, 228 39¥ rrre ' T ARG CATII-A /NSTALLATION
SHT, /_ OF CHG. DESICNER .
REVIEWED BY W QUI&EL LS EXT. DATE 7-25- A%

INTENT - P/ROVIDE BRELIMINARY CONES Eo 1PN & Soeosr
OX ¢ FUEL PUMPS § ITECCONNECTING G'ROX 1A 111
FUEC # OX INLET Dim's 1pEMNTICPL TO CAT Z-A.
THE G'BoK ENCLOSES 4 GEACTEAIN WEICH ALLowS
THE EUEL # L6X LSI'S 7D EE SrvEN BY “HE
ARIN LOX PUMP ¢ wHICKH DROVIDES A Syna. 'DLEL
GEAL BETWEEN THE pMANn PUMPS.

1D AopiT100RE INFORMRFION 15 REQUIRED IF A COMPREHENSIVE

MAINTAINABIL? ’7 ASSESSMENT 13 TO BE MRDE .
THE FoLto wing AREAS (vt BE REVEWED wyeN
THE DEstaN 15 FIRM -

() ADEQUATE ACCESS TO THE PUMPS TO FPEEMIT

’ REPLAE AND/a,c RELLACEMENT.
(b)) oot PROOF I NG PROV/IS/0p)Se
(&) REPAIR CONSIDERRTIONS _ie, KE SERL REPLACEMENT,

5EAP/A/é,?EPLﬁCEf’)EA./T, ETC. &

FOLLOW UP

V-21
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7=, MAINTAINABILITY ENCINEERING LAYOUT REVIEW ~ Volume II

3 y Appendix V
vt woDEL <10 DELVATIVE CAT IE pace/__or /
&/B , BoosST 4 IMAIN POMP COOFIG'S wiTH
LAYOUT N0, 228398 TITLE £¢/0 CAT T-A NST. /INTEEFALES -
SHT, / _ OF CHG., A/ DESIGNER 4 - Z—RANCIS »

REVIEWED BY 24/ (D cotl =t EXT. 2240 DATE _=-/%3- 7=

= SOPDLEME‘/UT aopy =

1) FRoviDE /mcss oL [ITEEINL BoLEscors
ISPECTION CF FELpEMNGS GND GCEACING

o?) Provipie AJccsss 7o iicow Few < //7,&?Nur’?c__
7o pLE T Of— il PG //7 TIRAIMS o

7HE /754(/5 ESSENTIAL INSPECTIer P:@/J/{Z'/f,:‘:'J’::S
SEE O EE AHCCOrI1IRLISMHED (Urrr T7Z .

ENGIMNE JNSTALLED N THE TEHCL “714.,
VEH /= . .

FOLLCW UP

V-22
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V.. -MA!NTAINA%LLTII_TZY ENCINEERING LAYOUT REVIEW  sppendix v

(B, BoesT # MAIN PUMP ppce / oF |
‘ . MODEL RL/0 DERWATIVES 2 oUSING CONEIE'S AG E

LAYOUT No, 228 398 TITLE W/TH RLIO CAT ZT-R INSTALLATION INTERFACSS

SHT. .3 _ OF <3 N DESIGNER W . FRANCIS

CHG
REVIEWED BY w-@wecs;/ EXT. 8240 ___  DATE __7-25-73

/Nr,;-,\,r,’p/?owa PRELIMINARY CONFIG'S FORZ FUEL & OX pra /N
¢ B00ST PUMPS § AN INTERCONNEcTIN G G BOX HAVI NG
FUEC # OX INLETS LOCATED Ar CAT LA NLET DIMEN S1afS,
THE G'BOX ENCLOSES gARTRAINS FOR DRIVING THE
FUEL. 4 OKIDIZEL Ls/'S EROF] THE OX TURBOPU /7
F FOR sSyNA'G THE FUEC $ OX MRIN PUMPS. THEMPIA
PUMP [HoUSING CoNIG'S ,)RE BASED LPeN RS &
PUMP HSG'S MODIFIED TO FRPEELECT THE REV'D TURK.
¢ 1MPELLER ELEVATIONS o CAFIL .

1) 401;'}}7‘/ CRORL INFORMRFION IS5 REQUIRED IF A COMPREHENSIVE.
MAINTAIN AR ry ASSESSMIENT 13 TO EE MRADE »
THE Fotlo winG AREAS (It BE REVEWED whHeEN
o THE DEsicN 15 FIRA -
(&) JDEQUATE AICESS 7O THE PUMPS TO PERMIT
REPAIE 1D [of RELPLACEMENTT

(B oot prroor/ G PROVIS/OM)S,
jq¢) REPIR CONSIDERRTIONS e, KE SENL REPLACEIIENT,
" BEARING EEPLACEIENT | ETC. &

FOLLOW UP
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—_ . ' " FR-6
y MAINTAINABILITY ENCINEERING LAYOUT REVIEW Vo

NS _ Appendix V
e® | MODEL <0 DERWATIVE CAT 1L pace_/ })pen i
&/ B, BooST PMAIN PupmP 45E 156 cwrm*s

1AYOUT Mo, 228398 TITLE (W TH RLIO CAT - A INST. INIEEFACLS
" SHT. «3_ OF o3 CHG. A% DESIGNER __ (- ERAMNCIS

REVIEWED BY /L1/- f)o/r-rz,c—\/ EXT., —o%l DATE SR=-/5-
/ .

Suppz_ech: ~T Co,ﬂ'}/

1) Feovipe /msss 7:' 0L //U/E,e/w;’(, BPLESCOLL
IWUSPECTION OF FELpEMeS gND GEARING

L) Frovipi Alccess 7o e Cow Fire: 2 ANG e
IToRguE CHECE D Zl../“;/-—-* e ‘,r,/:, TRAINS

THE JBovE ESSENTIAL INSPECTION FEPUIEEMINIS
SEE 7O EBE AHCCOIILLISHED wirs THE

ENCIMNE JNSTACLED I THE SEHCE TU&
l/Ef//cz_E . < :

FOLLOW UP
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= | - | © FR-6011
G MAINTAINABILITY ENGINEERING LAYOUT REVIEW

Volume II
— Appendix V
% MODEL /JL /0 DER! \7“‘51!\/5' G/8 Boosi ¢ MA/N PUMP

S Erg ORATIONS wiTH —EAE [ oF /
Layour No, 228398  TrrLE MINIMuM RADIFL [N STALLATION DIMENSIONS
SHT, _&=_ OF CHG. N DESIGNER 0 1& FR, /
REVIEWED BY ___/U  (JUIGLE f EXT. DATE _7- 25"
INTEAT

- PROVIDE PRELIMINARY CoNCERPTVAL (Eonr/is's rpk

G 'BHKES HAVING MINIFIAL PADINL ENVELOPE
PROJTECTIONS - THE 6'BOK 4470 ENCLOSE 4 GEARCTRA 1
(WHICH Aliows THE pxIDIZER TueBOPUMP TUES.
7O DRIVE THE (=)'s f WHicH DRoVIDES A

SYNC. 1DLEN GrAr ' BETWEEN THE 11BN Dyrmps,

-

1Y) ADp171000 L INFORMRFION 13 REQPUIRED IF A COMPREHEMNSIVE
MANTAIN ABIL.1 r'-/ ASSESSIENT 135 7O EE IMRADE

THE Fotlo winde PAREAS (It EXE REV/EWED \WwyEN
THE DESI1GN 15 FIRM - ' '
(&) JLEQUATE AN0ESS TO THE PUMPS TO PELMIT
REPAE 0D o TELLACEIENTT
‘.' (D) Fool preocizspite PROV/IS/ON 5o .
!' Ce) REPAIR CONSIDERRTIONS iz, KE SERL REPLACEIGENT
BEARING FTFLACEMIEIT | ETC. &

—
]

FOLLOW UP
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FR-6011

&7 MAINTAINABILITY ENCINEERING LAYOUT REVIEW Volune IT
Rns®  MODEL <110 DERIVATIVE CAT I ) | pace [ oF poOE
' G/m, BoosT,< p-1 N PUMPO COVFIG'S wiT7

LAYOUT NO, Z2R 39K - 2 TITLE pArp)imurd RADIAE JAIST: 224%1 S
SHT, _2 OF 3 CHG. A/ DESIGNER W ARAN IS -
REVIEWED BY /(S - (DU /(=L EN EXT. 2240 DATE _S-/5-2=
; . == , ‘

S SurPPLErMENT C'opy =

1) Freovioe A0CESS FCL /NTEENAL BroEscons
IWSPECTION OF ELPENGS GND GELEING -

O?) /D)Zﬂl//bé:‘:': /‘7CC£55 .7_9 ;’74{,0(_&.1 P ,7-’ /)4/_9“0 ne
TORPOE CpfoCis OF TUAIFS G/l TRAINS S

THE FJBOVE ESSENI7TINC INSPECTION FEQUEIIEIITE
SIEE T BE JOCC,rIRLISHED (virs THE
 ENCINE ST AT I THE EROLS T
VELY fet & .

T

FOLLCW UP

. i

, _ T V-26 .
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FR-6011

-‘MAINTAINABILITY ENGINEERING LAYOUT REVIEW  sppendix v

T CAT
 MODEL A/ 10 DELIVAT IV E /:Zf/o car IZ PAGE !/ _OF /
LAYOUT NO, 22840/ TITLE /NSTHLLAIT/70MN /i
SHT. _{ OF_/ CHG. M.~ DESIGNER _ & CTLF/PENS
REVIEWED BY _ /¢ G‘z‘/c W EXT. X240 DATE _6-/% 73

1) iuHEN THE Mozch SKIRT 1S N THE STOWED OR RETRACTED
PosITION, [JCCESS TO THE ENGINE PUMPS, VALVES , AND
PLOMBING 1D BLOCKED o
[T APPEARS THAT THE 7UG [UOULD HAVE TO BE ReEmMoVED
FFROM THE SHUFTLE AND THE Noz2rE SKIRT EXTENDED BEFORE

JNSPE CT 10N AND ComMBONENT REPLACEMENT MAINTENANCE
TASKS CAN BE KQOCOMPLISHED .

<) LWHEN THE f:A/év/AJE-/Tb/G INTERFACE /SMORE fLEARL

LEFINED THE FoLLoW/ING AREAS 1L BE REVIEWE
O JMPACT mu AMBINTRIMNABIL 1T o
(89) JOCESS T0 MAIN FUOEC AND OXI1DIBER IILET
LINE chuz:ar/ous.
& ACCESS TO LNEGINE MOONMTING JPOI1nT
COMNECTIONS o

FOLLOW UP
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£ FR-6011
L2 MAINTAINABILITY ENCINEERING LAYOUT REVIEW ~ Volume 1

A _ Appendix V
Q@ MoDEL RL O DERWATIVE ILA I 5 RAGE /[ OF /
LAYOUT NO, 22R 402 TITLE PRIMAL 1ZBLE: TREL /). </eN
‘ SHT. [ OF { _ CHC. ANC. DESIGNER __ /() . & AT /iy

REVIEWED BY /. @ure(_E;/ EXT. 34O DATE __6é-19-73

INTENT . PROVIDE f) }oFE ;.

PR Y DES/ISN OF 74 E PRIMRARY
MOZELE FOR THE Rl-10 DERWHITIVE IT £NG/ NE o

IDREF- EW " G ERtessmEW GENEEDK CUT=-0UTS = pje

THRERDED w&lLDED op) BOSSES iimiar ARE DIFFE/IcoL T
TORERARIR IF THEY ,IPE DAMAGED » SUSEEST VS I G
RIVETED O NUT PLATES 70 FACILITATE PEPRIR AL
THE ANZPLE.

2D THE SHEET areTne JOTELE =i=p.L L WEE B

/
Ve A RN Y I A~ THEY EECOME Worw o DIrMAGED.

FOLLOW UP
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FR-6011

MAINTAINABILITY ENCINEERING LAYOUT REVIEW  opemasr”

e wi 15,y
S >
K. <. «
o ‘!
', ..
LN

Appendix V
 MODEL /X210 DERIVATIVE ITA ;- PAGE / OF /
. RLIO DERIWAT IV
LAYOUT NO, & & B3/ Z- TITLE 2 L LATION T )l
‘ SHT, _/ OF _/ CHG., A/ DESIGNER L OWAMALS
REVIEWED BY /(). (Dws&&lx/ EXT. .3225 DATE _ -2/ 73

IHTENIT - FROVIDE [ PRELI kg1 A2 Y INSTRLLATION]
DrPAWING CF THE RtL.10 DECI/ATIVE T4 +£N6INE

LD WHER) 7HE V02Tl SEIRT IS 1) THE STOWED OF
FETRACTED POSITION , ACCESS 7O THE ENGINE
POLIPS Vﬂ/_vzss/ AND PepM=iMNG |5 BlockEDo
THE MNOBEBLE SKIRT MUST BE& PUT /N THE EXTENDED
JP0SITION REFORE INSPECTION HND/OR ComMPONENT

[RELPLACEMENT MAINTENPNLE THSKS CHN BE
AOCONIPLISHED

R IUHEN THE ENGINE [TUE INTEEFACE 15 MOEE

c:’(.z:x)x?/—/ DEFINED THE Rott.oll// NG JREAS /Ll

Ltz REVIEWED FOE /MPACT o0 MAINTHINAT L7 -
) AcCcESS TO AR FUE L. AND OXIDIZER INLET
 LINE CopNE.CTIONS.

@ b) FI0CLSS 70 EMNGING MIOUNTING POINT CONELTIONS.
(€Y ,JOCESS TO HIND JRELLRC LapEZLMT ENVELOPES
FOE EMNEG/IE COMNMPOUVENTS.

FOLLOW UP

PWA 10696D Rev. 10-71
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FR-6011

& MAINTAINABILITY ENCINEERING LAYOUT REVIEW Volume IT

Al;pendix v

MODEL =710 RARWATIVE ILB — _PAGE / OF
RUIO DERIWVATIVE

Layour no, LY T - timE TZ £ susTas R TIoN Tl

SHT, _/_OF _/ CHG. A/ DESIGNER __T>. __nv//dopd

REVIEWED BY _'¢). /4.7!//4;:&3)/ EXT. ZZL 0 DATE __ -7/ /&

INTENT * PROVIDE f PRELI ki) ARY [MNSTALLATION

DRAWING COF THE RO DERI/ATWE IB ENGME

1) LUHER THE 002Ze.E SEIRT 15 1) THE STOWED OF
FETRACTED POSITION | ACCESS 7O THE ENEGINE

POMPS  MALVES | AND PLUMZING |5 BlLockED.
THE NOZBLE SKIRT MUST BE PUT IN THE EXTENDED
[P0 7/ON BEFORE /NSPECTION ND/OR OomPONENT

REPLACEMENT MPHINTENANCE THSKS CAM BE
ACCONIPL) T HED »

R LIHEN THE ENGINE /7'0./: INTEEFACE /15 MOEE
CLEALL Y DEF/INED THE [0 OlUING JREAS WILL

B REVIEWED FOP JMENACT o) MAINTAOINA Er1Lr7Y.
(&) ACCESS 7O M1AM) FUEL AND OXIDIZER INL 7
LINE COMNECTIONS.
) ACCESS 70 EMNGINE MOUNTING TROIIT COMNELTIONS.
(€Y JCCESS TO AND RELLMAC LptEMNT ENVELORPES
FOE EMNG/INE COMPONVENTS.

FOLLOW UP
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FR-6011
Volume II

| @,MA:NWNABMTY EMCINEERING LAYOUT REVIEW  appendix ¥

' MODEL RLIO DERWATWE CAT LA PAGE / _ OF
BACK 7O BACK
‘ Lavour no, 228936 TITLE OXIDIZERL LS/ AND TURBOPUM
: SHT. / OF_/_  CHG, DESIGNER 72
REVIEWED BY g« (DL /é 5 y EXT, X2 &0 DATE -/D"

INTENT < PROVIDE /9 PRE 1A/ ~mARY CONCEPTURL DESIGN
FOE 4 BACK 70 BAck OxIDIZEL LS/ &
TUEBOPUMP FORZ THE KL1O CAT I A

1) THE IDLER GEAZ Can) BE INSTALLED BPCLWARD

HE |DLEE ccaE B D B s.

2) 7HE OXIDIZER |NLET INDUCER AND IMPELLER PRE
FOCLPROOFED BY CoNFEIGCURATZON -

3) THE OR\DIZEL MPIR PUMP BALL BEARING S HOU LD MAVE
A PULLER GROOVE TO FACILITATE DESASSEMBLY.

4) THE OXIDIZER PUMP GEAR IS FoolPRooFED BY CorrF/G =
URATION -

. 52) THE CouptiNng SHAFT |S FooLPRooLED BY C'aUFléuEW/ou
AND 1T 1S Eﬂsmf REPL/‘)C.&D (A DArAG ED.

C) THE coupLING SHAET ROLLEE BEARING 0uTEL RACE

SHoVLD HAVE A PULLER GROOVE TO FACILITATE
RACE ReEMovrALl..

FOLLOW UP
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FR-6011
Volume II

MAINTAINABILITY ENCINEERING LAYOUT REVIEW Appendix ¥

, MODEL R¢10 DERWATMVE L'/)f-ZA PAGE 2 OF 4
rayour no, 228436 TITLE
SHT. /_OF_7_  CHG. DESIGNER
REVIEWED BY o QU /& C &Y EXT. DATE

Y 7HE o 1DI2ER BOOST PUMP IMPELLER IS Fool PROOFED
BY CONFIGURATION .
3)THE oK ID/ZERL BOOST PUMP IMPELLER K E: SEAL RING
I35 READILY REPLACENBLE I1F Dpr A eD.
9) THE OXIDIZER BooST PUMP FoRWARD RoLLER LEARING
SHOVELD (AVE Q PULLER GROWE op) THE INNEEL
RACE TO EFACILITATE REMOIVAL.
o) THE GEAE RETAINING BoLT SHOULD HAVE A BIGGER
WRENCH FLRT TO PREVENT DAMAGING THE
EOLT HEAD DURING [NSTALLATION AnD REMOVAL -

IDTHE Ox%I1DIZEL BOOST [Prnr> BALL BEARING
SHOULD [HAVE A PULLEE GROVE IN THE OUTEE
RACE TO FACILITRATE- REMOVAL .

12) THE BOOST PUMP GEAL (5 FOOLPROCEED By
COMFIGUERATION, IF IT |5 |NSTALLED ESHCEWARDS
THE RETARINING BOLT Wit JNTERFER LUITH FHE
CouPLING SHAET

13 THE PLANETALY GEAR RocLEE BEACING SHOOLD WAE

PULLEE GROVES ON THE INNEL RACE RETAHINEE EINGS
7O FACICITATE REAIOV AL o

FOLLOW UP
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FR-6011

£ MAINTAINABILITY ENCINEERING LAYOUT REVIEW ToLe ey
e’ MopELRLIO DERWATIWVE CAT Z A PAGE 2 OoF 9

Layour o, 228436 riTiE
SHT. /_ OF_I_ CHG. DESIGNER

REVIEWED BY 0 QUIGCEY EXT. DATE

14) THE PUMP [HouSINGS ALl APPERE 7O BE Fooc-
PRooFRED BY COMFIGURATION:

15) THE HOUSINGS SHOULD el uDE PRovISIENS
7O PEEMIT BORESCORPE JNSPECT/ON OF
BEALINGS AND ACCESS 15 PEEDED TO
Aecou FOR A TORQUE CTHECK (uiTHOUT
DISASSEM 5‘—7’0

SEE SKETCH .
AND USE A TAS Lock

Iy : E RWET Lock
(G ECIPTIrIAT E T e 7"/)//\/5/'5

SpFETY O THE MBIn) PorIP BALE Brt RE
NOT:

@ ) 7HE SEAL PACEAGE =7ACKS =HoulD BE Fool PROCFED
70 }7E%;VZTAJT' ﬁ4/5‘,,75§u5/423;é;y(

/8) BEARINGS S HOULD BE F 0ol PROOFED 70 PREVEN 7
MIs=1 SSEMB ¢ /

FOLLOW UP
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B : FR-6011
- ¢| Volume II

IDLER GEAR N Appendix V
CORRECT POSITION
@ ° PASGE 4 OF 4

[

— P_/-\ DLER GEAR

D MRASSEMBLED —
INSTALLE&ED BACKWAERDS

ACCESS HCLE MIGHT

' /64;05352;?;: (50 BE UsSED Fer
WITH [BOSS TO ACCOMODAXRE BORESCOPE INSPECTION
ADAPTER HoUSING o —
coveErR . (_L———— ' | | :
i VR o C
— | i =
R R N
I l
® S
TS S N
T | 1 —_ )
= H

APAPTER HOUSING
F GEAR USED FOR

. TORQUE CHECK

SHAFT AND =EAR
7O PUIMIP SEAR

L-22.8436 SHT [ oF [

T @

!-———._.__
!

r

l

l

|

l

|

—

L — T -

; : Uropaug APPLIED THRY
f

i
|
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FR-6011

@ VANTANABILITY ENGINEERING LAYOUT REVIEW Volume I

Appendix V
. MODEL 2t/0 DERIVATWE TL.A, IL B T¥ PAGE __/ OF 2-

‘ LAYOUT No, 2 28 480 TITLERL/O DERIVATIVE ZL VALVES
SHT, /_ OF % CHG. _ANC DESIGNER /2 M+ LOW M AN

REVIEWED BY : EXT. 32¢¢ DATE _J-/7-73
INTENT « PROVIDE A PRELIMINGRY DESIGN OF THE

LLID DERIVATIVE IL CoMTROL VALVES .

1) GASEOUS OX1DIZER VALVE !
@) 7HE VALVE |5 FobcP/?ooF-ED By counéuenrloﬂ, IF THE
VALVE 15 WMOuUNTED /N THE wRroNG POSiTioN THE
VENT LINE FITTING yvie BE 90° our oF Pos/T/on,
2) OXIDIZER FLow coiTROL VALVE *
@ THE VALVE |S FOOLPROOFED BY ConFIGURATION,
THE END FLANGES HAVE DIFFERENT TocT
CIRCLE DIAMETER Sy (2‘2 DR V3. 25 Dip FWP/ZOX),
'\ 3) OYIDI2ER INLET SHUTOFF VALV E -

(£) THE VALVE )53 FOOLPROOF LD BY LOMNFIGURAT/ION,

THE INCET AND oUTLET =IDES MHAVE
DIFFERLMT ppUNT STUD PATTEFNS.

FOLLOW UP
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FR-6011

,MAINTAINABILITY ENGINEERING LAYOUT REVIEW  Joluie &

V| MODEL RLIO DERIVATIVE- ZZA, ZZ 5,70 PAGE <& OF 2
LAYOUT NO, 2224 %O TITLE
SHT. /_ OF 2= CHG. A& DESIGNER

REVIEWED BY __ s/ - X /0G b &'/ EXT. DATE

4) FUEL JNLET L MHuTOFF VALVE
(] THE VALVE IS FoocPrRoOTr.mD By CoNFIGURAT 0r,
THE JNCET AND pur CET Sinrcs HAVE
DIFFERENT MOUMT STUD DATTERNS -
B) 7HE OxI1p)zre GND FUE & WEET
SHOTOFF VALVES cANNOT BE /MTEA?CTW?AJG,»E’D)
THE FUEcC VALVE 1S SMALLER THAIN THE
OXiDrzee VALVE :

FOLLOW UP
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| FR-6011,
MAINTAINABILITY ENGINEERING LAYOUT REVIEW ', endts’v
| MODEL RL/0 DegivATIVE T A, II.8, I¥ PAGE _/___oF /

. Lavour No, 228480  tmmE RLO DERIVATIVE FL VALVES
) SHT, 2. OF <= CHG, MNC. DESIGNER WAYMNE EASTMAN
REVIEWED BY LU (RUIGLEY EXT, 3240  DATE _&8-/7-73

INTENT | SEE MELIEZ FOE LAVOUT SHT: |

1) TURBINE BYPASS VALVE
() 7HE VALVE 1S FoocproorED BY CONFIGURPTION,
(8) =HE VALVE FLANGE THOULD VE AN OFF-SET
MOUKT HoCE T PREVENT INTERCHANGING
THE HECIUM ;J VENT L/INE CovwECT ONS | CF
USE TWO DIFFEPENT SIZE ADNIPTEES o
29 TANK PRESIURIZATION VALVE (FUEL ¢ OxImizER ) -

(@) THE UVALVE DSHOULD HAVE TIEEEREMNT NizE INLET AND
OUTCET™ ADAPTERLS TO FRPEVENT /NSTALL/I NG THE
VALVES BRACEWARDS PIND INTERLCHANGING THE
COMNECTIONS o

B THE ruec ¢ Ox PRESSURIZATION VALVES gRE

‘1 INTELC HANGENNB L= -
{3) /\/02245 CoocanT VALVE S

() Spme More A= (TEr? E(w) ABovE -

&) THE NCV Car BE INTERCHANG ED 1uiTH THE PEESS -
VRIZATION VALVES | Fool PROOFING /S BEQ VIFED

TO TPREVENT M/ISHASSEr?BLY,

/

FOLLOW UP
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FR-6011

A 2 MAINTAINABILITY ENGINEERING LAYOUT REVIEW  ,boiite 13

MODEL R /O CAT W, 774,77 B PAGE ) or /
QUICK DISCOMNMNECT

LAYOUT No, 2283 6% TITLE (0zz2 (¢ & SEED S ers

SHT. / _OF__/ CHG. NC. DESIGNER _ /¢/ . STAIRN

REVIEWED BY _(&/ Q(//Gely  EXT. &Z40 - DATE _f-2¢-73

INTENT = JPROVIDE £ QUICKE DISCOMNNMNECT CovPr G Fo&

THE MNOZZLE FEED SYSTEMN 0F wHE EL-/0 CAT I
WITH THE EXTENDIBLE NoZZLF.

') THE VALVE SPANPVER NOTS Wit REQUILE 19 TABLockK

JHFETV'

Z) 7HE SPANKNEE UTS NEED Fo0LPROOEING — THEY CAN

BE /INTECHANG ED AND 777’5)/ CPON BE INSTACCED
UPSIDE Docurts

L) THE VALVES NEED Fool PROOFING — THEY Cha) BE

INTERCHANG ED

D THERE PHFPPEARS 7O BE pr ADEPUATE LEAD N

T0 ENSUEE PROPEE \VHrVvE AL IGAII ENT

FOLLOW UP
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FR-6011
Volume II

a8 MAINTAINABILITY ENGINEERING LAYOUT REVIEW  ppoaiis™y
¥ MODEL /2[-(O DERIV. ZTA, 77 8,IE eace [ _or

/

OXIDIZER HEAT
LaYOUT o, 22806 Z  TINE EXCHANGER RL-10 AT TL
/

SHT, /_ OF_2_ CHC, ~C DESIGNER /U Lo
REVIEWED BY o). CUIGLE f}/ EXT. DATE _G - S- 73 B

INTENT . PROVIDE 4N Ox 10/ ZER HEAT EXCHANG EE .

1) yHE MHEX 15 7 BRASED AND WEDED ASSEFIBLY 1 TH

HIO JUTZEREL A IT PARIAIT ) e hIRET2e 2 7 TROBL EATT o
IODITIOMNAC IKIFORIIATION) /S REQUIRED +F

I CORIPREHEN TIVE IMHAINTAINAB s / ASSESEMENT
/S 70 BE MAPE ¢ (WHEN THE DES/GN |D F/FRFIEL
P THE FEOLLO (yr)G AREAS (vite BE SURVEYED.

() ENGINE MOUNTIMNG LocHT or 11 RESPECT
TO ACLESSIBILITY FOR T7200BLE SHOOTIAG AMD
EASE OF REPLACEIELIT 1O AN INSTHALL ED
ENVIROWMENT. .

(B HEX MoOT SOME MELICESS AND FASTENERS b

() FLuID c/E QOMWVECTIONS | (FASTENERS 4pD
ACCESS 1 X80/ r)Q .

(D REPaIR e/ SIDERRTIOMNS «

FOLLOW UP
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FR-6011
MAINTAINABILITY ENGINEERING LAYOUT REVIEW Volume IT

. Appendix V
| ‘ . MODEL R¢-10 DER\V A IJ’,IOWD,ZEE //EAT PAGE _ oF /

LAYOUT NO, 22?0@ r TITLE EXCHANGER CAT.ZZ'.
SHT, OF CHG. DESIGNER < /:s
REVIEWED BY EXT. DATE _S5-2-22

INTENT .| PROVIDE A PRELIMINALY DESIaN OF A
CUORVED OXIDIZER HEAT EXCHANGEL »

ﬁ SAME NoT7TATI0NS APPLY A4S sHowr O MELR
FOR speer /-

FOLLOW UP
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' , FR-6011 -
- &Y MAINTAINABILITY ENGINEERING LAYOUT REVIEW  Jolume 11
|

_Appendix V
) . MODEL R4 -10 .DERIVATH/E.Z'I,ﬁx BoosT Fump-RAE L _oF 5

rayour no, 228// 8 TITLE 24! T/ 6//2. TURBINEG
SHT, 4 OF_J CcHG. MC- DESIGNER

000D, AN
REVIEWED BY /U-OUIGL&,)/ EXT. X240 DATE _5-/7- Z2

/NENr.'PEOV/DE' A /j,?E-L/M/NHZY CONC'EM_UIQZ. DESIGN FOE
A GHz TOPBINE DRWEN OXI1DI1ZEE Hoos7 DUMP:
(GEE SHT & FoL ITEM Cret -our)

1D 77 tousinG ELaNGE 5 HoOULD [(LAVE Tpcrscrew MHoces
TO FACIOITATE SEPARAT 10N,

Z ) THE 7URBINE LOHEEL [S FOOLPROOFED BY COMNF/GURR 770N )
EUT 1T SHOULD HAVE [ PULLEEL GROOVE OF 7THREADED
HOLES 7D FACICITATE RE niovAl- e
THE KE SEAL RING CAN BE N STALLED BAcKk WALDS 3

Foocproo =/ NG /S5 JEEDED | (STEPPED DIAMETERS 7).,
SO pIEED PULLEELE GROOVE OF THEERDED Mot E£S .

ZD sie Boie BEHEING /S Moot PrReo FeD By cowrrcurarion )
‘ | (F J/NSTRLLED BACKWARDS THE SPRNVERE NUT™ CANNOT
B& sepnren p/-?ODE'k?é_Y o

49 THE SEAC £ AND RING IS FOOLARCOKEED BY CORFIGURATION,
BT £) PotlEL GloovEs O THEEADED HOLES JEE
NEEDED <O L&EmovAl-.

FOLLOW UP
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¥ vobEL £/L-10 DECIVATIVE PAGE_Z- _ OF 5

FR-6011

MAINTAINABlLlTY ENCINEERING LAYOUT REVIEW volume I2

Appendix V

LAYOUT N0, €28 // & TITLE

SHT, /_OF [ CHG ,9%_ DESIGNER
REVIEWED BY ). /D¢ £ / EXT. DATE

5) THE =EAL SPACELS SHOULD BE SYMMET RICAL J0
THEY CRID BE INSFALLED EvTHELR WA, JID
Puttesf GRoovE THOULD BE ADDPED

O 7HE SEAL SPACER 15 FOOLPROOFED BY CowFIGueATION -
A Pucc e GRoovE CF THREADED [HoceEs SHOuD BE

APPED TO FACIL/TRTE REMOVA L .

7) THERE DOESA' T FHPPENE TO BE SUFFICIENT ROON 7O L tow
EPISY PEMOVRC OF THE MHousiNG L /ne RETAINE L
PIN o THE PI1A) SHoueD BE JNSTRLCEL 77 AN ANGLE
SIIe Pl TO THE KE SERL RING PiNe THE LINEE.

SHovtD MHAVE 9 PULLEE GROOVE <

E) FHE sERC PLpTE AN BE JNSTALLED Fhog W/ ARDS,

NEED Foot.PROOEING | (srep piamETEE 7).,

D yHE peciel KE SEAC RING 15 Fooc PROOFED
BY COVFIGUERTION QND 1T 1S KEPLACEARBRLE

(F— DAMRAGE Do
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£ MAINTAINABILITY ENGINEERING LAYOUT REVIEW  ,5oeiit’y
s voDEL RL-10 DERIVATIVE pacE 3 o 5

LAYOUT No, 22211 % TITLE
SHT. ] OF / _ CHG. NC DESIGNER
REVIEWED BY o). QUG L éz EXT. DATE

19) 17 APPEARS THAT THE |MPELLER JRocc &€ BEMING
CPR BE INSTALLED BACKWARRDS | JYEED FOOLPROOFIN (G «

/9 THE SEAC. PROKEAGE |5 SuscEpiIBLE 70 DAMAGE
DUBING INSTALLATION AND REMOVAL.
17 APPERRS THHT THE SEALS AND SPACERLS MyUsST
I PST BE ASSEMBLED ONTO THE SHAFT HAMND THEN
HE SHAET AND SEALS (95 A UMIT) ARE PUSHED
NG THE LINERL UNTIL THEY ARE SEATED
THIS 15 7 BeraoD [JSSELIBL Y AND THE SIS
O0uLD BE DAMPBGED AS THEY SLIDE [LoNG THE
LIPER. JLEAIOV AL REQUIRES T HAT THE SRET
AND SERLS BE PULLED OUT OF THE tHovs NG
LINEL 95 17 LIV AND AGAIN SEALS pwhree 8&
JOROINE TO DAMMGE » THIS REFLECTS /Po0of&
ASSEF By HMND DISASSEMEBLY PRACTICE
SEE QrrhicHED SKETCH.
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Volume II
Appendix V
: . PAGE 4 oF &
AN
THIS VIEW SHOWS THE < HAET WITH THE
SEAL PACKAGE QEATED IN THE HOUSH\J(’
—INER o
o
-
THIS VIEW SHOWS THE PROBABLE
METHOD OF <EPARATI\ON — THE _
SHAFT |S PULLED THROUGH THE WOUSING
AND THE SEALS ARE DRAGGED ALoONG
UTHE LINER |'D. e MELR ~22.8118 -1
W QULIGLEY

S-1T-13
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Volume II
Appendix Vv

ORO/FEA 14/
—_———

NELIUM PYRGE
£ ofs vevr

Pt

FLON OIFECTION

VEw A

MELR-228 118 -/
W Quicecey
S=17-73
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-,MAlNTAlNABlLITY ENCINEERING LAYOUT REVIEW  agpenatc'v
st vovEL RUIO DERIVATIVE CATZA, ZIC page._ / _or /

ravout no, 228 /18 rrTLE LOX Boosr Pump 42‘// 6/9/2 ToRB/INE
SHT, [/ OF_/ CHG. NC DESIGNER __ (/- A
REVIEWED BY /{/- QQ/QL&‘ﬁ EXT. 3240 DATE E-/3- 23

= SUPPLEMENT 60,5’7/ =

1) Frovioe AcCESS F0€ /WIELNAL BoLESCOPE
IWSPECTION OF BEAEINGS GND GEARING -

) FPreovipl Aocess 76 Aicow Foe 4 mpre he.
ToRpuE CpECL OF DA GEALR TRAINS.

THE JBoVE ESSENTIAC INSPECTION FPEPUFREMINIS
SHEE 7O BE HCCOIPLISHED wirs THE

ENGINE JNSTALLED N THE DPACE TU&
VEMH /e & .
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