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FOREWORD

This Final Report provides the results obtained in the Shuttle Cryogenics Supply System
Optimization Study, NAS 9-11330, performed by Lockheed Missiles & Space Company
(LMSC) under contract to the National Aeronautics and Space Administration, Manned
Spacecraft Center, Houston, Texas. The study was under the technical direction of
Mr. T. L. Davies, Cryogenics Section of the Power Generation Branch, Propulsion
and Power Division. Technical effort producing these results was performed in the
period from October 1970 to June 1973.

The Final Report is published in eleven volumes*:

Volume I — Executive Summary
Volumes II, III, and IV — Technical Report
Volume VA-1 and VA-2

Math Model — Users Manual
Volume VB-1, VB~2, VB-3, _
and VB-4 Math Model — . Programmers Manual

Volume VI — Appendixes

The LMSC Staff participants are as follows:

Study Manager L. L. Morgan
Subsystem Evaluations C. J. Rudey
D. P. Burkholder
C. F. Merlet
W. H. Brewington

Integrated Systems " H. L. Jensen
Component Analyses . = - B. R. Bullard
vl R, L 'Bishop E

*The Table of Contents for all volumes appears in Volume I only. Section 12
in Volume III contains the List of References for Volumes I through IV.
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Thermodynamics G. E. Heuer
R. M. Vernon
J. Gries
D. R. Elgin
Thermal Protection G. E. Heuer
' R. Cima
Fluid Dynamics D. P. Burkholder
R. Cima
Propellant Acquisition M. P. Hollister
R. K. Grove
Desigri R. A. Michael
Structural Analysis M. L. Vaughn
C. C. Richie
Instrumentation R. R. Gaura
Reusability /Reliability | R. F. Hausman
Failure Modes and Effect Analyses D. C. Saunders
Requirements and Criteria , C. F. Merlet
Safety and Mission Completion C. F. Merlet
Math Model R. F. Hausman
J. McKay
Cryogenic Cooling Subtask
Subsystem Evaluation : H. L. Jensen
Component Analyses G. Heuer
AiRe'search
Thermodynamics R. Cima
Thermal Protection . G. E. Heuer
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INTRODUCTION

SOPSA (Shuttle Orbit Injection Propulsion System Analysis) is a computer
program developed by Lockheed Missiles & Space Company to aid in the
preliminary design of propellant feed systems for the Space Shuttle Orbiter
main engines. The primary purpose of the program is to evaluate propellant
tank ullage pressure requirements imposed by the need to accelerate pro-
pellants rapidly during the engine start sequence. These requirements can
influence the system design for a given engine as well as the suitability ‘
of a given system for use with different engines. During the vehicle design
phase, the SOPSA progrem is used to establish feed system weight variations
as a function of nominal line diameter and compénént and line configurations.
The weight date are used in conjunction with pertinent cost data to

establish optimum feed system designs.

The SOPSA program will generate parametric feed system pressure histories

and weight data for a range of nominal feedline sizes. This is accomplished
by evaluating tank ullage pressure requirements during the startup phase using
the constraints of engine inlet pressure (or NPSP) requirements and instantan-
eous values of feedline flow resistance. Program flexibility has been incorp-
orated to allow for engine start on the ground or at altitude, computations for
oxidizér, fuel, or both oxidizer and fuel feedlines, and a multiple restart '
capability requiring restart data input only for quantities whose values have

changed from the previous case.

As illustrated in the main program‘flow diagram, Figure‘l, the SOPSA program
utilizes a simple, in-line computational sequence to solve for the propellant
tank ullage pressure requirements. Input data describe the number of main
propellant feedline sizes to be considered, and the number of eng;ne feedlines

attached to each main feedline (i.e., the number of branch lines feeding each
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-————-GEAD INPUT DA@
i

COMPUTE FLOW ACCELERATION
PRESSURE REQUIREMENTS *

l

COMPUTE HYDROSTATIC PRESSURE
HEAD *

COMPUTE COMPONENT AND
FEEDLINE FLOW RESISTANCE
COEFFICTENTS

COMPUTE PRESSURE DROPS DUE
TO LINE FRICTION AND CONFIGH
URATTON TOSSES *

CAICUIATE MINIMUM REQUIRED
ULIAGE PRESSURES *

COMPUTE MINIMUM RESULTING
VALUES OF ENGINE INLET
. PRESSURES *

COMPUTE TOTAL FEEDLINE
WEIGHTS FOR EACH LINE SIZE

'<WRITE OUTPUT DAEE) _'

LAST
ASE?

YES

@)

NO

iy L

* NOTE: THESE CAILCUIATIONS ARE PERFORMED AS A FUNCTION OF TIME FOR EACH
CANDIDATE LINE SIZE,

Fig. 1  SOPSA Main Program Flow Diagram
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engine). The number and type of components in each line are descfibed, with
up to 23 line components currently being available. These components include
straight and curved line sections, valves, bellows, venturi's and PVC's.

(The program computes component weights and flow resistance coefficients and
display total values for each line as part of the output data.) Engine
flowrate, NPSP and thrust profileé during the startup transient are also
input. In addition propellant tank geometry and propellant and vehicle
weights are required, along with input data control flags and miscellaneous

boundary conditions.

.As illustrated in Fig. 1, the program will compute the various pressure drop
components needed to evaluate tank pressure requirements during engine_start.
These calculations are performed for each candidate main feedliné size (enginé
feedlines sizes assumed fixed) as a function ofAtime throughout the start
transient. Feedline weights are computed based 6n‘the'méximum value of
engine inlet pressure, the maximum value of tank bbttom pressuré, or an input

design pressure, whichever is greatest.

The output data display consists of reformatted input data, feedline flow
resistance coefficients, time-varying values of the pressure drop components
due to hydrostatic head, flow acceleration, and line friction and configuration
losses. Computed values of nominal and minimum required values of tank ullage
pressure are displayed, as well as tank bottom and engine inlet pressures.
Total feedline system weights are also output for each candidate main feedline

size.
In summary, the preseﬁt SOPSA capabilities are as follows:

e Performs pressure drop calculations for up to four engines per

main feedline

e Handles up to 12 candidate main feedline sizes per engine

LOCKHEED MISSILES & SPACE COMPANY
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Computes component weight and flow resistance for up to 100

components in each feedline

Input options available to describe 23 types of components,

7 material types, and 6 insulation types

Operates on the UNIVAC 1108 computer utilizing the EXEC 8

operating system

Approximate computer run time is 6 seconds per case

LOCKHEED MISSILES & SPACE COMPANY
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Section 1

SOPSA PROPELLANT FEED SYSTEM ANALYSIS PROGRAM

A major consideration in the design of propellant tanks and feed systems for
the Spacé Shuttle Orbiter vehicle is the requirement that propellants be
accelerated rapidly during the engine start sequence.- Propellant tank
structural design is influenced by the maximum ullage pressure levels required
to provide sufficient flow acceleration, as well as hydrostatic pressure .
levels incurred during boost. Flow acceleration requireménts, in turn, are
dictated by pressure levels required to provide specified propellant flowrates
at the engine during startup, while simultaneously satisfying minimum NPSP
and inlet pressure requirements. Propellant feed system weights and flow
resistance are influenced by component size and design pressure levels.

Thus optimization of feed system design requires valﬁes.of tank ullage
pressure as a function of feedline diameter as well as feed system'weight.

The SOPSA program is designed to compute required pressure values and feed

system weights for a range of main feedline diameters.
1.1 PROGRAM DESCRIPTTION

Required values of propellant tank ullage pressures during engine start are
determined by the pressures required to accelerate the propellant at the rate
necessary to supply required flowrates at the engine. A proper accounting of
the system pressure drops yields the following relation for ullage pressure

requirement at any time during the start transient:

Pu(t) =P . - oP(t) + APF(It) + APACC(t) *Poor (1)
Head . :
, P +P
where P . = Maximm value of RpSP VAP
min or
PEne
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PNPSP = Engine NPSP requirement

PVAP = Propellant vapor pressure at engine inlet

PENG = Minimum engine inlet pressure

AP = Hydrostatic pressure at engine inlet due to vehicle

HEAD .

acceleration

APF = Pressure drop due to friction in main feedline and
engine feedlines

APACC = Pressure drop réquired to accelérate propellant to meet
the specified flowrate variation during startup

PTOL = Component pressure control tolerance

The pressure control tolerance is generally interpreted to be a combined

tolerance on ullage pressure controls and engine inlet requirements.

Equation (l) is solved for an assumed feedline configuration employing a
single main feedline for each propellant with up to four branching engine
feedlines. This arrangement is illustrated schematically in Fig. 2. Feed
systems employing dual main feedlines can be analyzed by restarts or separate
runs. Currently, the program is restricted to consider liquid oxygen as the
oxidizer and liquid hydrogen as the fuel. An input data flag (SYSNUM) is
used to specify whether computations are to be performed for the oxidizer
system, fuel system or both feed systems. A ground start flag (NGST) is
used to distinguish between engine start on the ground (g/go = 1.0) or at
altitude (g/go = Total Thrust/Vehicle Mass) for purposes of hydrostatic

head computations.

LOCKHEED MISSILES & SPACE COMPANY



IMSC-A991396

PROPELLAMT
TANY

(oxyeen ok

WYDRoseN )

——
= MAI
FESPLINE : FEEDLINE
HEAD HEWGHT ’
COXHTLI o2 HYHTLN)
__*_
ENGINE
FEEDLINGS
1 - '
ENGINES
(P 4)

/N /N N N

Fig. 2 Propellant Feed System Schematic
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1.1.1 Feedline Configuration Description

It is assumed that a single main feedline (for a given propellant) supplies
fluid up to four engine feedlines. The number of engine feedlines is denoted
by the integer NEL (NEL = 1, 2, 3 or 4). The feedline components are numbered
sequentially beginning at the propellant tank outlet; the type of component

in the sequence is denoted by an identification number. The maximum number

of components in each main feedline is 100. The maximum number of components

in each engine feedline is also 100.

In addition to the identification number, each component may also require
specification of material type as well as additional configuration data.
Thus the component specification input data fields will generally include
the following data: |

e Identification Number
Material Type Flag
Insulation Type Flag

Configuration Specification (1)

Configuration Specification (2)

The types of components currently'available, their identification numbers,
and auxiliary specification requirements are listed in Table 1-1. The material
and insulation flags are defined in Tables 1-2 and 1-3. Input data descriptions

for components .3-8 are provided in Figs. 3 through 8.
1.1.2 Propellant Tank Configuration Description

Propellant tank geometry is described by nine linear dimensions, as shown in
Fig. 9. It is assumed that the oxidizer tank is forward of the fuel tank,
and that the tanks are cylindrical with spheroidal or ellipsoidal domes. It
is also assumed that a single, common bulkhead separates the oxidizer tank

from the fuel tank.

LOCKHEED MISSILES & SPACE COMPANY



COMPONENT TYPE

sump( 6)

STRAIGHT LINE SECTION
.CURVED LINE SECTION (BEND)
compounp "u" Ersow(l)
NINETY- DEGREE OFFSET BEND
ngn pEND L)

GRADUAL EXPANSION

(1)

CONTRACTION

SINGLE LEG OF DIVERGING BRANCH( 7)

VENTURI

FLOWMETER(7)

GATE VALVE(T)

BUTTERFLY VALVE, MEDIUM WEIGHT(e)
BUTTERLY VALVE, HEAVY WEIGHT(3)
BUITERLY VALVE, EXTRA HEAVY wercET()
POPPET VALVE, MEDIUM WEIGHT(2)
POPPET VALVE, HEAVY WEIGHT(3)

POPPET VALVE, EXTRA HEAVY wezGHT( )
BALL VISOR VALVE

DISCONNECT

U-PIN TIE ROD BELLOWS

PIN OR HINGE JOINT BELLOWS

EXTERNAL GIMBAL BELLOWS (W/0O LINER)
 EXTERNAL GIMBAL BELLOWS (WITH LINER)
INTERNAL GIMBAL BELLOWS (W/O LINER)
PRESSURE- VOLUME COMPENSATOR
INTERNAL BALL-STRUT BELLOWS

NOTES:

FTNSTNITN TN TN NN

-3 OVt W O
Nt e e e e e o et

IDENTIFICATION

NUMBER
(TYPE FLAG)

N 0N U oW D

10

11

131
132
133
141
1h2
143
15
16
17
18
19
20
21
22

23

CONFIGURATIONS DEFINED IN FIG. 3
MODULATION, SHUTOFF, FILL, ISOLATION VALVES
PRESSURE REGULATORS, FLOW CONTROLS AND MIX VALVES
SOLENOID AND BALL VALVES

ALL DIMENSIONS IN FEET, LENGTHS ARE TOTAL CURVILINEAR CENTERLINE LEN-THS
SUMP WEIGHT IS NOT COMPUTED.

THIS OPTION NOT CURRENTLY IMPLEMENTED
INSULATION THICKNESS INPUT IN INCHES

Table 1-1

FEEDLINE COMPONENT SPECIFICATIONS

SPECTFICATTON'?)
NO. 2

M MATERIAL INSULATION SPECTFICATION. )

FLAG REQUIRED FLAG REQUIRED No. 1
NO NO NA
YES YES LENGTH
YES YES LENGTH
YES YES LENGTH
YES YES LENGTH
YES YES LENGTH
YES YES LENGTH
YES YES LENGTH
YES NO LENGTH
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA
NO NO NA

NA
NA -
BEND RADIUS
BEND RADIUS
BEND RADIUS
BEND RADIUS

INLET/EXIT
DIAMETER RATIO

INLET/EXIT
DIAMETER RATIO
.

THROAT DIAMETER/
INLET DIAMETER

NA|
NA|
NA |,
NA
NA
NA |

LMSC-A991396

SPECIFICATION( 8)

NO. 3

NA
INSULATION
INSULATION
INSULATION
INSULATION
INSULATION
INSULATION

INSULATION

INSULATION

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

THICKNESS
THICKNESS
THICKNESS
THICKNESS
THICKNESS
THICKNESS

THICKNESS

THICKNESS
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Table 1-2
CCOMPONENT MATERIAL FIAGS

MATERIAL MATERTAL
FIAG TYPE

321/347 Stainless Steel
2219-T87 Aluminum Alloy
6061-T6 Aluminum Alloy
Inconel-T718 Alloy
Titanium TI-6AI-4V Alloy
CRES Vacuum Jacketed Line
2219 Vacuum Jacketed Line

N O\ F W NN

Table 1-3
INSUTATION MATERIAL FLAGS

INSUILATION : INSUTATION

FIAG TYPE
1 Double Alum. Mylar/Silk Net (50-60 L/In)
2 Double Gold Mylar/Silk Net (50-60 L/In)
3 NRC-2 Crink. Al. Mylar (40 L/In)
i Superfloc (30 L/In)
5 Polyurethane Foam
6 . Fiberglass Batting

11
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SPECl= LEpGTH= Px(s%ﬂ) ) © W DEGREES, R N FEET

5 PEC2L = BeEMNP RAPIus = K, FEET

Fig. 3 Inputs For Curved Line Section

SPEC | = LENGTH = L+ TR ; LR v FeeT
5pgc 2 = gevb RAMYS _:2; FexT

Fig. 4 Inputs For Compound "U" Elbow
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SPECI= LENGTH= L+ TR, | R ju FeeT
 SPECLT pEWD RADIYS T R, FeeT

Fig. 5 Inputs for 90° Offset Bend

SPec| = LENGTH = L+TR ¢ L, FeeET
SPeECL> PEND RADIUS =K, FeET

Fig. 6 Inputs for "Z" Bend
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Fig, 7 Inputs For Gradual Expansion
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A R 0<6% 180
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SPECI= LENGTH = L, FeeT
seeca= D /D,

Fig. 8 Inputs For Contraction
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Fig. 9 Propellant Tank Configuration Definition
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1.2 INPUT DATA

The input deck structure is designed so that several cases may be processed
during one run. Also, only the data groups which vary from one case to the
next need be input. The input data consist of two header cards followed by
16 input groups (I.G.'s). The data input sequence is as follows:

e Case Title Cérd (First Header Card)

e Input Data Flags (Second Header Card)
Feed System Configuration Descriptions (I.G.'s 1-5)
Fixed Input Data (I.G.'s 6, 7 and 8)
Time-Varying Imput Data (I.G.'s . 9-15)

e Restart Card (I.G. 16)
The dverall organization of the input data deck is illustrated in Fig.’lo.

- The case title card contains an alphanumeric description whose contents are
determined by the user. The input data flag card contains a series of 16
integer Aigits corresponding to the 16 input data groups. A one (1) in the

- position correspondihg to a given input group indicates that data cards for
that group are present in the data deck. A zero (0) indicates that data for
that group are not present, so that data from a previous case are to be used
in computations for the current case. Thus all the input data flags must
equal to one (1) for the first case. (Note that for the final case in a

run the value of the data flag for I.G. 16 must be equal to one (1) so that the
program will read the restart card.) Both header cards (the title card and
the data flag card) must be input for each case.

The input data describing the propellant feed system configuration include

the number of main and engine feedline sizes to be considered, the number of
engines on the vehicle, the number of time points for which transient start
data will be input'and the ground start flag. These are followed by_data
describing the tank and feedline configurations, as discussed in sections 1.1l.1

and 1.1.2 above.

16
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Fig. 10 Input Data Deck Orgenization

17

LOCKHEED MISSILES & SPACE COMPANY



IMSC-A991396

Fixed input data include values of loaded propellant masses, nominal (steady-
state) values of propellant flowrates and engine thrust, propellant temperatures
at the engine inlet and the liquid surface in the tank, and the engine inlet

pressure tolerance.

Time -varying inputs are used to describe the variation of engine flowrate,
thrust and NPSP requirements during the start transient. Additional inputs
which are also time-dependent include data describing minimum engine inlet
pressure requirements, partial-pressures of propellant tank pressurant gas,

and pressurant gas inlet temperatures.

The definitions of input data quantities and input data formats are provided
on the format sheets shown in Appendix A. The format for the title card is
FORTRAN 7A6; the format for the input data flag card is FORTRAN 16I1; the
format for the feedline configuration data is FORTRAN (316, 3E12.8). The

. formats for the remaining input data are either FORTRAN ((6E12.8)) for
floating point data or FORTRAN ((12I6)) for integer data.

1.3 INPUT DECK SETUP

The input deck consists of a set of control cards, a set of input data, and
an end-of-run (FIN) card. The set of input data cards is arranged as shown in
Fig. 10. Thus, the deck setup for a complete run is as shown on Fig. 11.

Use of the deck configuration shown in this figure assumes that the program
deck has already been compiled and placed on a masé storage file under the
name S@PPSA. The control cards illustrated apply tovusage on the UNIVAC_1108

computer operating under the EXEC 8 control system.

1.l CONTROL CARDS

Control cards required to operate the SOPSA program consist of those cards
necessary to assign and execute program storage files under the appropriate

control system. The control statements required for operation on the UNIVAC

18

LOCKHEED MISSILES & SPACE COMPANY



IMSC-A991396

ﬁpm

/

'FNPqT DATA DEZK

VXQTbLobrsA

[ﬁA SG,AbSPPSA,

(vu.zob (I0 CARD)

Ub 1108 DISPATCH
CoNTROL (RUN
CARD)

Fig. 11 Input Deck Setup
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1108, EXEC 8 system have been described in Section 1.3.
1.5 OUTPUT DATA

Sample output data for S@PPSA are shown in Table 2-4, An accompanying

description of output quantities is provided in Section 2.2.

1.6 ERROR MESSAGES

No diagnostic error messages are currently provided in the SﬁPSA program.
1.7 RESTRICTIONS

Input data restrictions occur as a result of dimension limits on program
variables and output data formatting limits. These limits apply primarily
to descriptions of -the feedline configuration and the propellant tank

configuration, as described in Sections 1.1.1 and 1.1.2.

In addition, the number of time points used to describe transient input data

is restricted to a maximum of 21 (cf. input groups 9-15, Appendix A).

20
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Section 2
SOPSA DATA SAMPLES

In ordér to illustrate the application of the SOPSA program, a sample problem
has been set up utilizing a feed system configuration typical of those

designed for the external fuel tanks for the Space Shuttle orbit injection
propulsion system. The feed system configurations are shown in Figs. 12 and
13. Corresponding lists of feedline components are given in Tables 2-1 and
2-2. Values of input data parameters required to describe these components

are also listed. These parameters are obtained from the component characteris-

tics listed in TaBle 1-1,
2.1 INPUT DATA LISTING

A listing of an input data deck for the feed system described above is shown

in Table 2-3., For purposes of illustration each card has been labeled in
columns 73-80. Definitions of individual input quantities can be obtained by
referring to the input data férmats given in Appendix A. It ﬁay be seen from
Table 2-3 that a restart case has been added at the end of the first case

(IGQ@N = 1 at end of first case). In the data for the $econd case only a single
input group has been changed (I.G. 13) so that only new values of data for

this group are provided (i.e., revised values of PENMN@ and PENMNH). |

i

2.2 OUTPUT DATA LISTING

Output for the first case of the sample problem is listed in Table 2-k,

A listing of several of the fixed input data quantitieS'is shown-on the first
page, along with computed values of tank surface areas and liquid head heights.

Tank and feedline configuration input data are listed on the next three pages.

The feedline data listing also includes computed values of line lengths and

21
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flow resistance coefficients (K-factors). On the next page are listed values

of time-varying input data quantities as defined in the input data formats.

Computed values of various significant transient feed system parameters are
presented on the next page. These include the time derivative of propellant
flowrates (WDD@T), total vehicle weight, thrust-to-weight ratio (always

equal to one for a ground start), hydrostatic pressure head at the engine
inlet (DELPHD), incremental propellant usage (PRAP-@-INCR and PR@P-F INCR),
cumwlative propellant used (PRﬂP-IﬂT CUM) and minimum inlet pressure require-
ments at the engine inlet (PENG @XID and PENG FUEL). The latter quantities
may differ from input values of PENMN¢ and PENMNH if the sum of propellant

vapor pressure plus engine NPSP is higher than these input quantities.

The next two blocks of output contain computed values of the increment in
pressure required to accelerate the propellant t6 meet specified flowrate-

requirements (&P, ..) for the main feedlines. This is followed by two similar

ACC
output blocks displaying computed values of main feedline pressure drops due
to line friction .and configuration losses. The next two pages of output

contain similar data for the engine feedlines.

This is followed by a printout of the nominal propellant tank ullage pressures
required in the two feed systems. These pressure values reflect only the
requirement implied by the solution of Equation (1), Section 1.1. Thus the
nominal requirements may be less than the ullage pressure required to

suppress propellant bolling, as shown in the output for the oxidizer tank.

The next output block contains a listing of several interhediate quaﬂtities.
These include, in order, .

Propellant vapor pressure at the liquid surface (ULLVAP)

Minimum ullage pressure required for main feedline No. 1 (MINULL)
Tank bottom pressure for feedline No. 1l (TNKBAT)-

Line head pressure components (LINHED)

Tank Ullage Volumes (ULLVGL)

22
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® Tank head heights (TNKHED)
e Ullage vapor weights

The nominal ullage pressure requirements are checked against the vapor pressure
requirements in the propellant tank and revised, if necessary, to produce
minimum required values of ullage pressure. These values are printed in the

next two output blocks for oxygen and hydrogen feed systems, respectively.

Revised tank bottom pressures (based on minimum required ullage pressures)

are output in the succeeding two output blocks.

The recomputed values of engine inlet pressures (using final minimum ullage

pressure values) are then printed out.
The final output block contains a summary of total feedline and insulation
weights for each of the candidate main feedline sizes. It should be noted

that zero-values for insulation weights are shown for the hydrogen system,

since a vacuum-jacketed feed system was specified.

23
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Table 2-1

HYDROGEN FEED SYSTEM CONFIGURATION

IMSC-A991396

SECTION COMPONENT Ip |IM | 11 SPEC1 | SPEC2 SPEC3
Main Feed Line Sump - - - - -
Straight Line T - 1.0 - -
Bellows 20 - - - - -
Bend 31 7] - 9.4+ | 12.0 -
Bellows 20 - - - - -
Bend 31 71- 169 by 12.0 -
Bellows 20 - - - - -
Ball Visor Valve 15 | - | - - i _
Bend 3 7 - 2.75 1.75 -
Disconnect 16 | - ) - - -
Bend 3 71 - 0.92 1.75 -
Ball Visor Valve 15 - - - - -
Bellows 20 - - - - -
Main_Feed Line Straight Line 2 T - 3.75 - -
Eng. Line No. 1 | Transition 8 71 - 1.0 1.35 -
Bellows 20 - - - - -
Bend 3 71 - 3.14 1.5 -
Bellows 20 - - - - -
Eng. Line No. 1 | Ball Visor Valve 15 - - - - -
Eng. Line No. 2 | Bend 3 7 - 2.35 1.5 -
Compound Elbow 4 71 - 7.5 1.5 -
Bellows 20 - - - - -
Eng. Line No. 2 | Ball Visor .Valve 15 - - - - -
Eng. Line No. 3 | Bellows 20 | - - - - -
Bend 71 - 2.3 1.5 i}
Bend 71 - 9.15 1.75 -
Bend 71 - 5. l+9 1.75 -
Bellows 20 - - - - -
Eng. Line No. 3 ] Ball Visor Valve 15 - - - - -
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Table 2-2

OXYGEN FEED SYSTEM CONFIGURATION

IMSC-A991396

SECTION COMPONENT ID | IM | IT | SPECL | SPEC2 | SPEC3
Main Feed Line Sump 1 - - - -
Bend 2 5 5.0 20.0 0.75
Bellows 20 I - -
Bend 312 5 9.16 13.33 | 0.75
Bellows 20 - - - -
Bend 3 5 4,16 8.33 | 0.75
Straight Line 2 5 7.0 - 0.75
PVC | 22’ - - - -
Straight Line 212 5 72.0 - 0.75
PVC 22 - - - -
Straight Line 212 5 4.0 - 0.75
Bend 3 2 5 4.1 “1.75 0.75
Bend 3112 5 1.38 1.75 | 0.75
_ Straight Line 2 ]2 5 4.0 - 0.75
Ball Visor Valve 15 - - - -
Bellows 20 - - - -
Bend 31]2 5 1.0 1.27 | 0.75
Bellows 20 - - - -
Straight Line 212 5 1.5 - 0.75
Disconnect 16 -l - - -
Bend 3|2 5 4.0 7.65 | 0.75
Ball Visor Valve 15 - - - -
Bellows 20 - - , ,
Straight Line 212 5 7.0 - 0.75
Bellows 20 1 - -
Main Feed Line Transition 812 5 1.0 1.5 0.75
Eng. Line No. 1| Bellows 20 - - - -
Bend 312 |5 | 3.8 1.5 | 0.75
a7
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Table 2-2 (Cont.)

OXYGEN FEED SYSTEM CONFIGURATION

IMSC-A991396

SECTION COMPONENT 10 | 1M | 1T | SPECL | SPEC2 | SPEC3
Eng. Line No. 1 |Bellows 20 - - - - -
Ball Visor Valve 15 - - - - -
Eng. Line No. 2 |Bellows 20 - - - - -
Bend 3 5.5 1.75 0.75
Bend 3 3.93 2.5 0.75
Bellows 20 - - - - -
Ball Visor Valve 15 - - - - -
Eng. Line No. 3 }Bellows 20 - - - - -
Bend 3 5 | k.71 2.0 0.75
Bend 312 5 1.5 2.86 | 0.75
Bellows 20 - - - - -
Eng. Line No. 3 |Ball Visor Valve 15 - - - - -
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Table 2-3
SOPSA INPUT DATA LISTING

SAMPLE CASE = NRRITFR GUOAe LNW PENMN

IMSC-A991396

LOCKHEED MISSILES &

SPACE COMPANY

TITLE
Lttt DATAFLGS
3 12 3 3 3 21 2 MMLFTC,
143, 319, ) ToTML
120. S49, S51., 1694, 120. 120, EALRY
1. 18%e . 12%. : EqLR
26 4 s 7 MIDLN
1 ' ) LRI
3 2 5S, 0. 215 oML
20 1m0
32 S9.14 13,33 o715 InMLD
e RO e JJomLe
L) 2 S4.,16 8.33 «75 InML0
2 2 S7e. .75 IDMLD
22 _- oML _
2 2 S72,. 75 IoMLN
22 10MLO
S SRR -J- 1’ TR - o715, IOMLO.
3 2 Sd,1 1.75 o715 IDMLO
3 2 51,38 1,75 75 1OMLG
— P2 54, 215 ) Exld Lo
15 ~IDMLD
20 ‘ 10MLOD
RN TR -JRNNN.- § S —1a21 —.alS___ IoMLD
en INDMLLO
2 2 51.5 o715 IDMLO
16 InMLD
3. 2 54, 7.65 o 75 IDMLD
_ 15 IDMLD
— 20 R JbMLo
2 2 57, «785 IDMLD
20 IDMLO
— B2 51, 1.5 715 mMLn
20 . INELOL
3 2 53.8 1.5 75 IDELOY
Y 4 ¢ R I IDELGY .
15 IDELOY
20 IDELC?
_ 3 2 55.5 1.7% 715 I0FEL02
3 2 53,93 2.5 75 IDELG?
20 IDELC2
15 . e - _ ADELR2
20 IDEL.D3
3 2 S4,71 Ce 75 INELC3
— 3 2 51.8 2eRb 215 INELOS
2 2 53, «75 IDELM3
-3 2 53,8 145 75 I10EL03
. @G - S - e IDELCS
15 . IDELOD
12, 12 12, 12, 13, 14, 0PD
f___J_S- i _1_61 v 17L lec 19. ZOL o_pn
21, 22, 23, 0PD
"1y S ] 6 MIDLMH
ERRTS SR IDMLE
2 7 1. LLIR
20 1DMLH -
3 7 .44 12, JOMILH
20 IDMLH
3 7 9,44 12, IDMLH
2 20 . e — IBMLM_
15 I0MLM
29
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Table 2-3

SOPSA INPUT DATA LISTING ( CONT'D)

IMSC-A991396

LOCKHEED MISSILES & SPACE COMPANY

2,75 1.75 TDMLH
16 10MLH
3 1 W92 1.75 IDOMLH
15 IDOMLH
20 IDOMLH
B2 3,15 - . - TDMLM
8 7 1. 1,35 INFELHY
20 IDELHY
3 1 _3.14 1.5 IDELHL .
20 INDELHL
15 IDELH1
e B T 2635 1.5 . _ —— . IDELHE
4 7 7.5 1.5 IDELKH2
20 IDELHZ
15 IDELH2.
20 INELH3
3 7 2.35 1.5 IDFLH3
-3 9415 1475 . — . __IDELM3.
3 7 5,49 1.75 INELK3
20 INDFLHS
- JINELHY
12, 12, 12, 12, 13, 14, HPD
1S¢ 16. 17- ls. 19. 20. Hpn
— - 21 .. . 22. ......___~...__._.~23.. e - _— — HPD_ .-
99,5 =9,5 HTLN
17438%8, 290643, 5503250, LOAD
894, 149, 470000, WDOTWF.
162.9 37. 168, 38,5 3. TENTN
0, o2 ol b o8 1, TIMES
D RIS U U 1.6 1.8 Lo 2.2 _TIMEA
2.4 2.6 2.8 3. 3.2 3.4 TINEA
3.6 3.8 4, TIMEA
0. . Q.. N05 Q1 02 + 085 WNTFRO.
bt 614 o762 91 1.01 1.02 WDTFRO
1,02 — 1.02_ . .. l.02 . _. - - e _WDTERQ.
0. «006 «013 026 2047 081 WDTFRH
165 263 «246 26 «294 2 WDTFRH
—al 21 893 2996 999 1, WDTFRH
1. 1. 1, B NDTFPH
0, 0. « 008 o 01 02 «085 FIFRAC
..e(82 .08 W08 el e T W318 . FIFRAC
Wlbo ehtd .762 «91 1.01 1.02 FIFRAC
1,02 1.02 1.02 FIFRAC
._.u_a.l,- - 8- 5. 5- 8- B- ND_SPG
8, 8, B8, Re 8, 8, NPSPO
8. 8' el 8. 8. B. NPSPO
o B Beo B e e . NPSPO_
2. Qe 2. 2 2, 2 NPSPH
2. 2 2 24 2, 2o NP SPH
NN o S - 3 2 2a 2e 2 NPSPH
2, 2 . 2. HPSPH
25.. 25 25, 25, 25, 25, PENMMO
.. 25, 25, 254 o 25 . o e 25._______ PENHMND
25, 25, 25, 25, 25, 25, PENMMQ
2S. 25. 25, PENMNG
2. 204 20 204 20. 20, 20e PENMMR,
-1/ 20 20, 20. 20. 20, PENMNM
204 20, 2%, 20, 20, 20, PENMNH
i 20e o 20@ e B : PENMNH
) 0. 0. 06" 9. 0, O PPDGOT’
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Table 2-3
SOPSA INPUT DATA LISTING (CONT'D)

-o. o. o. ’ 0. -o. 0. B bPO—G.O-T»"—.

0. 00 o. 0. o. o. DDDGCT
_0., _ 0. 0. _ ~PPDGOTY__
0. 0. 0. 0. 0, 0, PPNGHT -~
0, VIS 0. (U C. 0, PPDGRT
e 0 N Qe O O0e .. ... . PPDGRET
0. 0. %, ’ PPDGHT
190, - 190, 100, 190, 190, 190, TEGROT
A0~ 190, 190, 90, 190, 904 TIDGOT__._.
190, 190, 190, {90, 190, 190, 60T
190, 190, 190, - 0607
60a o b0e  b0._ B0 6Ca KO, .. TDGHT _
60, 60, 60, 60, ' 60, 60, TNGAHT
60, 60, en, b0, 60, ho, © TDGHT
60 60, : 60, JDGHT
' { . I1G00N
SAMPLE CASE = ORRITER 0udfAy HIGH PENMN . TITLE
oedopceoonn0iony I : : e .. .. DATAFLGS.
60, . 60, 60, 60, 60, 60, PENMND
60, 60, 60, 60, 60, 60, . PENMNO
.60, 60, 60, 60, - h0, 60, PENMNO
60, 60, 60, i PENMNO
30, 30, 30. 30. 30. 30, PENMNH
30930, — 30 30 30e o BQa.__ ... PENMNH
30, - 30. 30. 30, 30. 30, PENMAH
30, 30, 30, ) PENMNH
0 _IGOO0ON
31
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Table 2-4
SOPSA OUTPUT DATA LISTING

--SAMPLE CASS .~ ORBITER 0404, LOW PENMN.

INPUT JATA FOR STARY TRANSIENY FROBLEM CONSIDERED IN THIS ANALYSS3,

YHE NUMBER OF LINE S1ZES TO BE CONSIDERE) IS 15

"THE FRCBLEM CONSIDERS BOTH OXIDIZER AND FUEL FEED SYSTEMS
——_THE NUMBER OF ENGINES FOR THE VEH[CLE 1S .. 3. —

THE NUMBER OF ENGINES FOR EACH FEED SYSTEM IS 3

THE NOMINAL OXIDJZER =LOW RATE |S 894,00 LBS/SEC
e THE. NOMINAL FUEL. FLOW RATE IS 149,00 LBS/SEC. .—

THE VEWICLE LOADZD WEIGHT IS 5503250,00 LBS ]
TRE NOMINAL THRUST FOX EACH ENGINE 15 470000,00 LBS.
THE RULK OXx1D, ENGINE INLET TEMPERATVURE 1S 162,90 DEG.R. —

THE BULK FUEL ENGINE INLET TEMPERATURE 1S 37,00 DEG,.R
THE nOMPONENT PRZS5UR:. TOLFRANCE IS 3,00 PS!
e THE OX1D,. HEAD MZIGHT- IN THE TANK [S. 51,784 FT. .. —
THE OXID: KEAD HEJGHT IN THEFEED LINE {S 99,500 FT
THE FUslL HFAD HEJGHY [N THE TANK S 96,186 7T
THE FUFL HWEAD HEIGHT [N THE FEED LINE IS =9,500FT. ... ..

THE INITLAL ULLAGE VOLUME IN THE OXIDJZER TANK 1S 608 ,¢cVU,FT
THRE INJTIAL WLLAGE VO_UME IN THE FUEL TANK IS 1784, CU¢TY
— . THE-INITIAL. OXIDIZER ._OADING..JS... 1743858, LBS. ..
THE INITIAL FUEL LOADING |S 290643, LBS
THE EXTERNAL, SURFACE aAREA OF THE DROP TANK IS 13653,1 8q. FT,
THE EXTERNAL SURFACE 4REA OF THE LOX/LH2 BULKHEAD 1S . 1160,2.50,-FT. R
THE TOT4lL SURFACZ AREA IS THEREFORE 14813,4 5Q, fT,

THE OXYGEN FEEDLINE D:SIGN PRESSURE 1S ,00000000 PS1
.. .THE..HYDROGEN FEEJLINE_DES|IGN.PRESSURE 1S _,00000000 Ps1 -
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_ Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

THE TANK GEOMETRY INPUT VALUES ARE AS FOLLOWS = ,

“La® 120,000 L2n 549,000 L3v 55%,000 L451691,000 Ri= 120,000 R2® 120,000 R3s 128,000 R4s 181,000 RS= 328,000

TABLE OF FEED LINE DATA

OXID1ZZR LINES FUEL LINES

DI1AMEYER LENGTH KeFACTOR DIAMETER  LENGTH  KeFACTOR

INCHES FEET INGHES FEET
12,00 6,80 14143 12,00 7414 14073
12,00 12,43 15499 12,00 1185 16588
12,00 M6,08 46383 12,00 19499 18469
12,00 143,90 340925 ' 12,00 39400 144212
13,00 143,90 2:9399 : 13,60 39.00 143822
14,00 143,00 2:8095__ 14,00 39.00 13493
15,00 143,00 246970 15,00 39400 1,3214
1¢,00 143,00 2,59914 16,00 39,00 142975
e 17400 A43,00__ 245133 ___ 17,00 39400 ____ Ae2769
19,00 143,00 244378 18,00 39400 192393
, 19,00 143,00 243702 19,00 39,00 142436
. 20,00____ 143,00 2,360Q1 20400 39,00 1,2302
21,00 143,90 243063 21,00 39,00 1,2185
22,00 143,30 2,2579 22,00 39,00 1,2083
23,00 AA3,00 242142 23,00 ___ 39,00 111994

COMPONENT DsSCRIPTORS FOR MalN OXYGEN FEEDLINE

96£ 166V -ISWI

COMPONENY  TYPE MAT,: INSUL SPECY SPECZ SPECS
i i ¢ ] 0 10000 +0000 10000
2 3 2 5 5,000 20,00___ 7500
3 20 ] 0 »0000 ,0000 40000
4 . 3 -2 .5, 9,160 13,33 27500
e B 20 . 0 0. 40000__ _,0000 ,0000
6 b 2 ] 4,160 8,330 17500
7 2 2 3 7,000 «0000 97500
8 22 0 0 +0000 :0000Q 40000
9 2 2 5 72,00 +0000 17500
19 22 0 0 10000 © ,0000 +0000
1f .2 _ . 5% .. ___4,000 ______.0000_ 47500 _.
12 3 2 i 3 ‘0100 1,750 07500
13 b ] 2 5 1,380 1.750 - 7500
14 2 2 3 4,000 +0000 27500 :
15 13 0 0 10000 ,0000 . 10000 3
16 20 0 0 10000 «0000 +00090
Y .Y 2. ___ 5% 1,000 1.270 07500
18 20 0 0 10000 - 40000 +0003
19 2 2 5 1.500 , 0000 7500
29 16 0 0 +0n09 20000 0000
24 y 2 ) 4,000 7,650 47500
22 15 0 0 10000 +0000 +0000
23 .20 0. ... Q.__._..10000 ___.000Q0_ 100090
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Table 2-L
SOPSA OUTPUT DATA LISTING (CONT'D)

24— —2_ 2. ____8 7,000 4 0000__.__,7500
2% 20 0 0 : 0000 +0000 10000
26 8 2 5 1,000 1,500 17500
" TcOMPONENT DESCRIPTORS FOR ENGINE OXYGEN FEEDLINE NUMBER 1
e COMPONENT _TYPE_ MAT. _INSUL SPEC1 SPEC2.. ..SPEL)
1 20 0 0 10000 10000 +0000
i D e ¥ @ 5. ___ 3,800 1,.500. 17500
3 20 0 0 +0000 ,0000 0000
4 15 0 0 410000 ,0000 +0000
- COMPONENT DESCRIPTORS FOR ENGINE. OXYGEN FEEDLINE NUMBER 2
e COMPONENT . _TYPE _ MATL. _INSUL_. .. SPEC1 ___ _SPEC2 . SPEC3
i 20 0 ] 10000 +00090 +0000
2 3 2 3 5,500 1,750 ———,7500.
3 3 2 5 3,930 2,500 17500
4 20 0 0 10000 0000 . w0000
-- .8 .49 . 0 ....0.. _.,0000.. . +0000. ... .,0000. .. ___
COMPONENT DESCRIPTORS FOR ENGINE' OXYGEN FEEDLINE NUMBER 3
~COMPONENT  TYPE MaT.. INSUL _ SPEC1 SPEC2 "SPECS
1 20 .0 0 . .0 ..0000 _._...,0000 . ...___.,0000 . _ _ -
2 3 2 8 4,740 - 2,000 17500 »
3 3 2 L) 1,800 2,860 17500
4 @ 2 5. 3,000 «0000 17500
g 3 2 ) 3,800 1.500 +7500
6 20 0 0 10000 ,0000 ,0000
- ? 15 o .0 000 +0000 ... 40000

COMPONENT DZSCRIPTORS FOR MAIN HYDROGEN FEEOLINE

COMPONENT  TYPE MAT_.i INSUL SPECY SPEC2 SPEC3
g 1 0 ] +0000 __ __,0000 ______,0000
? 2 7 0 1,000 0000 y0000
s 20 0 0 »0000 ,0000 ,0000
4 37 o 9,440 12,00 20000
) 20 0 ] +0000 ,0000 10000
) 3 7 0 9,440 12,00 0000
7 20 .0 .0 «0000 __.._. .,0000._.___ 0000
A 19 0 0 +0000 - ,0000 +0000
9 b) b n 2,750 1.750 ,0000
s _10. 16 0 0 10000 , 0000 40000 .
11 3 7 0 19200 1,750 «0000 \
12 15 0 0 10000 + 0000 10000
i 13 20 .0 4] 20000 .. __,0000. _.___ 0000 . . _____
14 2 7 0 3,750 . 0000 +0000
3 .. COMPONENT_DESCRIPTORS FOR_ENG[NE: HYOROGEN FEEODLINE NUMBER &
COMPONENT TYPE MATL. INSUL SPECY SPEC2 SPECS
34
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Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

————b .. B e B 1,000 1,350 .. __.,0000

7. —
2 2n 0 0 ¢ 0000 +0000 +0000
3 : 3 ? 0 3,140 1,500 +0000
e @ ... 20 .. .0......O +0000. _,0000_ _ __,p000_. _
L] 15 0 ] «0000 0000 10080
——_ _COMPONENT DESCRIPTORS _EOR ENGINE HYDROGEN FEEOLINE _NUMBER 2 .
_COMPONENT  TYPE MaATL: INSUL SPECY SPEC2 SPECS
TS T Ty YT T e T 2,380 T 1,500 L0000
2 4 ? 0 74500 1,500 10000
3 ?0.__0 0 +0000 .0000._ 40000
4 15 0 0 +0000 + 0000 +0000
. COMPONENT DESCRIPTORS FOR ENGINE: HYDROGEN FEEDLINE NUMBER 3
COMPONENT  TYPE MATL: INSUL SPECL  SPEC2 SPEC]
1 20 0 0 10000 ,0000 +0000
2 3 ? 0 2,350 1,500 .+0000
.y 3 __2 o 94150 1,750 -+0000
4 3 7 0 5,490 1,750 +0000
] 20 0 0 +0000 +0000 +0000 .
f 15 0 0 20000 ,0000 _20000
35
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Table 2-4

SOPSA OUTPUT DATA LISTING (CONT'D)

THE TIVE DEPENDENT PERFORMANCE CHARACTERISTIC INPUT VALUES ARE AS FOLLOWS = ,

——

LTIME._________NPSPO ___ _N2SPH WOTFRO WOTFIH E1FRAC PENMNO PENMNH PPDGOT PPDGHT TOGOT ____ THGHT_
100 8,00 2.00 1000 .000 ,00n 25,00 20,00 00 .00 190,00 60,00
¢20 8400 2.00 «000 «006 000 25,00 2U,00 00 .00 190,00 60,00

——40 8,00 200 1005 1013 ,005 25,00 20,00 00 .00 190,00 _____ 60,00_
160 8,00 2,00 1010 1026 .01p 25,00 23,00 100 00 190,00 60,00
an 8000 2.00 0020 |047 l020 25|00 20'00 000 '00 190.9_0 60.00

«1000.—.—.__8,+00 . 2,00 ¢ 085 4083 ,085 25,00 29,00 100 00 190,130 60,00_

1,20 8400 2.00 1082 1185 082 25,00 20,00 00 00 199,00 60,00
1,40 8,00 2,00 1080 1263 +08¢p 25,00 24,00 200 00 193,00 60,00
—1.460 8,00 2,00 +080 1246 .08g 25,00 24,00 +00 00 190,00 60,00_
2,00 8,00 2.00 1170 1294 170 25,00 20,00 4100 +00 190,00 60,00
2420 —— _B400 .—-._.2,00 1318 420 18 25,00 23,00 00 00 193,00 ____ 60,00
2440 3.:00 2,00 1466 1510 466 25,00 23,00 400 , 00 196,00 60,00
280 8400 2,00 1614 1720 0614 25.00 23,00 00 .00 199,00 60,00
—2+80 8,00 2.00 1762 1893 762 25,00 23,00 00 .00 190,00.. 60,00
3,00 8400 2,00 1910 1996 910 25,00 29,00 »00 ,00 190,00 60,00
3420 8400 2,00 1,010 1999 1.010 25,00 20,090 100 «00 190,00 60,00
3440, . _B8400._....2,00__ ____1.020 1,000 1.020 ___.25,00___ 20,00 00 +00 197,00 _60,90.
3,60 8400 2.00 1,020 1,000 1.02¢0 25,00 20,00 v00 00 190,00 60,00
3,80 8,00 2,00 1,020 1,000 1.02¢0 25,00 232,00 100 200 190,00 60,00
4400 = Be00___ 2,00 1.020 44000 1,020 24,00 .00 .00 190,00 60400

25,00
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Table 2-L4 _
SOPSA OUTPUT DATA LISTING (CONT'D)

SAMPLE _CASE = ORBITER 0404, LOW PENMN

IRANS, ___ WoDOT .. . WDIDOT____YEH]CLE TV DELPKR DeLPHD PROP2Q____PROPsf _ PRQP<TQY PENG PENG
TIME ox10D, FUusL WEIGHT RAYIO oX10, FUEL INCR  INCR CUM 0x10 FUEL
00 1000 4,470 5503249,75 1,000 74,49 2,65 1000 - ,268 V268 25,00 26,00
20 732,350 5,215 550324756 1,000 7449 2.65 14348 849 2,458 29,00 20,00
40 22,330 9,683 5503241,063_ 1,000 74,49 2,65 44023 1,743 8,225 25,09 20,00__
'69 44,700 15,645 5503230,56 1,000 74,49 2,65 8,096 3,263 19,534 25,00 . 2/,00
%0 " 7290,550 25,330 5503196,69 1,000 74,49 2,65 28,1681 5,722 53,416 29,00 20,00
+.90 =13,910_ 62,580 5503140,94 1,000 74,48 2,65 44,789 10,996 109,202 25,00 20,09
120 «8,940 73,040 5503078,37 1,000 74,48 2,65 43,498 19,132 171,782 25,00 26,00
_’1'5n“‘*"""_miﬁﬁBf"“;ié{Eés“ssdidiéiib 1,000 74,48 2,65 42,912 22,752 237,446 25,00 20,00
b0 89,400 10,430 5502941,87 1,000 74,48 2185 48,276 22,618 308,341 25,00 20,00
100 312,900 25,330 5502844,73 1,000 74,48 2,64 72,414 24,764 405,518 25,00 20,00
g 93,870 5502602,00 1,000 4vAT %64 T367892 3L,916 58,316 25,00 20,00
€20 661,560 67,050 5502430,19 1,000 74,42 2,84 210,209 41,571 820,156 25,00 20,00
€40 . 664,560 141.550 5502086,50 1,000 74,46 2.64- 289,646 84,087 1163,899 25,00 26,00
”"2'60""“”"6bII566““”1i3}585““556162%355**1;ooo 74,45 2,64 369,043 74,207 1604,149 25,00 20,00
2.80 664,960 76,73%  5501113.44 1.002 74,43 2.64 448,430 84,438 . 2137,048 23,00 ' 20,00
3:00 447,000 2,235 5500509,37 1,000 74,42 2,64 514,944 89,176  2741,138 25,00 26,00
—3+20- 44,700,745 5499875,62 31,000 74,40 2,64 544,446 89,355  3374,939 25,00 20,00
240 000,000 5499239,12 1,000 74,39 2,64 547,128 89,400 4031,467 25,00 27,00
3:60 1000 ,000 5498602,62 1,000 74,37 2,64 597,128 89,400  4647,995 25,00 26,00
_3.80__ - - ] _

T.000 ,000 5497966,12 1,000 74,35 2,64 547,128 89,400  5264,523 25,00 20,00
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SAMPLE _CASE = ORBITER_D404, LOW PENMN_ = OXYGEN_SUPPLY SYSTEM

 SOPSA OUTPUT DATA LISTING (CONT'D)

Table 2-k

DELTA=P TO SUPPLY ACCELERATION HEAD

DELTA 3240 INCH £3,0 INZH 34,0 INCH 15,0 INGH 36,0 INCH 1740 INCH 18,0 INGH 19,0 INCH 20.0 INCH 24,0 INCH 22,0 TNCH 23,0 INCH

TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MAIN LINE

100 '
SNSRI  E N L
24639 2,245 14936 1,686 1,482 14313 14172 1,051 949 1860 784 747
49 24838 2,245 3,936 1,686 1,482 4,313 1,173 1,051 _  ,949 1860 284 LJ87
60 5.270 4,494 3,872 3,373 2,965 24626 2342 2,102 1,897 14721 1.568 1,435
BT A T 25,168 21,924 19,269 17,069 15,225 13,665 12,332 11,186  10.192 9,325
1100 =1:581 =1434) —  x1,162 _ =1,012 — #8897 w788 ___ w703 e,63)1 e 569 «,516 = 470  .,430
1120 n11054 *1898 774 675 ", 593 -1525 vy 408 »,420 * 379 vy 344 v, 344 ».2087
b40 +000 1000 1000 ,000 .000 »000 1000 ,000 +000 1000 1000 .000
_1'__“’___191,5_41___549_51_____1.115___&.1&6___54.929 51252 4,635 4,205 3.795 31442 3,138 2,869
1180 36,892 31,433 274104 23,611 20,752 184382 16,396 14,746 13,281 - 12,046 10.976 10,042
20 78,000 66,462 87,306 49,920 43,875 38,865 . 34,687 31,114 28,080 25,669  23.207 21,233
__Ef? 784000 66,462 51430a____59+92o. 43.315____33.865___;11.991____31.1x1____zﬁ.n&u....z&.ﬂéi____i:l201.___21J231_
214 78,000 66,462 57,306 49,920 43,875 38,865 24,647 31,114 28,080 25,469 23,207 21,233
B eion0 T T6eiasr T 57306 49,930 43,873 3avaés 34,67 31,104 28,080 25,469 23l2g7 #1255
o0 780000 66,462 57,306 49,920 43,873 38.865___ 4,687 31,114 28 .o,qn__zs.._s,é?___z.liz‘al__zh_z_u_
3100 82,703 44,907 38,720 33,730 29,645 264260 23424 21,023 18,973 17,209 15,680 14,346
320 51270 4,491 3,872 3,373 2.965 20626 2,342 2,102 1,897 1,721 1.548 1,455
.__.3'40 000 +000 1000 .000  .000 ,000 1000 2009 2000 1090 000 ;000
3060 1000 4000 1000 ,000 ,000 1000 4000 ,000 ,000 1000 1000 ,000
j';:”""""_'{bad 1000 4,000 ,000 ,000 ,000 1030 ,000 . 009 7,000 “Te00  ,000

]
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"DELTYA 12,0 INCH 43,0 IN2H 14,0 INCH 15,0 INCH 16,0

SOPSA OUTPUT DATA IISTING (CONT'D)

Table 2-4

.SANPLE_CASE_=_ORBITER_0404s. LOW PENMN . w HYDROGEN _SUPPLY SYSTEM
DELTA"P TO SUPPLY ACCELERATION HWEAD

INCH 17,0 INCH 18,0 INCH 19,0 INCH 20,0

INCH 21,0 INCH 22,0 INCH 25,0 INCH

TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MaIN LINE
100 . ‘ _ .
S (144 122 1106 ,092 .81 072 1084 ,057 \052 1047 043 039
e e T MBS T IA0T T L090 a084 4078 067 4060 @55 050 046
'49 1311 1268 1229 +199 «173 2155 1138 1424 112 1102 ,093 1085
68 1503 1429 1370 322 .2083 1251 1224 ,201 1182 1164 1150 1137
BRI V694 598 521 ,458 L4né 1362 1325 V293 1266 T34z 223
1:00 20012 4,718 1,478 1,288 1,132 1,003 1894 ,803 724 1657 1599 ,548
1420 2:348 2,000 14725 1,503 1.321 14170 4,043 936 845 2767 .698 1639
A T e T T T S P T B (Y S Y S At £ ST TR T T
1060 1335 1284 1246 2215 ,189 1167 1149 2134 2328 1110 100 1091
1080 1814 169¢ 1598 521 458 1406 1362 . ,325 0293 1266 1242 0222
”z'00“_"_'5I615"_“""2.575‘"’ 2,218 1,932 1,698 1,504 1342 1,204 1,087 1986 898 822
) 2120 2,156 11832 11384 1,380 3.243 14074 1998 1860 1776 1704 2643 4587
2140 4,552 3,878 3,344 2,913 2,560 21268 2,023 1,816 1,639 1,486 1.354 1,239
- Reel 4,623 3,949 34397 2,959 2,601 21304 2,035 1,844 1,664 1,510 1,376 1,259
B 20467 2,102 14813 1,579 1,388 12229 1,097 ,984 ,888 1006 :734j“ 692
3100 0072 1061 1053 ,046 ,040 1036 1032 029 1026 1023 .023 020
3120 1024 1022 013 ,015 013 .02 1034 ,040 009 008 L0807 607
3140 +000 1000 1000 2000 1,000 1000 4000 1000 1000 «000 000 - ,000
3160 000 1009 »000 000 .000 1000 4000 . 000 1000 «090 .000 +000
“:':2 +000 1000 1000 000 .000 1000 1030 ,000 .000 1000 .000 ,000
'
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_ Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)
SAMPLE CASE..= ORBITER. 0404,-LOW.PENMN. _.__=» OXYGEN. SUPPLY SYSTEM

JELTA«P QUE To LINE FRICTION AND CONFIGURATION LOSSES

DELTA 12,0 INCH 13,0 INZH 2440 INCH 15,0 INCH 16,0 INCH 1740 INCK 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 INCH 23,0 INCH
TIME  MATN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MaIN LINE MAIN LINE MAIN L'INE MaIN LINE

00 ,0000 - 40000 ,0000 10000 0000 ,0000 10000 ,0000 ,0000" »0000 10000 +0000
“"""2°""",‘343{;53"“,‘é‘;sa;a‘, 1682703 11226203 ,9124=04 ,6923-04 ,5342-04 .41'52-_04' \3393-04 ,2728%04 ,2247-04 ,1820704
149 +3088m202_ ,2134m02  ,1514702_ 131103202 ,8211703__,6230+03 .4 4807~03__,3766%03_ ,3054~03.__,2455+03 __,1994403__ ,163803_
160 »1235~p1  ,8525-p2. 16057202 14412202 328502 ,2492-02 ,44Y23-02 ,1%06%02 ,3222-02 ,9824»03 ,7983-03 ,6553=03
..._.-..a:......:,15.13;0,0,-_;.1.0“;60 [ 742001 15405201 ,402400% ,3053-01 42350731 1845501 ,1497+01 ,1203r01 9779502 ,8027%02
1.0

—_— 3327400 206492400 1877400 +3367400—,1018400-_ 772301 45959-04__,4667201__,3286%01___,3043r01__ ,2474%01 __,2031wDy

1.20 : ‘
' 13602400 (2686400 11766%0Q 11287400 9578701 (7267401 +5007-04 ,4392~01 ,3562~01 286401 ,2328-01 ,1911-0%

T 300 (242500 L1723400 11258400 19343e00 708901 y5470+31 4284901 ,3478-01 2794m01 2275701 1864901
1e60 ,4446400_ 3069400 ,2180400._ 11588400 ,1182+00__,8972001__ 4692301 ,5422=01__,4398201_ ,3536e01_ ,2874=01__, 2359201 _
1180 000401 6905400 4906400 3574400 ,2660400 2019400 1258400 1220600 989501 ,7955s01 ,6966-01 ,5308-01
'_'2'oo'_.'j}g’5;5,;""';"2’555'{6{’"","1'663361_;ﬁ?ﬁﬁf—_,éﬁi:db ,6594+00 ,5060400 ,3986+00 ,3233400 2599400 ,2112¢00 ,1734%00
__?fg__,aus_ml__,sbzzmx« .A132&01-43013#0:,__,2243+01_,1702t01~_;.121}t01_..1029?01__..8343.*00_.6702!1!0_;5.‘:‘52.‘;00_..4525300_
2140 ,1601+02 ,1105+02 7850401 5718401 ,4257+0% ,3230401 (2492404 ,1952401 ,1583401 ,1273401 ,1035+0% ,8493+00
‘*'2'60“.’55‘5&0{"'.'1'7553452"“_——,"i"zr"‘;i'&é"_'.,"é"z'a'z_i&{__.'é51'61.'61__.5543:61 14045401 ,3169¢01 ,2570401 2066401 1679401 ,1379%01
....-_21_8_?_..-,3832.902_,2596.&03.__._,,1881?.02_._3_4371&02__,,1020-002__.7.741#01_45?'73*.01—..4679!01__‘.3795*01._;J051*.01_a,2586#01_.2015.’_01_
B0 059402 3492602 2481402 1807402 1345402 1024402 (7877401 6170401 ,5004%01 ,4023401 3273401 ,2684¢01
B120 is5egn 3903002 22773%02 12020002 11504402 1141402 18805+31 6897401 5594901 4497401 43655401 3000401
20 1#02 3942402 ,2801+02_ +2040402__ 1519402 ,1152+02__,8892+01 ,6965+01  ,5649+01 , 4541401 ,3891+0%  ,3030401 _
3160 (5711402 3942402 ,2808402 12040402 1549402 1152402 ,B8YZ401 - 6965401 5649401 ,4541401 ,3697+01 303003
’3'80'"";5‘7‘114»62“ 3942402 ,2801+402 12040¢02 ,1519402 ,1152402 ,8892+3% ,6965¢01 5649401 ,4541401 ,3697¢pL ,3030+01
4,00
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Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

oo SAVPLE CASE = ORBITER 040A) LOW PENMN ... = HYDROGEN SUPPLY SYSTEM ____.
JELTA~P DUE TO LINE FRICTION AND CONFIGURATION LOSSES

DELTA 12,0 INCH £3.0 IN3H 14,0 INCH 15,0 INGH 16,0 INCH 17+0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 24,0 INCH 22,0 YNCH 23,0 INCH

TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MAIN LINE

T e — — _ ——

0 «1017203  ,7183-04¢ ¢5213°04 3874204 ,2938-04 ,2269«04 41780-04 ,1416-04 +1141-04 ,9299-05 ,7655-05 ,6361+05
20 ;

.1020702  ,7202~03 4522703 3885203 2946203 ,2275+03 4178503 ,1420203 ,1144-03 ,9325#04 ,7677+p4 ,6379+04

140
____E__*SZQ9102__'30}SEO2____42202!02..;163]202__41291302__.958&P01__47?21933~_45984!03_-14821703__13929'03__J32}§:05__42§5&:n}_
+6 ’
«1806%01 ,1063-04 ¢ 7787202 +8734m02 L,4349~02 ,3359=02 (2033«02 ,2096=02 ,1689-02 ,1376-02 ,1133-02 0941603

80 ,4625-01 3269804 2372504 11763201 133703 ,103301 8103+02 ,6446%02 ,5193-02 ,4232n02 ,3484-02 ,2893r02
_EJEE__+1110é00"_¢1207xna;.__4a76}znx__.6512=01__,1939a01__.}a11-01__L2??2101__42381:01__;121&:01__41563;01__J128i101__,1062301_
1420 «5176400 ,3655+09 12653400 11971900 ,1495400 ,1155¢00 9058e01 ,7207#04 ,5806=01 473201 3895-01 3237901
140 7321400 ,5169400  (3752+00 2788400 ,2115+00 ,1633400 11281400 ,1019+00 ,8212<01 6692801 ,5509~01 ,4578v01
1160 21235400 ,5408+00___ ,3707+00__+2755+00__ ,2090+00_ ,1614400  ,1266400 ,1007+DQ__,8116=01 _,6613=0% ,5945-01_,4324°01
1180 18672400 ,6323+00 14444900 13303400 ,2505+00 ,1939+400 1318400 ,1207¢00 ,9728-03 7928201 ,6328-01 ,5423v01
00y 0T 3200 5436400 4161000 S 3213900 12324900 1 2006+00 1616400 ;1317400 ;1084568 9008761
__31____L311$:nx__111?Q:QL____112?2:01__4220Z:nn__izﬂéitng__;?ﬁSLtaQ__LizlleO;_,}ﬁO}tgq__L2142t0Q__¢223@tgq__11@33fQQ._L1§2§:QQ_
Zre0 41374014 ,2921%04 12120401 11575¢01 ,1195%01 ,9228400 (7239430 5760400 14641400 ,3782¢00 ,3113+00 12587400
z'::””}7170¢51"'}566336{“_““}}375361 2730401 L2071+01 1599401 1259401 ,9983+400 ,8044400 ,6555¢00 5396400 ,4484%00

]

o _a3008+g2 ,7139¢04 15167404 13840908 29124038 ,2249401  53764+04 ,1404%+0%  ,3131+04 9217400 ,738A400 ,6305¢00
3,00

W1125+02 794340y 5763401 14283404 3248401 ,2508401 1968401 ,1566+01 ,1262+01 ,1028+01 ,8463+00 ,7033¢00

B -2 1y U e e e —
1129402 ,7973404 ,5766+0% 14300401 ,3261+01 ,2519¢01 1976401 ,1572+01 ,1267+¢04 ,1032¢01 ,8497+00 ,7061¢00
3,40 ’ A
1430402  ,7983%01 _ ,5792¢401  14304%01 ,3265+01 2521405 11978404 ,1574+04 ,1268+01 ,1933¢0% ,8306+00 7068400
3 :
«4130%02 798440y 5792401 14304401 3265401 ,25214¢01 19Y78¢0% ,1974+0% ,1268+01 ,1033¢01 ,8306+00 ,7068¢00
_3:8 .

O e e e e _ — - I i
W1330ep2 ,79841+04 5792401 14304401 3265401 2524401 1978404 1574403 ,1268+01 .1033¢01 8506400 ,7068¢00
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Table 2-L
SOPSA OUTPUT DATA LISTING (CONT'D)

——— et e e SAMPLE . .CASE..2_ORBITER_0404+ LOW_PENMN ___ _=OXYGEN_ENGINE. FEEDLINE_SYSTEM .

DELTA-P TO SUSPLY ACCELERATION HEAD DELTA-P DUE TO LINE FRICTION AND CONFIGURATION LOSSES
DELTA  ENGINE  :NGINE  ENGINE ENGINE ENGINE ENGINE ENGINE ENGINE
TIMEn, LINE NO & LINE NO 2 LINE NO 3 LINE NO 4 LINE NO } LINE NO 2 LINE NC 3 LINE NO 4

o 00000000  ,00000000  ,000000060  ,00000000  ,00000000  .00000000  ,00000000  ,00000000
ummf?qw___..417691:o ~01.,76351536»01_,98341784201 00000000 ,51065396705_167791624-05_,78310665+05.,00090000__
40 14176910904 ,7635153601 ,98341782701 ,00000000  ,45958857904 ,61012462=04 ,70479599=04 ,00000000

0 8353822104 ,15270308  ,19668357  ,00000000  ,318383543+03 2440498503 ,28191840~03 ,00000000
B0 seaevees A 429696{06702_,34535003~02..,00000000__

$100 ~125061462-04=,45810915=01~,59005060701 ,00000000 56966513702 475625624=02 (87360246-02 ,09000000
T 6707648504, 30540619+ 017, 39336719901 00000000 153606410802 17416493502 18 182207404202 ,00000000
A0 00000000 -+ 00000000+ 00000000+ 00000000, 52290966302._69418623702..,8049012002...00000000__
(160 116707643 ,30540613 (39336711 ,00000000 66180752202 187857944202 410149062701 ,00000000

—+80- 58476748 1,0689214  1.3767848 00000000 14890669708 ,119768038-01 22835390701 ,00000000
B0 2363657 2,2600056...._2,9109470.00000000., 48643671501 464576673201, 74596860201_, 00000000 _

2120 1,2363655 2,2600053 2,9109165 ,00000000 12555064 116667441 149253648 100000000
2040 1.2363657  2,2600056  2,9109170  ,00000000  ,23825071 131628860  ,36536624 .oodpbbbﬁ——
LR 1,2363655 ___ 2,2600053___2,91C9145___ ,00000000 38674399 51342013 ,5930614___,00000000 _

2180 1.2363687  2,2600055  2,9409168  ,00000000 57103042 75806872  ,87589617  ,00000000
3400 T \83538232 1,5270310  1,9668359  ,00000000  ,75298991 99962818  1,1547378  ,0000000

3120 8353813301 .15270291. 419668336 ___,00000000 84174157 __ 1,1174300 12908417 ____,00000000___

3140 100000000  ,00000000  ,00000000  ,00000000  ,83005499  1,1284865  1,3033906  ,00000000
40— 0000000 ;00006000 60060000 00000000 83005499 1,1204465  1,3035906 00060600

+00000000.. .., 00000000._....4.00.000000,.__.000000Oﬂ__._..+8.50054_9_9_._._,1n.128.486,5__.-.1;303_59.06._,__. 00000000 _
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Table 2-4
SOP%A OUTPUT DATA LISTING (CONT'D)
—eee e —..SAMPLE .CASE.~_ORBIYTER 0404, LOW PENMN_____~HYDROGEN_ENGINE FEEDLINE_SYSTEM .

DELTA=P TO SUPLY ACCELERAT]ON HEAD DELTA-P DVE TO LINE FRICTION AND CONFIGURATION LOSSES
DELTA  ENGINE  ENGINE ENGINE ENGINE | ENGINE  ENGINE ENGINE ENGINE
TIME . LINE NO 3 JINENO 2  LINENO3  LINE NO 4 LINE NO &  LINE ND 2 _LINE NO3  LINE NO 4
—® 187715138702 ,14557779#01 ,24557809201 400000000 32394354905 (50801056705 ,67352826~05 ,00000000
mhli?.____.10233433=0x_.1&96407oao1“.25950777301_Jn000000n_*__432!84335902~4§o9421?239:_19151?912103_490000099__
"o. 119004946~01 ,31541854m01 ,53208584=01 ,00000000 ,13686614903 421463447703 ,28456569=03 ,000000600
—0 ,30700298-01 , 50952227201 ,85952330701 ,00000000  ,47952643803 75199478203 ,9970089303 ,00000000
~mlf?_m__m,quoszgs’oz_,32494053-01.413219092 400000000 ,14743030%02_423120426202_+30653019202_, 00000000 _
1100 112280119 . 20380590 134380931 00000000 ,54454909202 185396880702 ,11322010=01 ,00000000
20 114326006 ,23777706  +40311087  ,00000000 46483887404 125849836701 34272112701 00000060
fo1?ﬁ,_«ga248526252013.412310199011.69530965101_.ODOOOOOQ____#23}13226°03_4}6559969t01_J46571110101_1OUOOOQQQ;
2160 '!26466868'01 133968156001 ,57301561=01 ,00000000 +23039224901 .36130277i01‘.47902076-01 +00000000
—ad0 149705238704 82494070901 ,13916090  ,00000000  ,27617627901 143310160=01 ,57421277-01 ,00000000
.?ﬁ??____nl184201§0“,_~.3D511332 ..... .}1?71431._._J00000000____4!587}645991.4119393121Q1_J35)l§Sllgﬂl_JDDODDDQQ_
2020 113157269 1218366866 136836708 +00000000 ;775274;7=o; 112204954 1£6181517 +00000000
"z*sn"f““_;ii77o¢gs .46099635 177766400 +00000000 .13174604 120660508 127392020 ,00000000
_?ffg;»“__.zeztboslu_ﬂfJgoazrsxa___*473295275_ .00000000“___,328;4891_.__435809123' 147477476___ ,00000000__
2180 115057766 124990856 142157574 00000000 32109293 150354023 166760140 00000000
—od 14365755102 ,72766867-02 412276899901 ,00000000 35813983 (56163745 (74462758  ,00000000
"31?9__~__J1‘61?2183n2mJ2426301ZEDZ_;QQ?2Q76°!02_JDQO00000_;__4§5°52152____159359142___~111261655___~JDooooopq_
3140 +00000000 00000000 . ,00000000 100000000 35993727 156445621 174836475 00000000
";‘:z ,00000000  »00000000 500000000  ,00000000 35993727 156445621 474836475 00000000
, ,

- o_wmm_loooooono_ﬁ,_Jnnopooon_;__4nngonnnn.__;Jnnnnnnnn____4::2311g1____12g34§gz;_,"_L14519575 .00000000
4,0 o . .
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Table 2-4

SOPSA OUTPUT DATA LISTING (CONT'D)

N SAWPLE_ CASE. = ORBITER 0404, _LOW.

PENMN______= OXYGEN_SUPPLY_SYSTEM

VLLAGE PRESSURE REQJIRED FOR 3 ENGINE OPERATION

DELTA 12,0 INCH $3+0 INZH 14,0 INCH 15,0 INCH 16,0 INCH 17,0 INCH 18,0

INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 INCH 23,0 INCH

TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MaIN LINE MAIN LINE MAIN LINE MAIN L'INE MaIN LINE
100 - . . —_
046,486 46,486 ©46,486 wd6,486 946,486 =44,486 #406,436 946,486 46,486 456,486 46,486  w45,486
”""2°""",'1'j.'75’3"_;34";1'33 44,452 44,701 44,906 45,075 45,247 n45,337  <45,439 45,528 =45.604 45,671
___,_'_j,q.__,u.]so 2849140 . __ 244,450 ___ 244,700 - — 944,905, __"45,074_~99,216____945,336____»45,439___=45,527____+49,.604____<~45,670_
160 ©41.006 41,79 T e42,411  #42,912  #43,321 743,661 «43,945 44,185 nd4,391F wd4,367 =44.720 «~44,854
T 00798 T Te15.950  ~190961  <23.225 25,894  <38.104 39,994 w3i,530 32,855  v34,005 <35 001 w35.870
2. "47.0682—=47.,567 wA7,458— 247,359 247,270 =47,4494 47,127 £47,068 247,015 =46,970___=96.929 _ =46,894.
M0 s wa7aa32 =47,080  w47.028 46,980  =46,935 =46,895 46,839 46,826 46,798  ~46.773  ~46.750
“""°""';‘.'a;“;‘;;“‘:as:‘ii‘;'f”"‘-za;sar 246,348 46,380 461402  w461410 46,430  w46,430 46,445 457480 w46, 455
_ti_135.¢091__.n3§_1.785._.___.:38.114_13Q,111__n$0.029 404734 =01¢322 . wd41,847 _ ©42,238__#42,399 __=42.911 __ »43,143.
. i.eo w7185  ®12,953 "17,483 21,110 =24.,060  "264494  ~28,526  ©30,240 31,698 32,932 -34,037 34,982
200 T 37,780 25,229 15:'.'321 7.600 1,256 *3,963  ®8,312 41,976 15,085 17,739  -20.070 ~22,082
.A?Lfg____JJlozz,___zy.gzn ia.ozv 9.570 _  2.755 »247917 274384 »41,221 14,449  =17,224 -191612___121Lé§€.
2140 50,835 34,328 214974 12,496 4,950 ©1,087  @6,023 {0,117 ~13,519 16,440 ~18.941  »21,100
060 “61.041 41,452 27,105 16,299 7.842 11165  mé,231 8,661 =12,293 45,408  ~18,037 20,332
33748 50.296 33,473 20,978 30,430 3,959 __82,097___=6,855__»10,773 _»14,12__=16i963__ =39,379
3100 59,996 36,527 204232 8,505 ", 198 ©6:829  ¢11,997 =i6,105 =19,320 w22,085 ~24.347 26,267
3020 7164909 ,14391  *13,310 e'éi".Sh’b"—-‘-_z'iI"o'ii'"‘:i'd'."é?a'_'”:Si'Iié’é'f" ©35,906  «37,424 38,697 39,892 Taap,dan’
_.3_' _‘ 0. 121029 =5,664 -11;016_;125,_ 684 29,895 =33,559 36,191 38,118 39,434 =40,541  =44,392 42,093
3e69 12.045 =5,648 ~17,060 £24,665 =29,879 33,543 36,175 38,102 39,418 ©40,525 ~41.376 v42,037.
380 "‘i'z-oc’»:." TTe5,632  +17,044  w24,640 229,863 33,527  w36,139  w38,086  =39,402 40,509 =41,360 Te42,021

4,00
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Table 2-L4

SOPSA OUTPUT DATA LISTING (CONT'D)

ULLAGE PRESSURE REQUIRED FQR 3 ENGINE OPERAT]ON

_.SLWPLE CASE. = ORBITER 0404+ LOW PENMN_____»_HYDROGEN_SUPPLY _SYSTEM.

DELTA 12,0 INCH_ £3,0 INCH 14,0 INCH 15,0 INCH 16,0 INCH 1740 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 TNCH 23,0 INCH
TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN I'INE MAIN LINE

1' 9 Lousez 20,50 20,484 20,470 20,459 20,450 20,442 20,436 20,430 20,425 20421 20,447
-t 20’_“50 1951 20,526 204506 20,490 20,477 200466 20,437 20,449 30,445 201437 20,432 20,428
-_'w_zn..lz:_.zu.em_za..o}a__,zo.aua 20,584 20,563 20,546 20,532 20,520 ___20.509___20,500____20,492_
60 204959 20,88) 20,818 20,768 20,728 201695 20.6@7 20,643 20,623 201606 20,592 20,579
“'an"_""‘z"i";'sé'r 21,223 21.118 21,035 20,968 20,912 20,866 20,827 20,794  20.766  20.742 20,721
+100 92 22,544 22,275 22,062 25,890 21,750 21,633 21,536 21,453 21,382 21,321 21,268
$120 23,655 23,153 22,780 22,489 22,260 224075 21,924 21,798 21,693 21,603 21,527 21,461
e 20,679 20,524 20,430 20,373 20,337 20,315 20,302 20,294 20,290 20,288  20.288 20,289
+e60 211849 21,251 21,077 20,930 20,858 __ 20,788 201736 20,694 20,662 20,636 20,654 20,396
$100 22:233 214858 23,594 21,403 21,260 21,451 21,005 20,997 20,942 20,897  20.8%9 20,828
2000 - g s s 5k 33,972 23,447 33.080 224992 22,860 . 22,370 22,215 22,084 201993 21,678
_.2.:20 25,486 24,449 ‘23,._.7_23 23,197 22,803 224506 224.2,2.2 22,086 214936 21,834 21,714 21,626
2040 30,097 28,208 26,872 25,897 25,163 24,399 24,135 . 23,800 23,511 23,273 23,074 22,906
210 733,436 30,625 .25';'3"64 27,312 26,294 25,925 24,932 24,465 24,091 23,787 231537 23,339
2.80 33.998 30,669 28.'425 26,0867 25,748 244926 24,309 23,838 23,487 23,475 22.944 22,7590
3000 32,434 29,118 26,932 25,445 24,403 23,661 - 23,116 22,711 22,404 22,168 21,984 21,839
'3'20"““52}6é7'““'29.1o§f_—_"_ékiiié_ 25,428 24,387 23,643 23,099 22,694 22,388 22,152 21,969 21,825
3140 32,442 29,091 26,902 25,414 24,375 23,631 23,088 22,684 22,378 22,143  24.961  23,8{7 g
,3'60 324443 29,092 26,903 25,415 24,376 23,632 23,049 22,685 22,379 22,144 21,962 21,818 S
"":'a°‘“"‘"‘5‘2‘.“41’4‘“‘"2'9';‘0’6':‘~ 26,904 25,416 24,377  23.633 23,090 22,686 22,380 22,345 211963 21,819 §
»00 . %;



ANVAWOD 3OVdS B SATISSIN A3a3aHMDO0T

Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)
;“n_""_"______m_“~.~-;_,“m_“__w_;._m".nmsanPLENCAsE;;foRB;réé’uaua..Lduursﬁﬁﬂi;:n;mwm;_.w_umm_m“_

PRESSURE. AND. VGLUME . VALUZS. FOR FLUID_VAPORSMIN,ULLAGE,TANK BOTTCM.LINE MEAD ULLAGE VOLUME , TANK. HEAD HEIGHT _AND_VULLAGE WELGHT
TRANS, ULLVAP  JLLvax MINULL MINULL TNKBOT TNxkBOT LINKED LINHED  ULLVOL  ULLVOL TNKHED TNCHED  ULLWGT  ULLWGY

TIME ——OXI0y FUEL..— 0X]0y—— FUEL ___ OX104---FUEL . OXIC,_ . FUEL ox10, FUBL_.__OX{D,___FUEL 0X1D. FUEL _.
" SEC PS1A°  PS1a  PSIA  PslA  PS]a  Psia Pspa PG1A CUWFT, CUFT,  FT, FTy LAS Las
. N e e e . o
: 20,092 20,170 20,05 20,52 45,55 23,46 48,99 ,290  607,8 1784,5 51,78 96,19 209,6 149,4
_2_‘-’ ...... 20,092 204170 20,05 20,55 45,55 23,49 ___48,99__ 2290 ____607,8___1784,7__ 51,78 __ 96,19 _209.6 _ _149,7.,
: 140 20,052 20,473 20,05 20,72 45,55 23,66 48,99 «,290 607,9 1785,1 51,78 96,18 209.7 151,0
O 052 20,170 20,05 20,96 45,55 23,90 46,99 sy3¥0 608, 1785, Bi,v6 98,18 206,7 155.%"
20,052 204170 20,05 21,36 45,55 24,29 48,99 »i290__608,4—3707,1 54,70 96,18 2008 36,1
+.00 20,052 204170 20,05 22,89 45,55 25,83 48,99 =290  609,0 4789,6 51,78 95,18  21A.i  168,5
51120"_“—“562655“"55:i5b 20,05 23,65 45,54 26,59 48,99 ws290  609,7 1794,0 51,78 96,47  218.3  178.2
s 4_2___10. 092 20,179 20,05 _ 20,08 45,36 23,64 48,99 =:290___ 610,3__4799,1 51,77 __ 96,16 214,5  191.9_
1.60 20,052 20,170 20,05 2132 45,54 24,45 48.99  w.290  610,9° 4804.3 51,77 - 98,45  213.7  158.8
A g tee d0170 20,05 22,83 4,54 25,17 48,95 wiz¥0  sizio 18095 54,77 96y BT 46800
_fio____zo 092. 20417337478 25,43 63,26 28,36 48,99___=,290.__ 613 B 4817,2 51,76 95,13 409 .4 192,41
',‘.20 20,052 20,170 43,07 25,49 68,55 28,42 48,99 #,290  616,8 1826,6 51,75 96,11 476,41 193,6
Bedlomesy 0,052 20,473 50,83 30,40 76,29 33,03 48,99 ws.290  620,9 4838,9 51,73 96,09 57 4 1 233,2
_?lff__mmmzo.022__20;11g_n_éx‘n4___13.ﬂz___na.su__HSe.35___13,99___1.290 626,94 _ 16855,1___ 51,71 __ 98,06 216,0____26512;
280 20,052 20,173 73,72 34,00 99,16 36,93 48,99 #,2790 632,4 41874,3 51,68 96,03 8956,5% 274,0
2 00927 50,170 60100 32,43 85,42 35,36 48,99 1290 639,7  1894,6 51,65 95,99 T 71i,4 26,3
i f_z_{l_ __20.0%2_20,170 20,05 32,43 45,46 35,36 48,99  #:290  647,3  1915,0 51,61 __ 95,96 2233 __ _265,0
z:r; 20,092 20,173 20,05 '32.41 43,45 35,3¢ 48,99 290 655,0 1935,3 51,58 95,93 223,9 267,7
5 T S U gV U U

20,052 20,170 20,05 32,41 45,43 35,34 48,99 w1290  662,8 1955,6 51,55 95,89
3.80 -
. 20,0%2.._20,473 20,0% 32,93 45,42 35,34 48,99 _»,290 _ 670,5 1976,0_ 51,52 95,86 _ _231,3 273,49
4,60 A
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A4

Table 2-k

SOPSA OUTPUT DATA LISTING (CONT'D)

MINTMUYM REQUIRED ULLAGE PRESSJURE FOR 3 ENGINE OPERAT[ON PER MA{N FEED LINE

e ___SAWPLE_CASE..® ORBITER_040As.LOW PENMN .= OXYGEN.SUPPLY_SYSTEM _ __ . o

DLLTA 12,0 INCH 13,0 INZH 14,0 INCH 15,0 INCH 16,0 INCH 17,0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 lNcH | 23,0 INCH
SYIME  MAIN LINE MAIN LINE mlN LINE th LINE MAIN LINE MAIN LINE MAIN LINE HA!N LINE 'VIAIN LINE MAIN LINE HAH LINE MaIN LINE

20.082

. 20,052 20,052 20,052 20,052 20,052 20,032 20,082 20,052 20,032  20.052  20,0%2
"20'”"”éd;osi”_““éb;dééf—’“'25;632 20,052 20,052 20,052 20,022 20,052 20,052 20,052  20.052  20.052
_lig____zn,osz_g__zn,052,___‘_20.052 20,052 20,052 __ 204052____20,0%2___20,052___ 20,052 20,032 20.0%2 _ 20.052
% sowes2 20,052 20,052 20,052 20,052 20,052 20,082 20,052 20,052 20,052 20,082 20,032
G652 26,052 200052 20,052 20,052 20,052 20,092 20,052 20,052 20,052 20,052 20,052
1'00'__.znlnsz____zu+nsz______zaJnsz____zn.usa____zu.nsz____zo.osz 20,092 20,0%2 ___20,052___20.0%52___20.052 20,092
22 n.0s2 20,052 201052 20,052 20,052 20,052 20,092 20,052 20,052 20,052 20082 20,082
A — o5 20,082 20,052 20,052 20,052 204052  20;092 20,052 20,052 20,052  20.052 20,082
;%;;____294352____an;nsz;_____zoiné2____394n§z;__.2o,asa___.zn,052 204022_ 20,052 20,052 20,052 __ 20,032 __20.052

20,052 20,052 20,052 20,052 20,052 20,052 20,052 20,052 20,052 20,082 20,052 20,052
200 37.780 ° 25,220 204052 20,052 20,052 204052 20,052 20,032 20,052 20,052  20.052 20,052
2:20 43,072 28,923 ‘20,052 20,052 20,052 201052 20,092 20,052 20,032 20,032 20,052 20,032
?f4° 50,825 | 234,328 21,974 20,052 . 20,052 20,052 20,092 20,092 20,082 20,052  20.082 20,032
B gy b a7 27ii65 20,057 20,05 201052 207032 20,052 20,052 20,052 200052 20,052
'2'80 73.748 50,294 33,473 20,978 20,052 204052 20,092 20,052 . 20,082 20,092 20,092 20,052
300 996 36,527 20,232 20,052 20,082 20,052 20,092 20,082 20,052 20,052 201052 20,052
3'20'"—"20.052'?""20}652ff_'"”?dibsé"f__éd.OBé 20,052 20,052 20,032 20,052 20,092 20,052 20.0%2" 20,082
2199 s0.0s2_20.0s2 20,052 20,052 20,052 __ 204052 20052 20,052 20,052 20.052__ 20,052 20,052
33'60 20.052 20,052 20,052 20,052 20,082 204Q52 20,032 20,082 20,052 20,032 20,052 20,052
SRR I 20,052 200052 20,052 20,052 20,052 204092 20,052 20,052 20,052 ~ 20,082 20,052

400
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Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

SAMPLE. CASE_= ORBITER 0404¢-LOV._PENMN __..=. HYDROGEN.SUPPLY. SYSTEM

ANVAIWOD 3DVdS B SIANSSIN A3I3IHMOO0T

8%

MINIMUY REQUIRED ULLAGE PRESSURE FOR 3 ENGINE OPERATION PER MA{N FEED LINE

DELTA 12,0 INCH 340 INSH 14,0 INCH 15,0 INCH 16,0 INCH 17+0 INCK 16,0 INCH 19,0 INCH 20,0 INCH 25,0 INCH 22,0 INCH 23,0 INCH

4,00

TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN |'INE MaIN LINE
400 _ . _ N '—
. 20,522 20,501 200484 20,470 20,459 20,450 20,442 20,436 20,430 20,425  20.424 20,417
s 20,528 20,500 20,490 20,477 20,466 20,457 20,449 20,443 20,437 20.432 20,428

"?_4._20.123—204626 204638____20,608 20,534 204563 20,4546 20,532 20,520 20,509 20.500____ 20,492

' 0.959 20,880 20,8618 20,768 20,728 20,695 20,667 20,643 20,623 20,606  20.592 20,579
T s 2a4223 20,118 21,035 20,968 20,912 20,666 20,827 20,794 20,766 207742 20,721
1000 aeez 22,846 22,275 22,062 21890 204750 24,633 21,536 21,453 21,302 __ 231321 __ 21,268
1120 suess 23,155 22,780 22,489 22,260 22,075 21,924 21,798 21,693 21,603 21,527 21,464
A 679 20,534 20,430 20,373 20,357 20,315 204302 20,294 20,290 20,288  20.288 20,289
210._214519____214.252_____214077 20,950 20,858__ 20.786____ 20,736 20,694 20,662 20,636 20,614 20,596
M0 233 21,85 214594 21,403 21,260 2,151 . 21,085 20,997 20,942 - 20,897  20.8%9 20,828
R R T T 23,922 23,447 23,080 220792 22,560 22,371 22,215 23,084 211973 21,876
2'20__sz456____24.449___23.721___23.197___ 22.805_ 22,506 ___22,272____22,086___21,936____21.884___ 21734 21,626,
2090 0,097 284208 . 26,872 25,897 25,163 24,599 24,155 23,800 23,511 23,273 23.074 . 22,906
D 6T Saveay T 260694 27,312 26,294 28,525 24,932 24,465 24,094 237789 238397 23,329
2000 3,998 30,669 20,426 26,867 25,748 24,926 __34,309___ 23,836 __23.467___ 23,1475 22.94% __ 22,150

_3'00 32,434 29,118 26,932 25,445 24,405 23,661 23,116 - 22,711 22,404 22,168  21.984 21,839
3120 ""52..'427 T 29,105 726,916 25,428 24,387 23,643 23,099 22,694 22,388 22,152  21.969 21,825
_3__'__0____12__{12_.._291091.____361902___25;&4__24 315 231631 43,048 22,684 22,379 22,143 24,964 21,817
280 s 29,092 26,903 25,415 24,376 23,632 23,089 22,685 22,379 22,144  21.962 21,813
3180 32,414 29,093 26,904 28,416 24,377 23.633 23,090 22,686 22,380 22,145 21,963 21,849
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ANVANOD 3ADVdS ® S3TISSIN G3IIHMOO0T

6%

e ____SAWPLE.CASE »_ORBITER.0404s_LOW. PENMN ____= OXYGEN._SUPPLY SYSTEM _
TANK BOTTOM PRESSQRE VALUES FOR 3 ENGINE OPERATION PER MAIN FEED LINE

DELTA 12,0 INCH

Table 2-4

SOPSA OUTPUT DATA LISTING (CONT'D)

£3.0 IN3H 14,0 INCH 15,0 INCH 16,0 INCH 17+0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 INCH 23,0 INCH

JIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MAIN LINE
400 T o
45549 45,549 45,549 45,549 45,549 451549 45,549 45,549 45,549 45,549 45.549 45,549

—120 45,949 45,549 45,549 45,549 45,549 45,549 45,549 45,549 45,549 45,549 45,549 45,549
49 45,548 45,548 451548 45,548 45,548___ 454348 45,548 45,548 45,548 45,548 45,548 45,548
60 45,548 45,549 45,548 45,548 45,548 45,548 45,548 45,548 45,548 45,548 45,548 45,548
- ”‘_—'"25‘ 1547 45,547 45,547 45,547 45,547 45,547 45,547 45,547 45,547 45,547 45,547 45,547
1100 45,546 45,948 45,540 45,546 45,544 451546 45,546 45,546 49,546 45,546 45,546 45,546
1020 45,545 45,543 45,545 45,545 45,545 45,545 45,535 45,545 45,545 45,545 45.545 ~ 45,945
1'40—""_351533“"“_?SIEI;_ 45,543 45,543 45,543 45,543 48,543 45,543 45,843 45,543 43543 45,54y
1160 45,542 45,542 45,542 45,542 45,542 '45.552 45,542 4 45,542 45,542 45,542 45,542 45,542
1180 45,540 45,549 45,540 45,540 45,540 45,540 45,540 45,540 45,540 45,540 45,540 45,940
2400 631264 50,713 745,536 45,536 45,536 45,536 45,536 45,536 45,556 45,536 45,336 45,536
2020 £8:549 54,397 45,529 45.;22___.12,529 45,529 45,529 45,529 45,529 45,529 45,529 45,529
2040 ezes s9i796 47,442 45,521 45,521 45,521 45,524 45,521 45,521 45,521  45.521 45,521
'2'“_“'53'2'6@6"""66";’9‘15 52,563 45,510 45,510 45,510 45,510 45,510 45,510 45,510 45,510 45,510
2480 99.462 75,738 58,917 46,422 45,496 450496 | 45,496 45,496 45,496 45,496 45,496 45,496
3100 B5:42% 61;955 45,661 45,481 45,483 45,481 45,4491 45,484 45,484 45,481 45,481 45,484
3120 454465 5,465 . 45,465 45,465 45,465 45,465 45,465 45,465 45,465 45,465 45,465 45,489
304 43,449 45,449 45,449 45,449 45,449 45,449 43,449 45,449 45,449 45,449 45,449 45,449
13'60 45,432 45,432 45,432 45,432 45,432 45,432 45,432 45,432 45,432 45,432 45,432 45,432
“3'8°“T"‘§§;iio' - 45,416 45,416 45,416 45,416 45,416 45,416 45,416 45,416 45,416 4574167 45,446

4,00
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0S

Table 2-k

SOPSA OUTPUT DATA LISTING (CONT'D)

. SAWPLE_CASE = ORBITER 0404, LOW PENMN_____= HYDROGEN.SUPPLY SYSTEM__ _ . ...
TANK BOTTOM PRESSURE VALUES FOR 3 ENGINE OPERATION PER MAIN FEED LINE

DELTA 32,0 INCH 3.0 INZH 14,0 INCH 12,0 INCH 16,0 INCH 17,0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 INCH 23,0 INEH
TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MAIN LINE
100 .
, 23,458 23,437 23,420 23,407 23,395 23,386 23,378 23,372 23,366 23,362  23)357 23,354
~+20 23,487 23,462 23,442 23,426 23,413 23,403 23,393 23,386 23,379 23,374 2'5?3?9 23,364
._._f?___z34659____2}.612:___23.525.._2315.44__23.520___23.500 23,403 ___ 23,468 23,456 23,446, _23.436___ 23,429.
e 23,893 23,816 23,754 23,705 23,664 23,634 23,603 23,580 23,560 23,543 23528 23,515
180-— 24,203 24,159 24,054 23,974 23,904 23,848 23,802 23,764 23,731 23,702 2'5”:‘@75_'53"."5'5'7_
250_25.sga_zs..aaa____.zs,211_._24,993_2.4..526___24.oaa___zq.s.q'v 24,472 24,389___ 24,318 24.257__ 24.204.
1120 26,591 26,093 25,715 25,425 25,195 25,011 24,839 24,734 24,620 24,539 24,483 24,397
O 618 23asy 33,366 23,300 23,272 23:250 23,237 23,229 23226 2Nigad 23134 23,225
_1.150____'244...454___23_492_24.. 012 23,885 23,793 23,724 __ 23678 . 23.630____ 23,597 23,571 23.549 23,532
_1'50 254168 24,793 24,529 24,338 24,195 24,086 24,000 23,932 23,877 23,832 23,794 23,763
2'og"“"éli’;'séb""_" 27,499 26,857 26,381 26,045 = 25,726 25,495 25,306 25,149 25,048  24.908  24,8i3
2020 sie20 27,383 26,657 26,431 25,739____25.440____29,206 25,020 24,871 24,748 24,646 24,560
2140 33,030 31,144 29,806 28,830 28,097 27,532 27,088 26,733 26,444 26,206 26,007 25,839
20808 - 364369 33,557 33,626 30,244 29,227 28,458 27,864 27,397 27,024 26,720 26,470 26,262
280___36 1929 __ 33,604 310359 29,798 28,680 27,858 __ 27,240 ____26,767___ 26,399 26,107 __ 25,872 25,681_
P00 5365 32,049 29,863 28,376 27,336 26,591 26,047 25,641 25,334 25,098  24.945 24,770
2o 135,357 32,038 29,846 28,357 27,317 26,872 26,028 25,623 25,317 25,082 240899 T 24,754
319 s, 341 32,013 29,831 28,343 27,303 264559 26,036 25,612 25,306 25,072 24,889 24,745
2% s3es 32,019 29,831 28,343 27,303 26,559 26,046 25,612 25,306 25,072  24.889 24,745
3180 5,341 32,019 29,631 28,343 2“7‘".36'3'?—“2(.559 264016 . 25,612 25,306 25,072 24,889 24,745

4,00
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ANVAWOD 3DVdS ® S3TISSIN A33HID0T

Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

... SAYPLE CASE = ORBITER_040As._LQW PENMN .= OXYGEN SUPPLY. SYSTEM _

RECOMPYTED ENGINE PRESSURES FOR 3 gNGINE OPERATION PER MAIN FEED LINE

DELYA 12,6 INCH 13,0 1NsH 14,0 INCH 15,0 INCH 6,0 INEH 17+0 INCH 1840 INCH 19,0 INGH 20,0 INCH 21,0 INCH 22,0 TNCH 23,0 1HeH

TIME  MAIN LINE  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MaIN LIKE
- .00 _— e e ' . e e et
91.805 92,195 924504 92,754 92,958 93.127 V3,209 93,389 93,491 93,580 93,636 93,723
M sisoz_szaee 920502 92.752___ 92,957___ 93,126 93,206____93,388___ 93,491 93,579 93,686 93,722
€0 89,059 09,642 9041463 90,964 91,373 91,713 91,997 92,237 92,443 92,619 P2.772 92,906 .
'°°"““;‘5;s."f““"'"ss‘.'5'6"2‘?“ 68,013 71,277 73,946 761156 78,037 79,572 80,908 82,057 837083 83.922"
LOO 95,734 99,619 95,510 95,411 95,323 95,246 95,179 95,320 954067 95,022 94,982 94,948
:1'20 95.228 95,184 95,132 95,081 95,032 94,987 94,947 94,911 94,878 94,850 94,825 94,802
1140 BT YES Z R T 2—5‘3"—-"’“9' 44,353 94,400 94,432 944454 94,474 94,482 94,491 04,497 94 503 94,%07
"oneo 834443 84,840 86,166 87,224 88,081 88,787 89,374 | 89,670 90,290 90,631 90,984 91,235
1180 55,238 61,005 65,535 69,162 72,112 744546 76,578 78,292 79,750 81,004 82,089 83,038
2"00““'—'-567666'“'—2@','66’5 32,634 40,453 46,796 52,016 56,385 60,028 63,137 45,811 68,122 70,134
2z 26.000 28,000 29,973 38,482 45,298 80,849 35,436 59,274 62,501 65,276___ 67,664 69,736
2040 28,000 28,000 ' 28,000 35,596 43,102 494139 24,075 58,169 61,574 64,492 66,993 69,152
2180 "~ 28.000 28,000 254,000 31,793 40,211 46,866 53,285 86,713 60,345 63,460 66,110 68,384
2_'80 ..... 28,000 __ 28,000 28,000 28,000 36,622 44,093 30,000 94,907 58,825 62,179 65,013 67,40
200 28,000 28,000 28,000 39,547 48,250 54,881 40,049 64,157 67,372 70,117 72;369 74,319
2120 TS 144 49,44y 61,362 69,392 74,963 78,930 81,820 83,968 85,476 86,749 87744 68,532
3149 36,023 - 53,116 65,128 72,733 77,947 81,611 84,243 86,170 87,486 884594 89,444 904105
3160 36.007 53,700 65,112 72,747 77,931 81,595 94,227 86,154 87,470 88,577 89,428 90,089
3180 35,994 53,684 65,096 72,704 77,915 81,579 84,214 86,138 87,454 88,563 89,412 90,073
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Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

_SAMPLE _CASE_ =~ _ORBLTER_0404, LOW. PENMN_____ .« HYDROGEN SUPPLY.SYSTEM.

RECOMP JTED ENGINE PRESSURES FOR 3 ENGINE OPERATION PER MAIN FEED LINE

DELTA 12,0 INCH £3.0 INsH 14,0 INCH 15,0 INCH 16.0 INCH 17:0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 INCH 23,0 INCH

TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE

00 23,000, 23,000 23,000 23,000 23,000 23,000 23,030 23,000 23,000 23,000 23.000 23,000
_"20——534'65?-55‘;0'66— " 23,000 23,000 23,000 23,600 23,000 23,000 23,000 23,000  23.000 23,000
140 23.000— 23,000 23,000 23,000 23,000 23,000 23,040 23,000 23,000 23,000 23.000___ 23,000
' 3.000 23,000 - 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000
""80“""2'3. 000 . 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000  23.000 23,000
2000 23.000— 23,000 23,000 23,000 23.000_—_23,000___23,000___ 23,000 23,000 23,000 23.000___ 23,000
1120 23:000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000
LA 000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000  23.000 23,000
'1_.'6.9___2:,.;300_'_23.,oog_____z;.ooo_zs.ooo__zs.ooo___zs.onm___zs.uno__‘_zs.oon_z;,.ooa___zs..ono___zs.:ooo___zs..nnu
180 5000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000
2000 000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23.000 23‘006 " 23,000
289 3.000 23,000.. 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23.000___23.000
240 23.000 23,000 - - 23,000. - 23,000 23,000 23,000 23,020 23,000 23,000 23,000 23,000 23,000
_2'60" 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000  23.000 23,000
210 23.000___ 23,003 23,000 23,000 23,000 23, 600____23,000___ 23,000____23,060___._23.000___23.000.___ 23,000
.3'00 23,000 23,009 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,090 23,000 23,000
SR 23,000 23,000 23,000 23,000 23,000 23,090 23,000 23,000 23,000 23000 23,000
__?_'19____21,.305___.23..ooo___._zs.u.'oo___zs,.ooo___zl..oou 23,000 23,000__ 23,000 23,000 23,000____23.200 __ 23,000
.z.éz 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000
80 . .. O

23,000 23,000 .
4,00

"~ 23,000 23,000 23,000 23,000 23,000 23,000 23,000 23,000  23.000 23,000
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U SAYPLE .CASE .»_ORBITER 0404, _LOW PENMN = FEED_SYSTEM_WEIGHTS.

Table 2-4

SOPSA OUTOUT DATA LISTING (CONT'D)

CMAIN ENGINE FEEDLINE WEIGHTS YOTAL ENGINE MAIN
e FEEDLINE: - ] ENGINE MAIN_____ _FEEDLINE____FEEDLINE TOTAL
PROPELLANY DIAMEYER ~INE LINE LINE LINE  FEEDLINE FEEDLINE  INSULATION [NSULATION FEED SYSTEM
( INGHES) NO L NO 2 NO3 NO 4  WEIGHT WE ]GHT "WEIGHT WEJGHT WEIGH?
OXYGEN 124000 282,46 288,95 293,08 100000 864,49 1331,6 - 45,585 72,077 228y,7
OXYGEN._____ 13,000 .__282,46 _ 288,95 __ 293,08 200000 __ 884,49 _ 1566,4__ 15,585 78,322__  2524,8
OXYGEN 14000 282,46 288,95 293,08 100000 864,49 1829,6 15,585 84,631 2793,3
OXYGEN 15:000 282,46 288,99 293,08 +00000 864,49 2129,0 15,585 91,002 3994,0
LOXYGEN 16,000 __282,46__ 288,95 293,008 100000 864,49 ___ 24454 15,585 97,436 3423,0_
OXYGEN 174000 282,46 288,95 293,08 «00000 864,49 2815,1 15,585 - 403,93 3797,1
OXYGEN 184000 282,46 288,95 293,08 100000 864,49 3216,6 15,585 110,49 4207,2
COXYGEN____ .19.000__..282,46__ 288,95 293,08 100000 864,49 365/,17 15,585 117,12 4654,9
OXYGEN 20,000 282,46 288,95 293,08 100000 864,49 4137,9 15,585 123,80 514{,8
OXYGEN 21,000 282,46 288,95 293,08 +00000 864,49 4059,0 15,585 130,55 5669,7
_OXYGEN _______22,000__ 282,46 288,95 293,08_____,00000 864,49 %222,1 15,585 137,36 6240,2
OXYGEN 23000 282,46 288,99 293,08 100000 884,49 5831,7 15,585 144,24 6855,0
HYDROGEN 124000 294,08 252,24 333,46 ¢ 00000 874,75 711,431 +00000 +00000° 1586,1
HYDROGEN 13,000 291,08 252,21 331,46 +00000 874,75 874,90 »00000 +00000 1744,7
-HYDROGEN 14,000 291,08 252,21 331,46 +00000_____874,75____ 4057,0 200000 200000 1937,8_
HYOROGEN 154000 294,08 252,21 331,46 100000 874,75 1264,5 ,00000 100000 2143,2
HYDROGEN 16,000 291,08 252,24 331,45 +00000 874,75 1504,1 «00000 +00000 2382,9
CHYDROGEN___ 17+060__ 291,08 __ 252421 331,46 __ 100000 ___ 874,75 __ _1777,9 200000 _ ,0000C __  2952,6
HYDROGEN 18,000 293,08 = 252,21 '331,4% 100000 874475 2079,8 ,00000 400000 2954,6
HYDROGEN 19,000 29,08 252,21 331,46 »00000 874475 2416,3 + 00000 +00000 3299, ¢
_HYDROGEN __ 20:000___291,08___ 252,21 334,46 1000090 874:75 2793,0 —100000Q_ 200000 3664,8
HYDROGEN 21,000 29%,08 252,21 331,46 100000 874,75 3204%,3 200000 100000 4079,0
HYDRQGEN 22:000 294,08 252,21 331,46 100000 874,75 3063,7 »00000 +00000 4538,4
_HYOROGEN 23,000 294,08 2%2,21 _ 331,46 _ ,00000 874,75 . 4373,3 200000 100000 5050,0

END OF CA_SE i
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Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

SAMPLE-CASE_= ORBJTER_040A, WIGH PENMN

INPUT )ATA FOR START TRANSIENT PROBLEM CONSIDERED IN THIS ANALYS!S

NUMBER oF LI\IE SIZES TO BE CONS!DERED Is 15

PRNBLEM CONSIDERS B0TH OXIDIZER AND FUEL FEED SYSTEMS

NUMBER OF ENGINES FOR THE VEHICLE IS s P -
NUMBER OF ENGINES FOR EACH FEED SYSTEM IS 3

nNOMINAL OXIDIZER =L OW RATE ]S 894,00 LBS/SEC
NOMINAL FUEL .FLOW .RATE..IS.. 149,0V LBS/SEC
VEMICLE LUADZD WEIGHT 1S 5503250,00 LBS
NOMINAL THRUST FOR] EACH ENGINE ]S 470000,00 LBS

RULK Ox3U, ENGINE INLET TEMPERATURE 1S. .162,90_DEG,R
RULK FUEL ENGINE [NLET TEMPERATURE 1S 37,00 DEGR
cOMPONENT PRESSURE TOLERANCE 1S 3,00 PSI
OX{D+-HEAD HZIGHT. IN.THE. TANK 1S.-51,784 FT
O0X1D0+» HWEAD HZIGHT IN THEFEED LINE IS 99,500 FT

FUEL HZAD HEJGHT {N THE TANK |S 96,186 FT

FUEL HEAD HEIGHT IN THE FEED LINE 1S . =9,500FT-ce. e

INTTIAL ULLAGE VO_UME IN THE OX]DIZEXI TANK S eoe.cu FY

INITIAL ULLAGE VO_UME IN THE FUEL TaNK IS 1784, CU,FT

{NITIAL -OXIDJZER. _OADING- ]S ... 1743858, .LBS

INITIAL FUEL LOADING 1S 290643, LBS

EXTERNAL SURFACE AREA OF THE DROP TANK IS 13653,1 S@ FT,

EXTERNAL SURFACE aREA OF THE LOX/LH2 BULKHEAD 1S 1160,2.8G,_FT, ——
TOTAL SURFACEZ AREA IS THEREFORE 14813,4 SQ, fT, .

OXYGEN FEEDLINE DzSIGN PRESSURE IS ,00000000 PS1

.WMYDROGEN_FEEJLINE. DESIGN_PRESSURE_1S_,00200000 P51
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Tebie 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)
THE TANK GEOMETRY INPJYYT VALUES ARE AS FOLLOWS » o -

Lis 420,000 L2y 549,000 L3® 551,000 L4%3691,000 Riz 120,000 R2% 120,000 R3w 128,000 R4s 181,000 R5s 128,000

" TABLE OF FEED LINE DATA

OXI1D1ZzR L]INES FUEL LINES
D1AMETER LENGTH KeFACTOR DIAMETER LENGTH KeFACTOR
INCHES FEEY INCHES FEET
12,00 6,80 14143 12,00 714 14073
12,00 12.43 +5499 12,00 11.89 16388
e 12400 .. 16,3 46353 12,00 10499__ _  18369_
12,00 143,00 340925 12,00 39,00 1,42312
13,00 143,00 2,9399 13,00 39,00 13822
14,00 143,00 2,8098 : 14,00 39,00 143493
15,00 143,30 246970 15,00 39,00 193214
16,09 143,00 215991 16,00 39,00 142975
e 37400 343,00 ____ 245133 17,00 39400 32769
18,00 143,00 24378 18,00 39,00 142391
19,00 143,00 2.3702 - 19,00 39.00 142436
20,00 143,00 217604 _ 20,00 39,00 112302
22400 143,00 213063 21.00 39.00 142185
22,00 143,00 22579 22,00 39,00 142083
__23,00 143,00 212142 23400 39400 @ 1.1Y94
e _COHMPONENT DzSCRIPTORS FOR MAIN OXYGEN FEEDLINE =~
_COMPONENT _ TYPE MATL INSUL___ SPECY __ SPEC2 _____  SPECS.
[y { 0 0 +0000 D000 000D
2 3 2 5 5,000 20,00 »7%00
3 20 0 0 »0000 +0000 10000
4 3 2 5 9,160 13,33 7500
.8 . 20-..._0 ] +0000 «0000_ 10000_
6 ;] 2 5 4,160 8,330 +7500
? 2 2 5 7,000 »0000 17500
. 22 0 0_ 10000 +0000 10000 _
9 2 2 5 72,00 - ,0000 17500
19 22 0 0 +0000 + 0000 +0000
—y 2 2 5 _ 4,000 «0000 17500
12 3 2 8 4,100 1,750 «7500
13 3 2 5 1,380 1,750 17500
14 2 2 5 4,000 L0000___._ ,7500.
15 15 0 0 20000 0000 + 0000
16 20 0 b} +0000 40000 +0000
17?3 2. .5 ....1,000____.1,270._____.,7502
13 20 0 0 +0000 .0000 10000
19 2 2 5 1,500 +0000 +7500
— .20 16 Q o] »0000 0000 ,800Q.
21 .y F] ) 4,000 7,650 . 17500
22 15 0 0 +0000 20000 +0000
... R3 .20 0 ____0

40000 ____,0000 . .0090.
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Te.se 2—L¥
BSOPSA QUTPUT DATA LISTING (CONT'D)

—_—2 e 22 5Ty 000 0000 7500 __
25 20 0 a «0000 0000 »0000
26 8 2 5 1,000 1,500 17500

0 ]
e 0
0 0

'COMPONENT DESCRIPTORS FOR ENGING: OXYGEN FEEDLINE NUMBER &
_COMPONENT ___TYPE _MAT_.__INSUL

v @l Bl

SPELL SPECZ_ .. SPeC3 -
10000 «0000 » 6600
3,800 . 3,500 . —.47500. ...
+0000 + 0000 »0000
0000 + 0000 +0000

" COMPONENT DESCRIPTORS FOR ENGINZ OXYGEN FEEOLINE NUMBER 2

- COMPONENT ... TYPE . MAT.. _INSUL._.. SPECL1_____SPEC2 _.____. .. SPECd __
{ 20 0 0 ,0000 ,0000 0000
2 3.2 3 $,500——— 4,750 ——— —,7500.—
3 3 2 5 3,930 2,500 17500
¢ 20 0 0 0000 ,0000 +0000
e B A5 B 040000, 0000.. v0000. .
_ COMPONENT DESCRIPTORS FOR ENGINE' OXYGEN FEEOLINE NUMBER 3
o COMPONENT  TYPE MATL: INSUL  SFECY SPEC2 - SPEC3
[=2] .
. — 20 . Q0.——. 0. . -._,0000.. 20000 ——— 40000 -~
2 3 2 5 4,710 2,000 17500
3 3 2 5 14500 2.860 7500 .
4 2. 2.8 3,000 20000 ————y 7500 — .
) 3 2 5 3,800 1,500 «75G0
6 20 0 0 + 0000 .0000 + 0000
Y...... 15 . 0. 0 .. .,0000  ———.,0000 —— - 40000 .~
COMPONENT DZSCRIPTORS FOR MAIN HYDROGEN FEEOL INE
TCOMPONENT  TYPE MaT.: INSUL  SPEC1 SPEC2 SPEC3
1 t 0 0 °  ,0600 . __ ,0000._ ____ 40000 ____ ___
2 2 7 0 1,000 ,0000 0000
' 3 20 0 0 0000 ,0000 +0000
d___. 3 7 ﬂ 9'440 12!00 50000 PR
5 20 0 0 0000 ,0000 0000
6 3 7 0 9,440 12,00 +0000
7. 20 .0 _ .._ 0 _._ ,0000_____ ,0000 . ____,0000 _
3 15 0 a +0000 , 0000 10000
9 3 7 0 2,750 1,750 0000
N § I ¥ . 0. ___»0000__ _ ,0000. _____.0000 _.____
11 3 7 0 +9200 1,750 +0000
12 15 0 0 10000 , 0000 15000
1y 20 .0 0 ,0000 ___ ,0000 __ ..0000 . .. .__ _
14 2 7 0 3,750 ., 0000 10000
o GCOMPONENT DESCRIPTQORS FOR ENGINE: HYDROGEN FEEDLINE_NUMBER 1
COMPONENT  TYPE MATL INSUL SPECY SPECZ SPEC3
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Teble 2-L4
SOPSA OUTPUT DATA LISTING (CONT'D)

D 4,000 1,350 ___,0000.___ . __.

1 8 7
2 20 0 0 0000 , 3000 10000
3 3 ? 0 3,140 1,500 +0000
4 20,0 .o 0ee 40000 0000 40000 .
L 15 0 0 10000 ,0000 0000
e COMPONENT DESCRIPIORS FOR_ENGINE. HYDROGEN _FEEDLINE NUMBER 2.
COMPONENT  TYPE MATL INSUL  SPECY SPEC2 - SPEC3
I T T K3 2,350 1,500 ,0000
2 4 7 0 7,500 1.500 10000
3 20 0 0 «0000 0000 +0000.
4 15 0 0 +0000 ,0000 10000
< s ... GOMPONENT DESCRIPTORS. FOR ENGINE: HYIROGEN FEEDLINE NUMBER 3_
COMPANENT  TYPE MAT_: INSUL SPECY SPEC2 SPECS
1 20 0 o  ,0000  ,0000 0000
2 3 7 0 2,350 1,500 +0000 v
N Y 20 9150 1.750 __+0000 _
4 3 7 0 5,490 1,750 +0000
] 20 0 0 0000 0000 10000
& 38 D 0 10000 0000 _+0000
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Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

"TME TIME DEPENDENT PERFORMANCE CHARACTERISTIC INPUT VALUES ARE AS FOLLOWS = o

_4m__a.nm___z+nn__1.wzo___4+onn__x&20._in..m_smnn

-~

- TIME NPSPQ N2SPH_____ WDTFRO____WOYFRH____ FIFRAC___ PENMNO.___ PENMNH____ PPDGOT-  PPOGHT T060T. TYOGHT_
100 8,00 2,00 +000 1000 000 60,00 30,00 400 200 190,00 60,00 .
020 8400 2.00 1000 1006 .000 60,00 30,00 +00 ,00 190,00 - 60,00

—+ 40 8,00 2,00 1005 1013 0o0s 60,00 39,00 00 100 199,00_____60,00_
¢80 6,00 2,00 0010 1026 010 60,00 3J,00 100 .00 190,00 60,00
180 8400 2.00° 1020 1047 .C20 60,00 3J,00 100 000 190,00 60,00

1400 _8,00 2,00 4085 __ «081 _.085 60,00 30,00 100 .00 190,00 __ 60,00

1,20 800 2,00 1082 1165 .082 60,00 30,00 100 100 190,00 60,00
1,40 8400 2,00 1080 1263 .080 60,00 30,00 100 00 190,030 60,00
—1,60 8400 2,00 +080 1246 08p 60,00 34,00 00 00 190,00 ___ 60,00_
1,80 8400 2,00 +100 1260 100 60,00 33,00 100 000 190,00 60,00
2,00 8400 2,00 1170 1294 +170 60,00 33,00 4100 100 190,00 60,00
-2+20— -.-. 8400 . 2,00 318 1420 +318 60,00_____33,00 +00 s 00 190,00 ____60,00.
2,40 8400 2,00 1466 1510 LT 60,00 30,00 +00 100 190,00 60,00
2,60 8400 2,00 0614 1700 614 60,00 33,00 . 200 400 190,00 60,00
- —2480 800 2,00 762 0893 s 762 60,00 39,00 +00 «00 190,00 60,00~
3,00 8:00 2,00 1910 1996 910 60,00 33,00 100 100 190,00. 60,400
3,20 8400 2,00 1,010 1999 1.01p 60,00 39,00 100 ¢00 . 190,00 60,00
3440 —. 8,00 ———--2,00—_1,020— 1,030 1.02p 60,00 30,00 00 o00____190,00___ 60,00_
3,60 8,00 2.00 1,020 1,000 1.02p 60,00 33,00 100 100 190,00 60,00
3480 8,00 2.00 "~ 34020 1,000 1.020 60,00 ~33,00 100 000 190,00 60,00

+00 +00___ 190,00 60,00
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_ Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

o _SAMPLE_CASE .. ORBITER.D4DA, H1GH PENMN

1,000

I B Tt i T

.00
.20 1999 40470 5503249,79 1.000 74049 2,65 000,268 ,268 60,00 35,00
a0 22,450 5,215 5503247,56 1,000 74,49 2,65 1,341 T349 5488 60,00 $3I6%
— 22,390 9,685__5503241,83_ 1,000 74,49 - 2,65 4,023 1,743 8,225 60,00 3G.00_
oo 40700 15,645 3503230, 1,000  74.49 2,65 8,046 3,263 19,534 60,00 34,00
oo st 2s30 HNINT Lm0 Taar B8 mniel S shate 60,00 nie
_T:_éo____-xs..910__..62.5m_5501140..94 1,000 74,48 2,65 44,749 10,996 ____ 109,202 60,00 38.00_
yag . TY0 73,080 303076,37 1,000  T4:4D 2,65 43,448 19,132 171,762 60,00 34,00
L 60 1000 »12,665 5503012,7 1,000 74,48 2,65 42,912 22,752 237,446 60,00 35,00
_1.;.6.6_____g9..ioo_JnL4JOJ5.ozzu.Lu_xmon 74,48 2,65 48,276 22,618 308,344 60,00 36,00,
2.nn“__312_'90?_:_5_'?250262'75 +.000 74,48 2,66 72,414 24,764 405,548 - 60,00 36,00
2.20 66{,560 93,870 5502682,00 1,000 T4, 47 2,64 130,892 31,916 SE8306 60,00 A
NT .9,éi.c_59Q__,QLD_?.L_5.502.4}Q;.12__1_..0.00 14,47 2184 2104299 41,574 820,156 60,00 36,00
.2.69,___._.fb.?:_sf?__-_i‘.i.'?.i_.?i?i?_sb'50 1.000 74046 2,64 289,636 54,087  1163,899 60,00 36,00
200 661,960 143,785 5501646,25 1,000 Ta, 45 564 389,045 V207 1664,149 60,60 35108
55 661,960 76,735 5501113,44 1,000 74,43 2,04 498,430 84,438 2137,038 60,00 30,00
,.‘20____‘_‘2?"“" __f_-?_’?_ ’5500509_3’ 1,000 74,42 2,64 514,944 89,176  2741,138 60,00 37,00
3,40 4,700 /745 5499875,62 1,000 74,40 7,60 5A4,446 89,385 3374,9397 40,06 35.60°
60 .000 _,000  5499239,12 1,000 74,39 2,64 547,128 89,400 4011,467__ 60,00 37,00
3.0 nOEc_i . 2000 5498602,62 1,000 74,37 2,66 547,128 89,400 4647,995 60,00 36,00
1000 000 5497966,12 74,35 2,64 547,128 89,400  5284,323 60,00 SHe60
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_mu._w“*___;M“___»__mﬂMSAwPLEfCASE.9MORB{IERWO4OA¢_HIGH“PENMNJ._.emGXYGEN.SUPBLX_SYSIEM

DELTA 12,0 INCH £3,0 IN2H 34,0 INCH 15,0 INCH 16+0 INCH 17+0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 24,0

Table 2-k

SOPSA OUTPUT DATA LISTING (CONT'D)

DELTA=P TO SUPPLY ACCELERATION HEAD

INCH 22,0 TNCH 23,0 INCH

TIME  WAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MAIN LINE
mnOO - .
+000 1000 1000 - . 000 ,000 1000 1000 ,000 000 1000 000 4000
g 63T 2,208 730938 1,686 1,482 14313 1,171 1,081 1949 1860 1784 Y
Y ie3s 2,205 4936 1686 1482 {313 1,474 1,084 L949 1860, R RIVE
60 5,270 4,494 3,872 3,373 2,965 20626 2342 2,102 1,897 10721 1.568 1,435
f'eo T 34,257 29,189 25,168 21,924 19,269  17.069 35,225 13,665 12,332 11,186  10.192 9,325
:1199____‘44531.___111347_——-—110162,——~31,012;___~s.889 ~1788 » 703,631 £,569 <516 1470 » 430
120 ose *,898 e 774 «, 675 «,593 1825 408 *,420 ., 379 344 v.314 .,287
O e T 000 1000 ,000 .000 000 4000 ,000 ,000 000 .000 000
}lfgm*__gc,541 4,984 1744 6,746 5,929 58292 4,645 4,205 3.795 3442 'JL13¢___~_2L&62_
180 36,892 31,435 27,104 23,611 20,752 18,382 36,396 {4,716 13,281 12,046 - 10976 10,042
B T PR (Y TP 57,306 49,920 43,875 38,865 34,667 31,114 28,080 25,489  23.207 24,233
2020 8,000 564462 572306 49,920 43,875 38.865___ 341687 ___S1.114____26,080___ 25,489 _ 23,207 _ 24,233
2140 78,000 66,462 57,306 49,920 43,875 38,865 34,667 31,114 28,080 25,489  23.207 21,233
2O 000 sbas2 57,306 49,920 43,873 35,865 34,687 31,114 28,080 25,469 231207 247233
2180 8000 86,462 37,306 49920 43,875___ 38,865 34,667___ 31,114 _ 28,080 25,469 231207 21,233
3100 52,703 44,907 38,720 33,730 29,645 264260 23,424 21,023 18,973 17,209 15,680 14,3¢8
320 a0 ayasy T 372 T RrsT 2uses T avezsT2e342 202 T L8907 T h,72e T 1ises T ,e35
> oo .oon_  _.oo0 000 oo .000 1090. ,000_ ,000 000000 __ 000 _
3160 300 4003 4000 ,000 .000 1000 1030 ,000 ,000 »000 .000 ,000
i'zg W00 ,000  ,000  ,000  ,000 1000 1030 ,0000  ,000  .000 om0 T ,000°
5
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SOPSA OUTPUT DATA LISTING (CONT'D)

Table 2-4

o e SAMPLE. CASE_»_ORBITER. 0404,. . HIGH PENMN . = HYDROGEN SUPPLY SYSTEM _ o

Del.TAnP TO SUPPLY ACCELERATION HEAD
DELTA 12,0 INCH $3,0 INZH 14,0 INCH 15,0 INCH 16,0 INCH 17,0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 INcH 23,0 INCH

TIME  MAIN LINE MalN LINE MAIN LINE MAIN LINE MA!N‘LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE
100
1144 1122 1106 092 083 0072 1004 0087 1052 1047 .043 1039
- 1143 1123 1107 ,094 «084 1075 ,087 1060 1055 + 080 1046
149 o341 42635 +229. +199 175 4155, 1138 124 0112 2102 2093 +085_
e UM em sm aw am e gmam an gm0y
B4 1694 (598 521 458 1406 01362 325 ,293 1266 T 242 222
:.-oo 2,042 3,715 1,478 1,288 1,132 14003 1894 £803 o724 2652 .599 1548
1420 21348 2,009 14729 1,503 1,321 141170 11043 936 1845 1787 1698 1639
S T T IT. F299 eizby w220 ma203  miid w162 waid7 =iid3T izl eii11
B 333 4286 1246 a215 189 1167 1149 1134 1421 1110 400 2091
180 1814 1694 598 .521 .458 4406 1302 325 1293 1266 242 222
B T T TC T I T B O C T R ot T B v 17 S WY 1011 S 1T LR (73
--?_.'20 2,156 14831 11584 1.380 1,213 1,074 1938 1860 176 1704 1644 1587
2140 4,852 3,879 3,344 2,913 2,560 21268 2,023 1,846 1,639 1,486 1,354 1,239
2'“"""“"416?3' TT73,94p 3,397 2,959 2,603 3,304 2,098 1,844 1,664 1,510 1.376 1,289
2089 2,467 25102 10813 . 1,579  1.388_ 1,229 31077 1984 1888 1806 . 734 1672
3000 1072 1064 1053 ,046 ,040 1036 1032 ,029 ,026 1023 1021 ,020
A e T 20 Y T T T B Y T AN X R T S Y.L B 1
3140 ,000 L0020 ,000 .000 ,000 L0900 4030 ,000 .000 4000 1000 000
H160 1000 1000 1000 ,000 .000 1000 1020 ,000 1000 1000 .000 ,000
‘ j'::"’" 1000 4000 71000 ,000 .000 ,000 1000 ,000 000 ,000 .000 .G00
. .
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. Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

e e —--SAWPLE .CASE. = ORBITER .040as -HIGH.PENMN ... .= OXYGEN SUPPLY_ SYSTEM____ __

)ELTA-P OUE To LfNE FRICTION aND CONFIGURATION LOSSES ' ’

DELTA 12,0 INCH 13,0 INSH 14,0 INCH 15,0 INCH 16,0 INCH 17,0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 TNCH 23,0 INCH |

JIME  MAIN LINE MAIN LINE MAIN LINE HHN LINE HAI"J LlNE MAXN LINE MHN LINE NNN LWE MAIN LINE MaIN LINE MAW I"INE MAIN LINE |

|
100 : . j
,0000 ,0000 +0000 +0000 0000 0000 »0000 .0000 0000 0000 10000 0000 |
20 3431903 12368003 1682903 1122603 912404 6923704 y5342+04 ,4104%04 339304 ,2920v04 ;2217204 162004 i
_::E__13088202——12131202 +1514702.—44103= 02—_.821i-03__.623090}__-4UO7-03__.3766!03m_43054-0]_.42455-03_-.1996'01__.1638'034
60 W1235001  ,8525~02 16057202 14412r02 328502 ,2492m02 192302 ,1506%02 ,1222~02 +9824403 ,7983-03 ,6555-03:
""ao”""."x"szs.ao ,1094400  ,7420701 15405701 ,4024=01 3053901 12356-0% ,1845-01 .'i39'9-'di‘""'iiéois-‘oi""}é"fié'id'z'*—.bozr-ﬁ'{j
_Ei?g__13521t00__1254200g ,1817&00_.44367100__*1018+00__+1123n01~_45?59901__,4667!01__@3736:01__43043901__*2“74:01__.2031!01j
1020 ,3602+400 ,24B6+pQ (1766400 11287¢00 ,9578w01 726701 ,5007=01 ,4392%01 ,3562-01 ,2864=01 ,2328~01 .1911v01€
A 3V00 2625400 1723900 11255400 10343004 17089901 1547031 ,4284m01 3475001 42794501 12271-01 1864501
_i:ig__,a446900_,,3069§bo____,2180f00__41588*00——41182+50__*8972:01..46?2}:01__45422901__r1398701__.3536201__4297@201_.42359301§
1180 .100040¢ ,6905+0p 4906400 13574400 ,2660+00 ,2019400 1958400 ,1220%00 ,9898-01 ,7955-01 ,6466-01 ,5308v01
2000 emhot r2256401 11603001 11467401 18694400 46594400 15088400 3986900 3233400 12599400 42112450 1734+00
wfiig__.6435t01__.5642+u;____.4137+01__43013+01__42243+01__.1702*01._.1213+01__.1029*0l__,8343*00__.6707*00__.5‘52*00_.4ﬁ475*00
2140 ,1601402 ,1105+02 7850401 5718401 ,4257+01 03230401 12492421 ,1952401 ,1583+401 41273401 1035401 8493400
2160 m]éséa&gé"""1i93+gzi”" 11274402 719282401 ,6910401° ,5243401 44045404 ,3169¢01 2570401 12066401 y1679%0L 1370401
2.8

_ (3837402, 2698402 ,18B1+02_ 21371402 _ ,1020402_ 7744408 _ 45973401 __,4679%04_ ,3795+04_ , 3051404 _ 4298A+01 _,2035+03_

3 _ .
00 5059402 3492402 02481402 11807402 ,1345402 ,1021+02 47877401 ,6570+01 ,5004+04 ,4023+01 3270401 ,2684¢01

"3'20“']5655002 390302 Th2773+02 712020402 11504402 11414027 ,BUUSEUL 6897401 5504401 4497401 3655401 300001
3040 5711402 ,3942+02 _ ,2804¢02 +2040¢02_ _,1519¢02 ,1152+02 _ ,8892+01 6965401 ,5649¢04 (4541401 3691408 _,3C30%04
3160 5711402 .3?42¢bz , 2801402 12040402 ,1519+02 ,1152¢02 8892401 ,6965+¢01 ,5649+01 4541601 ,3691¢01 ,3030¢0%1
380 5711402 ,3942402 2801402 12040%02 ,1519402 ,1152402 (B892+0% 6065401 ,5649+01 ,4341+01 (389140 ,3030%01
4,00

96£ T66Y-ISWI



ANVAINOD 3ADVdS ® S3TSSIN A3ITHMOO0T

Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

—_SAYPLE .CASE._» ORBITER D404y HIGH_PENMN____ = HYDROGEN SUPPLY_SYSTEM.
_ JELTA=P DUE To LINE FRICTION aND CONFIGURATION LOSSES .
DELTA 12,0 INCH 3,0 INZH 34,0 INCH 15,0 INCH 16,0 INCH 17.0 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,3 INCHA 23,0 TNCH
TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE .

00 11017703 718304 (5213904 13874204 ,2938»04 ,2269e04 ,1780=04 ,1416%04 ,1141-04 929905 763505 ,6361°05 °
"'zomufiﬁédlai"—]iébi;diﬁ"""TSéz7Jdi—_?3é§5;53_—75546;bim":2255¥63~"717§5:35_”Tiié6363_—711i?;b3'—79325?b4__77977566"'73375363_
'_‘o_‘izg.@_gnz__.10:5.:.0L_‘zzozgoz__ug:7.-.uz_.zzsuna_,zsaé_-.-.o:_,..uzs,:.u;_ég_gﬁ_ao:_,ﬁ.ezx-,03_4.}92‘?..-.01__._.},?.:!9:n.l_._z_ég_at:o..l__'f
60 14906e01  ,1063~01 771702  15734¢02 ,4349e02 ,3359-02 ,2039+02 ,2096%02 ,1689-02 ,137602 1113302 ,9416~03
_'GL.*._i'é'z"@%Bx 1 3269-01 12372201 +1763308 1337708 103304 16308~d2 6446902 ,5193+02 ,4232+02 ,3484-02 ,2895~02
_1'qg__¢111030ﬂ__41201!00____¢&7Q§:01__16§iZ:Dl__¢i9}9f01__;!81!101__;2??§t91._42331!01__J1915:01__L15§5'Ql__glggi:ﬂk__;lgﬁﬂlﬂl_
__1-'20 5176400 ,3695+00 12653400 04974600 ,1495+00 ,115%¢00 (9058~01 ,7207~01 ,5806-01 ,4732201 ,3898~0%1 ,3237+01 ,'
& “:Ji‘;“."v'i'z’ﬁbﬁ ,516%9+0D 3753400 12708000 .2118+00 1635400 11203400 ,3019%00 ,8212-0% ,6892°01 ,5509-01 4578701
.

. 7235+p0 ,5108+00 13707400 02755400 ,2090+00 _ ,1614+400__,1266+00__ ,4007¢00_ _,8116-04 ,6613=01 ,5943-01 14524701
1480 '

8672400 ,6123+0D 14444400 23303400 ,2505400 ,1934400 1218400 ,1207+00 ,9728-01 ,7928e0% 56526~01' +5423901

"2'°0’"’.’1'"4"4'0‘461‘"".'1'61i"iax 7382900 15486400 ,4161+400 3213600 12521430 ,2006900 ,1616¥00 ,1317¢00 ,1084400 ,9008*01
2020 12444404 ._11__2,.6_t.m____._12,5.2tgx._o?§_o.1t.ao;..1Q5_9.:oo_L§.4smo 14277400 3403400 ,2742+00_ 2234400 ,1839+00 ,1528+400
24 4137404 ,2921%01 2120401 11575401 ,1195¢0%1 9228400 7239400 ,5760400 ,4641+00 3782000 3113400 ,2387¢00"
} 2e60. L7470404 5063404 ”'“";367556"1"_-2'731‘&6'1—7“2’67i‘"»'b'i‘”;‘i‘sonbi‘_.iéss&"di"".'wa:‘io'ﬁ_'.‘ 8044400 6555400 ,5396+00 ,4464¢00
26 -1005*02..-_.‘_’..1_!_?:!21_-_5.1QZ_‘.*_O;__LJ_MQ:.Q} 12912401 ,2249401  41764+01  ,1404%01 ,1131+01 ,9217400 ,7388+00 ,6305400
3100 11125402 7944401 ,5763+0% 14283401 ,324840% ,2508401 11968401 ,1566401 ,1262+401 ,1028+01 8463400 7033400
z'f:'”"';1i29+‘oz""",7973#6'{"“'7’5‘7‘36‘#'b1 V4300%01 . 3261901 ,2519401 11976408 1572400 ,1267401 1032401 (84974007 7061400
'

_,3130+02 _ ,7981+04 ,5792+01 14304403 ,3265+0% ,2521403 1978403 1574401 ,1268+01 ,1033+01  ,8504+00 ,7068400

3,60 .
»1430e02 ,7984+04 25792601 14304408 3265401 ,2524e01 419784014 1574401 ,1268+01 +4033+04  ,8306400 ,7068¢00
3480 . I U S R R e e e
1130402 ,7984+01 5792901 14304401 3205401 ,2524401 41978401 ,1874%01 ,1268+01 ,1033#01 ,8506+00 ,7068+00
4,00 ' )
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Teble 2-L
SOPSA OUTPUT DATA LISTING (CONT'D)

e e e -.__._;_v.._...-M.._.SAMPLE-.CASE_.'!_ ORB ITER_0404+ MIGN. PENMN __ ~0OXYGEN ENGINE FEEDLINE_SYSTEM

' DELTA=P TO SUPPLY ACCELERATION HZAD . DELTA-P DVE TQ LINE FRICTION AND CONFIGURATION L0SSES
DELTA  ENGINE INGINE ENGINE ENGINE ENGINE ENGINE ENGINE ENGINE
Iif"lgg LINE NO 1 L.n!NﬂE_-P:JO 2 LINE N?’ L!NENO 4 L}NE Né.i_mm:...llN.E.r-«O 2_~LXNE NC 3 LINE SO 4
100000000 , 00000000 100000000 100000000 ,00000000 100000000 100000000  ,00600000
41769400705 .76351536m04_,96341784701_,00000000. .51065396705_16779162¢05_,783106565203_,00000000_
140 141769109704 ,7635153601 ,98344782701 ,00000000  , 45958857704 ,63012462=04 ,70479599-04 ,00000000
—+40 ,83538221~04 ,15270308  ,19668357  ,00000000 T ,18383543=03 24404985703 42819164003 ,00000000
,4189““w”,.54299893w.¢“.99256990__“_1.2784432~“__400000000___.4225198)9!02_429&96105-02*.3453500}102_400000d0Q_
$100 125061462701~ 45810915-012,59005060701 ,00000000  ,56966513102 ,75625624=02 ,87360246~02 ,00000000
jg.ze ~116707646-01+,30540619703%,39336719n01 ,00000000  ,53606410902 (71164935202 482207404702 , 00000000
40 100000000 - 400000000 00000000+ 00000000 452290966702 469418623702.480190120702_,00000000_
tred 116707643 ,30540613  ,39336741  ,00000000  ,66180752902 (8785794402 41014906204 ,00000000
A 80— 158470748 1,0689214  1,3767848  ,00000000  ,14890669%01 (19768038701 ,22835390%01 ,00000600
‘?iqg;*__l-236}657m_n_2,2600056;m__2.9109170; 00000000, 48643671804_,64576673=01 ,74596860=01_,00000000..
'2'20 : 1:2363655 2,2600053 2,91091658 100000000 .i2555061 116667411 119253648 100000000
4049 1,2363657  2,2600056  2,9109170  ,00000000  ,23625071 31628860 36536624  ,00000000
.?fé?,a_“M1-2}6§655.n”_2.2600055Wm_~2.9109165____oDDODODOD“___.3§674)99___*|5;342013_  +59308634 ___,00000000
2180 1:2363657 2,2600055 2,9109168 +00000000 37103042 175806872 187569617 .00000606
'J'Do“‘*‘“TESESEEiE 1.5270310  1,9668339  ,00000000 \75298991 (99962818 1,1847378  ,00000000"
3120 83538133-03 15270291 _ 19668336 ,00000000.___ 84174157 ___1,1174500_ 1,2908447__ _,00000000_
3140 (00000000  ,00000000  ,00000000  ,00000000  ,83005499  1,1284865  1,3038906  ,00000000
“i‘::‘ .00000000 000000060  ,00000000  ,00000000  ,85005499  1,1284865  1,3335906  ,00000000
‘

oo ——_400000000....__..,000000G0 ... _,00000000_. . ,00000000___ ,8500%4%9___ 1,1284865 ___ _1.,3035%06.__ _,00000000_
4,00 i j
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. Table 2-4
SQPSA OUTPUT DATA LISTING (CONT'D)

_ SAMPLE.CASE.» ORBITER.0408s HIGH_PENMN ___ »HYDROGEN_ENGINE FEEOLINE SYSTEM _

DELTA*P YO SUPPLY ACCELERATION HEaD ELTA=P DUE TO LINE FRICTION AND CONFIGURATICN L0S8525
DELTA  ENGINE  ZNGINE ENGINE ENGINE ENGINE T ENGINE ENGINE ENGINE
TIME LiNE NO & LINE NO 2 LINE NO 3 LINE NO 4 LINE NO & LINE NO 2 LINE NO 3 LINE NO 4
e 187715138%02 ,14557779¢01 (2455780901 ,00000000  ,32394354205 (5080105805 46735282605 ,00000000
s .xozsaaslroxm.1¢964079q01_.29950277901_4090ooooo___,,324643§e~05ﬂjgo9921729&1_L¢15;°211—01_,oooooéoo_
40 119004946704 ,31541854001 ,53208584°01 ,00000000  ,313686614903 121463447e03 ,28456569703 ,00000000
42 43070029803 ,50952227701 (85952330701 ,00000000  ,47952643%03 175199678703 ,99700893703 , 00000000
_m"1??_"w-w.ﬁ97052959017.52499003g01_.13219092 +00000000___ . 34743030302_423320426702_,30653019202_,00000000_
- o 11228019 ,20380890 34380931 ,00000000  ,34454909302 185396580202 ,i132201001 ,00000000
20 1143260806 23777706 140113087 100000000 L 1648366770% 1250849636901 ,34272112701 ,00000000
I 4124852625-017,41247046501=, 69380465201 ,00000000___,23343226204_1 36559969501 148474770501 00000600
80 12046686804 , 33968156001 57301561301 (00000000  ,23039224104 (36130277¢81 44790207804 ,00000000
S 149705236701 ,82494070%01 113916090 00000000  ,2764762750% 443310160701 ,57421277+01 ,00000000"
wf:ff_____Jiagzu;so____,so??13;2“___45121;4n1____Joooooooo__~,4Asﬂzlb45391_JJ;9:?322391_12537sslz:g;_JOOOOnooo_
; 220 113157249 121836666 136836708 +00000000 V77827437301 412204954 116181517 +00000000
Sy RaEs T 4s099A38 79766400 100000000 E3174604 V20640506 127392670 100606000
Amfﬂéq_,Tm,.282;§0J;_ww_,46a27518«___.zaigézzs__;_LoQOooooo____,32Q}4891____;3580979;___;491421174;___L0000000Qﬁ
- 2:80 | !1,05}766 124990856 (42157574  ,00000000 32009293 (50354023 66760140 +00000000.
a5 7s5imya 7a788847702 T12270859%01 00030000 S 35813983 54163745 74482758 ;00000600"
220 . 114619208702 ,24263012202_,40929760702.400000000____, 35957782 456389189 ___ 74761635 ,00000600;
_ 2140 ,00000000  ,00000000  ,00000000  ,00000000  ,35993727 (56445621 74836475  ,00000000
:‘i‘i: ,00000000 , 00000000 ;00000000 100000000 38993727 (56445621 174836475 ;00006308
. .

o ..40000O00O0__ __,00000000____,00000000 ___ ,00000000 . ,35993727 156449621 174836473 000000000
4,00 : i ‘
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e e e e e SAMPLE. CASE. = _ORBITER_GA40A,). HIGH PENMN = OXYGEN_ SUPPLY_ SYSTEM

Table 2-L
SOPSA OUTPUT DATA LISTING (CONT'D)

LLAGE PRESSURE REGUJRED FOR 3 ENGINE OPERATION

DELTA 12:0 INCH 1340 INSH 14,0 INCH 15,0 INCH 46,0 INCH 1740 INCH 18,0 INCH 39,0 INCH 20,0 INCH 21,0 TNCH 22,0 TNEH 23,0 [N&A

TIME  MAEN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAaIN LINE MaIN LINE MaIN LINg
1008 : | : ‘ . -—
011,486 »13,485 "111486  €11,486 ©11,486 11,466 »11,486 wii, 486 «11,486 11,486 ~11,486 11,486
""'20"""""';'3 1753 e9,142 9,452 9,701  *9,906 =10:075 404217 40,337 =10,439 +10,528 vi0.604 -16";'6'7"{‘_
__-'.4_9_,__,,,.,&.7.50.__,:?..1.4n__--_A-..-,9.450 *9,700____=9,905__=40.074___=304236___v10,336 10,439 »10.527__ +10,604__ 10,670 _
60 64006 6,790 74414 7,512 ~8,321 ~8.661 wg,945 9,185 9,391 9,547 »9.220 29,854
180 249205 19,090 15,039 11,775 9,106 61896 5,046 3,480 2,144 4995 e.001  ~.870 -
wilgg___agz;682___-12.551 giz.gsa_m_112+359__;112.211”__312¢194 wi24127 __ »i2,068___+12,015 --11¢22n___111L922,__x11.i24_;
?'20 {2,176 12,132 *12,080 #12,028 »11,980 11,4935 »11,895 {1,659 «11,826 *11,798 ~11,773 11,750 |
R uiie N EsT T eaii05 w43.348 H1.300 api402 WL AA8 SELASD il A36 waiides T SETIAS0 T win.85
g_f'°° =094 14288 ~3.i11 n4,171 =5,029 LLYWAL] 26,322 nb. 047 v74235< =14599 °2.914 8,183
1180 274845 22.047‘. 17,517 13.390 10,940 81506 61474 4,760 3.302 2,048 1963 018
<2400 72,780 60,229 500421 42,600 36,256  31.037 20,698 23,024 19,915 17,241  14.930 12,948
22 s 83,923 — 531079 46,570 37,755 320203 274646 23,779 20,551 47,776 151388 _ 13316
2146 85825 69,328 56,974 47,456 39,950 334913 25.577 24,883 21,483 18,550 16.089 13,900
' z'éq " 96,041 76,452 62,105 51,259 42,842 = 36,185 56',"75_'6"_"éé’.'s"_i'é'"“"zz".”io?'-’“i‘v 05927 16,943 14,668
wfffo 108,748 85,294 684473 __ 55,978 96,430 384959 22,993 __ 28,145 _. 24.227___ 20.87) 18,039 15,621
3f°° 94,996 71,527 554232 43,505 34,802 28¢171 23,003 18,895 15,680 124935 10,653 8,733
3120 $1.909 33,600 214690 43,660 8,089 42122 11232 2,916 2,424 Tu3,697 7 *a.692 5,480 "
uviitg_“_,Aanzi___.29;335 ....... 172924 10,349 9,105 10441 w191 03,118 =4,434 n5,54% "6.392_ ___*7,053_
dned 474065 29,352 174940 40,335 5,121 11457 ®1,175 =3.102 nd,418 ©9,525 “6,376 "7,037
“3'80'”'"Kijdg;“”““56]333““””““131656 10,351 5,137 11473 1,159 «3,086 «4,402 '25}509'"""?61360'“_“37.02£'1
4,00 : :
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Table 2-4
SOPSA OUTPUT DATA LISTING (CONT'D)

-__,____~.A.._.._.4.~ e SAWPLE _CASE =_ORBITER 0404, HIGH PENMN ... «. HYDROGEN GUPPLY. SYSTEM _ : i _ S
VULLAGE PRESSURE REQUIRED FOR 3 ENGINE‘OPERATXON :

DELTA 12,0 INCH $3.0 INSH 14,0 INCH 15.0"'{}354 16.0 INCH 1740 INCH 18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 "i:~¢H""2;‘;’6""iN'cii"'
TIME  MAIN LINE MAIN LINE MAIN LINE MAIN UINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MAIN LINE

00 30,822 30,501 30,484 30,470 30,459 30,450 30,492 30,436 30,430 30,425  30.42% 30,417
._"'20_‘“"_50'333.__36‘;'5"5(_“36;563 30,490 30,477 30,466 30,437 30,449 30,443 30,437 “S0.a32 30,423
0 a0u723_ 30,676 30,638 30,608 30.584___30.563__ 30,546 30,532 30,520 30,509 30.500__ 30,492_

40 30,989 30,880 30,818 30,768 30,728 30,695 230,657 30,643 30,623 . 30,606 30,592 30,579
387 TN EaY T 34Ia8 31,035 30,968 30,942 36,806 30,027 36,794 30,766  30i74Z 36,781
ff_‘)___gz.La9z__:2.594___12.215_12,0&_11,590 314750 319633 31,536 31,453 _ 31,382 31,324 31,268
1420 33655 23,4155 32,780 32,489 32,260 324075 31,924 51,798 31,693 31,603 31.527 34,464
71'40""f"367b36;_‘"35}5é4 30,430 30,373 30,337 304315 20,302 30,294 30,290 30,288  30.288 30,289

I 00 s suzs 33,072 30,930 30,858 30,788 30,736 30,694 30,662 30,636 30,614 30,59
M0 22 33,858 31,594 31,403 31,260 31,151 31,065 30,997 30,942 30,897 . 30.859 30,828
fz'uc_‘*"iéliés 34,558 33,922 33,447 33,080 32,992 32,560 32,371 32,245 32,084 31975 3878
220 sass 34p4a9 33,723 33,197 32,805 32,806 32,272 32,086 31,936 31814 3,744 31.626_
Fe40 40,097 38,208 36,872 . 35,897 35,163 34,599 34,195 33,800 33,511 33,273 33,074 32,906
B 16T 40,6357 36,694 T3 302 36L20dHsi545 T SA 93T 34,965 34090 33,789 T INISEY T asiise”
_i'_eo 431999 40,669 38,428 36,862 35,748 341926 3“1.3:99 33:836 - 33,467 334175 32,943 32,750__
3000 2ie3¢ 39,118 36,932 35,445 34,405 330661 33,116 32,741 32,404 32,168 311984 31,839
: 3120 "7 424427 777 39,108 T 736,916 35,428 34,387 33,643 33,099 32,694 32,388 32,152 31.969 31,825
3e4 42.412 39,094 36,902 35,414 34,375 33,631 331098 32,684 322378 32,143 31,963 31,817
30 23 39,002 36,903 35,445 34,376 33,632 33,089 32,685 32,379 32,144 31,962 31,818
l :'8:" 420404 739,007 36,904 35,456 34,377 733,633 33,090 32,686 32,380 32,145 31,963 34,849

LI o
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Table 2-4

SOPSA OUTPUT DATA LISTING (CONT'D)
SAMPLE CASE_=_ORBIYER 0404, _HIGH PENMN._ - - R —

PRESSURE.-.4ND. VOLUME. VALUES-FOR FLUID.VAPOR, MIN, ULLAGE , TANK BOTTCMiLINE HEADLULLAGE VOLUME ,TANK_HEAD _HEIGHY AND VULLAGE WEIGHY
TRANS, ULLVAP  ULLVA® MINULL MINULL TNKBOT TNKBOT LINHED LINHED  ULLVOL  ULLVOL TNKHED TN<HED  ULLWGT  ULLWGT

—TIHE———-OX}Dg—— FUEL— OX1D4— FUEL.— OX1D4— FUEL___ OXID,__ FUEW____OX1D,___FUEL_.__OXID,.__ FiJEL OX{0s__ FUEL___
SEC PSiA PSTA PSla PSIA P&1a PSlA PSIA P5la CUFT,  CU,FT, Py T, LAS LBS
B0 e e : ' —

720,052 20,170 20,05 30,52 45,55 33,46 48,99 e,290 607,86 4784,5 51,78 96,19  209,6  250,1
;_lfg_n_."Zo.oaz__zo.170w_,gn.os_m_so,5s___45,ss___33.49___Aa,99___,4220____noz.a___xzeg.z___ﬁx.za 96,19 209,86 230.4__
140 20,052 20,170 20,05 30,72 45,55 33,66 48,99 =290 607,90 4785,1 51,78 96,18  209,7  232,0
0 0,052 200170 20,0 30.% 45,55 33,90 48,99 1290  608,0 4785,8 51,78 96,18  209,7  234.1
“_lfgf____ZO.052~_20.17o-__2ﬁ.20—__31.36_——49170———34¢29 48.99——-112?0____60&;4___L781.t-—-51ylﬂ—-—9ﬁmiﬁ————2554i;___23243_;
200 g0.0%2 20,170 20,05 32,89 45,55 35,83 48,99 1290  609,0 1769,6 51,78 96,18  215,4  251.8
20 0,052 200170 20,05 33,65 43,54 36,59 48,99 1290 609,7 1794,0 51,78 96,47  210,3  259,2
;_1._'_..?3____.20.052_20..uo_zo,.05__304.93___45..51__31..51__43....99 24290 610,3 __4799,1 51,77 96,16 216,98 233.4_
.60 20,052 20,170 20,05 34,52 45,54 34,45 48,99 «,290  610,9 1804,3 51,77 96,45  24A,7  241,6
‘1'8°”m"m“26;052“"é011?5m"”éi;ﬁim"TSEIéS*J'Si:ib_m—35;if‘—_35;3617 c1290 612,00  1809,9 51,77 96,14  296,7  248,6
j_f_?f _,20 ,052_20,170.— 72,78___35,43 98,26 38, 36__48..9.9_1;2?0,_. 643,8_1817,2  51,76._ 96,13 853,3  278.6._
2.20 20,052 204170 78,07 38,49 103,55 38,42 48,99 =290  616,8 - 1626,6 51,75 96,11  929,2  280.6
f"o'l" 20,092 20,179 85,83 40,40 111,29 ~ 43,03 48,99 #2909 620,90  1838,9 51,73 T 96,097 104,08  324,6"
B0 20,052 20,170 96,04 43,42 121,50 46,35 48.99_ _=e290___ 626,40 _ 1855.1__ 51,74 96,06__1214.3__ 358,0..
2080 0,092 20,170 108072 44,00 134,16 46,93 48,99 1290  632,4  1874,3 51,68 96,03  1445.2  387.1
2100 0,052 20,170 95.00 42,93 120042 45,36 40,99 T y290 6397 18948 51,85 95,99 12237 T 38644
3 20,052 200170 51,91 42,43 77,32 45,36 48,99 5290 647,3 _ 1915.0_ 51,61 95,96 612.7._ 360.1_
3.40 20,052 20,170 47,03 42,51 72,43 45,34 48,99 =290  655,0 4935,3 51,58 93,93  556,4  363,8
z'::"””'zc.osz 20,170 47,05 42,41 72,43 48,34 48,99 m12Y0  662,8 1955,6 51,595 93,89 563,41  367,7

20,052 20,178 47,06 42,93 72,43 45,34 48,99 )29 670,5  A976,0 51,32 93,86 __5e9,9 __ 371.5
4 . 0 0 X ) \
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—— SAMPLE .CASE..%..ORBITER.0404s_HIGH _PENMN.. .= OXYGEN_SUPPLY_SYSTEM _

Table 2-L4

SOPSA OUTPUT DATA LISTING (CONT'D)

MINIMUY REQUIRED ULLAGE PRESSURE FOR 3 ENGINE OPERATION PER MAIN FEED LINE

‘DELTA 12,0 INCH £3,0 INsH 14,0 INCH 15,0 INCH 16,0 INCH 17,0 INCH:

18,0 INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 fNcH 23,0 INeW

TIME MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MaIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE
Tioo | - .
.. 20,052 20,052 20,052 20,052 20,052 20,052 20,032 20,082 20,052 20,052 20,082 20,052
020 083 20,052 20,052 20,052 20,052  20.052 204092 20,052 20,092 20,052 201082 20,052
;Lzﬁ.u.nsz_ZQ.;.Osz_JQ'052_20.05..?._20...052__20..0524_&110.5,2__2Q...052 20,0%2___ 20,052___20,0%2 20,052
,'60 20,052 20,052 20,052 20,052 20,052 20,052 20,052 20,052 20,052 20,052 20,082 20,02
”7_'ao"’"'"“é(.'é'oi"“"'“z"b'.'6'52 20,052 20,052 20,052 20,052 20,092 20,082 20,052 20,052 20,052 20,052
_ﬂo_zn.nsz___zn..osz‘___zmosz_zn‘..nsz_zo;.nsvz__zn 1032 20,052 20,032 __ 20,052 20,0%2___20.052___ 20,032
\__1'20 20,052 20,052 20,052 20,052 20,052 20,052 20,092 20,052 20,052 20,052 20,052 20,052
A *-.‘i::z_""éb}'ﬁ"sz" 20,052 ) ib}"{ﬁ‘éz — 20,082 20,052 . 20:0%52  20,0%2. 20,052 20,052 20,092  20.0%2 2q.os'z‘
20,052 20,052 20,052 20,052 20,052 204052 20,082 20,052 20,052 20,052 _ 20,082 20,052
80 27,815 22,047 20,052 20,092 20,052 20,052 20,092 20,052 20,052 . 20,052 20052 ~ 20,052
' '2'.00"’"'“7"5'.'56'6' 60,229 50,421 42,800 36,256 31,037 26,68 23,024 20,052 20,052  20.052 20,052
_2__‘_.20 78,072 63,920 53,079 44,570 37,755 32,203 ‘ 27,636 23,779 20,551 20,032 20,082 20,082
2090 7 is,825 69,328 56,974 47,456 39,950 33,943 . 28,977 24,883 21,481 20,052  20.082 20,052
B g4y 76457 62,105 1,259 WZ,842 36,165 30,789 26,3397 24,707 20,092 20052 20,052
;z.eo 408.7318 85,294 68,473 . 55,978 - 46,430 '3&959 32,993 28,145 . 24,227 20,873 20,052 20,052
53'30 $4.996 73,527 55,232 43,505 34,802 28,171 23,003 20,082 20,052 20,032 20,052 20,052
{“f*“Q""““'é‘i.‘9b§""""'ss“."é‘o‘é"""“—f‘.‘é‘i“.‘aéb‘“”éb"."‘o"s'z 3G 582 0.052 20,092 20,052 20,052 20,082 20,0527 26,052
N u7.029 29.336 20,052 20,082 20,082 20,052 20,032 20,052 20,052 20,052 201082 20,052
'?'60 47,045 29,352 20,052 20,052  20.052  20.052 20,052 20,052 20,052 20,052  20.052 20,082
j':: o ‘4'7'.'0'6'1-'"‘““"2“9]"38'3 20,052 20,052 20.052 204082 20,092 20,082 20,052 20,052 20,052 20,052
' ,
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Table 2-k

SOPSA OUTPUT DATA LISTING (CONT'D)

-SAMPLE_CASE = ORBITER.D404, HIGH PENMN. ___

= HYDROUEN. SUPPLY_SYSTEM

HINlMUW REGUIRED ULLAGE PRESS‘JRE FOR ,3 ENGINE OPERATION PER MAiN FEED LINE

T!ME MALN LxNF. M& N LlNE MHN LINE MMN LINE MAlN L!NE MAIN LINE MA!N LINE MAIN LINE MnN LINE mw LINE HAN LINE MaIN LINE
09 . 30922 30 501- 30,484 ;o.aro 30,459 301450 309492 30,436 30,430 30.425 30.424 30,417
T Gusst 30,526 30,506 30,490 30,477 30,466 30457 30,449 36,443 30,457 30.43% 35,425
10 304723 30,676 30,638 30,608 30,584 30,563 30,546 30,832 30,520_30.509____22.500 __ 30.492
160 304959 30,889 30,818 30,768 30,728 301695 30,6687 30,643 30,623 304606 30,592 30,579
T+ao-- 31,357 31,223 31,118 31;635' 30,968 30.912 30,866 30,627 30,794 30,766  30.742 30.721é
1'°°~___5z.592_*__32 544 324275 32,062 31,e9h 314790 31,633 31,536 31,453 Si.352____212121____11‘2b3_
20 iless 33,155 32,780 32,489 32,260 - 32,075 314924 31,798 31,693 31,603 311527 ' 31,461
’ "o'wmwso[eiiﬂm“"id[Béj 30,430 30,373 30,337 30,315 230,302 30,294 30,290  30.288  30.288 30,289
ilfg;___sx.sisn,__ii.zsr 31,072 30,950 30,858 304788 304736 30,694 30,662 _sn;olb 30.614 30,396
;}.ao 32,233 31,858 31,594 31,403 31,260 31,151 31,085 30,997 30,942 30.897 30.889 30,828
00 gsiass T aeisse 33922 33,447 33.080 320792 32,580 32,370 32,215 32.084  31l973 7 51,878
fifgn___;stsaa 34,4449 33,723 33,197 32, 805 .32,506____32,272 32,086 31,936 31,884 311741 31,626
2140 '.0.597 " 38,208 36,872 35,897 35,163, 34,599 44195 33,800 33,511 33,273 33,074 32,906
2000 sais aossas 38,694 37,312 36,294 35,525 34,932 34,463 34,090 33,787 330537 33,329
2'80_ 43.998 qn‘._gﬁ 35,748 344926 244309 33,836 33,467 33,175 ___ 32, 941__;2.150_
3100 42,434 39,118 36,932 35,445 34,408 33,661 33,116 32,711 32,404 32,148 31.984 31,839
‘3'20 '§2.4z7'f: 39;105““'m'”;o.9£6~m"'35;§26 34,387 330643 33,099 33,694 32,388 32,152 31*669 31, 625.
_ilugm__.42.412"___)9 091 ‘_34,902_.A~}5¢411_«_.354315___~1316§1-___2}.oga;.__szLéai____sz,}ZB 324143 31 961____214§11_
3160 42,413 39,092 36,903 35,415 34,376 33,632 33,049 32,685 32,379 32,144 31.962 31,818
380 ;2.414'””J59}5§§~""""”55{6b4 35,416 34,377 33,633 33,090 32,686 32,380 32,148 31,963 31,819

4400
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Table 2-4

SOPSA OUTPUT DATA LISTING (CONT'D)

e . SAMPLE CASE..» ORBITER.0404s .HIGH PENMN . .= OXYGEN. SUPPLY. SYSTEM..___ . N

TANK BOTTOM PRESSURE VALUES FOR 3 ENGINE OPERATION PER MAIN FEED LINE

DELTA 12,0 INCH 3.0 INZK 44,0 INCH 15,0 INCH 16,0 INCH 17,0 INCH 18,0 INGH 19,0 INCH 2C,0

TINCH 21,0 INCH 22,0 TNCH 23,0 INCH

TIME  MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MaIN LINE MAIN LINE MAIN LINE MAIN LINE
— _ — e e .
".zo_"_0157?4?_"__f§{%ﬁ3_ fif?f? 45f?f9 'isiiff 454549 45,549 45,549 45,549 45,549 45.549 45,949
651549 49,549 45,549 45,549 45,549 45,549 45,549 45,549 45,549 45,549 45,849 45,549
_“:jg____liu5daw_u_§5.543 45,548 45,548 45,540 45,548 45,548 45,548 45,548 45,548___ 45,548 45,548
160 454548 65,548 45,548 45,348 45,548 45,548 45,548 45,548 45,548 45,548 45,548 45,548
"’Bom""wkv;ioo'”_”45;547'“_’“'15;5iz 45,547 45,547 45,547 45,547 '4515i7 45,547 45,547 45,547 45,547
j"oo 6515486 454546 45,546 49,546 45,5446 451546 494546 45,546 45,546 45,546 49,546 45,846
:'20 45,545 45,543 45,545 45,545 45,545 45,545 45,545 45,5458 45,545 45,949 45,545 45,545
2140 45,943 45,543 45,543 45,543 45,543 45,543 45,543 45,543 45,543 45,543 45,543 45,543
i 451542 95,542 45,542_.__ 45,542 45,542 45,542 45,542 45,542 45,542 45,542 45,542 45,542
g SRE AT 500 B0 5.0 e 530 G50 50 e 30 G
. 98,264 85,713 75,905 68,083 61,740 861520 32,171 46,508 45,536 45,536 45,536 45,536
.?'_'_,__lc,}sSG 69,397 . 184556 70,047 63,232 87.:68% 53,094 49,256 46,020 45,529 45,529 45,529
2ed 1114294 94,798 82,442 72,925 65,418 594381 94,445 80,352 46,950 45,521 45,524 45,524
2'°°'““1é1}465“—"ibi}61b 874563 76,716 88,299 61,622 96,226 51,796 48,164 45,540 45,510 45,540
2100 s3ause2 1104738_ 931947__ 81,422 __ 74,874 64,403 98,437 33,589 49,674 46:337__ 45.456_ 45,49¢
3100 120.429%° 96,954 60,661 68,934 | 60,231 53,600 48,432 45,483 45,481 45,484 45,4584 45,484
"}‘20""’"57732i"“W5§702I‘“‘ 47,103 45,465 45,465 45,445 45,465 45,465 45,465 451465 45,465 45,465
_?"0 724426 54,732 45,449 45,449 45,449 45,449 45,449 45,449 45,449 45,449 45.449 45,449
:'60 72,426 54,732 45,432 45,432 45,432 45,432 454432 45,432 45,432 45,432 45,432 45,432
:'ZZ 7240426 54,732 45,416 437?£6 45,416 45,436 454416 45,416 43,416 45,416 45,416 45,416
G
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Table 2-4
GOPSA OUTPUT DATA LISTING (CONT'D)

— -SA¥PLE..CASE = ORBITER 0404, HIGW.PENMN...___» HYDROGEN_SUPPLY.SYSTEM
TANK BOTTOM PRESSURE VALUES FOR 3 ENGINE OPERATION PER MAIN FEED LINE

DELTA 1200 INCH £3.0 INZH 34,0 INCH 15,0 INCH 16.0 INCH 17,0 INCH 18,0 INCH 19,0
TIME

_ _ INCH 20,0 INCH 24,0 INCH 22,0 INCH 23,0 INEN
MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN UINE MaIN LINE

00 33,458 33,437 33,420 33,407 33,395 33,386 33,378 33,372 33,366 33,362 33387  33,3%4
G T LA X 33,442 33,426 33,413 33,403 33,3937 33,386 33,379 33,374 33.369 33,364
L_.'_q.?__-._ss 659 33,612 334575 33,544 33,520 33,500 33,493 __ 33,468 33,456___ 33,446 :3,:,435___5;.4.".429_,
el 33,895 334816 33,754 33,705 33,664 . 33,631 33603 33,580 33,560 33,943 Js;sze 33,515
T ey T 34,150 34,054 33,971 33,904 33,848 33,802 33,764 33,731 33,702  33.678 33,687
:Eo—-ss-yaz-&—--éhwo——ﬁ.23,1___34,.99&_._54..526____34.abe_:e,5@9 34,422 34,389 84*315 JQSL_JL.ZBA:_ |
h20 36,991 36,091 354715 38,425 35,195 35,011 34,839 34,734 34,629 344539 34,463 34,'39_7:"
T sles T 3iass 33386 33,500 33,272 33250 33237 33,229 33iee  3naz4 Siiaad 35.ass
.{ffc___gﬁ.._a 54 34,192 34,012 353,885 33,793 33,724 33,671 : 33,630 33,597 33,571 33.549 33,532 K
41'80 35.168 34,4793 34,529 34,338 34,195 34,086 34,000 33,932 33,877 - 33,832 33,794 33.763‘1'“
2'00""“"""53”'.';5"';‘_“' 37,499 36,857 36,381 36,015 35,726 35,495 35,306 35,149 35,018  34.908 34,833
_‘2.“'_2_9..-.-__35..Vazo___}r.:a; 364657 36,131 39,739 ___ 35,440 _ 35,206 35,020 34,870 34,740 34.646___34,560.
;2-40 C 43,030 41,144 39,806 38,830 38,097 37,532 37,008 36,733 36,444 36,206 36,007 35,839
P10 6349 T a3,5817 TTan,e26 ap.zed 39,227 3a.e58 37,864 37,397 37,024 36,7207 3614707 36,267
‘.ff_.éiv__.ms_c.?zv | 43,604 41,359___ 39,198 38,680 37,858 __ 37,240 ____36,767___ 36,3%9___ 36,107 33,872 35,681
:3'00 45,365 42,049 - 39,863 38,376 37,336 36,591 36,047 135,641 35,334 35,098 341915 34,770
;'3'2° 450387 42,038 39,846 38,357 37,347 36,572 6,028 35,623 35,317 35,082 34,699 34,754
3_" ° 45,340 42,019 39,831 38,343 37,303 36,559.___ 36,046 35,612 35,306___ 35,072 34,889 34,745
3160 45.341% 42,019 39,635 38,343 37,303 36,559 36,016 35,642 35,306 35,072 341889 34,743
j':z"'"""is.su’ TTUa2,0189 39,831 38,343 37,303 364559 36,046 35,612 35,306 35,072 34.889 34,748

' . ‘ '
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Table 2-k4
SOPSA OUTPUT DATA LISTING (CONT'D)

. SAMPLE CASE = ORBITER 0404, HIGH PENMN_ = OXYGEN_ SUPPLY_SYSTEM__
REGOMPUTED ENGINE PRESSURES FOR 3 ENGINE OPERATION PER MAIN FEED LINE

DELTA 12,0 INCH 43,0 INCH 34,0 INCH 15,0 INCH 16,0 INCH 1740 INCH 18,0 INGH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 iNCH 23,0 INCH
TIME  MAIN LINE MAINLINE MAIN CINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MAIN LINE

'0_0 94,339 94,539 944539 94,539 94,539 94,539 94,539 04,539 94,539 94,539 94,539 94,539
‘ '20“""‘9’1".'8”""’?2'.’ 195 92,504 92,754 92,988 93,127 93,289 93,389 93,491 93,580 93656 93,723
,_118_91,a‘uz_._pz.193-_____92..502__22..7.52__9,2..957 93,126 93,208 _ 93,380 93,491 93,579 93,656__ 93,722
'60 89.059 89,842 904463 90,964 91,373 91,713 94,997 92,237 92,443 92,649 92,772 92,906
O sio00 T TE3 Ber 68,083 T1.277 73,946 9eiiB6 78,007 79,572 80,908 b2,0577  ®3l0s3 63,932
te00 95,734 99,4649 95,510 95,411 95,323 95.24% 954119 95,120 95,061 95,022 94.982 94,946
120 a2z 9,184 95,132 95,081 95,032 94,987 94,947 94,941 94,878 94,850 94,825 94,802
74 PAL 38554 383 9A.400 94,437 941458 WA 471 94,882 94,491 94.497  V4I503 94,507
= *1.50. 83:143___ 84,840 86,166 87,224 88,081 88,787 89,374 °_89,870 90,290 90,631 _ 90,964 93,235
+180 63,000 63,000 65,535 ~ 69,162  72.1i2 74,546 76,578 78,292 79,750 - 81,004  82.089 63,035
"2'00_—“33 .ddb 63,000 63,000 63,000 63,000 63,000 93—,“6‘66; 63,000 63,137 65,841 68,122 70,134
2120 3,000 83,000 63,000 63.000___ 63.000___ 63.000___ 83,090 63,000___63,000__ 65,276 67.664 69,736
2040 (5000 63,000 63,000 63,000 63,000, 63,000 83,000 43,000 63,000 64,492 66,993 69,152
o ".6 0 ~63.000 63,000 63,000 63,000 63,000 63,000 '9'3';'660 83,000 63,000 63,460 68,116 68,384
_f_'.?_(];._aaLo.an___@}..noL___..gho_qn__éztnun 63,000 63,000___ 63,000 63,000 . _-63,000___ 63,000 __ 65,043 67,431
300 00 63,000 63,000 63,000 63,000 63,000 63,000 64,157 67,372 70,147 72,399 74,319
3120 63,000 63,000 63,000 69,392 74,963 78,930 81,820 83,968 85,476 86,749 87,744 88,532
__:_'_i.__e}.;o_o.a_.__b_:., 000 _ 65,128 _ 72,733 77,947 _ 81.6AL___ 84,293 86,170 87,486 88,594 __ 89,444 _ 90,303
60 000 53,000 65,112 72,717 77,9314  B1.595 84,227 86,154 . 87,470 88,577 89,428 90,089
z':: 63,000 63,000 65,096 72,701 77.9i5 81,579 84,241 86,138 87,454 88,561 89,412 90,073
' _ .
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Table 2-4

SOPSA OUTPUT DATA LISTING (CONT'D)

—-SAMPLE..CASE = ORBITER.Q404,-HIGH .PENMN____ = HYORQUEN SUPPLY SYSTEM

RECOMPJTED ENGINE PRESSURES FOR 3 ENGINE OPERATION PER MAIN FEED LINE

DELTA 12,0 INCH £3.0 INZH 14,0 INCH 15,0 INCH 16,0 INCH 170 INCH 38,0 INGH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 INGH 23,0 INCH'

TIME  MAIN LINE MaIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN L'INE MAIN LINE
'00 . o B .. !
33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 331000 33,000
'20"'"”"554666mm’433;6654“"35;oﬁo_""ﬁis",‘&bi 33,000 33,000 233,000 33,000 33,000 33,000  33.000 33,000
M §3.000——334000.—— 334000 33,000 33,000 33,000 33,000 33,000 33,000 ___33:000____33.000___.33.00C.
% 33000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000
080 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000  33.000  33.000 33,000
2 334000 334000—— 33,000— 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33.000 33,000
Y20 3000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000
e o0 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 337060 33,000
R 1 GCO_ 33,003 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000___33.000 __ 33,000
1'.00 3,000 33,000 33,000 33,000 33.000 33.Q00 334000 33,000 33,000 33,000 33,000 33,000
2 "00_""3‘5"-'&)6'6“__" 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 3_5}“6'65‘___33..'605-
2 3.000___33,000— 33,000 33,000 33,000___33,000____33,000___33,000 __33,000___33,000___33000..__33.000.
2% 3000 33,000 33,000 33,000 33,000 33,000 33,030 33,000 33,000 33,000  33i000 33,000
20 000 33000 33,0007 35,000 33,000 33,000 33,606 33,000 33,000 33,000 " 33ig00 33,006
.fif?____Jl.oon 33,009 33,000___33,000___33,000____33.000 231030 33.000__.33.000 33.0%0 33.,000__...33,000_
30 53000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,000
2120 3000 33,000 33,000 33,000 33,000 33.000 33,000 33,000 33,000 33,000  33;000 33,800
30 a3.000___33.000 33,000-__ 33,000 33,000 33,000___ 33,000 33,000 33,000___33,000___33.000___ 33,000
20 w000 33,000 33,006 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33!000 32,000
w0 " s3,000 :j.oobﬂ"_““mij.bbﬁm—*“iijdbﬁﬁau-33:dbﬁu_"“33;Hbﬁ_;_Viifbﬁa“-__iitdﬁﬁwwwu33;bdhm“*"ii:aodm“"53:060 733,000

4,00

96£T66Y-0SHI
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Table 2-L
SOPSA OUTPUT DATA LISTING (CONT'D)

N . SAMPLE_ CASE. = GRSITER .040As HIGH PENMN _ = FEED_SYSTEM_WELGHTS . . . . o o

, MAIN ENGINE FEEDLINE WEIGHTS TOTAL ENGINE MAIN
e _FEEDLINE: — ENGINE MAIN FESOLINE . FEEDLINE_ __ _ JOT&L
PROPELLANT DIAMETER LINE LINE LINE LINE FEEDLINE FEEDLINE  INSULATICN INSULATION FEED SYSTEM
{ 1NCRES) NO 1 NO 2 NO3 NO 4  WEIGHT WETGHT WEIGHT WEIGHT WEIGHY
OXYGEN 12,000 282,78 289479 294,18 100000 866471  1341,9 - 35,585 172,077 2294,2
OXYGEN..___ 13,000 282,46 288,95 293,08____ 400000 _ 864,49 1963,4 15,585 78,322 = 2524,8 _
"OXYGEN 14,000 282,46 288,98 293,08 100000 864,49 1823,6 15,585 84,631 2793,3
OXYGEN 15,000 282,46 288,95 293,08 100000 864,49 2129,0 15,585 91,002 309¢,0
OXYGEN_____ 16,000____282,46____ 288,95 ___293,08.___ 400000 __ 884,49 _ 2443,4 15,585 _____ 97,436 _ _3423,0_
OXYGEN 17,000 282,46 288,93 293,08 100000 B64,49 2813,4 15,585 103,93 3797,1
OXYGEN 18,000 282,46 288,95 293,08 100000 864,49 321646 15,585 110,49 4207,2
OXYGEN __. ...19:000 . 282,46 __ 288,95 __ 293,08 _ _ ,00000 __ 864,49 __ 3657,7 45,585 _ 417,12 ____ _ 4654,9
CXYGEN 20,000 282,46 288,95 293,08 + 00000 864,49 4137,9 15,585 123,30 5141,8
OXYGEN 214000 282,46 288,95 293,08 100000 864,49 46590 15,585 130,55 5869,7
OXYGEN —_ _22:000.._.282,46__ 288,95 __ _293,08._.__,00000__ 864,49 _ 2222,7__ 45,585 ____ 437,36 ____ 624p,2_
OXYGEN 23,000 282,46 288,98 293,08 +00000 864,49 56332,7 15,585 144,24 $855,0
HYDROGEN 12,000 291,08 252,21 331,46 100000 874475 711431 ,00000 100000 1586,1
‘HYDROGEN 13,000 29,08 252,21 331,46 100000 874,75 671490 »00000 100008 1746,7
HYDROGEN 14,4000 291,08 252,21 335,45 100000 874,75 ___10%7,0___  ,00000_____ _,00000 ____ _ 193y,8_
HYDROGEN 15,000 291,08 252,21 331,46 100000 874,75 1264,5 »00000 +0N000 2143,2
"HYDROGEN 16,000 291,08 252,21 331,46 100000 874,78 1504, 00000 100000 2382,9
MYCROGEN 17,000 __ 294,08 252,21 333,46 ,00000 _ _8Y4,75 __ 1777,9__ _ ,00000 ___ _ 00000 ____ _ 2552,6
“HYDROGEN 18,000 291,08 252,21 331,46 100000 874,75 2077,8 00000 2100000 2954,6
. HYDROGEN 19,000 291,08 292,21 331,46 100000 874,75 2418,3 , 00000 100000 3297,1
HYDROGEN.__ 20,000 __ 291,08 ___ 252,21 331,46 100000 874,75___ 2790,0 00000 (00000 3664,8
_HYDROGEN 21,000 294,08 252,21 331,46 100000 874,75 3204,3 + 00000 100000 4079,0
RYOROGEN 22.000 294,08 292,21 335,46 +00000 874,75 3663,7 00000 400000 4534,4

HYDROGEN. .. _..234000__ 294,08 252,21 _ 331,46 100000 874175 4173,3 100000 100000 __5050,0__

END_OF CASE 2
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LMSC-A991396

nAmE oara | LOCKHZED AIRCRAFT CORPCRATION e | rxnm,
Propered Pego
"wrLe .
Chackad CASE TITIE CARD Mo
Apwoved HEADER CARD NO. 1 Repert No.

Analysis title card contains heading which is printed on output.

This card must be included as the first card of each case.
Format (7A6)

s

ST(I), =1, T »

123485010289 Bhl ﬂl‘“ll'ﬂHn.b‘ﬂnlﬂ.ﬂlﬂdﬂﬂﬂll.ﬂ.lJﬂ 40&..41..-‘"nuunnnnnr‘unbun-n--nlnnnuunnnn-

/

oMIT

1234381788 |O||| l!““ll'Il‘lll!ll!ﬂﬂllﬂlﬂl!dnﬂaﬂll unnducau..ao.n‘nnnul.nnn.nunuu.nnwnnnnunnnnnn

OMIT

12343010 l'l\lIlllllln"llNllﬂﬂﬂﬂﬂlﬂl!dﬁﬂﬂlllﬂ.ld‘lﬂ.l..ﬂ..d"lﬂl.lﬂll'&lﬂﬂﬂﬂﬂ"l.h*ﬂnnunnnn)ll

OMIT

113408 oninnuuunnnn-lnunulnnilinqu.nnn:dacdaldolldnl.u.lnllﬂknnnunnn.nn'nnnnnnnnn-

A-2
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LMSC-A991396

nAnE oars | LOCKHEED AIRCRAFT CORPORATION traue] renn,
Prepered Pepe
repe
TITLE
Checked INPUT DATA FLAG CARD Medo)
Appeoved HEADER CARD NO. 2 Repers Mo,

This card contains 16 integer flags corresponding to the 16 input data
groups which follow, If IP(IG) = 1, Data Group IG is to be reed in; if-
IP(16) = O or blank, Data Group IG is not present

FORMAT (16I1) -

NOTE: THIS CARD MUST BE INCLUDED AS
THE SECOND CARD IN EACH CASE

Illl!) }l&!}I“HCnllﬂﬂﬂll]ﬂ.ﬂﬂ‘ﬂlﬂl.lﬂ’.d(l.CIC.G..JI!IB”IIDII.L'-.IIIII‘IIIR;)I nuKRAIRNIANN

OMIT

U ] ] :
123430810 l!l!llllllllll!ll!ﬂ"l[ﬂﬂl’llﬁﬂlaﬂ‘llllﬂ uanqncaul.al.quunu--n---nnnun-n--nfnnnunnnr.nn

OMIT

. 1
12348817 l'l“ﬂllulll"llll.;nﬂnﬂ!ﬂﬂl'd’lﬁIl)‘lllllIJ‘IGOI.I“..J“.BHHI“.II'!ﬂﬂlHnilﬂlh'll"n”nl!"’l’ll

. OMIT

12305020 I’"I’ll“ll"l.llllnlﬂll."l'i"ﬂ'l.l..l.Jd.‘....GC,.il.‘l.lﬁﬂlﬂ...hlﬂﬂ.‘l"l.R’"nﬂ”nilﬂn’l.

A3




: 1.MSC~A99139%6
NAME oAt | LOCKHEED AIRCRAFT CORPORATION Tame.| para,
Prepared Pege
' T!IT-®  FEED SYSTEM PARAMETERS

Checked : Mede!
Apwoved . INPUT GROUP 1 Report No.

NML - Number of main feedline sizes to be con51dered (up to 12)

NEL - Number of engine feedline attached to each main line (up to L)

‘SYSNUM - If 1, program computes for OXID, feedlines only.

- - If 2 program computes for fuel feedlines only.
- If 3, program computes for both feedlines.
NSIZE - Total number of feedlines per tank - NEL + NML

NOP - - Number of engines FED by a main feedline

NOP1 - Number of engines on vehicle

NPTS - Number of time points being considered in analysis (up to 20)
NGST - Ground start flag (NGST = 2 for ground start)

Format ((1216)). (All inputs right adjusted)

/ nEL [ wML{sysnuM nop |[wopr | wpTs | mgsT
t

12343820 ll.l"! 13118 H 1213

nn!ﬂanxalnaa:nnnu:ljulnu‘«tlij:udlnncntunuussn:lnhiunue-naunnnnunnnnnn

TPTIMP - Total length of oxygen main feedine, ft.
TOTIMH - Total length of hydrogen main feedline, ft.

FgraaT (( 6E12.8))

/ TOMMLY Tgmm

v

121343070 ulu ukaunnnuu.lnnn-{a:nnndnznxa:v:sdncou-cnnu-!nnnus-us-nln QUUssIRIRNIRIRINIRNIINE

/ A MIT

1224862018 'l"“I)Hlll"l!l."ﬂﬂlllﬂ..dllIHNl”lﬂJﬂdO“..ﬂl.d;l.'I'-l‘-.-hlﬂﬂl.lﬂ..n"HﬂNu’l"Nn.

FOAM MID 803 A A'h’



LMSC-A991396

NamE oars LOCKHEED AIRCRAFT CORPORATION aur.| pann.
Prepured Page ;'
. TrTLE
Chocked ) PROPELIANT TANK CONFIGURATION Meode!
Aswrored :  INPUT GROUP 2 Repwt Ne.

EQLR] - Lengths and Radii of tank sections (see Fig. 9)
Format ((€E12.8)) -

/EQLRl (1) | BQIRL (2) |EQIR1 (3) EQLRL (1) EQLRL (5) * |EQLRL (6)

123 ¢80 2 HENTINSR ’ﬂ’a’n.!i"n‘u.. PR CER XY X X .J“.‘u-.”-. tRONEBBONBRNININRARTTINS
o S —

/EQLRIL (7) [EQLR1 (8) [ EQLRL(9)

12348001 |n}nn}:uunuunlnnnnl:nandnnna:lrllJncca..o\cﬂulsul!uliluunu--nnununnunnnnnu

MIT

12348501 'I""ﬂ“\l'l"l'llllﬂﬂﬂl'lﬂ.l‘ﬂIﬂllll.IJ“l.“..ﬂ..dlli...lﬂ-lihlIIH“HI"..R""D"BTI"NRI

OMIT

19036801 .‘}" Ill__llllllllIOlll‘!‘lllllnlidliII’IIUI.JQ...l.l..dl!{.'ll.l..ﬂhIﬂllll’..nlllﬂnn’lln'ul

A5

FORM MSD $93A



IMSC-A99139

LOCKHEED AIRCRAFT CORPORATION rauel renu,

RAME .DAY‘
Prepared . _ ) Pene
TITLR R
Checked OXIDIZER FEEDLINE CONFIGURATION Mode!
Appoved INPUT GROUP 3 Repert No.

MIDMLO - TOTAL NUMBER OF COMPONENTS IN MAIN OXYGEN FEEDLINE (UP TO 100)
MIDELO(NL)- TOTAL NUMBER OF COMPONENTS IN ENGINE OXYGEN
4 FEEDLINE NUMBER NL-(UP TO-100)
IDMLO - COMPONENT TYPE FIAG  FOR MAIN OXYGEN ‘LINE
IMMLO - COMPONENT MATERIAL FLAG FOR MAIN OXYGEN LINE
IIMLO - COMPONENT INSULATION FIAG FOR MAIN OXYGEN LINE
IMLO - SUBSCRIPT DENOTING COMPONENT POSITION IN MAIN
OXYGEN FEEDLINE (IMLO = 1 AT TANK BOTTOM)
IELO(NL)-SUBSCRIPT DENOTING COMPONENT POSITION IN ENGINE
OXYGEN FEEDLINE (IELO(NL) = MIDELO(NL) AT INLET TO ENGINE NO, NL)
SPIMLO(I),SP2MLO(T),SP3MLO(I) - COMPONENT SPECIFICATIONS (SEE MANUAL)
OPD(K),K=1,NEL. - DIAMETERS OF OXYGEN ENGINE FEEDLINES (INCHES) :
OPD(K),K-NEL+1,NSIZE - CANDIDATE DIAMETERS OF MAIN OXYGEN FEEDLINE ( INCHES

FORMAT((1216)) COMPONENT COUNT CARD (FIRST CARD)
= E_‘
§ E - v g §
(=] A =
H H [}
12348812 lulnnuull'nnuun!ﬂnnxnlnnaTnznxllnIaJunouc-nn.nls_xnuussun:u‘munununnunnnnuunnnnn

FORMAT( 316, 3E12.8)

COMPONENT DESCRIPTOR CARDS FOR MAIN FEEDLINE
( THERE MUST BE MIDMIY OF THESE CARDS)

v < -
gle|el & |3 2
5| g B b 2 &
I ENEN RN lll'l'l uununlluafnnnuu-n:a]unnu:nuan«uuulunnndnnnuusun!-!ﬂuuuununnn’n nnEaasnaNnN®w

FORMAT (316,3E12.8)

COMPONENT DESCRIPTOR -CARDS FOR EACH ENGINE FEEDLINE
( THERE MUST BE MIDELA(NL) OF THESE CARDS FOR
EACH ENGINE FEEDLINE NO'S 1 TO NEL) :

/

IDELY

P R
=

=

SPIELP

!
1206042 'll,!lIIIII‘"II"In.!"llnlﬂlﬂ‘llﬂﬁnulll'l"J“lﬂ.lﬂﬁ‘a‘lllﬂl

'SP3ELP

" SP2ELP

l-n-l-‘ﬂunu-un-un‘nnnunnnnnn

PAmes viam aan s




' LMSC-A991396
LI oaTx LOCKHEED AIRCRAFT CORPORATION wur | panm.
Prepured : . Pege
. TITLR
Chocksd OXIDIZER FEEDLINE CONFIGURATION |,
Apsroved INPUT GROUP 3 (Continued) Repert No.
Oxidizer Feedline Diameter Cards
_ ~ Format ((6E12.8)) NSIZE : NEL + NML
/OPD (1) “ .. OPD(NEL) |OPD(NEL+1) ... OPD(NSIZE)

..,...,..,muruu.n.,.h,a.r.n.,an,.,..r..dna....a.[J".....a..,%.....n..nmH%u,.nn,.

I 4¢—ENGINE FEEDLINE DIAMETERS—" +— MAIN: FEEDLINE DIAMETERS — |

/

MIT

| .
1283¢8087 lnnuuuuununnlnnaa |.ﬂ.8il‘llﬂ&'l HIIQ“.G.I.ﬂl.dlllﬂl..ﬂ._..ﬂﬂﬂl‘l.ﬂlﬂnnnnnﬂ)ln?lnt

OMIT

138488122 l'l“Illll"l7Wl.ll"nﬂ’.l!-l..d’l'ﬂ’llﬂ.'dlll.ll.ﬁ..‘l‘..”l.ﬂ...h!ﬂﬂ“ul"..nlﬂnnﬂbnnnnl

oMIT

t224801 lU!\lIIH\UII"l‘ﬂllﬂlﬂ.l.ﬂlldnIlll...IJﬂ...I....il'llllll...klII.IIN..N"nnN’I’I"llll.

o7

PORM MSD §33A



1LMSC-A991396

HAME oAtz LOCKHEED AIRCRAFT CORPORATION remp,| pamwn,
Prepared . . Pepe .
TITLE ’
Checked FUEL FEEDLINE CONFIGURATION Model
Approved : . INPUT GROUP L : Report No.

MIDMIH - TOTAL NUMBER OF COMPONENTS IN MAIN HYDROGEN FEEDLINE (UP TO 100)
MIDELH(NL) - TOTAL NUMBER OF COMPONENTS IN ENGINE HYDROGEN
FEEDLINE NUMBER NL (UP TO 100)

IDMIH - COMPONENT TYPE FLAG FOR MAIN HYDROGEN. LINE
IMMIH - COMPONENT MATERIAL FIAG FOR MAIN HYDROGEN LINE
ITMIH - COMPONENT INSULATION FLAG FOR MAIN HYDROGEN LINE
IMIH - SUBSCRIPT DENOTING COMPONENT POSITION IN MAIN

" HYDROGEN FEEDLINE (IMIH = 1 AT TANK BOTTOM)
IBIH(NL)-SUBSCRIPT DENOTING COMPONENT POSITION IN ENGINE .

HYDROGEN FEEDLINE (IEIH(NL) = MIDEIH(NL) AT INIET TO ENGINE NO,NL

SPIMIH(I),SP2MIH(T),SP3MIH(1) - COMPONENT SPECIFICATIONS (SEE MANUAL)

HPD(K),K=1 NEI~ DIAMETERS OF HYDROGEN ENGINE FEEDLINES (INCHES)
HPD(X) ,K=NEL+1,NSIZE - CANDIDATE DIAMETERS OF MAIN HYDROGEN FEEDLINE (INCHES)

FORMAT ((121I6)) COMPONENT  COUNT CARD (FIRST CARD)
/ - /‘3
~ =
g ~—
5 | F 3
2 ;ﬂ . - . =l
a &) (=)
= -
& E =
1234380 lilll uuuuunn:nn!nunu lnaaTnnu-an-n.’naauu-nncnln‘nnu:unsnoluuuua-nuumnnnnnnnnnn

: COMPONENT DESCRIPTOR CARDS FOR MAIN FEEDLINE
FORMAT (316,E12.8) . (THERE MUST BE MIDMIH OF THESE CARDS)

123480 l [ ] ulu MURR R B UIDIIHﬂn“‘a.n.lTlﬂ!!l'ﬂ'lJﬂ cru..nu.n‘nuuursusln‘nnnu.numnnln nNuBARTIINR

COMPONENT DESCRIPTOR CARDS FOR EACH ENGINE.
: FEEDLINE ( THERE MUST BE MIDELH(NL) OF THESE
FORMAT (316,E12.8) - CARDS FOR EACH ENGINE FEEDLINE NO'S 1 THROUGH NEL)

/

5
=

123680010 .H’!I\lll“l‘l"l n’!nﬂl”lll"l.l.llﬂﬂlllﬂ..‘ﬂCrﬂ‘.ﬂ..&lll'ﬂr-ﬂllﬂ.hﬂﬂunilllﬂnl;ﬂnknn"nﬂﬂ

IDELH
IIELﬁ
SPIELP
SP2ELY
SP3ELY

FORM 00 8§04 A"8



LMSC-A991396
NAME OATE 1 LOCKHEED A'RCRAFT CORPORAT'ON WL LN PEAM,
Prepured Ne
TITLE [
s FUEL FEEDLINE CONFIGURATION Mado!
Apwoed | - INPUT GROUP 4 (CONTINUED) Repert Ne.

Fuel Feedline Diameter Cards

'FORMAT ((6E12.8)) .~ NSIZE = NEL + MML

HPD(1) . e HPD(NEL) | HPD(NEL+1) | e HPD(NSIZE)

Caerere ...h..,r......,..n.ln.,,.*...,.,.l.......r.,...l.,.....«.‘..lu........+.......,..,.h.:qm.,,.m.,..

4—— ENGINE FEEDLINE DIAMETERS V]‘ t MAIN FEEDLINE DIAMETERS ——

/ .

. OMIT

1234887188 ll'“ulll‘lll‘"un'lﬂlﬂll.ﬂ'ldﬂﬂn’l. nlldncou..y..-‘nnnulpnnl-ncn.ul-nunnrlnnunnnnnn

OMILT

1234881009 Il“ﬂﬂ“lll'lll'l.'"ﬂﬂﬂllﬂlliﬂ I'I.Iﬂlld“.ﬂl.lﬂl.d“IBII.I’IIILIGBUHI"I.N}"ﬂ'n"ﬂ’l""’ll

OMIT

18340820 h}ﬂunllllllIl!ll!nID.II".IJMl.ll.ﬂ.ld«‘...l;..dll...II'I..LIlﬂl.lﬂ..h!l"ﬂ"’lnnll.

A-9 !

FORM M80 $9%A



LMSC-A991396

A oavs | LOCKHEED AIRCRAFT CORPORATION S P
Prepared _ - . Pere
nrLe
Chockad FEEDLINE HEIGHTS AND DESIGN Mado!
Aomwored PRESSURES - INPUT GROUP 5 Repers Mo,

FORMAT ((6E12.8))

OXHTLN - FEEDLINE HEAD HEIGHT ABOVE ENGINE INIET,0XID, (FT)
HYHTIN - FEEDLINE HEAD HEIGHT ABOVE ENGINE INLET,FUEL, (FT)
PDLO - OXYGEN FEEDLINE DESIGN PRESSURE (OPTIONAL) ., (PSI)
PDIH - HYDROGEN FEEDLINE DESIGN PRESSURE ((QPYTLONAL) (PSI)

NOTE: A FACTOR OF SAFETY OF 2.5 IS APPLIED BY THE
PROGRAM TO THE ABOVE PRESSURES IN THE COMPUTATION
OF LINE WALL THICKNESSES, IF (PDLO,PDIH),LE,O, PROGRAM
USES MAXIMUM TANK BOTTOM PRESSURE OR ENGINE INLET PRESSURE.

GXHTIN

1234858183

HYHTIN

LRIBIE AH un:!unnx

PDLY PDLH

|

alnuaamnaunﬁnanc’ucuuacnu.dnnnuuuns:u‘mnnuunnuunnnnunnnnnn

oMIT

11343681 llll" uuunuullna,'nnnﬁnxn‘un:’!ltnx:!v:nduauuqunoudu‘nuuumvs:nlﬂuuuuuunnn[nnnunnnnnu

OMIT

[ N . |
16881 onlnununuunnlnnnuasnnluuunullualuluqauqunonluunnan.ﬂln-‘ndnunnuu-nlnnnunnnnn-

FPABmIs coam nana



LMSC-A991396
HAME oavz | LOCKHEED AIRCRAFT CORPORATION renam | ranm,
Pocye
Prepared
TITLR
Checked INITIAL WEIGHTS Mode!
Appwoved o INPUT GROUP 6 Re pore No.

LOADOL - LOADED WEIGHT OF OXIDIZER, LB.
LOADH1 - LOADED WEIGHT OF FUEL, LB. » .
VWGIN - TOTAL VEHICLE WEIGHT AT IGNITION, LB.

FORMAT ((6E12.8))

/L¢AD¢1 . ﬁ;bADHl VWGTN

' [
12334688708 lilll G RTRIE R Y nnn!nnnuslnaan'n:nu:-'u:nc,uaauulaccnln_nnul:u-n-mnnuu-nnnn'nnnunnnnnn

. OMIT

: ! . .
l:aall1:nuhununnuunuhnnun:n-numnnn!.nn.Jﬂccu..n-.dunnnuuun-n%uuuu-uunnhnnunnnnnu

OMIT

12368810 lI"luuun'nulnnlnunnu:n-nﬂunyul.u.anccu.ndln.’uluullnlnuklcnul’-u--n}nnnunuunu.

R~ L1l



: _LMSC-A99139
NAMEK DATZ '_ L(x:KHEED AlRCR»\FT CORPORAT'ON [Tame.| Paam.
Prepared . Pune
nivee  STEADY-STATE
Checked FNGINE CONDITTONS Model
Approved

INPUT GROUP T

Report No.

FORMAT ((6E12.8))

WDOTNO - OXIDIZER NOMINAL FLOW RATE FOR SINGIE ENGINE (LBS/SEC)
WDOTNH - FUEL NOMINAL FLOW RATE FOR SINGLE ENGINE

FNOM. - NOMINAL THRUST FOR SINGIE ENGINE

(LBS/SEC)
(1BS)

/

WDATNG

12343871 l“'l! I!r“ll)‘"!llll{)lﬂﬂa

WDATNH

M

alnnnannnxlnralJncnuccnc.nlnnnu:snaln'

| fMopusatEInnInRRIUNIRNIAN®

1234007 lll’" I!Il“liﬂ"llll.!"ﬂbﬂﬂ.ﬂ.ﬂ‘" n'nn:'nl:‘ucaulln..dnnnusuvn!u‘nuuuuauunnlnnnunnnnnn

MIT

COMIT

12320900 'n’"uuununnnn’nnnuu:n:lﬂnnnia-nn14«ccuaoac‘.n.'unnu-nnll-‘nunu--uunnlnnnnn»nnn.




LMSC-A991

FORMAT ((éEi2.8))

naug oavs LOCKHEED AIRCRAFT CORPORATION Tar. [ pemw,
Pene
Prepared
T'TL®  ENGINE INIET CONDITIONS o)
Checked
Appeoved INPUT GROUP 8 Report No.
TENINO - TEMP. OF OXID. FLUID AT ENGINE INIET (DEG. R)
TENINH - TEMP. OF FUEL FLUID AT ENGINE INLET (DEG. R)
TLIQSO - TEMP. OF OXID. FLUID SURFACE IN TANK DEG. R
TLIQSH - TEMP. OF FUEL FLUID SURFACE IN TANK DEG. R
PENTOL - ENGINE INLET FLUID PRESSURE TOLERANCE

(PsI)

TENING

1134808730012

TENINH

TLIQSPH

TLIQSH

LR R B IlllI!ﬂﬂﬂlllﬂﬂal!ﬂ lﬂll.r"Jlchullﬂ.

PENTPL

!
R UE-EER R IR R L

g oouSEORNNNIRNINBRANARD

OMIT

12334850109 Ml“ PRIR R R N} llll""ﬂﬂﬂ&.ﬂ.liﬂ Dlﬂ"I"IJ"IU'“..G.O‘J“I”UHI“II-huuuulllﬂl‘l’!}" nnunpRnne

/

oMIT

lllolo1llnhununnnun:hnnunnn-ldunnnl-nn-Juuounco.lﬂu-nul-n---hcnu--nlunhHﬂ"HN”Nﬂl

A-13




LMSC-A991396

FORMAT ((6E12.8))

namE DATR LOCKHEED AIRCRAFT CORPORATION A brawus.|ponn.
Prepered . Puge
TITLE
Checksd TIME VALUES FOR TRANSIENT DATA Mode!
Apwoved INPUT GROUP 9‘ ,‘ {Rapert No.
TIMEA - TIME VALUES OF EVENTS IN TRANSIENT (UP TO 21)

a

TIMEA(1

) |TIMEA (2)

12340078 llll"'Jlll‘ll'"ﬂ!lllﬂﬂﬂl

ﬂ.ﬂ’ﬂdﬂ Plﬂl+ﬂ..‘llQOU..H.I‘I‘!IHI“I.NII.

TIMEA(NPTS )

1
hopussoasnnnhuSAIANE
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J
11348070 nfuuuuunn LR F JHE-2-% | 'lﬂ"dﬂﬂﬂﬂl] H.Pdﬂdﬂl.lﬂ..ﬂllUﬂ"l.~ﬂl'.nvnﬂl.ﬁ..’l'ﬂﬂn""!ﬂnf-nl

OMIT

1224808100 lﬂfll ﬂl’lll!ﬂl!llIll,nﬂﬂﬂﬂ.ﬂ.'iﬂ‘ﬂﬂl.’ﬂl.&llﬂﬂ..lﬂ."'lliﬂuu'l"..l’hﬂuuulﬂll’l‘"nn)‘”ﬂ""nl

OMIT
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 LMSC-A99139

6
nAmE oaTs | LOCKHEED AIRCRAFT CORPORATION | Sy .y
Pregered R Pepe
TivTLe®
Chocked _ PROPELIANT FLOWRATE HISTORY shode!
Approved - INPUT GROUP 10 Repert No.

BDTFRO - FRACTION OF OXIDIZER FLOW RATE AT TIMEA(I)
WDTFRH - FRACTION OF FUEL FLOW RATE AT TIMEA(I)

FORMAT ((6E12.8)

4mm¢( 1)

WDTFRA(2) .. C WDTFRE( NPTS )

123686178 '"}"ﬂr“ﬂ.ﬂ'ﬂllﬂlﬂlf.ﬂ.ﬂ.‘nRﬂl’lkl.d“GC“..G.%M’“IDHIIG...Hﬂﬂﬂl.ﬂlll;ﬂ n}»unnnnn.

NOTE: - WDTFRH -DATA START ON A NEW CARD

WDTFRH(1) WDTFRH(2) e . A WDTFRH(NPTS)

! + ) . !
123400120 lll!!lllllll!lIl|1)l|l.2|ﬂDﬂl'ﬂ."ﬂl‘lll‘ﬂ’..“GCI..O..‘SIBBHII”I.IIIIDII“I.W..YII"ni’l)l’:ﬂn.’onn

oMIT
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1214801 onl"uuuunnuunlnunau!vltinnna--nn:Jucouunn.nJulnuu-nnlnmunuunnunnnnnunun:lnu

oMIT
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LMSC-A991396

mauE oave | LOCKHEED AIRCRAFT CORPORATION fravsl renm.
Prepered Pegpe
TITLR ; . .
Checked : ENGINE START THRUST HISTORY Medol
Aparoved : 1 INPUT GROUP 11 : Repert No.

FIFRAC( I) - FRACTION OF NOMINAL THRUST (FOR A SINGLE ENGINE) .
AT TIMEA(I)

FORMAT ((6ET2.8))

éIFRAC(l) FIFRAC(2) R FIFﬁAc(NPTs)

1233.40070 lllll ﬂrl“lllﬂlnllﬂﬂﬂlrlﬂ.ﬂdﬂﬂﬂl’lr'.dﬂGG“I.H. -Inuuus-nllpnnuul-n.-.ninnnuuunnnl

/

OMIT

| .
1234301080 u’nuuu_nnnu "Illﬂﬂ!..ﬂ'ﬂdﬂﬂﬂﬂ.' ﬂ’.‘ﬂGO...G.I.IIIIB_“II‘,II.N nnuu-nl-nlnnnunnnr.nn

OMIT .

B 1
123488700 'l“ﬂl’“.l"l‘ll.hﬂﬂﬂﬂ'ﬂ'.dﬂ‘ﬂlllﬂ..Jﬂdd.l.ﬂ..dll.ﬂl‘ﬂll’-.ﬂllﬂn“ulllﬂﬂn!"nnnﬂu""hl

OMIT

1382480208 I'llltullll'"N’Illﬂlﬂil'ﬂll‘ﬂ.Illi'..Jﬂ;.‘...Q.CJI!..U.I“'..L!.I‘ﬂl.l"l.nl"nnnnl"nﬂ.
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LMSC-A991396

NamE A oATE | LOCKHEED AIRCRAFT CORPORATION Saun] renn.
Prepered Pepe
. TITLR
Chochsd : SUCTION PRESSURE REQUIREMENTS Modo!
Approved . INPUT GROUP 12 Repert No.
NPSPO - NET POSITIVE SUCTION PRESSURE FOR OXIDIZER - - PSI

NPSPH - NET POSITIVE SUCTION PRESSURE FOR FUEL o . PSI

FORMAT( (6E12.8))

/NPSP¢( 1) NPSPA(2) C. C [N‘PSP;S(NPTS)

1238082020 "}ll llr“ll'ﬂ'lll!ﬂlﬂlI’ﬂ’ﬂ"ﬂl_ﬂﬂ.’r..dﬂCGC..G‘/rJII..HI.”...HRDUI.I’)IIN‘[" T)}rnﬁlﬁnhl

NOTE: NPSPH DATA START ON A NEW CARD

/

NPSPH(1) NPSPH(2) S o NPSPH(NPTS )

' 1 X
1334381 .".Ill”Ul‘ll”l,n“’l}lﬂﬂ’}’ﬂ’ﬂiﬂnaﬂﬂ" I-ﬂdc\ccucc‘acrlmnnllllnll-nnnulnn--nlnnnnnnn.’.nn

OMIT
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LMSC-A991396

N oate | LOCKHEZED AIRCRAFT CORFPORATION Tavar ] rerm.
Pregered : Puge (
niree  ENGINE INIET ] .
Chacked , PRESSURE REQUIREMENTS Mode|
Approved : . INPUT GROUP 13 Repert No.
PENMNO - MINIMUM ENGINE INLET OXID. PRESSURE VALUE AT TIMEA PSTA

PENMNH - MINIMUM ENGINE INIET FUEL PRESSURE VAIUE AT TIMEA : PSIA
FORVAT ((6E12.8)) ' : S ‘ '

[Emmﬁ(l) PENMNA(2) . . PENMNG( NPTS )

1234881 |'lllluluull'ﬂnn’llllﬂ’ﬂlrlﬂ.a.’ﬂﬂlll’rIIJCIQ“ICCOCFJIIHDMI_II’II.HIUU..I’B_‘H;’I72')Nﬂﬂvnnﬂl

NOTE: START A NEW CARD FOR PENMNH DATA -

/

PENMNH(1) fmwmn(e) Coe e e PENMINH( NPTS

. 1 ] U
13346508170 N!“ ut&u!ﬂ."uﬂ.]llﬂnﬂrlﬂlﬂ&ﬁﬂlﬂlirlldﬂ ccalcu'crl(nunultnl--rnnun-n--nnnmn:nn.'.nn

OMIT
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LMSC-A991396

NaME oavs | LOCKHEED AIRCRAFT CORPORATION bYaur|rcnm.
Prepered Pepre l
Chocked B T NON-CONDENSIBLE PRESSURANT DATA ot
Approved INPUT GROUP 14 Rapert No.
PPDGOT - PART,PRESS. OF PRESSURANT GAS IN OXID. TANK PSIT
PPDGHT - PART,PRESS. OF PRESSURANT GAS IN FUEL TANK - - PSI-

FORMAT ((6E12.8))

/P;G;éT(l) PPDGAT(2) . . . |. . . |pPoepr(vPTS)

]
123488108 Il!:'”l)l)u\llﬂlﬂ!lﬂﬂﬁ!Iﬂﬂiﬂﬂﬂﬂnﬂslr‘IJ‘IGCUCI".I‘JII"IIIHII.“ﬂﬂll.ﬂﬂ.)li"n!i?lﬂl"’lﬂ.

NOTE: START A NEW CARD FOR PPDGHT

( PPDGHT(1) . [PPGHT(2) . A . . |PPDGHT(NPTS)

1 ' ]
123430128 'nuuuuunnnuzl}lanar:nannnaauaajualqncoualaqrqnnnnnlnll-'ncuun-n-nnnnnur.nnr-nln

OMIT
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- LMSC-A991396

e oate | LOCKHEED AIRCRAFT CORPORATION Taur | remm,
Prepsred [ o T )
- TITLE .
Chacked _ PRESSURANT GAS TEMPERATURES ot
Appoved . .INPUT GROUP 15 | Repert no.

TDGOT - TEMP. OF PRESSURANT GAS, IF NONE-SET EQUAL TO TLIQSO + 5,'DEG.R‘
TDGHT - TEMP. OF PRESSURANT GAS, IF NONE-SET EQUAL TO TLIQSH + 5, DEG.R

FORMAT. ((6E12.8))

TDGHT( 1) TDGAT(2) S .. . | Toopr(npTS)

123480818 lnlnuksuu‘nnnnn‘nnanliunaal:nnnu:a}nlduncu-ca.}n‘nnnul-n-nouunu--nn-ninnnnannnn.

NOTE: START A NEW CARD FOR TDGHT

/

TDGHT( 1) TDGHT(2) A . . | mocET(weTS)

!
122438618 l'l!ll u}:uulunlnnhnunuranxaannnalln

[} ]
llldllCﬂ“.lﬂ.fﬂﬂl.ﬂlﬂ L X1 U_ﬂﬂﬂlﬂﬂﬂﬂlll n'ﬂunnnr.nn

/
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LMSC-A991396

nAME ST LOCKHEED AIRCRAFT CORPORATION Yraun.| rens.
Pregered Pem ‘
"y
Checked ) e End of Data for a Case Meode!
Appwoved : INPUT GROUP 16 Rapert N».

IG¢¢N=1, there is another case to be processed following this._one.

IG¢¢N=O, this is the last case of the run. -Terminate processing and
return control to the computer operating system: FORMAT ((1216))

S
=4

Ig

] [} [}
12348010 l'l;'ll|lu)llll"'lll!l\ﬂﬂll’l’l.’.l‘lnll‘l’.ld‘l.Cﬂl.ﬂ.lﬂllﬂﬂl'lﬂllﬁhﬂﬂﬂl.ﬂllnl"ﬂnnﬂlnnhl

"NO FOLLOWING DATA CARDS ARE REQUIRED
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