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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 direc-
‘tion of Mr. T. L. Davies, Cryogenics Section of the Power Generation Branch, Pro-
pulsion and Power Division. Technical effort prdducing thesé 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, II, and IV Technical Report

Volumes VA-1 and VA-2 Math Model — Users Manual
Volumes VB-1, VB-2, Math Model — Programmers
VB-3, and VB-4 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 - - T
Component Analyses B. R. Bullard

F. L. Bishop

*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. Cinﬁa
Propellant Acquisition. M. P. Hollister
R. K. Grove
Design 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 .
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Component Analysis G. Heuer
AiResearch
Thermodynamics R. Cima
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INTRODUCTION

SOPSA (Space Shuttle Orbit Injection Propulsion System Analysis) is a compu-
ter program developed by Lockheed Missiles & Space Company, Inc., as part of
the Shuttle Cryogenic Supply System Optimization Study, Contract NAS9-11330,
for the NASA, Manned Spacecraft Center. This manual contains a detailed
description of the program, its operational characteristics, and computer

system requirements.
SOPSA DEVELOPMENT AND UTILIZATION

The SOPSA program was developed by IMSC primariiy as an analytical tool to
aid in the preliminary design of propellant feed systems for the Space
Shuttle Orbiter main engines. The primary purpose of the SOPSA program is
to evaluate propellant tank ullage pressure requirements imposed by the need
to accelerate propellants 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 program is used to establish feed sys-
tem weight variations as a function of nominal line diameter and component
and line configurations. The weight data are used in conjunction with
pertinent cost data to establish optimum feed system designs.

The SOPSA program will gegerate parametric feed system pressure histories
and weight data for a range pf nominal feedline sizes. This is accompli-
shed by evaluating tank ullage pressure requirements during the startup
phase using the constraints of engine inlet pressure (or NPSP) requirements
and instantaneous values of feedline flow resistance:‘ Program flexibility
has been incorporated to allow for ehgine start on the ground or at alti-

tude, computations. for oxidizer, fuel or both oxidizer and fuel feedlines,
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and a multiple restart'capability requiring restart data input only for quan-

tities whose values have changed from the previous case.

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 engine feedlines attached to each main feedline (i.e., the number of branch
lines feeding each engine), The number and type of components in each line are
described, with up to 23 line components currently being available. These
components include straight and curved line sections, valves, bellows, ven-
turis 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 profiles during the startup transient
are also input. In addition propellant tank geometry and propellant and vehi-
cle weights are required, along with input data control flags and miscellaneous
boundary conditions. The program will compute the various pressure drop compo-
nents needed to evaluate tank pressure requirements during engine start. These
calculations are. performed for each candidate main feedline size (engine feed-
line sizes asgumed fixed) as a function of time throughout the start transient.
Feedline weights are computed based on the maximum value of engine inlet pres-
sure, the maximum value of tank bottom pressure, or an input design pressure,

which ever is greatest.

The output data display consists of reformatted input data, feedline flow re-
sistance coefficients, time-varying values of the pressuré drop components

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 present SOPSA capabilities are as follows:

LOCKHEED MISSILES & SPACE COMPANY
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Performs pressure drop calculations for up to four engines

per main feedline.
Handles up to 12 candidate main feedline sizes per engine.

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,
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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 Space Shuttle Orbiter vehicle is the requirement that propellants be ac-
celerated rapidly during the engine start sequence. Propellant tank structural
design is influenced by the maximum ullage pressure levéls required to provide
sufficient flow acceleration, as well as hydrostatic pressure levels incurred
during boost. Flow acceleration requirements, in turn, are dictated by pres-
sure levels required to provide specified propellant flowrates at the engine
during startup, while simultaneously satisfying minimum NPSP and inlet pres-
sure requirements. Propellant feed system weight and flow resistance are
influenced by component size and design pressure‘levels. ;Thus optimization
of feed system design requirés values 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.

The SOPSA program consists of a main program (STAR), in which the basic pres-
sure drop calculations are performed, and 16 subprograms which provide thermo-
dynamic property data and perform auxiliary computations. The main program

also controls the input of data and the output of computed results.
. A )

- -  --—The UNIVAC 1108-Procedure Definition- Processor (PDP)-is-used to-define two- -
blocks of FORTRAN code which:are introduced into the maih program (and selected
subprograms) during compilation by use of the source céntrol statement INCIUDE,
The first PDP element is named DIMN and contains C¢MM¢N statements for labeled
CAMMEN block DIMEN, as well as REAL and EQUIVALENCE statement definitions.

The second PDP element is named UCHNST and contains only the CHMMON block
labeled UCPNST.

LOCKHEED MISSILES . & SPACE COMPANY
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The variables defined in these COMM@N blocks are described in Section 1.1.3

below.
1.1 PROGRAM STAR

1.1.1 Program Description

STAR is the S¢PSA'main program; all data input and output is controlled by
STAR and the solution of the time—varying pressure drop components is ac-
complished in STAR.

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 account-
ing of the system pressure drops yields the following relation for ullage

pressure requirement at any time t during the start transient:

P = .- bp
u(t) Poin H%}% + APF(t) + APACC(t) + PoorL (1)
where
_ P + P
P . = Maximum value of NPSP VAP
min or
PENG
PNPSP = Engine NPSP requirement
PVAP = Propellant vapor pressure at engine inlet
PENG = Minimum engine inlet pressure
AP = VHydrostatic pressure at engine inlet due
HEAD . .
to vehicle acceleration
APF = Pressure drop due to friction in main
feedline and engine feedlines
APACC = Pressure drop required to accelerate propellant
to meet the specified flowrate variation during
startup
PTOL = Component pressure control tolerance
6

LOCKHEED- MISSILES & SPACE COMPANY



IMSC-A991396

The pressure control tolerance is generally interpreted to be a combined

tolerance on ullage pressure controls and engine inlet requirements.

Equation (1) is solved for an assumed feedline configuration employing a
single main feedline for each propellant with up to four branching engine
feedlines. 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 date
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.

Inputs to the program are required to:

® Describe the alphanumeric output heading for each case

® Flag data groups to be input

® Describe the propellant tank and feed system configuration

® Describe initial propellant loadings and nominal flow conditions

® Describe transient flowrate, pressure and engine inlet requirements

Input requirements are described in detail in the Space‘Shuttle Orbit In-

jection Propulsion System Analysis (SOPSA), User's Manual, IMSC-A991396.

Pfiﬁtéd_éﬁfiﬁf‘défé”inéludé_a"listing”of—severai‘input‘data‘quantities—as- - T
follows: o

Total number of feedline sizes, NSIZE

Total number of engines on vehicle, NGPL
S - ————Number-of-engines-for-each feed-system, NOP : — . e
Nominal oxidizer flowrate, WDPTNY, 1b/sec
Nominal fuel flowrate, WDPTNH, 1b/sec
Vehicle loaded weight, VWGTN, 1b

LOCKHEED MISSILES & SPACE COMPANY



Nominal thirust -for each engine, FNfM, 1b

Oxygen engine inlet temperature, TENIN®, R

Hydrogen engine inlet temperature, TENINH, R

Component pressure tolerance; PENTPL, Psi
Oxidizer feedline head height, @XHTIN, ft
Fuel feedline head height, HYHTLN, ft
Initial oxidizer loading, LHADPL, 1b
Initial fuel loading, LPHADHL, 1b .

Oxygen feedline design pressure, PDL¢, psia

Hydrogen feediine design pressure, PDIH, psia -
Tank geometry data, EQLRL, ft s

Oxidizer feedline diameters, PPD, inches

Hydrogen feedline diameters, HPD, inches
Main oxygen feedline lengths, TPTMLP, ft
Main hydrogen feedline lengths, T¢TMLH, ft

IMSC-A991396

In addition, computer values of oxidizer and fuel head heights in the propel-

lant tanks (HEADIP and HEADIH), initial ullage volumes (ULVLIP and ULVLIH),

external surface areas of the propellant tanks (ASKIN), surface area of the

common bulkhead (ADPME) total tank surface area (ATﬁT), and feedline flow-

resistance coefficients (fKPD and HKPD) are printed.

Input values of component descriptors are listed in the following order:

Comp. Componént

Seq.- Type Material Insulation | Spec. Spec.

No. Flag Flag Flag No. 1 No. 2
Oxidizer I |IDMLAH(I) IMMLH( T) IIMLA(T) SPIMIH(T) SPoMLA(T)
Main Line
Oxidizer T |IDELH(NL,I)|IMELO(NL,I)|IIELO(NL,I)|SPIELO(NL,I){SP2ELO(NL,I)
Engine ILine
Fuel Main I |[IDMIH(I) IMMIH(T) IIMIH(T) SPIMIH(TI) SP2MIH(T)
Line
Fuel Engine T |IDEIH(NL,I)|IMELH(NL,T)|IIEIH(NL,I) |SPIELH(NL,I)|SP2ELH(NL,T)
Number NL

8
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In addition to the basic fixed input data, values of time-varying input

quantities are output. These include the following variables:

Time during engine start, TIMEA, sec

Oxidizer suction pressure requirement, NPSPﬁ, psi

Fuel suction pressure requirement, NPSPH, psi

Fraction of steady-state engine thrust, FIFRAC

Engine inlet oxidizer pressure requirement PENMNP, psia

Engine inlet fuel pressure requirement, PENMNH, péia

Partial pressure of pressurant gas in oxidizer tank, PPDGAT, psia
Partial pressure of pressurant gas in fuel tank, PPDGHT, psia
Inlet temperature of pressurant gas in oxidizer tank, TDGﬁT, R

Inlet temperafure of pressurant gas in fuel tank, TDGHT, R

Values of several quantities>obtained at intermediate stages of the pressure

drop computations are also output as a function of time.

These quantities include:

Oxidizer flowrate derivatives, WDDPTP, 1b/sec2
Fuel flowrate derivatives, WDDATH, lb/sec2
Total vehicle weight, VWGTNU, 1b
Thrust-to-weight ratio, FTOW

Oxidizer hydrostatic pressure heat at engine inlet due to vehicle
acceleration, DLPHD@, psi

Incremental oxidizer consumption, PCWGTH, 1b

Incremental fuel consumption, PCWGTH, 1b
Cumulative total propellant consumption, -PROWGT, 1b
Minimum oxidizer engine inlet pressure required, PENGﬁ, psia

Minimum fuel engine inlet pressure required, PENGH, psia

Additional intermediate output inclues pressure drop components as follows:

Pressure drop required to accelerate oxidizer to meet specified
flowrates, DLPACH, psi

LOCKHEED MISSILES & SPACE COMPANY
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Pressure drop required to accelerate fuel to meet specified -
flowrates, DLPACH, psi

Oxidizer pressure drop due to line friction and configuration
losses, DLPINP, psi :

Fuel pressure drop due to line friction and configuration
losses, DLPINH, psi

Nominal ullage pressure requirements in oxidizer and fuel
tanks, respectively (without accounting for minimum engine
inlet requirements), PULLY and PULIH, psia

Oxidizer and fuel vapor pressures at the liquid surfaces,
PULVAPY and PULVAPH, psia

Minimum oxidizer and fuel ullage pressures required for main
feedline No. 1, PULLRY (NELP) and PULLRH (NELP), psia

Tank bottom pressures for feedline No. 1, PTKBTP (NELP), and
PTKBTH (NELP), psia :

Line head pressure components, PHDLN and PHDINH, psia
Tank ullage volumes, ULVLP2 and ULVLH2, ft3

Tank head heights, HEADP2 and HEADH2, ft

Ullage vapor weights, WIULGH and WIULGH, 1b

The final computations are printed in the following order.

Minimum required ullage pressure in oxidizer tank, PULLR®, psia
Minimum required ullage pressure in fuel tank, PULLRH, psia

Recomputed tank bottom pressures using minimum required ullage
pressures, PTKBTP and PTKBTH, psia

Recomputed engine inlet pressures using minimum required ullage
pressures, PENNUY and PENNUH, psia

Individual engine feedline weights, WELY and WELH, 1b
Total weights of all engine feedlineé, WELOT and WELHT, 1lb
Main feedline weights, WMLY and WMIH, 1b

Engine and main feedline insulation weights, WELIﬁT, WEIIHT,WMLIﬁ,
WMLIH, 1b

Total feed system weights, WLATT and WIHTT, 1b

10
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1.1.2 External Subprograms

Name Type* Reference¥* Name Type Reference
MOVER s ZFIND S
INIVOL S FINDR F
ULIHED S PTDENS F
FLORES s WICTRL S
PVAPOR S EXIT S

to system

1.1.3 CAMAN Description

IMSC-A991396

Transfer control

The COMMON block labeled DIMEN is INCLUDEQ in the main program STAR and sub-

routines INIVOL and ULIHED. This block contains the following variables:

Name

EQLR

V1
v2
V3
vk
V5
V6
vT

%P - Program, S - Subroutine, F - Function

*¥Page number
*¥%¥T - Integer

Type*** Dimension Description
R 9 Array containing tank

geometry data

tank

tank

where subprogram is described

;, R - Real, L - Iogical '

Volumes of sections

of liquid oxygen

Volumes of sections

of liquid hydrogen

11
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Name Type Dimension Description
VTP2 R ~ Total volume IO, tank
VTH2 R Total volume LH2 ﬁank '
VTPT R _ Total volume both tanks.
uvige R Ullage volume Loé.tank_,
UVLH?2 R Ullage volume LH2 tank
HDP2 R Liquid height in LO, tank
HDH2 R Liquid height in LH2 tank
Al R Surface area of sections
A2 R of LO2 tank
A3 R
Al R
A6 R Surface area of sections
AT R {dL%tmk
ATPT R Total surface area of both tanks
ASKIN R xternal surface area of both tanks
ADPME R Area of common bulkhead

The CHMMON block labeled UCHNST is INCLUDEA in the main program STAR and
subroutines ULLHED, GUMTRY and SPHSEG. This block contains the following

variables:
Name Type Dimension Description
ITN I Hardware logical input unit number
IﬁT 1 Hardware logical output unit number
PT R 3.1415927
PI2@3 R 2.0943951

Seven additional labeled CQMMﬁN blocks contain the significant variables
used in the main program. Storage allocated for these variables is des-
cribed in Tables 1-1 through 1-T7.

12
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Table 1-1

LAYOUT OF COMMON BLOCK AAA

Addres4]J Name Dimension.(g) " Description
0 FIFRAC 21 Fraction of nominal thrust
25 TIMEA 21 Time values of events in transient
52 . WDTFRO 21 Fraction of oxidizer flowrate
77 WDTFRH 2l Fraction of fuel flowrate
124 NPSPO 21 Net positive suction pressurefor. oxidizer
151 NPSPH 21 Net positive suction pressure for fuel
176 PPDGOT 36 Partial pressure of oxidizer pressurant gas
o2 PPDGHT 36 Partial pressure of fuel pressurant gas
306 TLIQSO Temperature of oxid zer liquid surface in tank
307 TLIQSH Temperature of fuel liquid surface in tank
310 TSVAPO Temperature of oxidizer liquid surface in tank
311 TSVAPH Temperature of fuel liquid surface in tank
312 TDGOT 35 Temperature of oxidizer pressurant gas
355 TDGHT 35 Temperature of fuel pressurant gas
420 LOADOL Loaded weight of oxidizer
Y21 LOADHL Loaded weight of fuel
Lo2 LOADOR2 Loaded volume of oxidizer
423 LOADH2 Loaded volume of fuel
Table 1-2 7
LAYOUT OF COMMON BLOCK BBB
Address Name Dimension Description
0 NSIZE Total number of feedlines per tank
1 | sysnuM Propellant selection flag
o2y NOP__ ) _ _ _|Number of engines fed by_a.main _feedline __ ... _.
3 NOP1 Number of engines on vehicle
by IGOON Restart flag ,
5 NPTS Number of time points in ‘start transient
6 MPTS NPTS-1

Note: (1) Address in octal notation
(2) Decimal dimension

13
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Table 1-3

IAYOUT OF COMMON BLOCK CCC

Address Name Dimension Description
0 GC Acceleration of gravity, 32.172 fps2'
1 RHOOX Oxidizer density
2 RHOHY Fuel density v
3 VWGTN Total vehicle weight at ignition
Table 1-4
IAYOUT OF COMMON BLOCK DDD
Address Name Dimension Description
0 WDOTNO Nominal oxidizer flowrate per engine
L WDOTNH Nominal fuel flowrate per engine
2 FNOM Nominal thrust per engine
3 OPIPEL 16 Oxidizer feedline lengths
2 HPIPEL 16 Fuel feedline lengths
43 OPD 16 Oxidizer feedline diameters
63 HPD 16 Fuel feedline diameters
103 OKPD 16 Oxidizer feedline flow resistance coefficients
123 HKPD 16 Fuel feedline flow resistance coefficients
143 ST 7 Alphanumeric title
152 OXHTIN Oxidizer lead height in feedline
153 HYHTLN Fuel lead height in feedline
154 PENMNO 30 Minimum engine inlet oxidizer pressures
212 PENMNH 30 Minimum engine inlet fuel pressures
250 PENTOL Component pressure tolerance
251 TENINO Temperature of oxidizer at engine inlet
252 TENINH Temperature of fuel at engine inlet

1k
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Table 1-5

IAYOUT OF COMMON BLOCK EEE

Address

I O\ W N O

Name

OPDUM
ODDUM
HPDUM
HDDUM
VWGICH
ODIDUM
OCAYP
ODTINC
HDLDUM
HCAYP

HDTINC

TVAPO
TVAPH

- PVAPO

PVPENO
PVAPH

PVPENH
PNCWGT

Dimension

Description

Oxidizer line length used in acceleration calcs.

Square of oxidizer line diameter

Fuel line length used in acceleration calcs.
Square of fuel line diameter

Variable used in vehicle weight calculations
Fourth power of oxidizer line diameter
Variable used in pressure drop calculations
Not used

Fourth power of fuel line diameter

-Variable used in pressure drop calculations

Not used

EBquivalent oxidizer engine inlet temperature
Equivalent fuel engine inlet temperature
Oxidizer vapor pressure

Oxidizer vapor pressure at engine inelt
Fuel vapor pressure ' .

Fuel vapor pressure at engine inlet
Equivalent cumulative propellant consumption

15
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Table 1-6
TAYOUT OF COMMON BLOCK FFF

Address Name Dimension Description
0 WDDOTO 20 Oxidizer flowrate derivative
24 -WDDOTH 20 Fuel flowrate derivative
50 ZLPACO 20 Not used
Th ZLPACH 20 Not used
120 VWGTNU 20 Vehicle weight
1Ly 1 FTOW 20 Thrust-to-weight ratio
170 DIFWGT 20 Propellant flowrate increment
21k - DLPHDO 20 Oxidizer pressure head in tank
240 DLPHDH 20 Fuel pressure head in tank
264 ZLPLNO 20 Not used
310 ZLPINH 20 Not used
334 PENGO 20 Minimum oxidizer engine inlet pressure
360 PENGH 20 Minimum fuel engine inlet pressure
Lol PCWGTO 20 Incremental oxidizer consumption
430 PCWGTH 20 Incremental fuel consumption :
Lsh PUVAPO Oxidizer vapor pressuré at liquid surface
455 PSVAPO (Same as PUVAPO)
456 PUVAPH Fuel vapor pressure at liquid surface
457 PSVAPH (Same as PUVAPH)
460 PPVAPO Not used
461 PPVAPH Not used
L2 ULVLIO Initial ullage volume in oxidizer tank
463 ULVLIH Initial ullage volume in fuel tank
3 HEADIO Oxidizer head height in the tank
465 HEADTH Fuel head height in the tank
Table 1-7
IAYOUT OF COMMON BLOCK GGG
Address Name Dimension Description
0 WIULGO 35 Oxidizer tank ullage vapor weight
43 WI'ULGH 35 Fuel tank ullage vapor weight
106 ULvVOR2 Not used
107 ULVHZ2 Not used
110 HEADO2 35 Oxidizer tank head height
153 HEADH2 35 Fuel tank head height
216 ULVLO2 35 Oxidizer tank ullage volume
261 ULVIH2 35 Fuel tank ullage volume
16
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1.1.4 Significant Variables

In addition to the variables defined in Tables 1l-1 through 1-7, the following

quantities are.significant in the operation of program STAR:

Name Type Dimension Description

IP I 16 Input data flag

WELDT R 16 Total oxidizer engine feedline weight
WELHT R 16 Total fuel engine feedline weight
UMLY R 16 Main oxidizer feedline weight

WLH R 16 Main fuel feedline weight

WLATT R 16 Total oxidizer feed system weight
WIHTT R 16 Total fuel feed system weight

1.1.5 Tape Usage

No tapes are used by this program.

1.1.6 Flow Chart and Listing Reference

STAR Flow Chart ' Fig. 1-1
STAR Program Listing Page B-2
Variable Table Page C-3
Statement Number Table Page C-10
Transfer Table Page C-15

1.1.7 Subprogram Descriptions

Each subprogram of STAR will be described using the foiiowing format:

1

Description

Description will briefly describe the subprogram. :

Calling Sequence

Calling Sequence will contain the following elements:

N
-
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Name Type 1/0 Dimension Description

Name is the name of the variable in the calling sequence.

Type indicates the type of the variable; I - integer, R - real, or L - logical.
I/O indicates if the variable is input (I) to the routine through the calling
sequence, output (0) from this routine through the calling sequence, or I/O

if both.

Significant Variables

Significant Variables will contain the following elements:
Name Type Dimension _ Description

The elements of Significant Variables will be as described under Calling

Sequence,

Subprograms Referenced in this Subprogram

Name Type Reference

The elements of Subprograms Referencing this Subprogram will be the same as

described under Subprograms Referenced in this Subprogram.

Flow Chart and Listing Reference

Flow Chart references the figure number of the applicable flow chart. Appen-
dix A illustrates and explains the flow chart symbols.

Listing references include the page numbers of the S¢PSA listings and sub-

routine dictionary listings where the subroutine listing, variable table,

statement number table, and transfer table may be found. -

18
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’READ TITLE

CARD*

[NCREMENT
ICASE

READ INPUT
DATE FLAGS¥

.COMPUTE
PROPELLANT
VOLUMES

COMPUTE SINGIE
ENGINE FLOWRATE
DERIVATIVES

Fig. 1-1 STAR Flow Chart

TITLE CARD AND INPUT DATA FIAG CARD ARE REQUIRED FOR EACH CASE.
THE REMAINING DATA MUST BE SUPPLIED FOR THE FIRST CASE; SUBSEQUENT
CASES (RESTARTS) REQUIRE ONLY THAT REVISED DATA GROUPS BE INPUT
(SEE SOPSA USER'S MANUAL, PAGE ).

19
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YES

NO

COMPUTE
OXIDIZER
FEEDLINE
LENGTHS

YES

SYSNUM=1 )
9 /

NO
©

COMPUTE
FUEL
FEEDLINE
LENGTHS

COMPUTE AP
REQUIRED TO
SUPPLY ACCEL-
ERATION HEADS

Fig. 1-1 STAR Flow Chart (Cont'd)

20
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COMPUTE VEHICLE
WEIGHT, CUMUIATIVE
AND INCREMENTAL
PROPELLANT CONSUMP-
TION AS F(t)

COMPUTE T/W
AS F(t)

COMPUTE PROPELIANT
VOLUMES AS F(t)

IMSC-A991396

Compute tank volumes
and surface areas

Compute initial ullage
volumes and head
heights for tanks

Compute ullage volumes
and head heights in
tanks as F(t)

Fig. 1-1 STAR Flow Chart (Cont'd)

21
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COMPUTE AP DUE
TO TOTAL HEAD AS
F(t)

COMPUTE AP'S DUE
TO LINE FRICTION

AND CONFIGURATION
LOSSES

Compute flow
resistance coefficients

COMPUTE ENGINE INLET
PRESSURE REQ'TS BASED
ON INIET VAPOR PRESSURE
AND NPSP

Compute propellant
PVAPOR vapor pressure as a
function of temperature

COMPUTE REQ'D ENGINE
INLET PRESSURES USING
PENMNO AND PENMNH

@ ‘

Fig. 1-1 STAR Flow Chart (Cont'd)
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COMPUTE NOMINAL
ULLAGE PRESSURE
REQ'D AS F(t)

COMPUTE PROPELIANT
ULLAGE VAPOR
PRESSURES

IMSC-A991396

Compute propellant
PVAPOR Vapor pressure as a
function of temperature

COMPUTE MINIMUM
ULIAGE PRESSURE
REQ'D AS F(t)

COMPUTE TANK
BOTTOM PRESSURE
AS F(t)

Fig. 1-1 STAR Flow Chart (Cont'd)
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COMPUTE WEIGHT
OF
ULTAGE GAS

Compressibility factor
for oxygen

Gas constant for
: oxygen

Density of hydrogen
vapor

COMPUTE PRESSURE
HEAD IN FEEDLINES

COMPUTE ENGINE
INLET PRESSURES

COMPUTE MAX VALUES
OF ENGINE INIET
PRESSURES AS F(t)

Fig. 1-1 STAR Flow Chart (Cont'd)
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COMPUTE MINIMUM
ENGINE FEEDLINE
PRESSURE DROP AS
F(t)

COMPUTE TOTAL
FEEDLINE WEIGHTS
FOR EACH LINE SIZE ,

Compute individual
line and component
weights

WRITE OUT INPUT
DATA TABLES

WRITE OUT AP'S,
PRESSURES AND
FEED SYSTEM WEIGHTS

Réturn control to
system

Fig. 1-1 STAR Flow Chart (Cont'd)
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1.1.7.1 Subroutine INIVOL

Description

IMSC-A991396

Subroutine INIVOL computes the volume and surface areas of individual sections

of the propellant tanks using the dimensions supplied in input data group 2.

The individual volumes and areas are summed for each tank and the total external

surface area is computed.

Calling Sequence

CALL INIVAL

Significant Variables

Name Type Dimension
VTO2 R
VTH2 R
VTT R
ASKIN R
ADPME R

Subprograms Referenced in this Subprogram

Name Type

GIMTRY F

Subprograms Referencing this -Subprogram

Name Type -
STAR P

26

Description

Volume oxygen tank
Volume hydrogen tank
Total tank volume
External surface area

Area of common bulkhead

Reference

38

Reference

6
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Flow Chart and Listing Reference

INIVOL Flow Chart

INIVOL Program Listing
Variable Table

Statement Number Table

Transfer Table

1.1.7.2 Subroutine ULILHED

Description

IMSC-A991396

None

Page B-27

‘Page C-16

None

Page C-17

This subroutine uses the given values of propellant volumes and tank dimen-

sions to compute ullage volumes and liquid head heights in the tanks.

Calling Sequence

CALL ULLHED (L®ADO2, LPADH2)

Name

LfaDge

LPADH2

Type I/O Dimension
R I
R I

Significant Variables

Name

UvLg2
UVLH2

HDf2
HDH2

Typ . Dimension
R
R
R
R

Subprograms Referenced in this Subprogram

Name

SPHSEG

Type Reference
S b1
27
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Description

Oxidizer volume

Fuel volume

Description

Oxidizer ullage volume
Full ullage volume
Oxidizer head height

Fuel head height



Subprogram Referencing this Subprogram

Name

STAR

Type Reference

P 1-2

Flow Chart and Listing Reference

ULLHED Flow Chart
ULIHED Program Listing
Variable Table
Statement Number Table
Transfer Table

1.1.7.3 Subroutine FLORES

Description

IMSC-A991396

None

Page B- 8
Page C-16
Page C-20
Page C-21

This subroutine uses empirical correlations for pressure drop in turbulent

flow (Reynold's No. greater than 106) to compute flow resistance coefficients

due to configuration losses for the configurations defined in Table 1-1 of

the SOPSA Program User's Manual.

Calling Sequence

CALL FIYRES (ID, D, S1, S2, RES)

Name

ID
D
S1
S2
RES

Type 1/0 Dimension

Description

= I o B~ B> o B o
O H H H H

28

Component ID number
Diameter
Component specification No. 1

Component specification No. 2

~Flow resistance factor
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Significant Variables

None

Subprograms Referenced in this Subprogram

None

Subprograms Referencing this Subprogram

Name Type : Reférénée
STAR P .6

Flow Chart and Listing Reféréﬁce

FLORES Flow Chart None

FLORES Program Listing Page B-29
Variable Table Page C-22
Statement Number Table Page C-23.
Transfer Table ) ‘ Page C-24

1.1.7.4 Subroutine PVAPOR

Description

_Subroutine PVAPOR computes the saturation vapor pressure of a liquid given

the value of liquid temperature.

Calling Sequence

__CALL PVAPAR (T, I, P) _ _ o -

29
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Name Type I/0 Dimension Description
T R I Liquid temperature
I I Fluid type flag,

I = 1 for oxygen

I = 2 for hydrogen
P R 0 Vapor pressure

Significant Variables

None

Subprograms Referenced in this Subprogram

None

Subprograms Referencing this SubprogfamA

Name Type Refeféﬁce
STAR P 6
ZFIND S 31

Flow Chart and Listing Reference

PVAPOR Flow Chart
PVAPOR Program Listing
Variable Table
Statement Number Table
Transfer Table

None

Page B-~32
Page C~-25
Page C-26
Page C-27

30
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1.1.7.5 Subroutine ZFIND

Description

Subroutine ZFIND computes the compressibility of a gas(given its temperature

and pressure.

Calling Sequence

CALL ZFIND (T, P, N, V)

Name Type IVO Dimension Description
T R I Temperature
P R I Pressure
N I I Gas type flag, N =1
. for oxygen, N = 2 for
hydrogen.
v R 0 _ Compressibility factor

Significant Variables

None

Subprogram Referenced in this Subprogram

Name. Type Reference
PVAPOR S 29

e PIDENS - F T m m 33T m s mmm e S s s e

Subprograms Referencing this Subprogram

Name Type Reference -

T T T T T T STAR T P -

31
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Flow Chart and Listing Reference

ZFIND Flow Chart
ZFIND Program Listing
Variable Table
Statement Number Table

Transfer Table

1.1.7.6 Function FINDR

Description

None

.Page

Page
Page
Page

IMSC-A991396

B-33
C-28
C-29
C-30

Function FINDR supplies the gas constant corresponding to an input gas type

flag.

Calling Sequence

R = FINDR (N)

Name Type I/O

N I I

Significant Variables

None

Dimension

Subprograms Referenced in this Subprogram

None

32

Desc

ription

= =2
oo

type flag,
1 for oxygen,

2 for hydrogen
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Subprograms Referencing this Subprogram

Name Type Reference

STAR P 6

Flow Chart and Listing Reference

FINDR Flow Chart None
FINDR Program Listing Page B-3§
Variable Table _ Page C-31
Statement Number Table | None
Transfer Table Page C-32

1.1.7.7 Function PTDENS

Description

Function PTDENS returns the density of hydrogen vapor cofresponding to input

values of vapor pressure and temperature.

Calling Sequence

RHP = PTDENS (PRES, TEMP)

) Name Type I/O Dimenéidn Deséription.
PRES R I Gas pressure
TEMP R I Gas temperature

Significant Variables

None

33
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Subprograms Referenced in this Subprogram

None

Subprograms Referencing this Subprogram

Name Type - Reference
STAR P 6
ZFIND S 31

Flow Chart and Listing Reference

PTDENS Flow Chart
PTDENS Program Listing
Variable Table
Statement Number Table

Transfer Table

1.1.7.8 Subroutine WICTRL

Description

None

Page B- 36
-Page C- 33
Page C- 34
Page C- 35

Subroutine WICTRL uses empirical correlations for weight as a function of

nominal size to obtain the weight of components described in Table 1-1 of

the SOPSA Program User's Manual.

Calling Sequence

Call WICTRL (P, I, IM, II, D, S1, 852,

s3, IV, IF, WT, WI)

34

LOCKHEED MISSILES. & SPACE COMPANY



IMSC-A991396

Type 1/0 Dimension "~ -~ -Description

R I Internal fluid presssre

I I Component type flag

I I . Material flag

I I Insulation flag

R I Nominal line diameter

R I Component specification No. 1
R I Compohent specification No. 2
R I Component specification No. 3
T I Valve weight flag

I I Fluid type flag

R 0 Component weight

R 0 Insulation weight

Significant Variables

None

Subprograms Referenced in this Subprogram

Name

CBWT
CFTW

~ " 'Subprogram Referencing this Subprogram

Type Reference
F 37 .
F 36 ,

Type Reference N
P 6

35
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Flow Chart and Listing Reference

* WICTRL Flow Chart
WTCTRL Program Listing
Variable Table
Statement Number Table
Transfer Table

1.1.7.9 Function CFTW

Description

None
Page
Page
Page
Page

B-4o
C-36

C-37.

Cc-38

IMSC-A991396

Function CFTW computes the weight of valves and disconnects described in

Table 1-1 of the SOPSA Program User's Manual.

Calling Sequence

WT = CFTW (D, P, IDV)

Name Type 1/0 Dimension
D R I
P R I
IDV I I

Significant Variables

None

Subprograms Referenced in this Subprogram

None

36
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Description

Valve type flag

Nominal diameter

Internal pressure



Subprograms Referencing this Subprogram

Name Type Reference

WICTRL S 34

Flow Chart and Listing Reference

CFTW Flow Chart

CFIW Program Listing
Variable Table
Statement Number Table

Transfer Table

1.1.7.10 Function CBWT

Description

IMSC-A991396

None

Page B-L42
Page C-39
Page C-L0
Page C-L41

Function CBWT computes the weight of the various types of bellows and pressure-

volume compensators described in Table 1-1

Calling Sequence

WI = CBWT (D, P, IB)

. _Neme ~_ Type  I/O  Dimension
D R
P R I
iB I I

Significant Variables

None

37

of the SOPSA Program User's Manual.

Description

NOminé} diameter
Internal pressure

Bellows type flag
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Subprograms Referenced in this Subprogram -

None

Subprograms Referencing this Subprogram

Name Type Reference
WTCTRL S ‘ 34

Flow Chart and Listing.Reference

CBWT Flow Chart

CBWT Program Listing
Variable Table
Statement Number Table

Transfer Table

1.1.7.11 Function GOMTRY

Description

None -

Page B-43

Page C-k2

Page C-U43
Page C-Lk

IMSC-A991396

Function GOMTRY computes the volume and/or area of a variety of geometrical

surface of revolution. This function consists of a variety of subfunctions

each of which 1s accessed by an ENTRY whose name describes the geometricél

figure desired.

Calling Sequence

The calling sequence for functions of each type of surface is as follows:

Volume of Circular Cone

V = CONE (R, H)

38
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Name Type Description
R R Radius of base of cone

H R Height of cone

Volume of Right-Circular Cylinder

V = CYLNDR (R,H)

Name Type Description
R R Radius of cylinder
H R Height of cylinder

Volume Contained Between Cylinder and Spheroid

V = CYLSPH (RRAT,R)

Name Type Description
RRAT R Height of cylinder (spheroid)
R R Radius of cylinder

Volume of Frustum of Right-Circular Cone

V = FRCONE (R, H, R2)

Name. Type Description

R R Radius at top of cone
H . R Height of cone

R2 R Radius of base of cone

V = HSPHER (RRAT, R)

39
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Name Type Description
RRAT R Height along axis of.rotation
R R Radius

Volume of Sphere or Spheroid

V = SPHERE (RRAT,R)

Name Type Description
RRﬁT R Height along axis of rotation
R R Radius

Area of Cylinder

A = ARACYL (R, H)

Arguments defined as in CYLNDR.

Area of Conical Frustum

A = AFEAFR (R, H, R2)

Arguments defined as in FRCONE.

Area of Hemi-Spheroid or Hemisphere

A = ARSPHR (RRAT, R)

Arguments defined as in HSPHER.

Significant Variables

None

Subprograms Referenced in this Subprogram

None

Lo
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Subprograms Referencing this Subprogram

Name Type Reference

INIVOL S 26

Flow Chart and Listing Reference

GOMTRY Flow Chart None

GMTRY Program Listing Page B-L4lL
Variable Table Page C-45
Statement Number Table Page C-L46
Transfer Table Page C-L7

1,1.7.12 Subroutine SPHSEG

Description

Subroutine SPHSEG computes the height of a given volume of liquid (head height)
in an ellipsoid of revolution (including a hemisphere) or in the volume between
a cylinder and a spheroid. One of two entries are used depending on the geo-

metry involved.

Calling Sequence

The calling sequence for computing head heights contained in each type of volume

is as followsé-

Ellipsoidal Volume

H = ELIPSG (PVQL, RAD, RPD, H)

© ~ Name— 'Type‘ "”kDESCI'i“pti‘OII"" e T T

PVOL R

RAD R Height of ellipse along axis of rotation
RPD ] R Radius

H R Liquid head height

Ullage vapor volume

b1
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Volume Between Cylinder and Spheroid

H = CYMSPH (PVQL, RAD, RPD, H)

Name Type Description

PVﬁL R Ullagé vapor volume

RAD R Height along axis of rotation
RPD R Radius of cylinder

H R Liquid head height

Significant Variables

None

Subprograms Referencing this Subprogram

Name Type Reference

ULLHED S o7

Flow Chart and Listing Reference

SPHSEG Flow Chart None

SPHSEG Program Listing Page B-L6

Variable Table Page C-48

Statement Number Table Page C-L9

Transfer Table Page C-50
ho
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Section 2

"PROGRAM OPERATION

Input deck setup and input data requirements for the SOPSA program are
described in detail in the SOPSA Program User's Manual. This program
has been developed using the EXEC 8 operating system on the UNIVAC 1108
operating system., The SOPSA program can bé compiled and executed on
comparable systems containing the FORTRAN V utility and standard UNIVAC

routines described in Section L4 below.
2.1 NORMAL PROGRAM EXECUTION

During normal operation,_the prbgram will read input data, perform the
required operations, and print the final results. No intermediate out-
put is provided, so that in the event of an iﬁput data error, the user

must diagnose the malfunction from the final printed output.
2.2 ABNORMAL PROGRAM EXECUTION

In the event that the program does not produce a final data printout, the

user must diagnose the error by rechecking input data types and formats.

Diagnostic printouts are provided in two subroutines, ULLHED and SPHSEG.
The ULLHED diagnostic is of the form K

'ULLAGE VOLUME IS NEGATIVE®

and indicates that input tank geometry data is not compatible with the
specified propellant loading. ‘

The SPHSEG diagnostic is of the form

'ERROR INPUT TO SPHSEG'

and indicates that input tank geometry data are not correct.

43
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Section 3

LIBRARY ROUTINES

The SOPSA program uses both Lockheed system routines and FORTRANEutility
routines, in addition to “he UNIVAC 1108, EXEC 8, system routines.

3.1 LOCKHEED SYSTEM ROUTINES

The Lockheed system contalns a standard library of FORTRAN V mathematical
function routines, of which the following are used by SOPSA:

SQRT Square root

EXP Exponential

CPS Cosine

ASIN Arcsine

ACOS Arccosine

ATAN Arctangent

ALOG Natural logarithm (log x)

3.2 FORTRAN UTILITY ROUTINES

3.2.1 Subroutine MOVER

The subroutine MOVER is available to permit rapid transfer of data words
from one area to another. The 1108 block transfer is used; thus, the use

of MOVER will be considerably faster than a corresponding transfer of data

by a DO-loop. It is used as follows:

CALL MOVER (FROM, INCF, TO, INCT, NWDS)

Ly
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where

FROM
INCF
TO

INCT
NWDS

is
is
is
is

is

IMSC-A991396

the array from which data are moved.

the increment to be used in selecting data from the FROM array.
the array to which data are moved.

the increment to be used in placing data ;nto the TO array.

the number of words to transfer.

NOTE: MOVER checks to see if the argument NWDS is negative, It it is,

the run is "errored off."

45
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APPENDIX A
FLOW CHART SYMBOLS

SYMBOL } DEFINITION

Subprogram Reference

Processing Function

(:::) Step Connector

Program Modification or
Decision Function
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APPENDIX B
SOPSA PROGRAM LISTINGS

This Appendix contains a symbolic listing of the FORTRAN V code

for the SOPSA main program and subprograms.

B-1-
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..l...._.l......ll.....'.........
e ENGINE STARY TRANSIENT ANALYSIS PROGRAM oo
ee TWE PROGR4M 1,0, CODE [S5 = F01306 on-.

PROGRAMMEY BY R,F . HAuSMaryy DEPT 62~13, BLOG 104, 3-0235
REVISZD BY K4, VERNQNY DEPT, 62«03, 3LDG 582, 24385

® g % 8 3 8 a0 % 4 8 0 a8 & 0 s 80 B 0O B e S S e e D

INCLUGE DIMN,LIST
INCLUDE UCONST.LIST
DIMENSTION JIFAST(2D),FTY0W(Z0),CLPHNOL2U) 1 DLPHOH{20) 1 VWGTNU(20)
DIMEMSION 2F 45700270, DFWETHE20) 1 PCUGTTE2D) o PCWGETHE20)
Dl‘h 1530 IGLRL(9)

DIMENSIQN FlF<aCi2L), Tl’FA(21>;~DTFRC(21) ADTFRA(21)
CIMENSTON 4EADJ2(39),HIADL2(35)
OIMENSION 4P3(161 4P {PELI16) 4RXPOC16),CPUCLE) AP PEL(16),0KPD(16])
CIMENSTON 2101)96CE1),RHOAXL 1) P RHCHY (1) VWSTHIL) ,FNOM( L)
DIMENSION SENGI(20),#E1GR(20) ,APSPOL21 ) )NPIPH(24)
DIMENSTON SENMNO(3D) ,PEN#LH{30)
DI=EnSTON TOSCTL35) TDGHT(35)
DIMENSTON TENINOCL) s TENINMIL)
DIMENSION TLIGSOUL) o TLIQSH(1),PPOGOT(30)PPDGHT(36)
DIMEMSTION vL202(35) vLAH2(3%),LLVLO2¢IZ }oULVLM2(35)
DIMENSTON wDOTNO(1) o wDOTV(LY, CXHYLN(1)0NVNYLN(1)nST(?)
DIMENSION JDOOYO(Z)).dﬁDOTH(Zo)
DIMENSION 4TULSO(35),WTULGHL3S)
DIMENSION ZLPAZ0(2)),2t.Pack(20),ZLPLNOC20) « ZLPLNH(20),PROWGT(20)
DIMENSTON JLPA20(16,20)¢NLPACH{L16020)
DIMENSTON ILPLNOCLS 200 eDLPLNKIL16420)
DIMENSTOY SEINJOCL535) 4 PENNUNEL6,35), PENMIO(16,35)PENMUNI16,35)
DIMENSTON PULLO(16420),PULLHE18,20) )
DIMENSION 2TKBT0(19¢35)4PTKBTHI16435),PHULND(35),PHOLNHEIS)
DIMENSION 2ULMNO(35) ,PULLRCE16939), PULMNH(IS) s PULLRA(16,35)
DIMENSION 3P3M_00170),5P36L0¢49100),5P3MLHC100),SP3ELN(4,100)
DIMENSION JMLIS(16)anELIO(16,4),WELICTLL8)»WLIOT(36),WLOTT(16)
DIMENSION aMLI4116) g wELTR{16,4) ) WELIFTI16) o WLIRT(16) ,WLHTT(16)
DIMENSION (P(1S)
DINENSION MINE_0(4),10vLO(100) s 1IM.0(120),3P1MLOC100) 2SP2MLO¢100)
OIMENSION TDELD(42100), 1ML 0¢4s103}, 11ELOCY,100),5P1ELO(4,100)
OIMENSION 3P2E_0(4,100)0 IMMLH(L100), 1¥ML0(110)
DIMENSTON MIDE_H(4)10MLH (10 2 TIMLKELD0),3PEMLNC100),SP2MLH(10Q)}
DIMENSION [0EL-4(4,10C), IMELHE4,100) J1ELY(3,100),SPLELKI4,10C)
DIMENSION SP2E_H(4,100) s 1000LGE)Y  IRILT J).louE(d.xoO)..DHE<4.100)
DIMENSION SUMMD(20) ¢ SUMH(20) ,PTETMOI16) 1 PTETMN(16)PMAXO(16)
DIMENSTION 2MAX<(16)sSU%NG(20),3UMNH(Z0) +POESUL16) sPDESHILS)

Fig. B-1 STAR Program Listing
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eSTYARJDN1
*5TARICI2
eSTARZONS
oSTARIO 4
“5TARDD2S
*STARIDIS
eSTARI2YY
eS5TaARICI8
e3T4RI0I9
o3TARINLO
STARIOLL
STARZOL2
STAKICL3
STARIC14
STaR3I015
STARME
STarR30L7
3TaAR)GL3
STAR3ICL?
STARII20
5TaR2021
STaR2022
S5TaR2023
5TLRI024
STARIS 2>
STARTC26
STardp2?
STARDID?23
STARIN29
STARJI0IO
STARIGSE
STARSC3Z2
STaR3JGS3
STARIN 34
STaRI035
STaRIC36
STARTDY?
STAKICI8
STARJOI9
STaRI040
STARYID4L
STaRIC42
STARZQ43
5TARD044
5TaARI045
STARI04S
STaRJI047
5TaR3048
STARJIO49
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DIMENSTON 2202)0+202) 3 WELW(168,4)  WELWTI10) s WHLH{16),WLHT(16) STAR 1050
OIveEnslON wELO(168,4) s WELLTI16) o WML0(16)s%LOT(16) 3TARZ0S1
D1MeSI0ON ADD(16),4DK(16) 5T8R20%92
DIMENSION 4BC(5504) STaR305)

EGUIVALENCE (83C,wel0),(ARCIES) (WELOT) ) (ABCIBL),WwMLO), (ARC(97),WLOSTAKIDS4
A7), (anCL13),wiln) s (ABCIL77) ) WwELNT) ) LAUCTL73) WML H) p (ABC(209) ) WLHTSTARIQSS
2V LARC(225),0L°4C0),(48C(545),CLPACH)  (ABC(B65),NLPLNO) s (ABC(1185)5TARI(S6
31DLPLNA) 2 ABCE1505) ) PENNUG) » (ABC(2065))PENIUH), (aBC(2625),PULLCY) STARIGS?
QCABC(2965) ,PULLH) 1 {ARC(3265),PTK3TO) 1 (ABC(IB25),PTKBTH) s (ABC(4385)5TaRIGHE

99PULLRO) L ABC(4945) s PULLRK) STARIQB?
’ STARIGA)D

INTEGER SYSAUM STARIVSY

RE4L MSPO,NPSPH STaRICS2

REAL LO&NOY,L0ADH1,L0aN02,L08pk2 ' STAR2063

STARICAY

COMMON/ZAAA/FIFRAC,TIFEAIWELTFROWWDTIFRE,WPSPI Y NPSPH STARJINAS

COMMNN/ABA/PPDSOT, PPRGHT, TLIOSC TLIQSH) TSVAPO, TSVAPH STAR1QS6

COMMONZAAA/TOGST  TOGHT STARINAY

COMMON/A84/104301,L040H1, 1 04D02,L040F2 STARZCAR

CO™MON/BBB/NSIZEISYS\UMINOP I NOF L IGOCNINP TSy MP TS STAR3ICA9

COMMON/CCC/GC ) IHCOX ) RHNHY , VWG TN SYARJIQ70

COMMONZDND/WIOTNO, “DOTNH ) F*1OM, CPIPEL s HP IPEL . OPDWPD ¢ OKPD  HKPD STy STARDQ7Y

LOXHTLN o HYHTLN 2ELMN0, PENMARIPENTCL , TEXIND  TENTINS STARJIQ72

COMMON/EEE /OPD M, 0D0UM HPEUM, W DUM, YW GTCH, IDLDUM, 0CAYP, ODTINC, STARIG7
1HOLDUN ) HCAYP  HITINC, TVAPO, TVaPW , PYAPC,PYPEND,PYAPH, PYPENK,PNCWGT STARIQ74
COMMON/FFF/4DDIT0, “DCOTH, ZLPACC, ZLPACH ) VWGTNU, FTOW,DIFWGT,NLPHDOy STARIOTS

10LPHNAKI ZLP NG, ZLPLVH, PENGO, PENGHIPCWGTC, PCAGTH STARITTE
COMMON/FFF/PUVAP0,PSVAPO, PUVAPR PSVAPHIPPVAPQ,PPVAPH STARIQ77
COMMON/FFF/ULV._J L, ULVLIH, KEADIC  HEAD IH STARIGTS
COAMAN/ GGG/ WTL_ 60, #TULGH, ULVO2 1 ULVH2 1 HEADOZ  HEADN2 . STARIQ79
COMMON/GGG/ULV. 02, ULVLH2 L .. .. STaR3930
. STARIZA

DATA FEET,5C/124032,172/ STARDIDY2
DATA 02/'OXYGEN',' ' /H2/'HYDROG' s 'EN '/ 3TAR3083
DATA R-00X,R404Y/73,9,44304/ STAKIC%4
DATA JINs1OT4P1sP1203/5+6,3:1413927,2,0943758/ s;na:oss
) STARZ31s

CaLl MOVER(OQ40,4HC11,5504) STARIQA?
[CasgsD STARJDA3
R0 RP 0P RE00sRaR R Rt Re0P0atatRoRtalRslennenetatadsessrReReerSTARINIY
READ [N THWz INSUT ATA DECK STARJ0ID
. STARID1

Se® INPUT DATA DEFINITIONS e STaRIQ092

' STARJ073
388000000 000000a000,00R0,00000800000%0080 00000 snst0tRR RSN RRe0STARIDIY
ST * ANALYSIS TITLE CaRD ~ SPECIFIES ENGINE CONSIDERED STARISIS
THIS CARD MUST BE SUPPLIED FOR EACH CaSt STaR1I096
STAR3097

READ (2,15)(ST(1)e}84,7) . ST4RJ098
FURMAT(746) STARIQI®
[CaSgslcaSzey . STARI120
oooo.o'o'ooooooooo.ooQoll.00000000000099909000.0.0000000000.0..00051Aﬁalgg
DO 20 Xs1,16- . . - STARJ1D2
1P(K)sD . . - STARJ103
CONTINUVE STaRJ174
0000000000000 0000000000830%30000R00 000000 0bRstenetrRstaseensaaeeSTARDYLOS
STARJ106

INPUT DaTa FLASS S$TaR0197

Fig. B-1 STAR Program Listing (Cont'd)
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100, c THIS CARD vUSY BE SUPPLIED FOR EACW CASE . STaR0108
169, ¢ . ’ : . STARILN9
110, READ (2,25)(1P(K),K581,46) ' STARO110
111, 25 FORMaY(1011) L . . STaR011
112, IF (P11 ,LT,1) GO TO 39 STaRJ112
113, (o 0000000000000 00000000008000R0atevcenlnlonetensstatoceastnssensoynaSTARNILS
114, 4 : STaRJ114
113, c NML e NJMRER OF MaAIN FEECLIMNE SIZES YO JE CONSIDERED (UP YO 12)STaRD1tS
156, - C NEL » NJMHER CF ENGINE FEEQLINE AVTACHE) TO EACK MAIN LINE (UP STLRI1t6
147, [4 SYSNUM » [F 1, PRQGR4M CO»PUTES FOR XU, FEEOLINES.ONLY, STARS117
118, [+ e 17 2, PROGRAM COMPUTES FOR FUkL FEEDLINES ONLY, . STARJ118
119, [ » 17 3, PROGRaAM COMPUTES FOR BQTH FEEDLINES, , STARO1LS
12¢, C .. NSIZE = TOYAL NUMBER OF FEEDLINES PER TANK = NEL®NM, = STaRI120
124, c . . STarJ121
122, ¢ NOP, w NJMBER OF ENGINES FED B8Y A MalN FEEDLINE S$TaR2122
123, C STAR%2123
124, c NCPy » NJMBEI OF ENGINES ON VEHWICLE STaRI124
125, [ ) STARJ125
126, c . NPTS * NJM3ER OF TIME POINTS BEING .CCNSIDERED IN ANALYSIS(UP YO STarJ126
127, C ) A STaR2127
128, C NGST « GIOUNDI START FLAG (NGST32 FCR GROND START) STARD128
129, € TOTMLO =~ TOTAL LENGTW OF MAfN OXYGEN FEEILINE FT - STAR2129
130, c TOTMLH =~ TOTAL LENGT~ OF MalN\ WYDRCGEN FEEDLINE FT - ST4R3L30
131, READ (5, 30INELNML2SYSNUM,NOP ,NOPL,NPTS¢NGST ~ STaRJ1 51
132, . 30 FORMaT((L216)) STand132
133, Re4) (9,100)TOTMLO,TOTMLN ST4RCL3
- 134, Cc €00a00%000060000000000000,0100000000000¢90040000q0e0eRRRRcOReRtRteeeSTARDLSY
135, NS1ZEsNEL® VML ) SYARD41135
136, NE|LPeNEL®S ) STARDL36
137, 4 . SYARILDI?
138, C. 5000000000 000000000000000,000000000000%0000000000000R0s0cnsnsneersSTARILYE
139, 35 IF (1P{2),LT41)-60 ToO 40 STAROLIS
140, [ 0090000000000 0000Rt00000eattantetecataltonstoneesstntosonasnnsenensSTAR0140
148, 4 ) . STARD141
142, [ EQLRY » LINGT<S anD RaDIT OF TaNK SECTIONS ( 9 VALUES) STaRJ342
143, c ) . STARD343
14as, RE4&D . (3,103)EG.RY i o o STARJL 44
14%, c oooo.o0.n-ooooo0oooooo.00..0..0.00..0090000_000.oooooooooooqoooooonsTAlecs
146, 40 IF (1P(3),LT.1) GO TO 45 STARJI146
147, c 9080000000000 00000000000000000000000000000000000000000000000000s5TARDL147
148, C STARD148
149, [+ MIDMLO ~ TITAL NUM3BER OF CcOMPOAENTS IN MALY OXYGEN FEEDLINE (UP TOSTaARO149
150, € MIDELOINL)w TOTAL NUMBER OF COMPONENTS N ENGINE OXYGEN STARI150
1%1, c FESDLIWE NUMBER NL {UP TC 30D) STaRJI151
152, 4 {OMLO » CHOMPONERT TYPE FLAG FCR MAIN CXYGEN LINE STYARD152
153, c IMMLO « COMPONENT MATERIAL FLAG FOR MAIN OYGEN LINE SYARD153
154, [ TIMLO » COMPONENT IANSULATIOM FLAG FCR MALNY OXYGEN LINE STARJ154
195, € IMLO e SUBSCRIPY DeNOTING COMPONENT POSTTION IN MaIN SYaR2155
156, € . OXYGEN FEEDLINE (IMLO s 1 AT TANK BOTTOM) o _ STARJ156
157, c JELO(NL)I=SJUBSCRIPT DENGTING COMPONENT PUSITIUN IN ENGINE STAR3I157
1’8, € OXYGEN FEEDLINE (1ELO(NL) s MIDELO(NL) AT INLET TO ENGINESTARDILSS
159, 4 STARJ159
180, C SPIMLOC]),5P2M_0C 1) +SPIMLOCI) » COMPCNENT SPECIFICATIONS (SEE MaNUSTaRO140
164, c STARJ14Y
362, _C . OPD{K)sKSy,NEL » DIAMETERS OF CXYGEN ENGINE FEEDLINES (INCHES)  SYaRD162
163, C OPD(K)sKONEL®1,NEIZE « CANDIDATE DIAPETERS OF MAIN OXYGEN FEEDLINESTaRI143
164, C ) STARJL64
- 385, - READ-A33D)MIDALOIPIDELOINL Y ALBL/NEL) - ---- o — - -S5TARDL6S

Fig. B-1 STAR Program Listing (Cont'd)

B-5

LOCKHEED MISSILES & SPACE COMPANY



IMSC-A991396

166, 00 50 lsi,4iDM_0 STaARJ166
167, READ (D, 45)10M_0C1) o IMULOCT ), 11MLOCTY,5PAIMLOCT)4SP2MLOCE),SPIMLOCISTARDLS7
168, 1) STARJ1%8
169, IF (1CML0(1),L2425) 6O 7O 50 STARJILA9
i7e, [TEMPSIDMLI(])/10 ) STARD170
178, . 103 INM_Ot])e ] TEMP STaRI373
172, . luMLocl)sITEYP . STARIL72
173, 45 FORMATI316,3E12,8) . SYARJ173
174, 50 CONTINUE . STARJ474
175, DU 60 NL®3,NEL . STARI175
176, MIDsM[IELO(NL) STARI176
177, D0 5% 181,910 STYARJL7?
178, . READ (5,45)123E. O(NL:l);XHELO(NLcl)nllELO(Nual)aSPlELO(NLoI).SPZELOSTAR3178
179, 1(~L.1)nsPJ LO(NL 1) STARJ179
182, IF C1OELO(NLa1)4LEW2%) GO 1O S5 STaR3190
181, ITEMPEIDELO(NL, 1)/40 STaRJ181
182, TOOE(NL, 1) IDELOINLy 1)l TEMP STARI132
163, quLO(NLol)-IYEHP» STARJLAS
184, S5 CONTINVE STar9184
185, 60 CONTINYVE . STARJLAS
18, READ (5,100)(02D(K) k31 )NSIZE) . ' STARJ186
187, c STARDLA?
168, [+ 0000 R et entaconetesertoontaststestetetaltennenetotonensessseesdeSTARDL18S
149, 65 IF (1PC4),LT,1) GO TO AS ’ STARD139
.ivo, c 880000000000 0000000000000000000000000 00N 000 eReRRRsbsaRsenaneSTARDLO0
ivi, € REPEAT FOR WMYDIOGEN FEED SYSTgM STARD191
192, [+ STARDL92
193, c HPD(K) » DIAMETER FOR THE XTH FUEL FEEQ LINE ’ ( INCHES) STARJL93
194, READ (5, 30)MI0MLMH, (MIDELW(NL) ,ALS1,NEL)D ) 5TaR3194
195, DO 70 Isi MIOM_M STARJ195
196, . . READ (5,45 IOM_HCT) o IMMUHC S Y, TIMLHCT ), SPAMLHC 1) s SP2MLH( ] ), SPIMLHEISTARI196
197, 1) STARJL97
198, IF C1DYLH(1)4L2425) 6O TO 70 ST4RJ198
199, 1TEMPIDMLA4(1)/10 SYARJ199
200, IDHCT)BIOM I )21 TEMP STARI270
201, . IOMLNCTYSITEMP STARJ201
232, . 70 CCONTINVE . . : . $74RJ292
203, DO 80 VL®1,NEL . . STARI203
2c4, MiDaMIJELH(NL) STaRJ204
205, DO 7% Isi,%1D STARD205
206, READ (9, 45)1DE_H(NLo1) o IMELHINL 1) THELHINL, 1), SPLELHINL,1),SP2ELHSTARI2%6
2Cc7, LONL, 1) aSP3ZLAINLD) STARDJ207
ege, . IF CILELH(NL1),LE.25%) GO TO 75 . STaRJ2J8
209, ITEMPSIDELAINL, 1) STaRJ2929
21, ID“E(NL,X):IDE_H(NLJ[)-!YEMP STaRJ210
211, IDELH(NL LY ITZMP STar%21L
212, 75 CONTINVE ’ STaRd212
213, 80 CONTINUE _ STARJ213
eyd, . READ (5,100)(H>D(K)1k=14NSIZE) STARDJ214
215, [+ Ooﬁeoobooooooonooooo.oonoooOQoOoooooOo000Qoooa...oooocooooooocoooosfAR3215
216, 85 IF (tP1S),.T,41) GO TO 99 STARJ21%
217, C .oooo.ooooo.oooooooooooooo.oooooooooooolo!oooocooooo.ooooooooooooooSTAk3217
238, c . STARDJ218
219, . C OXHTLN . FEEOL!NE HEAD HE1GHT ABOVE ENGINE IilLET,0X1D, (FT) STaR3219
. 220, ._..C _ HYHTLN < FZEDLINE =EAD ME{GHT ABOVE ENGINE INLET,FUEL, (FT) STARD220
221, ¢ PDLO = OXYGEN FEEDLINE CES1GN PRESSUAE (OUPTIONaL) (PS1) STAR0221
2e2, C PULH w HYDROGEN FEEDLINg DESIGN PRESSURE (QPTlONaL) (PSI) ST4R0222
223, 4 ’ STarD223

Fig. B-1  STAR Program Listing (Cont'd)
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224, C NOTEs A FAZTOR OF SAFETY oF 2.5 15 APPLIED BY THE ST4RI224
25, C PROGIAM TO THE a30vp PRESSURES [N THE COMPUTATION STARJ225
226, C OF LINE WALL THICKNESSES, IF (HDLUsPILN),LE.O, PROGRAM - ST4R226
227, c VUSES MaXIMUM Tank 80TTOM PRESSURE OR ENGINE INLEY PRESSURE, STaR0227
228, c §T4R0228
229, READ (2,100)0XATLNIHYHTLN,PDLOYPOLN STARJI229
230, c STARZ21Y0
231, c 0000000000000000008000000000000000000000000000000000000000000000085T4RI23Y
232, - 90 [F (1P(6),LT,1) GO YD 95 - 5T4R3232
233, c B0 0000000a0t0s0ert0easta elantatocetaleladeeietetasetsanansssssdeSTARI2YY
234, C STARJ234
235, C LOADOL » LOADED WEJGWT OF 0XIplZER : L8s STaR3235
236, . € LO4aDH1 ¢ LOADED WEIGHT OF FUEL e . . .L8S . STaR2236
37, c . : STaRJ2Y7
238, 4 VWGIN = YOTAL VEMICLE WEIGHT 47 IGNITICN L85 STaRJ238
239, READ (9,200)L0aD01,L0ADHL, VNGTN : ‘STARJ239
24Q, [ STARJ240
241, [ 00000000000000000008:0000,00000000000000000000s0a000000000000000085TARI24Y
242, 95 IF (IPC7).LT41) GO TO 105 STaRJ242
243, c 000000000 0000000000000000,0000000000000000000000008000000000s0sssasSTARIZ4D
244, (4 ’ ’ STARJZ244
245, c WOOTNO » OXIDIZER NOMINAL FLOW RATE FOR S|WGLE ENGINE ({BS/SEC) STaRJ245
246, (4 WDOTNM » FJEL NOMINAL FLOw RATE FOR SINGLE ENGINE (LBS/SEC) STaRJ246
247, C FNOM * NOMINAL TARUST FOR SINGLE ENGINE ' {LBS) STARD247
. 248, C | L e . ... SYaRJ248
249, READ (5,100)WDITNOsWNOTNH,FNOM STARJ249
250, 100 FORMAT{(6E12,8)) : STARJ250
251, 4 S§TaRJ251
2922, c PR0000000000000008000000000%00%008000006000000000000000000000s0adaSTARD2S92
253, 105 IF (1P{8),LTy1) GO TO 110 STARJ233
e, C ”}”HOOQ000'000o0.000.0000000000000000000000000'000.0.0000.00000.0000OOSYAR3254
255, c STAR0255
258, [ TENING » TEMP, OF JIXI10, FLUID AT ENGINE INLET {DEGR) STARD256
227, 4 TENINKH » TEMP, OF FUEL FLUID AT ENGINE INLET . (DEG,R) STARY257
258, c TLIGSO » TzMP, OF OXiD, FLUID SURFACE IN TANK OEG, R STaR025%
%9, C TLIWSH » TEMP, OF FUEL FLUID SLRFACE [N Tank DEG,R STARD259
260, C  PENTOL e EVC!N- INLET FLUID PRESSURE TOLERANCE - (PS1)}  STaRI260
261, c STARJ2A1
262, READ (2,100)TENINOs TENINA, TL1IQSOs TLIGSH,PENTOL ST4R0262
263, 4 . STaR3I243
204, [ S0 0ueP0000000002000000003000000000000R0000000000000000000000000005TARD2A4
285, 110 IF (1P(9),(T,1) GO TO 115 STARJI245
258, C #0000 0000000000600 00R0,00000500000800000000000000000000000000095TARD266
257, (4 STard267
248, [ TIMEA « TIME VvALUES OF EVENTS IN TRANSIENT STAR2268
269, c STARD259
273, READ (2,100)(TIMEAC]), 181 ,NPYS) STaRJI270
274, c 2000000000 0000000000000000000000000000000000000000000000000008000005T4R027Y
72, 115 [F (1P€10),LT,1) GJ TO 125 STard272
273, c oco...o.o.......,g.........o..n.ooo.o.ooo.ooQoo..ooocooooooooooooosTAR1213
274, 4 . STar3274
27%, c WOTFRQ » FIACTION OF OXIDJZER FLOW RATE AT TIMeA(l]) STARN275
276, C WOTFRH » FIACTION OF FUEL FLOW RATE AT TIMEA(]) . STaR3276
277, c STaRJ277
278, . READ (9)100){w)ITFRO(1),|8q,NPTS) B o STARD2278
279, IF (SYSNUM,E3,1) GO TO 32p STaRr0279
2hg, READ (9o103)(H)YFRM(l)nl'xpNDYS) STARJ280
283, . 420 CONTINVE _ . . . . .. ... - - — -~ - — - -—  S5TaR028

Fig. B-1 STAR Program Listing (Cont'd)
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282, [ 09800 N RRIITRERetR00R 0 antateveteteRotantstoduosedResessneneSTARD292
én3, 125 IF (1PL11),LT,1) GO 7O 13¢ STARI233
FLT N c P00 e e turntertsettaattesetuetetaseteltonsiancetototessensessreeseSTARD234
285, ¢ : §T4R02%5
ebs, C FIFRAC » FIACTION OF NOMINAL THRUST AT TiMEA STaR3I286
287, c STARI287
288,.. . . READ (3,100)(FIFRAC(]1).]1®81,NPTS) . STaRQ298
289, c 000000000000 000030080000000000000000%000000000000000000000000000885T4RI299
290, 130 IF (1P{32),LT,1) GO YO 14p - STaRJ290
291, [4 0000.0'.00000000.000.0000-9000'000000000000000o..Qoo.o.00.000.000057‘R7291
2ve, ¢ STaRJ292
293, c NPSPO » NZT POSIT[VE SUCTION PRESSURE FOR OXIDJ2ER PS1t STaR2293
.. 294, _.C . .. NPSPuw = NgY PDSITIVg SUCTION PRESSURE FOR FUEL . PSL . STARJ294
295. C ) STARD295
296, READ (5,100)(N2SPO(N),N®{,NPTS) B STaRJ296
297, JF (SYSNUM,E2,1) GO TO 135 STaRI297
298, READ (D 100)(NAPSPHIN) N®L,NPTS) $TAR0298-
299, 135 CONTINUE - STaRN299
300, . C BN R RN eRen e Ren st Nt eetaneretetatatsnensettstetesneneeedeSTARIING
301, 140 IF (1PC43),LTy1) G YO 150 STARD39¢
302, 4 lc00000000009000000000000Q0|l.lQOQQQO'QQQOOOQOQQQOQQCOolo.c...!o.cSYARﬂ}OZ
333, c . STARJ3JII
304, Cc PENMNO e MINIMJM ENGINE INLET CXID,PRESSURE VALUE AT TIMEA STAR03J4
305, c PENMNH » MINIMJUM ENGINE INLEY FUEL RESSURE VALUE AT TIMEA STarJ395
.306,....€C ... " . s, STARD326
o7, READ (5|100)(P=NVN0(kl.N'&-NPTS) STaR3307
3c8, IF (SYSNUM,EGQ,1) GO TO 145 ' STARJ318
. 309, . READ (5,103) (PZNKNHIN) N3 1,NPTS) STAR230%
310, 145 CONTINUE STAKD3L0
it, c Oouo.otoooooooo-o.oo..ooo.00o.0.oo..Ooooo.oooooo.oooooooooobooo.oos ARO31Y
312, . 150 IF (1P(14),LT,1?) GJ YO 160 ... STARO312
313, [ oooo.oiooooocooooooo.oo'oa-0oo000c.o'o000000oooo.00oooooooaooo.oocSTARJ}ll
3Le, c STaRJ3L4
A5, " ¢C PPDGOT ¢ PARY,PRESS, OF PRESSURANT GAS [N OX]D, TANK Psy - STARJ3LS
316, [4 PPDGHT w PART,PRESS, OF PRESSURANT GAS [N FUEL TANK PSt ’ STARD316
N7, € - STaRIIL?
318, . READ (5,102)(PPDGOT(N)N=1,NPTS) . - ST STARJ3LS
319, IF (SYSNUM,ES,1) GO TO 455 STaRIIL9
340, READ (2;102)X(P>DGHT(N) N34, ,NPTS) STARJ320
32, 155 CONTINVE STaR0321
322. C CRNNGI R 000t Pesscest®0o0t0atentnaleliodatasnenatotraannossnnesedeSTARINI22
Jz3, 160 [F (1P{15),LT,1) G YO 370 STaR0323
324, [ 000..00.Quo.lunl00llo.l.!...0o'|lloo‘.‘0l..o....o.l.oOQ.QQ..QQQ.QQSYARJ}Z‘
325, c STaR3325
326, c TOGOT « TzZMP, OF PRESSURANT GAS) ]F NCNE-SET €3UAL TO TLIQSO ¢ 5,5Tar1326
327, ¢ TOGHT « TZMP, OF PRESSURANT GA4St [F NCNE-SET EQUAL TO TLIGSH + 5,STaRJI327
328, c STAR2328
329, READ (3,100){(TIGOT(N),N31,NPTS) -~ STARD329
33G, . _... .. IF {SYSNUM,E3,1) GO TOQ 185 o - . STarI3¥0
334, READ (5,103)(TIGHT(N),NEL,NPTS) STARD33L .
A32, 165 CONTINVE STARJ332
333, Cc QQQC..OQ.O..QQQQIO!Q.Q.O.Q000000000000000..0'0.00.0!..0000..OOQOQOSTARJ}]}
334, 17C IF (1P(46),LT,1) GO Y0 175 STARD334
335, [ ooon.ol.oo.oo..o'.oo.punoooiooiooooono.oQono'o.o.ooooooooooooooo.ost4R33]5
336, _C STARA33&
337, ¢ 1GOON « INDEX FOR ApDITIONAL CASES, IF JGUON = { THERE ARE MORE, STarR0337
438, . C 17 16uON = o, NO MORg, STARC338
339, c ST4AR0339

3

Fig. B-1 STAR Program Listing (Cont'd)
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sa9,
}41.
342,
345,
344,
335,
dap,
347,
348,
49,
3n9,
354,

302,

b3,
354,
355,
Ivé,
357,
358,
3oe,
3sQ,
J61,
362,
363,
36,
a5,
b,
Jo7,
368,
309,
370

A7y,
372,
373,

3re, -

375,

376, -

317,
378,
379,
340,
Su1,

382,

sy,
Ang,
385,
b6,
A7,

388,

389,
390,
591,
392,
393,
C 374,
395,
396,
3%7,

a0

o0

o000 OO0

175

IMSC-A991396

READ (5,30)1G00N
CUNTINJE

STARJ340
STARD 34

@ 8 o P 8 o 0 g 0B 3 08 ¢ 0 0 ° 20 00 00 0 s 22 s e e e ¢ #STARIN?

L0ADOZ 8 LOADOL/RMOQX
LOADKZ s LOAINL/RHOWY

CALCULATE SLOPE OF FLOW RATE CLRVE INCHEMENTS
MPTS & NPTS n g

DO 180 Js1,MPT5
WODOTO! J)s (WITSRO(J¢1 )=WDTFRO(J)IOWDCTNO/(TIMEALJ*1 )T IMEALIY)

. WODOTHI S (WOTFRH(J*L I=WDTFRHCJ}IOWDCTANZ(TIMEALJ*1 ) ~TIMEALY)?

180

185

‘190

195
200

203

oo

210

CONT INVE

COMPUTE TOT‘L.LENGTHS OF FEEDLINES (ASHUME COMPONENT (/D = 3,0)
IF (SYSNUM,EQ,2) 6O TO 210

OXYGEN FEEILINE LEVGTHS

00 200 NL=4;NSIZE
SyMeq, :

[FONL LEINELY vIDaYIpELOCNL)

TFANL Gy NELY MIUsinMLO

00 195 1s1.M1D

TFENLLLENEL) IDSIDELOINL, 1)

TFONL GY NEL) ID=1DMLOL])

IF (10¢67,1) GO YO 185
SUMaSU1+¢0,78%4e0PDINL )#0,083333

GO 7o 195

IF (1C4E3,9) GO YO 195

IF (10467,10) 50 TJ 190

IFONL,LEWNEL)Y SPECESPIELO(NL, D)
JFONL.GTyNEL) SPECSSPIMLO(I)

SuUMsgUMeSPEC

G0 To0 195

SuregyMeOPI(NL)®0, 083333

CONTINVE

OPIPELINL)2SUM

CONTINVE

COMPUTE LENGTH R4T]0S FOR STR4IGHT SEC710NS
0Q 205 NLENELP,NSIZE R et
ADOC(NL)sOPIPEL(NL)/TOTMLO

CONTINUE

IF (SYSNUM,EG,1} GO TQ 2¢p

HYOROGEN FEEDLINE LENGTHS

00 230 NLsy,NS{ZE

SyMsQ,

JFONL LEWNZL) wlb-dloELu(uLl
xr(NL.Gr NZL) vj0C=vIpMLH ;
DO 225 1%1,MID

IF(NLLEyNEL) IDSIOELHINL, )
1IFINL,GT NZLY 1D®IDMLALTDY

IF (10:6T,1) G3 Y0 215
SUMESYM+0,7854sHPDINL ) 0,083333 ",
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STARQ343
STARZ34¢
STARI345
ST&RJI346
SYARDI347
STagJ348
STar3349
STaRIISD
STaR0JY9Y
STAR23%2
STARD3S)
STaRJIIS4
SYaRJI35
STARIZISS
STAR33%?
STaARJ358
STARI359
STARJI340
STaRIZAY
STARI3G2
SY4RI3A3
STaRIIAN4
STARDI355
STARI3AG
STaRJ36?
ST4aRN1348
STLRI349
STARD37Q
STARI371
STARG372
STARJII?S
STARIZ74
STaRII?S
STaRZ376
STARI3??7
STARI3I?8
STARJI379
STARJ3R0
S5TaR3384
STARI3A2
ST4RI33)
STaRJ3B4
STARJJIAS
STarRJI3AG
STaRJ337
STARI3AB
STARJ399
STARJ390
STARI37g
STARJI3I92
STAR1393
START374
STAR3I395
STARI396
ST4R2397



a1

OO0

220

225
230

235

240
245

[eNeNe]

aOon

o000

(e XaNa N

250

255
260
265
270

275

280

285
290
295

GO To 225 ’ L TR
IF (IC+E349) GO YO 225
IF (1D+GT,10) GO TO 220

IFONL \LE «NEZL) SPECH®SPIELM(NL,1} e

IFONLGT NZL) SPECSSPIMLM(I)
SUMSSUMeSPEC

GO Yo 225

SUﬂ-suﬂoHPJ(VL)Oo 083333
CONTINUVE

HPIPEL{NL ) 3SUM

CONT.INVE

COMPUTE LENGTH RATIOS FOR sTa‘xch SEchONS
D0 235 NL®NELP,NSZE
ADH(NL)sHPlPEL(NL)IToTwLH
CONTINUE

CALCULAYTE 2RESSURE DIFFERENCE YO SUPPLY ACCELERAT]ON HEADS

DO 295 [=1,NS]2E

GO To (245,270,245),8YSNUM
OPOUM ® OPIPEL(])

oLDUM 3 OPJ({f)ee2

IF (1,6T,NEL)Y 50 TO 25%

COMPUTE ACCELERAT]JON HEAD IN SINGLE ENGINE OX FEED SECYION

DO 250 J31,MPTS

DLPACOC T J)a(4,00wDD0TO(J)#0PDLM®L,0)/(GCOP ] #0DDUM)
CONTINUE

GO To 265

COMPUTE ACCELERIATION WEAD IN MAIN OX FEED SEGTION

OPDUMsTOTM_D

DO 260 J31,MPT3
DLPACOtTyure(4,00W0D0TOCJ)#0PLLMONOPI/ZLGCPP ] #0DDUM)
CONTINVE

CONTINUE

IF (SYSNUM,E3.1) GO TO 295

RPDUM 8 HPIPEL(])

HODUM & HPY(])ee2

IF ¢(1,6T,NEL) 50 TO 280

COMPUTE ACCELEXATION MEAD IN SINGLE ENGINE FUEL FEED SECTION

00 275 Js1,MPTS

OLPACH( L3 J)a(4,00WJ00TH J)eHPOLM®L,01/(LCP [ eHDIUM)
CONTINVE

GQ YO 290

COMPUTE ACCELEIATION HEAD IN MAIN FUEL FEED SECTION

HPDUMsTOTM_H
DO 285 JU=1,MPTS
DLPACH( [y J)s{4,00W0DOTH(J)#HPDLMONOP )/ {GCOP | eHDDUM)
CONTINVE
CONTINVE
CONTINVE

Fig. B-1 STAR Program Listing (Cont'd)
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... STARDJ398 .
STARJI399
STARJ400
STARJ40L

" §TARJ402
STAR0433
STARQ404
STAR(0419S
STARJ406
S$TaRJ407
STARD408
STAR0409

... ST&RJ410

STARD411
STARJ442
STARD413
STARJ4 L4
STARJ415
. STARZ416
STaRJ417
STARJ418
STARD419
STARJ42D
STARD421
STARJ422
STARN423
STARDJ424¢
STARI425
STARJ3426
STARJ427
STARJ428
STARJ429
STARD43Q
STARD4YY
STARJ4I2
STARD4 33
STARJ2434
5TaRJ435
STARJ436
STARD43?
STARJ438
STARJ41}9
STARJ44Q
STARJ444
STARJ442
STARD443
STARD444
STARJ445
STARJ446
STARD447
STARJ448
STARJ449
STARJ450
STARJ4SY
STARD4S52
STARD453
STARJ454
STARD455



458,
457,
T
59,
480,
464,
2,
463,
484,
465, °
466,

. 468,
469,

OO0

coon

o000

300

GOMPUTE THE INITIAL ULLAGE VOLLMES AND WEAD WEIGHTS FOR YANKS

DO 300 1°%4,9
EGQLR(])aEQ_R1(!)/FEEY
CaLy INIvVOL

CALL ULLMED(L0ADO2/L0OADH2)
ULVL10 » UvLO2

ULVLIKW & UVLH2
HEADIO s HJ02
HEADIH 8 HOW2

" CUMPUTE VE<ICLE WEIGWT CHANGE FOR NOP3 ENGINE OPERATION

VWGTCH & VWGTN
PNCWGT = 0,0
vVL02 = 0,0

VLH2 = 040 . e e e

DO 310 J*1,MPYS

DF#GTO(J)'((UDTFRO‘J¢1)° wOTFRC(J))/2,0)8wI0TNO
DFWGTHI U= ( (WDTFRM(Je1)¢ WATFRW(J))}/2,0)*WOQTNK
DIFWGTL{U)3IFWGTO(J)*0FWGTI(J)

DELTIM 3 (TIMEA(J*L)-TIMEA(J))

VMGTCH & VAGTCY » (DIFWGT(Y)eNCPLeDELTIM)
VwGTNU(J) sVWGTCH

PCWGTOlJ) & DFWGTO(J)aNOP1eDELTIM

PCWGTH(J) & DFWGTH(J)aNOP1aDELTIM

PNCWGT & PNCWGT & (DIFWGT(J)eNCP1eDELTIM}
PROWGT(J) & PNIWGT

" CALCULATE THRUST TO WGT RaTIO A4S F(T)

FTOW(y) = (FIFRAC(J)OFNOHoNOPi’/VVGTNU‘J’
IF (FTOW(JYY,GT,.4,) GO TO 305
IFINGST, cr.x) sTov(J)-x.

" CALCULATE 4EAD HEIGHT IN PROPELLANT TANKS FOR OXiD, AND FUEL

VLOZ & VL02((IFNGTO(J)SNGPLe(TIMEA (Yol =T IMEAL D)) /RHOOX)
VLGO2(J) ey, 02
VRMOZ ® L04D02 » VLO2

VM2 s vLHzo((JFHGTH(J)'NoPlo(Y)H&A(J'})'TIHEA(J)))/RHOHV)

ano

VLGH2( V)V, M2

VRMM2 ® LOADH2 » VLH2
CALL ULLHEJI(VRY02,VRMH2)
ULvioztyis yviLo
ULVLH2(J)s yvL <2
HEADO2( J)s WDO2
MEADWZ(J) s WDH2

CALCULATE SRESSURE DIFFERENCE OUE TO TOTAL KEAD S r(t)
OLPHDO(J)e(FT04(J) ® RWOOX ® (MDO2+0XHTLN)1/144,0
OLPHDKE JYS(FTOMd(J) © RWOMY ® (MOH2eRYHTLN))/144,0
CONTINVE

CALCULATE LINE PRESSURE OROP

Fig. B-1 STAR Program Listing (Cont'd)
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STaRJ4%S
STARJ4S?
STARJ458
STARQ459
STARJ440
STARJ4AY
STARJ462
STARJ463
STARD464
STARJ44S
STARJ4&AG
STARJ4S7
STARJ458
STARZ469
STARO470
STaRJ47y
STARD472
STARD473
STARJ474
STARJ47S
STaRI476
STARD477
STARD478
STARJ479
STARJ440
ST4RJ4AL
STARD4R2
STARJ43)}
STaR0434
STARJI435
STARJ486
STARI497
STARDJ488
STARD499
STaR04790
STARJ49)
_.. 5TaRJ492
STaRJ3493
STARD494¢
STARJ495
STARJG9S
STARJ497

. STaRJ4978

STARI499
$T4RI590
_ STARN571
5TARO572
STARI503
STARI574
STARJ505
STARD506
STAR15I7
STAR0398
STARD509
STARI510
STARJIS11
STARJIS12
_ STaR9513



514,
515,
916,
€17,
518,
919,
L20,
%21,

$22,
$23,
524,
525,
526,
527,
%28,
529,
530,
531,
532,
933,
934,
535,
536,
537,

238, ..

539,
540,
541,
542,
543,
544,

545,

548,
547,
948,
549,

550, .

551,
552,
593,
554,
%55,

956, .. .

557,
558,

599,.

560,
ve1,

562, .
563,

564,
965,
586,
5¢7,

©68,

569,
w7g,
u71,

(e XX 2]

o000

o000

315

320

325

330

335

340
345

350

355

DO 385 1®%1,NSIZE

GO TO $315,350,315),SYSNUM
0DLDUM & O?D(I)OOO
0CayPsG,

DzoPn(l)

CONGP ® 3,62806

IF (1,6T(NEL) GO TO 330

COMPUTE LINE PRESSURE DROP IN SINGLE ENGINE OX FEED SECTION

MIDsMIDELO(])

D0 320 N1Ds1,MID

10sIpELOC 1,NID)

SP1sSPLELOC 1,NID)
SP2sSPZELOC 1,NID)

CALL FLORES(ID,D)SP1,5P2,RES)
OCCAYPSUCAYPORES

CONTINVE
0cAYPs0,14400PPELL])/D*0CAYP
OKPD(])s0CAYP -

D0 325 J¥1,MPTS
DLPLuo(1.J)-(coucpooc.vpo(oructo(J)o°2)OI.O)I(RHoox-oDLDUM)
CCNTINYE

GO T0 345

COMPUTE LINE PRESSURE DROP IN MaIN OX FEED LINE SECTION:

00 335 NIDsgyMIDMLO

10=1OMLOINTD)

SP1=SPIMLO(NID)

SP23SF2ZMLO(NID)

CaLL FLORES(ID.D,SP1,SP2,4RES)
0CaYPsOCAYO+RES

CONTINUE

OcAYP:O,144070TMLO/D¢0CAVP

OKPD(1)=0CaAYP

D0 340 J81,MPTS

DLPLNCt 1+ J)S{CONGPOCAYPe( (NOPADFWGTC(W))#82))/(RHOOX#0DLDUM)
CONTINUE '
CONTINUE

IF (SYSNUM,EG,1) GO TO 388

NDLLUM = HPD(1)ee4 .

HCaYPEU,

‘DaHPD( 1)

CONGP ® 13,4280
IF (1,6T(NSL) GO TO 365

COMPUTE LINE PIESSURE DROP IN SINGLE ENGINE FUEL FEED SECTION

MID=M]JELH(T)

00 355 NIDsysM1D
103]DEWLHL [,N1D)
SP1sSPLELH( 1.N]D)

Sp2zsp2zlmt 1,NID) e

CaLL FLORES(ID,DsSP1,5P2,RES)
HCLYPsHCAYSSRES
CUNT INVE
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STARDIS14
- STARJI515
. STARDI516

STARJS517

STaR0518

STARI519

STARJIS20

SYARD521

STard522

STARJI523

STARDS24

STaR0525

STaARJ526

STarI527

STARDS28

STARJ529

SYAR0530

STARJS531

STaKI532

STARJ533

STARI534

STARI53S

SYARIS3S

STARD537

STARD538

STARI539

STARD540

STARIS54Y

STARJI542

STARI543

STARI544

STAR3545

STARJIS46

STARDS47

STARD548

STARDI549

STAR25350

STARD55)

ST4ARD592

STARISS3

STARI55¢

STAR0535

STARD556

STARJS557

STARJS38

STARJ5%9

STARDS540

STAR2561

ST4R3562

STARDJ563

STARDSe4

STARJ565

STARJIS66

STARCS67

STARISSS

STAKIS69

STARSS70

STARJ%74



272,

573,

574,
575,
576,
577,

78, ..

579,
580,
581,
s82,
583,
84,
589,
,”°|
547,
%48,
569,
v,
o931,
592,
593,
s9e,
595,

596, ..

597,
9wy,
599,
60cC,
601,
602,
603,
604,
605,

606,

607,

608,

609,
610,
611,
612,
613,

614,

615,
616,
617,
618,
619,

oon

oon

360

365

370

375
380
3es

390

7385

C 62, .

621,
622,
623,
624,
629,
626,
827,
624,
629,

400

405
410

HCAYP2D,1448-PIPEL(1)/D¢NCAYP

HWKPD( ] }sNCAYP

DO 340 Jsi,MPTS

DLPLNH‘1.J)-(coNcPoHCAvP-(OFuc'H(J)-ozioz J)/(RHOMY®HDLDUM)
CONTINUVE

0 1o 380

COMPUTE LIVE PRESSURE DROP IN MaIN FUEL FEED LINE SECTION

D0 370 NIDsi,MIDNHLH
10sInoMLNIN]D)

SP1sSPIMLH(NID)
SP23SPZMLHINID) .

CaLL FLORES(1D,0,S5”1, SPZnRES)
HCAYPSHCAY34RES .
CONTINUVE

HCAYPsO, 144¢YOTHLN/DOHCAVP
n&Pg(x)chAYP

00 375 J®1,MPTS

OLPLNWE 1) J)s{CONGPaHCAYPo ((NOPSDFWGTH(J}1092))/(RHOHY*HDLDUM)

CONTINUVE
CONTINUE
CONTINUE

CALCULATE ULLAGE PRESSURE REQUIRED

Tvapg ® TENINO

CALL PVAPORI(TVAPO,1sPVAPO)

PVPENQ s PVAPO

TVaPW ® TENINK

CaLL PVAPOI(TVAPH21PVAPH)

PVPENK s PVAPKH

D0 400 Js1,MPTS

GO T0 (390,395,390),SYSNUN

PENGO(J)SPYPEND ¢ NPSPO(J)
IF(PENGOCY) LT, PENINOC(J)) PENGC(J)s PENMNOLY)
IF (SYSNUM,EJ,1) GO TO 400 _
PENGH(J)3PYPEN4 ¢ NPSPH(J)

IF(PENGHEY)Y (LT PENINK{J)) PENGH(J)S PENHNH(J)
CONTINUVE

DO 425 [sNELP,NSIZE

DU 420 Js1,MPTS

SUMOIU.

SUMHs(

SuMMO(J)=0,

SUMMH(J )0,

00 405 N®i,NEL

SUMOSDLPLNI(N, J)+DLPaCOIN, J)

SUMHaDLPLNA(Y, J)*DLPACHIN, ) )
IF(SUMO,GT,SUM40(J)) SUMMO(JIsSUMO
IF(SUM,CT,SUMMH(J)) SUMMK(J)IsSUMNH

CONTINVE

GO To (410,415,430),SYSHUL,
PULLOC(1,J)sPENSO(JI*CLPLNOIT,y)+0LPACOL LI Y) '
Y =JLPHPO(J IS SUMNOL J)*PENTOL )
IF (SYSNUM.EQ.1) GJ YO 42¢p

415 PULLM(T,J)aPENGHIJI*DLPLNK(] ) eDLPACK ¢ J)

b8 !DL’HDH(J)‘SUHnH(J)OPENYOL

Fig. B-1 STAR Program Listing (Cont'd)
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STARJ572
STARJS573
ST4ARIS74
STARIS75
STARDS74
STARDIS7?
STARIS?8
STARQL79
STARJI580
STARI®IY
STaRJI532
STARIS5A3
STARIS5A4
STARJ595
STAR25%6
STARN597
STaRIS518
5TAR3539
STARJIS30
STARJI59)
5TaARJ592
STARJIS93
STARDS94
STARJSIS
STARI5?6
SYARIS5?7
STaR1598
STARIS99
STARJ690
STAR069L
STARJ6D2
STaR3633
STAKRD6D4
STARJ6I5
STARJ6I6
STaRJ6N?
STARJ8I8
STaR3609
STARJ610
STAROS11
STARN612
STARD613
STARO614
STaRJ615
STARD616
STaR0617
STaRJ618
STARD61LY
STARJ620
STaRD621
STar0622
STaR2623
STARJ824
STARD625
STaR0426
STARD627
STARD628
STARD629



i

63q,
631,
632,
633,
634,
635,
836,
637,
638,
639,

640, .

04y,
642,
643,
644,
645,
846,
6e7,
648,
649,
650,
651,
6b2,
653,
654,
655,
658,
657,
654,

659,

669,
661,
862,
663,
664,
665,
566,
687,
866,
689,
670,
671,
672,
673,
074,
675,
87s,
677,
678,
679,
687,
6sy,
882,

683,

684,
e85,
ob6,
687,

o000

o000

[aXq N )

20
425

430

435

440
445

450
455

460
485

470

478

480
485

CONTINUE
CONTINVE

CALCULATE VINIvUM ULLAGE PRESSURE REGUIRED

TSVAPO s T._13%2
Call PYAPO(TSVAPOs1,PSVEPO)
PUVAPG s PSVAPD
TSVAPH & T35+
CALL PVAPORULTSVAPHIR,PSVAPKH)
PUVAPHM 8 PSVAPS

DO 445 =Nz P,\SIZE

DO 440 Jsi,mOT3

GO 70 (430,435,430),5YSNUm

PULMNOCY) = PUvAFO + PPOGCT(Y)
TFCPULLOC T, u) ST PILMNICUYY PULLROCT 1 J) ® PULLO(T2J)
TFOPULLOUT, g) LB PULMNOC YY) PULLRO( 191 3PULMNO(Y)

IF (SYSNUM,EQ,1) GI TO 44g

PULMAREJ) & PUVAPH ¢ PPOGHT(J)
IFCPULLKHIT o J) ST PULMNAGY)Y) PULLRH(T ) 8 PULLK(ToJ)
TFOPULLKE ], U) (LEWPULMNNED)Y) PULLRAH(T1J13PULMAREY)
CONTINUE

CONTINVE

CALCULATE PRESSURE 4T Tank BoTTOM (OXIDy AND FUEL)

DC 445 [SNZILP,NSIZE
PTaTuu( )8y,

PY2TuR{])s9,

CO 460 J®1,MPTS

GO Tn (450,455,450),SYSNUM

IMSC-A991396

STaR63Q0
STARJI6 3t
STaRJI632
STAR633
ST4aR26134
ST4RJ635
STARJ636
STaRN637
STaRJ638
STaARJ8139
STARJ640
STaARD64Y
STARD642
STaRI643
STARJ644
ST4RJ645
STaRJI646
STaR2647
STARJ648
STARI649
STARJIE50
STARJ691
STARJ652
STARD653
STAR1654
ST4RJ655
STARJ696
STaARJI657
STaR7658
STARJES9
STARJI640
3T7ARD661

PTRBTOC{9J) 8 QULLRO(L,JY ¢ ((RHOOX ® FTUW(Y) = uEADOZ(J))/l‘Q.O! STARD6%2

IF (SYSNUM,EQ,1) GO TO 460

STARJ663

PTKbYN(IoJ) ® PULLRN([,J) & ((RHOHY ® FTOW(J) & WEADW2(J))/144,0) STARI6S4

IF(PTRITO(1,J).GT,PTATYMO( 1)) PYBTMOLI)ISPTRITO(T+4)
TF(PYKITH(T,J) GTPTBTMHCT)) PYBTMH{ ] )SPTKITH(T,+ 4)
CONTInNJE
CONTINUE

CALCULAYE JEIGHT OF ULLAGE Gas

DO 485 J®i,MPTS

GO TO (470,475,470))SYSNUM
TMPULO®((TL13SD * TDEOT(U))/2,0)

| sNELP

Call ZFIND(THMPILO,PULLRO(T,J),1,2)
ROX = FIND3(1)
RHCLOGZ144,09PILLRO(T 1 J)/(Z*ROXs TMPULO)
WTULGGC JIsIHOLOG#ULYL 02( )

IF {SYSNUM,E3,1) GJ TO 48p
TMPULKZ((T 1354 ¢ TDEHT(Y)¥/2,0)
RrOLWG 8 PTDENS(PULLRM(]sJ) e TMPULH)
WTULGH J)8NOLAGAULVLH2(J)

CONTINVE

CONTINVE

CALCULATE LINE MEAD PRESSURE

Fig. B-1 STAR Program Listing (Cont'd)
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STARD645
SYARDGAG
STARJ6AT7
STaR0648
STARJ649
STARJ67Q
STARJ67Y
STARDE72
STARJ673
STaARD674
STaR3675
STaRJ676
STARD67?
STaRJ678
STaARJ679
STaARJI630
STYARD68)
STYARJ682
STYARD6A)
STARD684
STARD685
STYARD686
STARD637



YT R
869,
690,
691,
692,
693,

. 694,
695,
696,
697,
698,
699,

. 100,

701,
102,
703,
706,

105.

JT06,

727,
708,
709,
710,
711.

N2

713,
714,
715,
718,
7,
. 748,
719,
729,
721,
122,
723,
rT2¢,

125,

726,
727,
728,

729,

730, ..

™,
732,
733,
734,
735,
136,
- 737,
738,
739,
740,
744,
. 142,
743,
744,
745,

Flg B-1 STAR Program Listing (Cont'd)
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ST4R0698

4

DU 50C J®1,MPTS STARJ689

GO 10 (490,495,490),8YSNUM STaRJ690

490 PHOLNO( U)o ( (RHOOXOFTOW(J)eOXHTLN)Z144,0) . STARJ69}

1F (SYSNUM,EG,1) GO TO S00 STARJ692

495 PrDLAKNEJ)o({ (QHORYSFTOW(JIeHYNTLNY/14¢,0) STYSRDE93

... 900 CONTINVE . N ) . STARD674

c STARJ695
c RECOMPUTE PRESSURE AT THE ENGINE STARJ696 -

¢ STARD697

: DO 52C 1sNz{P,\SIZE ST4RJ498

00 515 Jsy,MPTS STaRJ699

el GO Yo (505,510,505):SYSNUM . __S§TARN700

505 PENNUOL 1) J)sPT<BTO(],J)*PHOLNG(JI=DLPACOS 1Y) STARI7?OL

1 *D_PLNO(t,u)rgUMMOILY)? STYaARQ702

IF (SYSNUM,E3,1) GO TO 51s. STARD703

510 PENNUR(ToJ)ISPTSKBTH(] . J)*PHDLNH{JI~DLPACKH T2 y) STaR0734

1 roLPLNﬂtloJ)-suHMu(J) STaR9705

- 515 CONTINVE . . .. R — STaARO736

520 CONTINUVE STARI7D?

c STARJ708

g. COMPUTE MaXIMUYM VALUE OF ENGINE INLET PRESSURE AS 4 FUNCTION OF TISTARJI719
STAR0710 .

D0 570 I*NELP/NSIZE STARI711

.. PMAXQ(lYS®Q, . o STaRQ712

PMAXH(I)®D, STARO713

DO 530 J31,MPTS STARI714

C ‘ STARI71S

c COMPUTE MINIMUM ENGINE LINE PRESSURE DHOP AT THlS TIME STaRI716

c : STARQ717

e SUMNOC Y L E®AD . e e et STARD718

SUMNM(J) =L E+10 : STaRO719

DO 525 N3 ,NEL STaRI720

SUMOaDLPLNO(N,J)¥DLPACOIN, ) STARJ724

SUMAEDLPLNA(N, J)¢DLPACHIN, J? STARJ722

IF(SUMO,LY,SUMNOLY)Y) SUMND(JIaSUMO SYARJ723

— TFOSUMA, LT SUMYHIJ) ) SUMNKLJ) sSYMN . : _ SYaR072¢

%25 CONTINVE STARIT2S

PENMUOC T o JISPENNUOC T, J)*SUMMO(J ) =SUMNOTY) STaR0726

PENMUML 1) J)sPEVNUNG 1, JIOSUMMM{ ) =SUMNKHL YD SYARD72?

JHCPENMUOCT,J),GTPHaAXO(T)) PMAXO(T)®PENMUI(T, ) STARJ724

TF(PENMUNCT ) J) GT,PMaXHET)) PMAXHCT )SPENMUH( ], J) ' SYaRJ729

. . 530 CONTINVE . L L e e . STaARD730

c STYARO731

c COMPUTE TOTAL FEEQLINE WEIGHTS FOR EACW LINE SIZE STARD?32

¢ o STaRN733

[F (SYSNUM,EQ,2) GO T0O 530 STARO734

POESO(!)®aMAX1(PMAXO(])sPTBTMO(])PDLO) STARD73S

e PUEBSEPOESOCL ) o o .. STARDT73S

SyMsp, STARD737

SUMIeQ STaR0738

OlasopPd(]) STARD79

DO 535 MIDsg+MIDMLO STARC740

[ovsn STARJI744

__. . losiombotMrD) . S e . STaRD742

[Ms [MMLO(MID) i STAR0743

Jis1IMLO(MID) STARD744

SP1sSPIMLO(MID) 5T4aR0745



746, . ..

747,
748,
749,
750,
751,

192, -

53,
154,

795,

156,
757,

. 158,

799,
7ec,
781,
762,
763,
764,
765,
Tos,
767,
78R,
769,
77¢C,
771,
772,
773,
- 17a,
775,
17¢,
177,
176,
179,
luc,
761,

LY I

783,
784,
185,
746,
787,
768,
769,
792,
791,
192,

793,

794,
795,
796,
197,
798,
799,
800,
801,
802,
803,

C1FCIn.EQ.2) SPLeBPies00CY . . . L L

540

545

550

SP225F2MLOIMID)
SPIESPIMLO(MID)
IFCIN,EQy13,0R, ID,EG, 44} 10VSIB0(MID)

CaLL VTCYRL(PDgS|lDOIHo‘loDx‘ 5P195P205’)"DVOI'UG'OVI)

SyMsSUMeWGY

SUM[sSUMIeal .. . . .. .

CONTINUE
WMLO(])sSuM
WMLIO(])ESUM]
SUMT (s

SuMl =0,

DO 5‘5 NL'*'NE;~ S OO SUR
SuMED,

SuMl=(Q
MIDsMIJELOINL)
DlasorI(NL)

D0 540 Jy=1,MID
TusINELOINL,J)
IMs[MELOIN, 4 J)
TIs1IRLOINL, )
1Dvso
SP1sSPIELOINLY J)
SP2sSFPELOINL, J)
SP3sSPIELO(NLsJ)

1F(10,EQe13,0R, [D,EQ,14) [NVIDOEINLIJ?
caLlL h'CTR;(PD SoXDolM 11,D014,SP1,SP2,SP3,IDV.1,WGTyW]) -

SUMsSLYeNGT

SUMIzSUMT e,

COMTINUE

WELOCI/NL)SSUM

WELIOCT NL)sSUM]
SUMTaSUMT+5U
SUMITeSUMITeSUYE

CONTINVE

WELOT(])eSUNT
WELIOT(L)YesuMLTY
WLOT(])sWMLO(T)*WELOT(T)
WLIOTCI)swMLIO0t ) +#ELIOT(])
WLOTTCI)SWLOT(T)eWLIOT(])
IF (SYSNUM,E3,1) GO Y0 37p

PDESu<x)-Awaxx(PnAxu(x).PTBYHutx).PDLua

POES=PIESH( )

SuMszQ0,

SUY]3Gy

DlaswPI(])

00 555 MIDsay{MIDMLH

fovso

josIDMbHIMID)

IM3 I MMLHIMID)
TIs]IMLHIMID)
SP1sSPLIMLH(MID)

IFtl0, 80020 SPI'SPL'ADH(l)
SP2ssF2ZMLH(MID)
SP32SPIMLH{MID)
TFCID,EG113,9R. 1D ,EG,14) [DVsDHIMID)

CALL WICTRL(PDZSIDoIM,11,004,5P115P2,5P3,1DV,2,WGT,W1)

SUMBSUMeAGT

Fig. B-1 STAR Program Listing (Cont'd)
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. STARDZ4s _.

STARQD747
STARD748

e __ STARD749 __

§TARD730
STARJ?SY
. STaR0752
STAR0753
STARD754
STARD755
STARDTS56
STARJ757
. ST4RI?758
STaR0759
STARD760
STAROD741
STARD762
- 5TARD763
STARI744
STARD765
STARJ766
STARJ7S7
STARO768
STARD749
STARJ770
STARDT774
STaR3772
STARQ773
STAR2774
5TARJ775
STARJ776
STaR3777
STARJ778
STARI?79
5TaRI730
STARDJ784
STARJ732
STARD783}
STARJ7A4
STaRJ785
ST&RJ786
STaRJ7A7
STARJ738
STARIT739
STARIT90
STARJ79¢
STAR2792
STaR2793
STARJ794
STARD795
STARJI796
STARD797
STARD798
STARI779
STARJ890
STARJ801
STARDJE32
STaARD893



8ne,
ou:.
. B0s,
897,
82¢,
! so9,

845,
64[

649,
450,

8o,
852,.

853,
¥sa,
855,
856,
857,

858,
859,

955

560

565

580

IMSC-A991396

SUMieSUMled] . STARD804
CONTINVE 57LRI825
wialm( ] ) aSuv STARO8D6
LIS TR ELEN]. | S STARNEDY
SuMTag, STARIE%S
SuMITs0, STAR280%
DO 6% NLELsNEL . .. . . . ) . o _ STaRIALG
Symep, . STARJIB1L
SUML30) i STARDBL2
MiDsM]IELHINL) i STARJBL3
DlAawpPI(NL) STaRDE14
DO 560 J*1,MID : STARD815
T0SIDELHONGOdY (o I [ . .. STaRJIB16
IMaIMELHINL, D) : : STARDB17
TTsITIELHINL,J) ’ ST4RJB18
10vsg . . .. ... ... STarlet9
SPLESPLELH(NL, 4} ST&RIB20
SP23SP2ELHINL . J) ST4RIB2L
SP3aSP3ELH{NL,J) . L . STARDB22
1F(10,EG.13,0R, [D,EQ,14) [DVSJCHE(NLIY) STaR3823
catL .TcTR.(PD 28, 1001Ms21,D14,5P1/5P2, SP3,10V,2,WGT,W1) STARD324
SurzgyuYietGY STARJE?2S
SUMisSUMI e W : . 5TaRJ826
CONTINUVE : - : STARNE27
WELHO L ONLYSSUN ... _ sSTaRraC2s
WELIM(I,NL)SSUY] : . i STARJ829
SUMTsSUMT+5UM STar06830
SUM[TaSUM] TeSUM] . v o _ STARI8Yg
CONTINVE STARIE32
WELHT{])eSUMT ) . STARJIB33
WELIWT()835uMIT e STARDRYS
WLHT (]I s WML RC D) SWELHTIT) STARI835
WLINTCD)SWYLIWE T ) ewEL JNTLT) ' STARDEDS
WLHTT(L)SWLRHT(T ) oWl InT(Y) e o . ST4R2837
CONTINVE ' STARDEYS
STARN839

CWRITE OUY YNE GIMMIGK - ol ... ..... STamrOB4O
STARDB4L

, STARDB42

[Pass & [PaSS ¢ STARJH43
IF (I1PASS,GT,.4) GO TO 390 STARDB44
STAR0B45

WHITE (64575) e . . L ... STaRrJ84s
FORNMBTULHL 22/107Y : ; STARD847
wWRITE (64580) STARJE48

FORMaT(//T223,%01,/T33,155555¢ 742, 1555555",T51,155555,T58,'SSS',STARD849
1763,185 S'yT111,YEEEREE  sT12407014/753,"5%,138,'S1,742,15',750,5T4R3350
2'S',759,'50,T634'S S SV,T96,1e0eesestesstexeEt, T116,'E #1,/733,5TAR0851
:'55555'.T42.'s;ss-.rso.'sv 54,9551, 759,151, 763,15 § S1,T96,'+,5TARD352
AT111,'E1,T116,'E@',/T7334'S s-.14z.'s-.7:o.'s §',759,1S',763,5TAR0853
5'S S §',796,'¢!,T107,'00X0E E o'y /T733,'S55555',742,'555555ST4R0854
6'yT51,"55555",758,'555' 1743 ' SS',TY6,'+',7107,"'0%,T111, "EEEEESTARIBSS
7E'v7121.'~' /796,441, 7107,901,7423,101,/T96,%¢1,7107,'0!,/77,'5SSSSTARIBSE
855',716, 'sssss-.Tze.vs'.rss.-sssss'.142.'sssss-.rss.-sssss'.roa. STaR0857
9'sssss'.774.'s'-781.-ss Sv,798,%¢',T107,%a?,/17,'S',718,'S?, STaR0838
AT25,'5 $',7133,'S S'.T4a, 81,757,154, T8341S $',773,'5 5',181,5TaR0859

B'S S §',T96,'#!,T107,%01,7423,%e?,/T17,'555555"',718,'5',7.24,'SS555TaR0840 °
- C5'0T3)0'SSSSS"7“0'5'.7‘9.'Xxxx'oT57o'S'oTb)p'SSSSS' 772, '55555' »STARDBSY -

Fig. B-1 STAR Program Listing (Cont'd)
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862, DT81,'5 S S'eT96, '+, T1G7. 01y TLL1, "EEEEEE,T121, "9, /T12,'5", STAR2842

883, EV18,15' 723,65, T29,*S"'sT330'S 5", 7449187, T57,15,T63,!'S S',T71,5TaRI843
864, [ S',T81, STaRJIBS4
855, F'S S S  TOL, tere et eratt etV b1, T116,'E,T119,%0',/77,1555555", STARIBAS
808, GT18,18',722,151, 733,154 733,1's St,T44,%5,T57,15',763,'S $'y STARIBAS
307, HY70,%S'1773,'S9,78441S SS5',T96,'+,7407:%a", 111, 'E Ee?) STARDBAY
4e8, WRITE (64585) STARIBSS
CLLN 585 FORMaT(T96,1¢',7107, '0o0X0E E  #1,/796,)"%9,7107,'0?,7111,'CEEEEESTARDBAS
870, 1 071210000, /T8 ¢ g T107 4Py T1234 00!, /TU64 74, T107,7V*,/T47,'++++STARI870
871, 24444 aaPYCI PP P40 00 4040044400044 PYC4P 0440440, 7107,'C!,/T47,'+1,STARDETL
872, ST107,000, /747, 0XY,TA07 X, /747, 89 ,1107,%31,/724,'e o s @« e STARIBI2
873, 4% @ ® 7 a0 # 4 & & & & & & @ & & 4 @ & & O » STARIE?3
874, 58 7 0 ® & » 81, /721,00 373700, 147, X", TLI7,'XY, 7412, 94,1117, STARDB74
875, 6'8', /118 e, 738,00 , Ta7,'+", 7107, '0",T124, 06", T1L7,%01,/T715,%4t, STARIBTS
876, 7T39,06" , Ta7,'+2,7107,'0",7116,%0°,/T12:'%'+740,%a',T47,14',7107, STaRIB76
877, B0, TLI18s e, /TP, '8, Tal,re!,T47, 41, T07,%0",T120,'8",/78,%e?, STARIB??
878, 9742,10¢44441,7107,'0000000000000" ) T4244 19" s/T9, ', T41,'!,7120, STARDET7S
879, : AVEY, /T12, %00, Ta0, e, T118,'0¢ /T15, 109, T30,%0! ,T116,1e,/T18,"'e, STARIB7C
8L, BT38,%e', Ti1d,%e o' 3/T28, 0", T37,:%e1,T112,"'9%,T117,'a",/T24,'s & STARJBAQD
g4y, C® & @ o 9 #» @& o o # & & o ® 9 o+ » o @ & s @& STARNH9Y
buz, D® o @ o0 08 0 0 0',//7//730:"4 FARAMETRIC PROPULSION SYSTEMS STaR842
B&3, ESTART TRANSIENT aNALYS!S PROGRAM',////T1U0«'PROGRAM |,D, = FD13065TaRI8A]
tdd, F'-/Txco.'PaocRAMhea = RyF,HAUSMAN',/T100, 'UEPT, A2~13, BLDG. 104')STARIB94
6b5, %90 CONTINVE ) STARDBAS5
sné, . C . STARI896
807, c WRITE UUT THE INPUT DATA TABLE . START8437
ong, c : STarRJ898
Bis, WR1Te (64785) STAR2839
. 89C, WRITE (60790)(ST(])e131:7) STARIS90
891, WRITE (64595) STARJ891
892, ... 595 FCRMAT(1HO,T20,'INPUT DATA FOR START. T"ANSIENY PROBLEM CONS!DERED STaRJ)832
893, 1IN TWIS ANALYSIS,',/7) STar3JI893
694, WRITE (64630INSIZE SYARIB94
895, 600 FORMAT(TS,'THE NUMIER OF LINE SJZES YO BE CONSIDERED IS '.15) STARD895
896, GO To 1605,615,625),SYSNUM STARIE6
8y7, 605 WRITE (60610) STARD897
698, . 610 FORMAT(T5,'THE PROILEM CONSIDERS THE OXIDIZER FEED SYSTEM!) 5TaR7878
89, GO Yo 635 STARJ899
Y00, 615 WKITE (6,620) STAR0900
iy, 620 FORMAT(TS5,'YHE PROBLEM CONSIDERS TWE FUEL FEED SYSTEM!') STAROGOL
yoe, ’ GU To 635 ) STAR0902
yu3, 625 WRITE (6,630) STARDI913
904, . 630 FORMAT(TS, *YHE PROBLEM CONSIDERS BOTH OXIDIZER AND FUEL FEED SYSTESTARI994
935, 1M5Y) STYARO$NS
vos, 635 CONTINUE STARDI9DG
9u7, WRITE (6)640INOPL, NOP,wDOTND, WCOTNH, VG TN, FNOM SYAR3937
oy, 640 FORMAT(TS, 'THE NULMIER OF ENGINES FOR THRE VEHICLE IS ',15, STARJI9%8
09, 1775, ' THE NJM3IER OF ENGINES FOR EACH FEED SYSTEM 1S ',15 STARD9I9
910, . .. 2 /793 ' THE NOMINAL .OXI!DIZER FLOW RATE 1S',F8,2,' LBS/SEC',/T5,'TSTARD910
911, 3HE NOMINAL FUE_ FLOW RATE 1S',F8.2,' LUS/SEC',/T5,'THE VEHICLE LOASTARIO1¢
viz, 4DED WEIGHY 1S',F12.2," LBs'o/TSn'YHE NCMINAL THRUST FOR EACH ENGINSTARI®12
9L, SE [S*,F10,2,' LBS") STAR2913
v14, ) . WRITE (bl6453T—NINQ:TENINHnPEN7OL:HEAUlotOfoLN,HEAOIH.HYHTLN ULVLSTARI9L4
915, 110, ULVLIH,L04DOL1,LOADHL 1 ASKIN, ADOME ,ATCT STARISLS
Y16, .. 645 FORMAT(TS,'THE BULK -0X1D: ENGIAE INLET TEMPERATJRE 1S!,FA,2,' DEG,STARDI9PL6
¥i7. LR, /152 THE BULK FUEL ENGINE (NLET TEMPERATURE {S*,F8,2,!' DEG,RY, STARQ9L?
91, 3 /75,'THE STARJI618
919, QCOHPONENY PRESSURE TOLERANCE [so.ro.z.' PSIY,/T75,'THE OX1D, HEAD HS5TARD919

Fig. B-1 STAR Program Listing (Cont'd)
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; 5T&R2920
K 1S, FB8,3," FTV,/779;'THE IXID, wWEAD HEJGHT IN YNE?TA
::g' 2EiggYL{:‘ET:§‘I::.)f‘ ;7‘:/;5. ' TRE FUbL wWRaAD HE;G*T IN THE T;:K})S";;Aﬁ::g;
! . 5,1 THE FI EAD HEIGHT IN TRk FEEN LINE IS',FR,3, 17192
vi2, TeFBe3a® FT1, /15,0148 FUEL e 1t '181,F10,05T4R2923
: nE : ME IN THE CXICIZER TANK 'IS?,F40, :
y23, B'FT!, /TSy THE INITIAL ULLAGE vCLUME IN - Cxielz VR BaTiR024
2 ‘ VITIAL ULLAGE VOLLMZ IN THE FUEL TANK 1S1,F10,0374R
924, 92 CULFTY /15, 'THRE INITIAL ULLa " - ' t,/715,'5TaKRD925
’ ] ‘ ZER LUADING 1S'+F12,0, LBS?/75,'5
925, Ae' CUVFY', /15, THE INIT1aL ?xxCI . 1 R REACSTARI976
_ Fuz : LYS',/T5, ' THE EXTERNAL SURF
v26, BYHE INITIAL FUIL LIACING [5'4F1240, ; A N AR
F ROP TaNK IS'sF12,1s SOy FTy',/75,'TH
:5; SEAé?‘iuSA ;:Evia LOX/LH2 BULKHEAD 1§'sFBy1s? SO, FY('J/Y’;'YNEAYOTS;:Egggg
vzy, EAL SURFACE aREA IS THEREFQRE',F12:1,' S0y FT,") ST2R7910
' 1 P PDLH STaf
3;2: 650 F85351($é???u5355455. FEEDLINE DESIGN PHtSbU?E ys'.cixég;:)PSl‘:/ g;:gg:i;
v32, 1T?o'YhE HAYJROGIN FEEQLINE CESIGN PRESSURE [S5':61Y.8: . 143913
933, WRITE :6-735; , STAR7934
B i e
332: 655 FORMATITS, ' THE TANK CEOHETR; IVPUT VALUES ARE 4S5 FOLLOWS « ,4,/) 2;:22:;3
{ Y(ZOLRL(N) 4Nug,9) :
:ig: 660 :gégirt$§?981:'.%ef:.rl7.%i2-v.rs.3.723 'LJ"'Fg ?Rli"ét‘;'%531?'21223333
939, 1Tbl,oaés' FB8y3,T65,'u28YFB 3,777, 'R3s oFlerTB ' ' ' STARS940
::c. 2u:??é‘(2’§§5j : . S;AnJ§:;
: STARD
v42, 665 53??AT::N2;0, ' STARI943
i — o i e e e antsir oo s
T Eg? '"OIAMETERY 722, 'LENGTH', ’ 0 '
::2' égb'&;:lf'ilgz%iz,$;2.EK'F‘CTOR'./sz.'lNCHhS'.TZia'FEET';YS&.'INCHS}:ﬁ;Z::
vay' JES Ted, 'FEET!, /) STan04s
9ag, b ess XriNSIZE STaRdsso
CXY) IF (x,GTeNZL) 5 X STAKJI9SD
950, | wn1TE ;ggbBO>O>D(K)oOPIPELlK) JCKPD (K] HPDLK) HP IPEL (X)) HKPD(X) STiRISHL
o1, 0 £OK),HPDEKD, TOTHLH, HKPD{K) $TaR1952
¥52 675 WRITE (49680)030(K?,TOTMLA,0KPC(K) ,HPDIK), ' 7 o STAR95%
953, K80 FORMATITL1,F6,20T2L0F7420T334F7,40T51,F812:T01,F7,20T730F7,4), STARD7%4
vost P RITE (5,ee5) AR
M A
vos, IF §SYSNUALED,2) 6O TO 730 _ o STaR29%¢
yor, pALTE (81895 NE'://)  STARI958
:§g: 695 :27?27:1:35;?0jP0~EN7 DESCRIPTCRS FOR MAIN OXYGEN FEEDLINE', 2?‘23323
: 4 - SPEC2 A
V60, 7ooiro:g;£;r3;'c°M’°NENT TYPE MATL ItSUL SPect € svangogé
yo1 STARI9
o2, DO 705 1%1,M10LC LIALOC 1), SPLHLOLE Y4 SPZHLOL 1), 5PIHST AN3963
963, 705 :;:;g 16071011, IEMLOCI) s IMMLOCT ) ) STARI9AS
voe 1 4)758,69,4) ST4R2965
::2: 710 ;g“;;;‘:::l)azl701317230XZoTJOaIZoT30:09|‘oYQ7 169444758, g;‘g’::g
o ’ A J
967, HlDlMl?ELO(N%) S enaane
::g"‘ 715 :ZLLEy(iaé‘i,f 'COMPONENT DESCRIPTORS FUR ENGINE OXYGEN FEEOLINE ~§;::ggg;
970, JUABER 1 114/) . S RieTs
(25 W ;RI;EO 6:10310 : SYARgg;§
:;i' 720 vgxrg ‘go7i0)lolDELO(NLcl).IHELO(NL.l)nIlELO(NLrl).SPiiLO(NLoI)aspg;::397‘
976, A2ELOINL [3,SPIZLOCNL, LY - ; : ~ STaR3978
975 725 CONTINUE STAnI97e
v7s, 730 IF (SYSNUM,EQ.1) GO TO 760

. STARD977
v77, VRITE (64735) L - (STARD977

Fig. B-1 STAR Program Listing (Cont'd)
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y78, 73% FGI~aT(T15,'CONPONENT DESCRIPTCRS FOK MAIN HYOROGEN FEEDLINE',//) STARI978
v79, WRITE t84730) STARI9T9
yo0, D0 743 1®1,MID%LK STARI9AQ
Vo1, 740 WRITE €6:71031, ICMULHEI) ¢ IMMUHCT Yo JIMURE D2 »SPAMLHET) o SP2MLN( 1), SPIMSTAR]9AL
veez, 1Rty 5TARIPI2
9.y, 00 755 NL21NEL STYARISA3
. a4, MIDsMiIELHINL) STARD9AG
945, WRITE (8)745)N_ ST4R3985
VES, 745 FORMAT(IHC,T14,1COMPONENT DESCRIPTORS FOR ENGINE HYDROGEN FEEDLINEST&RI936
ye7, 1 NUMAER '.11./) STARI937
98¢ wWRITE €64730) STaR1938
949, DO 750 1=4,M1D STAR3IS39
990, .. 750 WRITE te.710)x.anLH¢~Lnl) TMELHINL s 1) o LIELHENL 1 10 SPAELHINL, 1) # SPSTARI990
v91, 126LHING, 1) 4SPISLHINL, ) STaRI991
9v2, 755 CONTINUE ST4RI992
993, 760 CONTINUE ) STARJI®IY
994, ARITE (64785} STaR1974
V95, WRITE (69785) STARJI9GS
v98, 765 FORMAT(1HC,T20,'THE TIME OEPENDENT PERFORMANCE  CHARACTERISTIC INPUSTaRI995
997, 17 VALUES A3E 4S5 FOLLOWS = '} STARI937
998, WRITE (64770) STA4RI978
v, 770 FURMATILHO,T5,tTIME! 115, tNPSPCY,T29, 'NPSPH!, T35, 'WDTFRO', T45, 'WOTST4R1999
1000, 1FRH! ,TO5, tEIFRACT , 768, *PENMNOY s T75, 1PENMNKH' 3 T85,4 'PPDGOT! , T95, 'PPDGSTARL0J0
1001, 2HT' 7106, TDGOT',T116,'TOGHT") ) STAR1031
o 1es2, L. DO 780 N¥L,ANPTS STARIGI2
1003, WRITE (6, 775)TIMEAIN),NPSPOIN) NPSPHINY, onFRO(N).uofFaH(N),FxﬁnAcsrAnxcus
10C4, 1UND, PENMNOINY, SENMNHINY 1PPDGOTINY yPPOGHTINDY  TDCOTIN) , TOGRT(N) STaR1094
1023, 775 FORMATUY3,76,2,T144F6,217241F6.12:T35¢F0,3,T45,F8,3,755,F6,3,785, STARLDIS
i0ce, 1F6,2,T75,F6,2,785,F6,2.T95,F6,2,T1051F0,2,T315,F6,2) STAR1G)6
-1007, 780 CONYINUE STAR1007
1008, . € . STAR10%8
1059, ¢ WRITE OUT THE SINGLY SUBSCRIPTED VARIAMLES TVABLE ) SYAR1019
1610, € STaR1010
1011, WRITE (6,789) STAR1CL1
1012, 785 FORMATILHL) STAK1012
1013, WRITE (617900 (ST(1)s158e7) STARICL3
1014, 790 FORMATLTA2,748,//) : STAR1014
1015, WRITE (64795) SYaR1015
1016, 795 Foamattrs.'rnAus.'.v14.'vocor-.724.vwouor'.733 YVEHIGLE! (745, T/W'STARLQ16
1017, 19753, ' JELPAD' 4763, 'DELPHD ", T73,'PROP-Q')T83, 'PROP=F ', 192, '"PROP~TOTSTLR1(017
1018, 2':T104sPENG' s T114,'pENG?) ~ STAR1D1S
1019, ) WRITE (6,820) STARLC19
10¢¢, . - BOO FORMATOTA, ¢TIMI1 T14,0XID("aT24,"FUEL Yy T33, "WEIGHT!,T44,'RAT]CY, ST4R1020
1041, 1794, 00X1D, 7,764, FUEL Y 774, ' INCRY T84, VINCA, 194, 1CUMT ,T104, ST41021
1022, 2'0XIDVITLL4,'FUELY I/ )) STaAR1022
1023, 0¢ 820 n'-‘\pT; SYARIQZ}
1024, WRITE (64825)TIMEALN) STaR1024
1025, A0S FORMATIT2,26,2) . STAR1025
1026, IF (N,EQ,N2TS) GO TO 815 STAR1026
1027, WRITE (648103IwIDCTI(N) s WODOTH(N) VNGTNUIN) +FTOW(N),DLPRDOIN),DLPHDSTAR1027
1626, LRIND G FCRSTOIN)  PCWSTIIND ) PROWATIND L PENGOIN) , PERGHIND STaR1028
1029, - 810 FORMATOTYL2,F8,3,T22,F8.3,)732,F10:2:744,¥D,3,T53,F6, 2.T63.F6 2,771,5TARL029
1030, LF8,3,T8L,F8,3,792,F10,3¢T103,F6,2,T1134F0, z) STAR103D
1031, 815 CONTINVE ) - STaR1G3:
1632, 820 CONTINVE ) STAR1032
1033, ¢ STAR1033
193¢, € WRITE OUT THE JELTAwp ACCELERATION DATA ARRAY AS F(T) STaR1034
1635, € 8TaR1035

Fig. B-1 STAR Program Listing (Cont'd)
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910 FORMAT(TY ,E8,49T19,E8,4,731,E08,4,74¢1,E8,4,T751,E8,4,764,E8,4,

Fig. B-1 STAR Program Listing (Cont'd)
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STAR1036

103s, NMABNELP LY
1037, GO 10 (825,87%,825);SYSNUM STAR1037
1638, 82% WRITE (6:830) STAR1038
1039, 830 FORMAT(gHY) STAR1039
10490, WRITE (6+835)1(5T(1)y1m147) STaR1040
10eg, 835 FORMAT(Y2),746,T664"- OXYGEN SLPPLY SYbYLM') STAR1041
. A0e2,  _ WRITE (6.040) . -~ STaR1C42
1043, 840 FORMAT(3H0, 138, 'UELTA=P To SUPPLY ACCELERATION HEAD') STAR1043
1046, WRITE .16,845)(CPD(X) ,KSRELPINMA) STaR1044
1045, 845 FORMAT(l“OpYZ:'OCLTA'aYO sF8,00t INCH'ITL9:.F4,4," INCH',T30,F4,4) STARLI04S
1046, 1" INCH' T49,Fa, 4, INCHY,TSO,Fé,1," INCH',TO0,F4,1," INCW!,T70, STaR1046
1047, @F441," INCHY,T80,F4y1,* INCH',TO0 Fayls' INCH',T400¢F4,1,* INCK!,TSTARL047
- 4048, . . 3110,F4e1s" INCA'4TI20,F4,3:" INCHYY ' STAR1048
1U49, WRITE (64850) STARL049
1050, 850 FORMAY(YZ»'TXH".TG o MAIN LINE' TL9, ' MALN L(NE'.TSO.'MA!N LINE'STARL0QSG
1054, 10T40,"MAIN LINZ' o750, 'MAIN LINEV T6C'MAIN LINE',T70 »*MaIN LINE',STARL1051
10%2, 2760 ,'™MAIN LINZ' 790, 'MAIN LINE?, 7200, 'MALN LlNE'oTlto.'HAlN LINE'STAR1052
1053, 33,7120, MALINY LIVE'/) STAR1053
105¢, DO 870 N2T1,NPTS STARI054
1055, WRITE (6¢B55)T[MEAIN) STAR1055
1056, 855 FORMAT(T2,FS,2) sTar{056
1057, IF (N,EGINATS) 6D TO 865 STAR1057
1058, WRITE (6,860)(ILPACOC]I,N), ISNELP)NMAD STAR1058
1059, 860 FORMATITY ,F8,3:719,F8,3,T31,F8, 3;741.F6.30751-Fa.3.761.76.3: STAR1059
..1060, 1T71,5813,781,F8,3¢791,F8,3, 7108, Fa.scn.u.Fa 2T421,F8,3) . STaR1060
1061, 865 c0w7|~ue e STAR1061
1062, 870 CONTINVE STaR1062
1083, 875 CONTINUE STAR1043
1064, 1F (SYSNUM,E3,1) GO YO 895 STAR10%4
1085, WRITE (6,830) STAR1055
1066, . . WRITE (6,880)(5T(1)p18447) STAR1CA6
1087, 880 FORMAT(Y23,746,T66)!- WYDROGEN SUPPLY 'SYSTEM?!) STAR1067
1Ue8, WRITE ‘6;840! STAR1068
1069, WRITE (61845)(4PC(X),KaNELPINMA) STAR1059
o, WRITE €6:850) STAR1070
1074, DO 890 N®1,NPTS STAR1071
1072, WRITE (69855)T[MEA(N) . 5TaR1072
1073, IF (N,EQWNITS) GO TO 885 STAR1073
1074, WRITE (6484801 CILPACH( L N)Y,ISNELPINMA) STAR1074
1c’s, A8S COMTINVE STaR1075
1076, 890 CONTINVE . STAR1076
1477, 895 CONTINUVE STaR1077
17, ¢ o ST4R1078
1079, ¢ WRITE OUT TKE JELTA=P LINg LOSS DATA ARRAY AS F(T) STAR1079
1080, € STAR1030
108y, GO Y0 €900,925,900),SYSNUM . STAR1081
1062, 900 WRITE (64830) : ! STaR1042
ius3, WRITE (6+838)(5T(1)r13147) STaR1093
. 1Use, . _WRITE (68,935) STAR1034
e LY T 909 FURMAT(1HO, 726, 'GELTA <P -DUE" TO LINE FRICTION -AND-CONFIGURATION LOSST4aR1055
1066, 1SES!) . ST4R1086
1087, WRITE (64845)(JPC(K),KsNELPNMA) . STAR1087
10K8, WRITE (6,850) STAR1048 .
1989, D0 920 N®1,NPTS STARL049
1090, _ WRITE (64855)TIMEAIN) ., - STAR1C?0
1091, IF (N,EQ.N?TS) GO TO 915 STaR$091
1092, WRITE (69910 ¢ILPLNOCT NY, ISNELPINMA) STAR1092
+ 3093, STARL093
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1094, : AT73,FdeqoTALaBR 4 TR B0,4. TL0L,E6,4:7828,80,4,T122,€8,42.. . . STaRLO%4
1099, 91% CUNTINUE ] . STAR10?5
1096, 920 COUNTINUE : " STAR1C96
197, 925 CONTINUE . ..., STamraD?
1098, IF (SYSNUM,E2,1) 62 10 94p , . STAR1GI8
1099, WRITE (6:830) ) STAR10?9
1100, WRITE £6,8800(3T(10s181s7) . STAR1170
1104, WRITE (64905} STAR117¢
1102, WRITE (6,845)(4PD{X),KaNELPsNMA) . STaR1102
1103, WRITE (64830) ) STAR1193
11C4, 00 935 Na{,NPYS STAR1114
1105, WRITE (6,855)TIMEALN) - STAR1135
1106, IF (N,EQ,N?TS) GO TO 930 STAR1176
1107, WRITE (8,940 COLPLNHIT N), I*NELP/NMA) STAR1197
1108, 930 CONTINVE STAR1108
1109, 935 CONTINVE N STARL1D9
1110, 940 CONTINVE . STAR1110
1111, ¢ STaR1111
1112, ¢ WRITE QUT TWE ENGINE FEEDLINE PRESSUKE DROPS STaR1112
1113, ¢ . STAR11L3
1114, IF (SYSNUM,EQ,2) GO TO 97% STAR1114
1115, WRITE (6,833) STar1115
1116, WRITE (64945)(3TLL) 113147 STARL1LG
1117, 945 FORMAT(T23,746,T66+'-0OXYGEN ENGINE FEEOLINE SYSTEM!) STaR1117
11186, WRITE (64950) ) STAR1118
1119, 950 FORMAT(LHO,T13,'LELTA«P To SUPPLY ACCELERATION HEAD',T64,'DELTAP STar1ile
1120, 10UE YO LINZ FRICTION aND CONFIGURATICN LOS3SES',//T2,'DELTA',T13, STaR1120
1124, 2YENGINE ) T264'SNGINEY , T39, tENGINEY , 7520 YENGINE "y T65, VENGINE?,T78s STaR1121
1122, 3'ENGINS ) TILa"ENGINE ) T104, "ENGINE! /T2, 'TIME', 713, 'LINE NO 1Y) STAR1122
113, AT26, tLINE NO 274739, 'LINE NO 3',792,'LINE NO 4+, T65,'LINE NO 1Y, STaR1123
1124, : ST78,tLINE NO 2" TSL4'LINE NO 3',T104:'LINE NO 4)) . . 5TaR1124
1125, DO 970 Y=1,\PTS STAR1125
1126, WHITE t6)855)TIMEALN) STAR1126
1127, IF (N,EQ,NPTS) GO TO 970 STAR1127
1128, §F (NEL,EQ,4) 30 TO 960 STAR1128
1129, 00 955 1aNzZLP,4 ) STaR1129
1130, .. DLPACClTaN)30, . . . . X . STAR1130
1131, ODLPLNOCUTN)2D, STAR1131
1132, $55 CONTVINUE STaR1132
1133, 960 ®RITE (619650 COLPACOCT N, 181,430 (DLPLNOC(T N} 1 18444) STAR1133
1134, 965 FORMAT(10X,8G13,8) STLaRr1134
1138, 970 CUNTINJE STAR1135
1136, . IF (SYSNUM,E3.1) GO TO 1000 . . . L . STaR1136
1137, 975 WRITE (4,830! STaR1137
1138, WRITE €(4¢9802(STC(I)a1314?) STaRr1138
1139, 980 FORMAT(YZ23,746,T669'~HYDROGEN ENGINE FEEDLINE SYSTEM') STAR1139
1140, WRITE (64950) : STAR1140
1141, DO 995 N=1,\PTS STaR1141
1142, ) WRITE (65855)TINEA(N) ] STaR1142
1143, IF (N,EQG.N3TS) GO TOQ 995 STAR1143
1144, IF (NEL,EG,4) 6O TO 990 STAR1144
1145, 00 985 [SN:LP,4 i STAR1445
1146, DLPACKHITIN)=T, ) STARL146
13147, DLPLNAf 1 4N) 80, STARL147
1148, 985 CONTINUVE , ) o STAR1148
1149, 990 WRITE (6,965)(SLPACHCTN), 198,4) (OLPLNHITIN) 1 185,4) STAR1149
1150, 995 CONTINVE STAR1150

1151, 1000 CONTINUVE ' ’ _ . STAR115%

Fig. B-1 STAR Program Listing (Cont'd)
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STAR1152

WRITE OUT THE JLLAGE PRESSURE REGUIRLMENTS AS F(T) STaR1153
STaR1154

GO 7o (1005,1230,1305),SYSNUM STAR1155

1005 WKITE (4,830 ) . STAR1156
WRITE (6,835)0¢(5T¢1)at1aty7) ST&R1157
WRITE (641010)\OP STARL1158

1010 FORMAT(LHO, 130, 'ULLAGE PRESSURE REQUIRED FUR',13,! ENGINE OPERATIOSTAR1159
IN') STAR1160
WRITE (6,845)(0PD(K),KsNELPINMA) : STAR11%1
WRITE (6,850) STARL162

DO 1025 Nsy,\PTS STAR1163
WRITE to.ass)rxmzAtN) . o .. STaR1144

IF (N,SQ\N3TS) GO TO 1n20 : . STAR1165
WRITE (6,1315)(PULLO(],N), ISNELP/NMa) STAR1166

1015 PORwA1(T°.-6.J.Tx9-Fa 3 131.r6 3oT41,F83:751,FR8,317611F8, 3 STAR1167
x11x.r6.3.Yex:se.1.T91.r8.5.r191.=e 3.71;&.Fe.3,*121.$5 3) STARL168
1020 CONTINVE . STaR11569
1025 CUNTINVE i . . . STsRiL70
1030 CONTINUE STAR117%
1F (SVSNUM EG.1)} GO TO 1045 : STaR$172
WRITE (4,830) - STaR1173
WRITE (6,880)(ST(I)el34,7) STAR1L74
WhITE (641310)v0P . STAR1175
WRITE (69845)(4PD(X) ,KaNELPINMA) N o ’ STAR1176
WRITE 14,850} SYAR1177

00 1040 Nsg,NPTS STAR1178
WRITE (6,4855)TIMEA(N) STAR1179

1F (NJEQ(NPTS) GO TO 1039 . STar1140
WRITE (61019 (PULLHCTNY, TENELP INMA) STAR1141

1035 CONTINJE . . ) STaR1132
1040 CONTINUE © STAR11A3
1045 CONTINUE STAR11A4
. STAR1195

WRITE OUT TWE MINIMUM ULLAGE PRESSURE REGUIRED, YHE PRESSURE ON STAR1196

THE T&NK BOTTOUS AND TWE LINE mEAD PRESSURES STAR119?

) ) ) o ~ STAR1188
WRITE ¢64785) STAR11A9
WHITE (69790)(ST(1)e181,47) ST4R1170
WRITE (6,1950) STAR1191

1050 FORMAT(T2, 'PRISSURE AND YOLUME VALUES FOR FLUID VAPOR,MIN,ULLAGE,STAR1192
1TANK BOTTOM,LIVE HEAD,ULLAGE VCLUME,TaNK WEAD WMEIGHT AND ULLAGE WESTAR1193
216U, /) STaR1174

WRITE (6,1259) STaR1195

1055 FORMAT(T3, ' TRANS, ' 1713.'ULLVAP'0721.'ULLVAP'.TZ9.'MlNULL'.T)?.‘HINSTAR1176
1ULL'.T‘50'YNKBJT' 753, ' INKBOT* 761, tLINHED ' s T69, 'LINKED!,T78, 'ULLVSTARL197
200,187, 'ULLVO' .T95.'TNKuED'.Txolo'TNKHED'.Tlxz.'ULLucT'.T1zz. STAR1178
3'ULLWGTY . ) . L. - STAR1199

WRITE ¢6)1060) STaR1230

1060 FORMATITA, ' TIMZ?,T14,00X10,"+7220"FUELY o T30,70XID."sT38,'FUEL'»T465TaR1I2D1
10'0XID ) T54, ' TUEL 2 T62,°0X1ID, " T70,'"FUEL' ¢ Y79, 10X]ID,',TA8, tFUEL"»STARI2T2
2796, °0X1D, ") T12¢, ' FUEL s T113,CX]D, 17122, FUEL") STAR129)

WRITE (611065) STAR1274

1065 FORMATITS,1SEC! ; T149'PSIA?,T229'PSIAY,T30,'PS1aY,T38,'PSIA",T46, 'PSTAR1205

1SI1AY , TO4, 2514, T62,'PS1a*, Y70, PSIAY,T78, CUFT,',T87,'CU,FT,', STar1236

2T97, 0 F T, , 7105, tFT o, T114,'LBSY, 73229085 /) STaR1297
D0 108> N=zy1,NPTS STAR1278
halre (601070!TIVEA(N) STAR1209

Fig. B-1 STAR Program Listing (Cont'd)
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12432, 1370 FORMAT(T2,25,2) ) STAR1210
i21, 1F (N, E3,N2T5) GO TO 1480 : STan121t
- 1212, JsNELE ) STaR1212
1213, WHITE (841275)2UVaPO,PUVAPHIPULLROC] N sPULLRH( ] N)oPTKBYO(TsN),PTSTaRS21D
1214, AHKETAHL 1) 2RI NOEN Y FHOLNKANY ,LLVLOEND JULVLHZ(NY ' HEADOZ2(N) ) HEADH2STARLIZ L4
1215, 20N) g TILEO(NY ) aTULSHINY STAR1215
1216, 1078 FORMAT(TYLI,F6,30T200F0.3,7129,76,2:T37,F0,2:T45,F8,42,753,F6,2,T61, STaR1ZLS
1217, IF0,2e1894F 8 3,T774F7,147860F7,8:795,F612TL03,F5,2.T1180F7,4:7420,575R1217
1238, 2F7¢1) . STaR1Z18
1219, 1080 CUNTInUE STAR1219
1220, 1089 CONTINUE STaR1220
1221, c STAR1224
1222, c WRITE OUT wiNIMUM REQUIREL ULLAGE PRESSURES . : STaR1222
1223, c ST4R1223
1224, GO To (1093,1410,1290),SYSNUM STaR1224
1225, 1090 WRITE (44830) . STAR1225
1226, WRITE (8)835)(STINYIN31,T7) STAR1226
iezr, WHITE (621395)NCP . . STaK1227
1228, 1099 FOKMAT(LHY, 120, 'INTMUM REQUIRED ULLAGE PRESSURE FOR', 13, ENGINE STaR1228
1229, 10PERATION 2R MAIN FZED LINEY) STAR1229
12509, WRITE (81845)(0PC(X),KsNELPINMA) STaR1230
123, WRITE (64830) . STAR123%
1232, DO 1155 N=1,NPTS STAR1232
1233, - WRITE (6,)855)TIMEAIN) . ] STAR1233
1234, IF (N,EQG'NTS) GU TO 1100 U T 8§TARL234
123y, WRITE (611915)CPULLROETAN), ISNELPINNA) STaR1235
1236, 1100 CONTINVE : STAR1236
1257, 1105 CONTINJE STaR1237
1238, 1110 CONTIAVE STAR1238
1239, IF (SYSNUM,EQ.1) GO TO 1125 STsR1239
1243, . WRITE €64830) . . L . e .. - ... . .. STaRriz240.
124y, WRITE (6:8801(STINYaNE127) STAR1 244
1242, WRITE (6+1095)\0P STAR1242
1243, WRITE (848¢5)(~PC(K),KsNELPINMA) . STAR1243
1244, - WRITE 1648500 STAR121%¢
1249, 00 1120 N=g,\PTS ST4R1245
1246, ARITE (64855)TIMEAIN) . U o . STAR124¢
1247, IF (N,E34N?T5) 6O TO 1135 STaR1247
1243, WRITE 1891919)tPULLRMET N, TaNELPNMA) . STaAR1248
1249, 1115 CONTINVE STAR1249
12%0, 1120 CONTIAVE STAR1250
1251, 1125 CONTINVE STAR123}
1252, c §TaRr1252
1253, c WR1TE OyT THE TANK BOTTOM PRESSURES ST4aR1253
1254, c STAR1254
1255, GO To (1130,1150+1430),5YSNUM . 5T4aR1255
1256, 1130 WRITE (64830). . STAR1256
1227, WRITE (64B835)(STIN)INELT) ’ STARL1257
1258, . . WRITE (621135)%0P ) ST4R1258
1259, 1135 FORMAT(LH), 720, 'TANK BOTTOM PRESSURE VALUES FOR', 13! ENGINE OPERASTAR1259
i2ng, 1TION PER MalN SEED LINE') ST4R1260
1261, WRITE (6)B45)(OPC(K),KaNELPINMA) : STaR1251
1282, WRITE (64850) STAR1262
1263, DO 1145 Nsg,\PTS STAR1263
1264, . WRITE (6¢855)TIMEA(N) . . . STAR1264
1265, 1F (N,EGINPTS) GO TO 1140 . STaR1265
1266, WRITE (601315)(PTKSTO(1sN) ISNELP/NMA) STAR1266
1267, ‘1140 CONTINUE STAR1267

Fig. B-1 STAR Program Listing (Cont'd)
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1268,
1269,
1270,
1271,
1272,
1273,
1274,
1275,
1276,
1217,

1278, -

-.1279o
1280,
i2ny,
12K2,
1243,
1284,
1285,
1246,
1287,
1248,
ien9,
1490,
12931,
1292,
1293,
1294,
1295,

. 1296,
1297,
1298,
1299,
13000'
1501,
1302,
1303,

1304,

1305,
1306,
1307,
1u8,
1509,
1310,
‘1311,
1312,
1513,

1314,

3)15,

_o1318,

1317,
1318,
1319,
1320,
1321,

FaXaXs]

1145
1159

. 1155
1160
1165

o000

1170

1173

1160
1185
1190

1195
1200
1208

1210

1322, . .. .

1343,
1324,

S em e 1325, -

IMSC-A991396

CONTINVE STar1248
CONTINUE _ STAR12A9
IF (SYSNUM,E3,1) GO TO 1165 STAR1270
WRITE (8,B30) .. SYTaR121y
WRITE (69883)(STIN) N5147) : STAR1272
WHITE (6,1135)\0P STaR1273
WRITE (8,849)¢4PD(X),KsNELPINMA) - STAR1274
WRITE (64850) . STaR1275
DO 1160 Nsy,\PTS . STAR1276
WRITE €648551TIMEA(N) ) sTaRL277
IF (N,EG/N3TS) GO TO 1158 STAR1278
WRITE (694215)(PTKATR{TyN), IaNELPINMA) , : STaR279
CONTINVE . . e . .. . . SY&R123Q
CONTINUE : STaR1241
CONTINUE : STaR1292
$TaR123)

WRITE OUT ECOMPUTED ENGINE PRESSURES STAR1284
. i ' STAR1285

GO T0 (1172,1190,117¢),SYSNUM . , STAR12A6
WRITE (46,8300 - . 5TAR1287
WRITE (64835)(3T(N))NL?) : 5TAR1288
wWRITE (641175)NOP STAR1289
FORMAT(1H0, 720, 'RECOMPUTED ENGINE PRESSURES Fonv.ts.' ENGINE OPERASTAR1270
ATION PER MaIN FEED LINE') ) STAR1294
WRITE (64845)(3PD(K), KlNELPoNHI) : L L . STaR1272
WRITE (4:850) . : STAR1273
00 1165 N3, \PTS : . STAR1274
WRITE ‘e.ess)rxn5At~) ' STaR1295
1IF (N,EQ.N3TS) GO TO 1180 STAR1296
WRITE ‘601315)(PENVU0(IDN)cI'NELP NMA ) STAR1297
CONTINVE ... 5TaR129s8
CONTINUVE : STAK1299
CONTINVE i STAR1320
IF (SYSNUM,EQ,1) GO TO 1205 . STAR13NY
WRITE (6,830) 5TAR1332
WRITE (84880)(STIN)INBLY) STAR1303
WRITE (841175)\N0P T STaR13)4
WRITE (608451 (4PD(K),KaNELPINMA) STARL325
WRITE (6,850 STAR1376
DO 1200 Yayg,NPTS . STAR13)?
WRITE (64855)TIMEAIN) STAR1378
IF (N,EGyN?TS) GO TO 1199 ) STAR1379
WRITE (6,1015)(PENNUNC TeN), ToNELP/NMA) . STAR1310
CONTINVE STaR1311
CONTINVE STaAR1312
CONTINUE : ST4R1313
STAR1314

WHITE “OUT #EED SYSTEM WEIGHTS - Co - .- - - STARY315
o o ] STARL316

WRITE (6,630) - STAR1317
WRITE (691210)(ST(}), 15,7 STAR1318
FORMATIT23,746,T664"~ FEED SYSTEM WEIGHTS1e//T16, ' MAIN', T30, "ENGINSTARI3L9

1E FEEOLINE WEIGHTS' Y65, 'TOTAL",T85, 'ENGINE!,T97, 'MAIN',/T14, 'FEEDSTARL320
2LINE'p764.'EV’lNE MAIN ©  FEEDLINE FEEDLINE TOTAL®,/ STaR1321
372, 'PROPELLANT CIAMETERY , T28, 'L INF Y TI6, 'LINE",T46,'LINE?,T56, STAR1322
4 LINE'»TOY,'FEZDLLINE FEEGLINE TNSULATIONY  INSULATION FEED SYSTSTAR1323
bEH'rITl4c'(!NC*ES)'.TZ&:'kO 109T36,PN0 27, T46, N0 ,T56,'NO 41, STAR1324

o!é}rlhE]GHfJ1JJA,idEicitlp{BS,lHElGH]JJlQlLlHE[GHIL!tllQLt!Elﬁﬁrl)slﬂgllgi

Fig. B-1 STAR Program Listing (Cont'd)
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1328,
1327,
1328,
1329,
13550
13431,
1132,
1343,
1334,
135,
1338,
1337,
1338,
1339,
1340,
1341,
1342,
13543,
. 1344,
1345,
1346,

1347,

1348, -

1349,

IMSC-A991396

WRITE (8,685) . . $TAR132S

IF (SYSNUM,EQ,2) 60 TO 1220 . 5TARL327

D0 1215 l-vsLP NSIZE - STAR1328
wRI1TE (6,1230)22(4),02¢2), oPocl)-(HELOSlaJ’chi.cl.uELot(l),unLo(tsrnatl?v
l).hELIOT(l).wM.IO(l).dLOYT(l) STARL33D
1215 CONTINUVE : STAR1334
WRITE (6,685) R . 5TARL332

1220 DO 1225 sNELP,NSIZE STAR133}
WRITE (641230)4201)1m2¢2),HPOCI o (WELHET2d? 90 d51 0 @), WELHT(1) o WHLH(ISTARLI34
1).HEL1*7(!).JV.XH(I).uLHiTlI) STARL3YS
1225 CONTINUE STaR13)6
1230 FURMAT(T2,246,%7,3,2%,6640, 5.3x G1045,2X1610,5, 3x.cxo.5) STak1337
WRITE (6,66%) . . P - A .. ..-... STaR133s
WRITE (601235)]CaASE 37aR13Y9

1235 FORMATUTL0,'EN) OF CaSE'»13) STak1340
ST4R1341

IF (16U0N,EG«1) GO To 10 STARL342
STaR1343

CONTINUVE . . . . STARL344
WRITE (64830) ST4R1345
WRITE (6,1245) STAR1346
1245 FORMAT(TS,tees NORMsL PROGRAM TERMINATION HAS OCCURRED ese!) STARL347
callL EXIT : STAR1346

END STARL349

Fig. B-1 STAR Program Listing (Cont'd)
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1, [+

2,

3y 4

4,

S, 4

6, 4

7, [+

8, .. C. .

S, vy s
10, Al =
11, c
12, . V2 =
13, A2 =
14, c
15, vVl s
16, A3 s
17, c
18, Ve
19, Y 3K ]
20,. C N
21, c
22, VS s
23, c
24, Ve
25, 46 =
26, . C
27, V7 =
28, A7 s
29, c

SUBROUTINE IN]vVOL
INCLUGE DIMN,.1ST

CALCULATE TortalL vCLUME

LJ2 SECTION

VOLUME OF UPPER (SMALL). HEM]ISPHERE SECTION. ..

HSPHER (Ry,k2)
ARSPHR (R14K2?

VSLUME CF CONIC SECTION
FRCONE (R2)L27L1,R4)
AREAFR (R2)L2"L1,+R4Y) .

VOLUME OF CYLINDRICAL SECTION

,CYLNDR (R4st3-L2)

ARACYL (R4,L3=L2)

voLUrME OF LOWER (LARGE)

HSPHER (R3,K4)
ARSPHR (R3(R4)}
L~2 SECTION

VOLLME BETWEEN CYLINDER aND SPHEROID

CYLSP4 (R3,R4)

VOLUME OF LONG CYLINDRICAL SECTJON
CYLNDR (R4 L4~L3=RD)

ARACYL (R4,L4=L3)

IMSC-A991396

INTVI001
IN1VI072
INIVO003
INTVO0O4
IN1VD035
INIVICO6
INTVO007

<o —ew INIVI008
. IN1VICO9
{NIvaioLo
INIVI01L
INIVI012
INIVO013
INIVI014
INIVOC15
INIVI0L6

HEMISPHERICAL SECT!ON (LC2) INIV2217

INIVIC18
IN1V3019
INTV3020
INTVI021
IN1V0022
INTV2023
INIVIC24
IN1V2025

VOLUME CF LOWER (LARGE) WEMISPHERICAL SECTION (LH2)} INIVIO26

HSPHER (R5,R¢)
ARSPHI (R5,R4)

TJTAL VOLUME OF UPPER PCRTION (L02)
30, VT02 8 viev2evieve
TOTAL VOLUME OF _LCWER PCRTIOUN (LH2)

TOTAL VOLUME BOTW SECTICNS

31, c

32, VTH2 = V5 ¢ V8 ¢ V7

33, c

34, VIOT & vT02+VT42

35, ATOT 2 AL ¢ A2 ¢ A ¢ AG
36, ASKIN B ATOT - A4

37, AUOME ® A4

38, . RE TURN e e

39, END

Fig. B-2

+ A6 ¢ A7

INIVOL Program Listing
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INTVI027
INIV3028
IN1vIQ29
INIVCOIN
INIVIC3Y
IN1VIO32
INTVI033
IN1VI034
INIVI035
INtVI036
INIV303?
IN1V0Q38
IN1VO039
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oD (o]

(2]

o0

i
Lo

10

15

20
25

30
35

40

45

_.:0

55

60

_HDO2 & R3 ¢ L3-L1 ¢ Ri-H

SUBRQUTINE ULLAED (VLO2:VLH2)

INCLUDE DIMN, L ISY
INCLUDE UZONST,LIST

FORMAT ('0'2ox'ULLAG: VOLUME 1S NEGATIVE'/)

CALCU ATE HEAD aND ULLAGE VOLUME
ULLAGE VOLUME (LC2)
UVL02 ® VT024v_02
IF tuvL02,.7,0,) wWRITE (10Ts10)
CALCULATE HEAD (LC2)
LARGE MEMISPNHERE
IF (vL02=~Veé) 15,2020
CALL ELIPSG (VLO2,R3,R4¢HDO2).
GO TO 45
CYLINDRICAL SECTICN
IF (vLO2=(veevy)) 25,25:3p
HDO2 = RI o (VLO2~V4) / (PI®R4q*R4) __
GO TO 45
CONIC SECTION
IF (vLO2=(vasy3ev2)) 35,3%,40
WL & 2 = g
R42 s He - R2
VD 3 (P]/3,0)e4L / Ra2eR4eR40R4 ~ (VLO?-V4~VJ)

IMSC-A991396

HDO2 s (PleRdadl, = (3,00(P{oH)e020RA20VD)%e(1,/3,)) / (Pxoa¢z)“

HMDO2 = R3 ¢ L3 » L2 ¢ WDO2

GO TO ¢5
SYMALL HEMISPHERE
CaLL ELIPSS (UVLO2sR1,R2,H)

UiLAGE VOLUME (Lk2)
UVLH2 B VT42 = VLK2
IF (UVLH2,.7,0,) WRITE (10T.40)
CALCULATE HEAD (LK2)
LOWER HEMISPRERICAL sechON v
JF (VLY2=V7) 5015555 el
CaLL ELIPSG (VL.H2:R5,R4HDH2)
GO0 10 70
IF (VLH2=(v7+4vs8)) 60,6068
CYLINORICAL SECTICN
HOH2 3 RS ¢ (VLH2 = V7) /7 (PleR4eR4)

.60 T0 70 ..

65

70

CRETURN e

SECTIIN BETWEEN CYLINDER AND SPHEROLD
VHP 8 VLH2 = (Vy7ev6)
CaALL CYMSPH (V<4P,R31R4.H)
HDH2 3 RS # L4 » (L3+R3) ¢ H
CONTINVE

END

Fig, B-3 ULIHED Program Listing
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ULLKH2071
ULLKI002
JLLHOGO3
ULLHICN4

- ULLAHI0I5

ULLHI0D6
ULLHJ007

_. ULLKJDOB

ULLKO009
uLLmlolo
ULLhJ011
ULLKI012
VLLRI0L3
VLLHO014
ULLRIOL5
ULLKHJ016
ULLKOOL?
uLLKOO18
ULLHI019

. ULLKI020

ULLHJ021
ULLKO022
ULLKHO0?23
ULLKI024
ULLHI025

. ULLKHOO?6

ULLHI027
uLLHO0?28
uLLhd029
ULLKIO030
ULLKO03}
ULLHNOJ2
ULLHI0I3
ULLHIO34
ULLHO035
ULLH3036
ULLKIGI?
ULLHI03B
ULLK3039
ULLHI040
ULLHI04)
ULLKJI042
ULLKJ043
VLLH3044
ULLK3045
ULLKOD46
ULLnO047
JLLHJ048
ULLKJ049
ULLK0OS0
ULLHKJIO051



c
c
c
c
10
c
15
. C
20
25
30
35
c
40
¢
45
50
. ..95
¢
60
c

IMSC-A991396

SUBROUTINE FLORES(]D,D,S1,S2,RES) . FLORZCN1

) o . FLORIDDI2
THIS SUBROJTINE COMPUTES ONLY THE FLOW RESISTANCF COEFFICIENTS FLORINDY
DUE YO CONFJGURATION « FR[CTION LOSSES ARE COMPUTED IM MAIN PRCGRAFLGRISN4

Ple3,1415927 o i FLOKIONS
Cz57,29578 FLORJICIS
930/121 FLOr\Ju')7
GO0 Ta ¢10. 15-20c40445.60.65085c100 110:1150125 135,140, 145.1:0 145FL06R 10128
11155,155,1604165,135,145),10 FLORJ0DD9
SUiP ) FLORYO10D
RES=D,3157 , . - FLORIO11
RETURN : . FLOR3O012
S5TRAIGHT LINE SECTION : FLORI0L3
RES=n, e e e e e et e i e e e FLLORJO14
RETURN FLORJU15
CURVED LINE SEZTION : FLORIO16
THETA=(S1/52)eC . L . o . C FLORICL?
TEST=THETA=90, : FLORTI018
RES9050,158#(S52/P)*%(«0,8406) : : FLORI019
IF (ABS(TEST).GT,1:) GO TO 25 . e I _ FLORI020
RES=RESS0 . . _ FLORN02)
RETURN : FLORJ022
IF (TEST,LT,0.) GO To 30 _ FLORIC23
RES520,145¢3ES909THETA##0,431 . FLORJ0?24
RETURN _ . - FLORDI025
IF (THETA,LT,604) 60-TO 35 . AR i - " FLORID?6
RES=RES9N@D,0147sTHETA®D 616 : FLOROQ?27
RE TURN i FLORI0?8
RES=RES9020,00470THETA##0,793 FLOR3029
RETURN FLOKI03G
COMPOUND 'U' ELBOW (LENGHT STRAIGHT SECTION LT BaD) FLORI031
SL=51-21052 _ . I - FLORDD32
RES=0,2153#(52/P)e%(~0,8406) FLORJD33
. RES=RES+0,02#(SL/P) . FLORDI0 34
RETURN , ) FLORDOD 35
NINETY-DEGIEE OFFSET BEND FLORI0 36
SL=§591=-Pjag2 FLORDO37
RESLDO=0.248¢(S2/P7'°(-1.307>Am,m_u___nﬂ_"“_,w””n_wn_,, I FLORIO3B
RESLNB0,322%(52/P)%e(=1,025) _ FLORDO0 39
BLODasL/P FLORJ040
IF (BLOD.LT,8,) GO TO 53 oo o . FLORN04L
RES=zRESLDS , FLORJ042
RETURN ‘ ) . FLORJ043
DIFERESLNBwRESLDD o o o o FLORJ04¢
DIFL=BLOD/B, , FLORID45
~ RES=RESLDO+DIFeDIFL . . . : FLORI046
RETURN ) ] FLORJ047
'2'-REND : FLOKI04S
SL=S1=P1es2 , ) FLORDJ049
RESLDDZ0,48%(S2/P)#®(=q,128) S ST FLORJDSO
RESLNB=0332¢(S52/7P1%e(=1,022) . FLOROOSL
Go To 50 ) FLORI052
GRADUYAL EXPANSION . . FLORDOS3

Fig. B-4 FLORES Program Listing
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65

70

75
80

85

90

95
100
105

110

115
120

125
130

135

140

145

150

155

RESz(1+2S2082,)0a2,
D=D/742.
ARG=pe(4,/52=1,)/(2,051)
THETAsCraATAN(ARG)

IF (THETA,GT,5.) GO TO 70
CK=0,013*THETA
G0 TO g .

1F (THETA.GT-ZQ.) GO TO 75
CK=0,065+0,0513%(THETA=5,)
GO TO ®p
CK=31,04
RESsCK*RES
RETURN
GRADUAL CONTRAZTION
ARG=D'(1|'1./SZ’/(Z‘.'Si)
THETAzCeATAN(ARG)

IF (THETA,GT.159) GO TO 90
RES=0,
RETURN -

1F (THETA.GT|22|5, GO TO 95
RES=z0,05
RETURN
RES=2(] 1~52002,)002,
RETURN

SINGLE LEG OF DXVERG!NG BRA
WRITE (6,105)

NCH .

IMSC-A991396

FLOR30%4
FLNRDQSS
FLORZ0NS
FLOR2057
FLORNDSS
FLORDOSY
FLORDOAD
FLORICEKL
FLORIDA2
FLORJODA3
FLORI0A4
FLORI0AS
FLORIOAS
FLORIOS?
FLOKJIOAS
FLORJOAS
FLORAD70D
FLORJ071
FLORI072
FLORIAOZ3
FLORJIOD?74
FLORJQ75
FLORJID76
FLORIO??
FLORJ078
FLORJOT79

FORMAT(T2,'S/R FLORES = DIVERG!NG BRANGH OPTJON NOT lHPLEMENTED') FLORI0Y0

ReS=0, FLORA0A1
RETURN FLNARCOY2
VENTURI FLORJ013
S1:51/2, FLORJ0A4
GO T0 65 FLNRODAS
FLOWMETER FLORNDYS
WRITE (6,120) FLORDOA7
FORMAT(T2,'S/R FLORES » FLOWMETER OPTION NJIT [MPLEMENTED!) FLOROOAS
RES=0, FLORICAS
RETURN FLORINQ
GATE VALVE FLORJ091
WRITE (6,130} FLOKJ0?2
FORMAT(T2,'S/R FLORES = GATE VALVE OPTlON NOT IMPLEMENTED') FLORDDS3
RES=20Q, : FLORS094
RETURN FLORN095
BUTTERFLY VALVE OR PRESSURE~VOLUME COMPENSATOR FLORID96
RESzN,948Dea(=0,676) FLORIDI?
RETURN FLORID98
POPPET VALVE FLORNO99
RESz4,92008(=0,599) FLORD1I0
RhYURN FLORJ101

BALL VISOR VALVE, U=pPIN TIE ROD BELLowS OR lNTERNAL BALL=STRUT BELFLORD102

RES=0,325e)e#(~0,292) FLORJI113
RETURN FLORD174
DISCONNECT FLORDO10S
RES=Q,3 FLORJ106
RETURN FLOROL27
PIN OR HINGE JOINT BELLOWS OR EXT, GIMBAL BELLous w/0 LINER FLORDJ108
RES=0,23%Dae{«0,607) FLORI199
RE TURN FLORJ110
EXT, GIMBAL BELLOWS WITH LINER FLORO111 -

Fig. B-4 FLORES Program Listing (Cont'Q)
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112, 160 RES=0,079¢)e#(-0,594) - . : ' FLORD112
113, Re TURN ' ‘ ' FLORJ113
114, c INTERNAL GIMBAL BELLOWS N/o t.lM-:R . FLORJ114
115, 165 RESs0,111%3#(e0,55) . ... o S FLORJ115
116, RETURN FLORO116

1»17.. END . ' ’ FLORO117

h

Fig. B-4 FLORES Program Listing (Cont'd)
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10
15

20

25

30

w35

40
45

50

55
60

65

SUBROUTINE PVAPOR(T,1.P)
.60 10 (10015020015025030935:30a35c40420;45:50:55 60.65).!
PEXP(12,04=1519,/T)
RETURN
P=10,%2(2,9303=79,821/T¢, 011628'T) e L
RETURN
JF(P,GTy200,) P.2 EXP(13,4321763,/T)
RETURN
P =z ,U25#EXP(11,6374374,/7)¢,475#EXP(124,0421519,/7)

IMSC-A991396

PVAPO001
PVAP3002
PVAPJ003
PVAPOOO4
oVAPI005
PVAP2076
PYAPIDD7
PVAPC028
PVAPIDIY
PVAPIOLO

IF(P,6T4200,) P & ,B25%ExXP(13443+1763,/T)%,1750EXP(12,0491519,/7)PVaPI0L1L

RETURN

P 3 EXP(11,83-1839,/T)

RETURN .

P = 10,%8(5,73~ 1050 /)

RETURN

P = EXP(12,3579=3168,7/T)
RETURN

P 3 EXP(14,45-5090,/T)

RETURN

Pz EXP(16 54093-7.3483-¢1000./T))
RETURN

P = EXP(13,405526,654(1000+/T))
RETURN

PLOGMM 3 7,4837~1,861197,/7
P = 01934.(10.”PLOGMM,
RETuRN

PLOGMM 3 §,2875#1,601996,/7T
P = ,089340(10,9¢PLOGMM)
RETURN

END

Fig. B-5 PVAPOR Program Listing
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PVAPIOL2
PVAPIOL3
PVAPI014
PVAPJOD15
PVAP2016
PVAPIODLY
PVAPIOLS
PVAPOD1Y
PVYaAPI020
PVAPID?L
PVLPD022
PYAPI023
PVAPI02¢
PVAPI025
PVAPIO26
PVAPI027
PVAPI(28
PVARPIC29
PYAPI030
PVAPI03L
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SUBROUTINE ZFIND(TsPsNsV) ZFINDQOL

DIMENSION G{(3,17),5(17) . 2FINDON2

OIMENSION A{17¢6)27S(17) ‘ ZFINDDD3

DATA €(T7S(<)iKz1,16) : ZFINJ004

1 /150.. 3000 14000 30.01‘°.019U|l2300019000 ZFIN0039

2 220,»3000014049¢370,,475,,480¢9195),0450,/ ZFINJ0NS

DATA(G(L,1)s121,17)/277,85159, 8»259-1Jo59c8.260.o343.2-387..343a22F1N3037

10387,0921,80259,4134730,077644,1094,,74Y,45,1155,,9.:37/ ZFINJIONA

DATA(G(ZrI)n1‘1017)/743.78o187.70R22.Uv18’.7.795..673.1.7;9..673.ZF!N3019

1 107490,5081,+822,8+11652¢¢1470,01696,07714,1470,,33,82/ ZF INJO10

DATACG(3,1)9121,17)748:¢31,76648¢40,67076648,42,01,96,35,28,62, ZFINDO1LY

1 96,35,28,62,59,81940.67,90,77,16,78,37,0¢11,90,33,50,366,3/ ZFINJC12

DATA S/5HL02 15HLH2 ¢5HLF2 5HLHZ 5HFLOX 2SHCH4 »SHOF2 , ZFINDOO13

1 SHEZH4  ¢S5HOF2 15KHB2HS s5HLFZ 19HNH3I  ,5HN204 s5HA=S0 , ZFIN2014

2 SMCLF =59 5H1HF «5 ) SHHE / . ZF INDOLS

DATACAC 1,J)4J%1,5)7,2142592E4,~ .3228322£~1..35539a7e-3. LFINJOLG

1 »,1R895669:z=5, ,4823166E"8,~.5002793E"11/ ZF1nNIJ0L?7

DATACAC 2,J),J%1:6)/~,445B459F 1 ,6350202,+,2863016E~1, ZFINOOLS

1 16260°32E-39~,6704223E=5,,2763409E-7/ ZFINIOLY

DATA(AL J.J).J:l.b)lo19209203E1:-.459°0455910.75058335-3. . ZF1NJ020

1 »,55224532«5,,1900218E"7,~+252644RE~10/ ; ZFINJG21

DATA(AC 4,J),J81,6)/~,4458459E1,6350202,,2863n16E~1, ZFINDD22

1 1626U932E=3)~,6704223F=5,,2763409F=7/ ZFIND023

DATACAC S5,J),J%1,6)/7,18476612E1,~,4140008E~ 1..67028775 3, ZFINID24

1 *,48954552-5,,16740026%7,-42217407E-20/ IFINDO25

UATACA( 6,U1,U5148)7,17005803E44~,1669025E~1,,1536145€=3, . ZFINIG2%

1 =,66915772=6,,13609972E~8,=,11357811€~11/ ’ ZFINJQ27

DATACAC 7,3d)0J%1,6)/7,15219822E2,)~,2601246%,,22001021E~2, ZFINJO28

1 »486119226E<5,,16835339E-7++,1326416E=10 / ZFINID29

DATACA( B8,4), 4-1.6)/.17005&n3¢1.- 1669025E+1, ,1536145E=3, ZFINDG S0

1 -.6691577.-6..136n99/2€ B8s=,11357811E11/ ZFIND03Y

C DATACAL 9, J).J=1.6)/.15?19822520-.280124650.2200102!6 2 ZFIN3032

1 »86119228E=5,,16135339E-7+=,1326416E910 / IFINS033

DATACACLO,J) 9 JZ146)/~,814498137E~1,,150048I8E~19=,91954274€E~4, ZFINIC 34

1 4278139872-6,-,42739698E-9,,25170512E"12/ 7FIN3035

DATACA(LL,U)0J31+6)/7,19209203E1+=,4590045E«1,,7505833E=3, ZFINJO 36

1 =¢55¢24532=5,,1900218F=7,~1252644RE~10/ 2F INJQ37

DATACA(L12,J)4J%21,68)/,39233318E1,=,345959291E~ 1..163065075 3, ZFINDOC 3B

1=,384524322=6,,45572795E=9,~,2197985%¢~12/ ZFIN30 39

DATACACL3,J),U31,6)/,70122306E80=,57415097E=1,,21967497E~ 3. ZFINJ040

1 =421Y8721E=6, 40Hh649RBE-9s= 16016916E=12/ ZFIND04Y

DATA(A(id,J) J51.,6)/,8640584351,~,72176161E~ 1..2724231E-3. ZFINJD42

1 =.51374892=6,,40844758E~9,~-.18300062E-12/ ZFINJQ43

DATA(ACL15,J),J5146)/,59B5A839F1,~,44806287E~1,,17789492E+3, IFINT044

1 ~,350U9558E=6,,34539726E-9+~,130832016L=12/ 7F1N3045

DATACA(L16,J),J%106)/,49407545F1¢=,3Y649959k~ 1..159556485 3 ZFINDC46

1 =432118667E=6,432356706E-9)~,13068154E=12/ ZFINY047

“1F (N,EQs17) 6D TO 0 ZF1NJI048

1F (T,067,650,.,0R, T,LY,29,) GO TQ 55 ZFINICA9

IF (T,LT,TS(N)+100.y0R, T.LT.Ts(N)) 6C 10 19 ZFI8.3CO0

Ceeoo TEST 10 SEZ IF SAT:0 COMP,Y.Z APPLIES wosocceasesesssscaasssossese /HINT051

CALL PVAPOR(T,N,TRYP) ZF IN2092
TRYzTRYP=~P o T . - ZFIN3033

Fig. B-6 ZFIND Program Listing
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54, _ ___IF (ABS(TRY)sLT45,0_60.70.60. . e - __ZFINDOS4
55, 40 CONTYINUE 2F IND055
56, Constndecane®stunnneveentsvansREDLICH"KWONGOaRatot0noanetedas \GOuGOnensnnZFINDOSS

087 . VFEG(I,N)AT/(Pe344,) . . e —_ . IFINDOS?
58, IF (NJEQe2,0RN,EG:4) GO TO 45 ZFINDDS8
%9, 458 ,4278e5(3,N)aGi3,NI/(C(2,N) 0144, ,)8G(L,N)ee2,8 IF IND2D59
60,. . BS3,0867e5(3,\N) Gl ,N)/LC(2,N) O 44,) . . IFINJOAQ
61, IN2Q : ZF INJ061
62, N2z ZF IN20DS2
63, B OO0 0 o IFINODSD
64, VEVF 2F INDDA S
65, 13 YsccJoN)-T/(v-BS)-AS/cT-o.sov-(V¢BS))sP~144. ZF INDOAS
66, IF (ABS(Y).LT.E) GO TO. 30 IF INDDAS
67, cuou-unonuuunouuuFIRST pDERIVITIVE OF REDL]EH=KWONG RESPECT TZFINI047
68, YPa=G{3)N) ZFINDOAS
69, 1 #T/((V=3S)e(V~ BS))#ASO(2.'V*BS)/(TG'.50VOVO(V*BS)O(VtBS)) ZF INOGA9
70, INSIN*y ZF IN3070
71, N2z=N2+1 IFINOD71
72, . JFIN2I1EQ,25) E32,%€. . - - : ... TFINDOD72
73, IF(N2,EQ,25) N2=0 . ZF 1NJ073
74, IF CINsGT,1000) GO YO 35 . o ZF INODT74
75, Vay=-Y/YP | L TXFINDDYS
76, IF (V,6T40,) 6O YO 25 IFINJOT76
77, OLOV‘V*Y/YP _ . 2F IND2Q77
78, ... DELTAZY/YR e UFINDOT7
79, FACTOR®,05 IF INDQT79
80, 20 V=OLDVeFACTORSDELTA : ZF IN3690
81, FACTORZFACTORe,9 . . L o ZFINDQAL
82, 1F (V,LTe0,) GO TO 20 ) : ZFINDUSB2
63, 25 CONTINUE : ‘ ZFINJ033
84, . GOTOQ 15 e - — .. TFINDOBM
85, 30 CONT[NUE ZF INJDB5
b6, GO 10 50 IFINJ036
87, 35 CONTINUE e S IFINJID37.
88, WRITE (6,40)T,2)S(N},V.VF IFINIDRS
a9, 40 FORMAT(1X,34HIEDLICH = KWONG FLUNKED T = .F4.2. X 4HP 3 , ZFINDOAS
Y0, F7,2r e e ZFINDQF0
91, "2 SH FOR ,45)2X)4RV = 4E10,5,2X,8HRETURNED/EL0, 5) ZFINDCYY
92, VeVF ZFINDN92
93, 60 YO S50 . e . ZFINI023
94, 4% T1T=7+0,5 2F INDDY4
95, VEPTDENS(P T : , ZFINJD?5
96, R A2 YA B _ : . IF1INJD96
97, 50 V=V/VF : . : ZFINDDOY
98, . RE TURN . ZFINDO98
99, CBS  N B e . B ZF INDQ99

100, RETURN - ZF IND190
101, 60 CONTINUE ZFIN213)
w02, Vs AtN!i’*A(N.z)QT*A(N 3)eTOT«A(N, 4)*THTOT*A(N, 5)07--4+A(N.6)oroobZF(vﬂ102_
108, RETURN ) ZF INDLO3

END ' ! ZF 1N0104

Fig. B-6 ZFIND Program Listing (Cont'd)
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FUNCTION FINDR(N) : ' F1Mp0071

DIMENSION GLL7). . FINDID92
DATA G 7 48,31,766,8140,67,766,8,42,01,96,35,28,62,96, 35.28 62,FINDTID3
155,81,90067,90.,77,16, 78.37.0.11 90.33 Y0)396,3/ FINDICN4
FINDR2G(N) _ _ FINGOD95
RETURN FINDIDYS

END Finpooo7

Fig. B-T  FINDR Program Listing
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FUNCTION PTDENS{PRES, TEMP) ' PTHEION

DIMENSION P5(20),7S5(20)1JP(28)sMX(287,L0C(30)sBP(28),DP(28),BT(30)PTHEICI2
1,DT(28),R(B86) PYNENCD3
DIMENSION AAC109),4B( 97),AC{108),ADt106),AE(106)+AF(108),A6¢101) PTHEJDI4
1 2AH{111),41¢C 41) ‘ . PTHe00035
EQUIVALENCE( R,A4)4¢ R( 110),aB)s( R{ 207)¢AC),( R{ 315),AD) PYDEJDNG
1 o0 RC 421),4E)5( Rt 527),4F )90 Rt 639)94G6),C R( 736),4H) PTHEDDI?
2 +( RU B473,A1) PTIEJD08
DATA P5/1,022,2,1+4408,4344,,25,1943,,69,199,1128,,151,1165,,176,, 2T9E2009
1162, ,18544186,51187,25,187,968759147,5004187,6365/ PTIEJQL0

DATA 75/24,845,27,07,29:81,33,07+36,18939,96,44,12,48,33,51,97,54,PTOL7011
179:56,72457,80,50,57,58,99,59,18:59,29159,34,59,353,59,356,59,4/ PTNEIOL2
DaTa .0C/1,23,78,105,141,155,183,201+22542490,267,321,341,377,404, PTIEJ0OL3
1.425,4370453,4569,494,534,546,586,68217221722,800,848,866,878/ PTIENCLY
DATA UP/724503,8)208130413,303,8,4,4,35,3,%,9,598,4:5,12:5:3,6,6,67 PIDEDNDLS
DATA MX/0,3,1,21002919208,111,20202,34212,2431642:3:410+341,444,4/ PIDEDDLE
DATA 8P/0,,230.9=100.s 04,019040=4410,12645,28,1469,6,881,7640,,0,PTIE3017
11744,0889587,849293,92,73,48,-14,6960293,92,36,74++7,348,293,92, PTHED0LS
2180,,0490,,29,392,102,872,29,392/ PYIENOLY
DATA 0P/800,21200,0,200+0,100040:100+0¢1009,0,7,0,1000,0,1175,68, PTILI020

4 587,84,293,92,293,92,293,92,5H,784,145,960146,96,73,48,29,392,  PTIEI021

2 73,4b6136,74,14,696,73,48,10,007,348,1,4695,14,696,14,696,29,392/ PTDED022
DATA 57/180,0,180,0,500:0,500,0,1300,04130J,002500,0,2500,0:36,0s» PTDEID23
1 36,0,27+0,27,0,108,0,108,0+57,6+86,9,06,4:86,4,72,0,72,0,72,0, PTIE3024
2 59,4,°9,4,30,0023+4,3946,52,2164,8,50004,5000,/ " PTOE1025
DATA DT/30,0+30:,0:100,01100+0,20040,200,0,300,0,500,0+36,0,18,0, PYOEI026
1 900,91009:0024140742070207+2,74203,6:6300,7,211,8111846,0:1544:3,6,PT2E2027
2 1.8,3:6/ PTNEJ028
DATAAA’O'I |B)7bl00'l7052l0l’ 0611400.0 |5412‘00' .4862'0,0 04419[0...49Tjtr)029
105390,0,374640:90¢3483,04+,325500¢9.3056,,2652+1,41,2,315,2,924,3,3°TDE303C
29649,231491,179,1,979,2,584,3,0%2+,1998914023+1,739,2,309,2,765,,17PTHEI03]
366, ,9058+1,554,2,087,2,526,115771¢R147411437,:1,905,2,325,,1424,,74PTDEN0D32

‘_414'1.2"601!75402.154..1297;v6609'1.1“601’62612.003..1192.,63.1.102?1353053

5014¢51611¢8844,1101),5865,1,029,1.421+1¢7069.,1021,,5489,,9656,1,338PTDIEND34
601,6711,0953,.5159+,91,1,264,1,584,=:03747,,03747,,1114,-,03125,,0PTDEIO3S
73125,,09302,7,02679,.02679,,07985,~,02345,,02345,,06995,~,02085,,0°T3E3036
82085, ,06224,~,01877,,01877,,05606,~-,01706,401706,,05099,»,01565,,0°THEJ037
91565, ,04677,+,01445,,01445,,04282,,00464,,3605,,6912,,9949,,00341/PT3038
DATAAB/ 302145825, 48432),00261 426011 420384,7325,,002/,228%5,,4441,PTIE0039
116479,400164,,2037,,3972,,581, 400134+,1838,,3592,,5267,,0011,,1674PTHED040D
20132791 ,4818,,0009,,1530,,3017),4439,,00027,,1422,,2793),4116,0,9,PTIENQ4L
Jq144500'0|01252!0|0|01105'0vl0009892l0|09008951‘0.},008174,0...007PT3E3042
4521, ,000267,,1422/,427934,4116, ,0D018Y,1239,,2432,,3592,,000144,,1PTDEI043
50920 n2154l .31870 1000120 I09755, '1933' '2!’65'?|5E-5, '08864, .1753' |2609T353044
61,8,1E"%9,381011,1604,,2382+6,9E~5,,07459,,1478,,2196i=,0003009,,0PTHED04S
70022%6+,0007521+~,000251,.0001882,,0000272,~,000215,,0001611,,0005PTIED046
8373,-,0001878,,0001402,40004686,-,0001656,40001221,,0004119,~-,0001°PTNEND47?
9452, ,0001042,,0003599,69¢=6,,07459,,1478,42196,4,6E~6,,06226/ PTYDEID48
DATAAC/ 41236, ,1839,3,1E76,,05342,,10611,1542,9,E-7,,04677,,09301,,°72E3049
1155""".6E‘6l |04155| -082720 '12}5l'1|32ﬁ'50 0373, .074360|1111.5.27,9T’)&3050
25.4&909.6814053104|645.5.1ﬂ7,3.616'4|12°l4g4ﬂ3:2.857l3'466!3!895!297')E3051
34319,241935,3,395,4,994,5,143,5,27,4,933,4,743,4,R886,3,958,4,27:4,5°T3£72052
401435,30743,752,4,059,2,698,3,243,3,616120226,2,796,3,236,1,886,2,4°72:13053

Fig. B-8 PTDENS Program Listing
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24, 535,2,82791,639,2,15+2,588,14453,1,924,2,319,5,033+5,112:5,183,4,B1PTIEN054
55! 6604l91'4l99‘!4|5580‘0676'40764'412‘6"l405l"533'3.8894'094"02469973[—;3055
56, 73:442,3,743,3,958+2,95303,364,3,633,2,981,2,975,3,307,2:093,2,616,PTIENQYS
57, 83,0072,1,804,2,30912,698+1,588,2,059,2,4962,1,423,4,856:2:226,1,292+P7IEI057
58, 91,691,2,058,1,187,1,55541,886,1,1+1,494141,/54,1,026:1,344,1,639/ PTHEI058
59, DATAAD/ ,962711,262:1,546,,9076+1,18911,453+4,742,4,853,4,946,5,031PTHEI059
80 - - - - L98443)9,584,4,709,4,81604,024,4,279,4,917,4,558,3,165,3,778,4,05,4PTNE20A0
61, 29248,1143,2,98813,595,3488,°,0233145581,1,189,1,8049,=,015,,503,1,0PTEICAL
62, 3541,588,,0099,14591,,945,11423,-,00651,49231,8618,1,293,+,0042,,3°T9£30%2
63, 4928, ,7943,1,1879~y0025,¢3669,,737991111=40015,,3445;,6898,1,026,=,PTHL7063
64, 50007, ,3249,,6483,,9627,=,0001,¢3075,+6124,7076,+=,07704,,02568,,130”THEJ0%4
65, 674,2384,~,067851,02262+11144,,2079,=4000661,02022+,1018+,1844,+,05”T9HEI065
- b6, . 7484, ,01R26,,09179,,1659+~,05004, 4016681 ,0836,,1508,=,04602,,01534,PTHEI0H6
67, 84076771 ,138313,887)3.986,4,10513+144713¢10646¢3,792,2,91+3422633.442,P19E2067
68, 9241323,2,76,3105191¢857,2,317,216711,549,1,963,2,326,1,34,1.,701/ PTI1EI068
bql DATAAE/2'05501.18901'49701.5040.785901|3U911.557. .6864.1.106-1.549°T‘JE3069
70, 10,61411,968911,34,¢558149,8735,1,189,,1875,3%24,5577,,7859,,153)(PTIENO7C
71, _ 23178,,4955, ,68854,,1409,,2902,,4479,,6141,,1307, ,2674,,4127,,5581,-PT0E2071
- 724y - -~ 340322484,03224,,09858,,1675,~-,02974,,02971,409043,,153,-,02754,,027PT5E3072
73, 454, ,08559,,1409)~,025681,025689 07819, ,1307+1,226+1,B07+2,329+2,67PTDEND73
74, 54,2:9111¢052+1,48111,941,2,326+2:6161,9378:1,279,1,656,2,01912,323P10E0074
75, . 611852611114191,45644,774,2,0899,7859414047+4,309,1,583,1,857,,0997P1HEJ075
76, 75,2089, 43279, ,4611,6115,,7847,,986411¢226+,094781,1962,,3063,,426°TIECD76
17, 84,,5585,,7052,,8693,1,052,,08981,,18551,28/8,43977,,5164,,6451:,78PT)H:2077
78, . 951,,9358,,0859,,176y,2717,,3734,,4817,,5972,,7207,,8526,,08199/ PTHEJD78
79, DATAAF/.1675a.2599..35240.455.|5577u-6716..7859.--019360.01932a.0597)E3079
89, 185“o.09975.-.017560101753..05323n.089810'.31615..01611..04882,.OﬂlPTahﬁoqo
84, 29913,30493,422,3,541,3,659,3,777+3,09443127)35.:45,3,572,3,667,2,74,”T3E2031
4z, 334102+3430493,449+3455712,322,2,88,3+349113:1315,3,447,1,861,2,621,2PTDE3032
3, 49959,3117,3,313:44551,2¢329¢2,7643,01403¢179:1.,358,2,045,2.546,2:8PTHE2033
ve, ... L. DAY843,0%411,226,314807,2¢329:2,67412,911¢0292,42,42,2,726,2,849,2,937PTHE2084
85, 613,00513¢06103,1103¢15303,191,3,227,3,259,49338,14076,1:265,1,599,PTHECA5
86, 724202+2,50602¢65912:176812.85,2:918,21976434026,,R297,,9234,1,03,1,PT2OLI086
47, 8159,1,322,1,54241,335,2413642,35642,20%,2,618,2,70%9+,759,,8323,,91PT3E3037
by, 921,4,008924,103:442201:359,4+523,1,4713,1,916,2,10642,267,,7053/ PIDEACHB
b9, " DATAAGY ,767,48326449039¢,9807,1,066,;1,2601¢265,1,383,1,513,1:655¢1PTIEIC39Y
Y0, . .. C34503,46621,,71614,7728,48331,,8976,,96261110491412,1,206,1,299+1,4PTIEIQYD
91, 21145071 ,6259,,6745,,725,,778, ,8337,,8927,,9537,1,019,1,089,1,163,1PTHEI0?1
92, 3,242,11325,,5941,,6412,,6883,,7355,,78269,3372,,89219,9469,1,005,1PTDEJIDY2
93, 4407,51,135,1,2,~-4000743,,04849,,0985410140,¢=,000787,,04023,,08466,”173E7093
94, 541315511915,+,000437,,03393+,07032,,10%79,1534,=,000257+,02941,,06”TH£70%4
95, 6027,,09278,,1275,=:000177,,025%9,,0528Y,,0908,,10968,~,000122,,0233PTDE2075
96, . 74404720 ,07177,,09714,-8,430-5,,02112,,0%206+,06465) ,0R719,=6,5E~51,PT2EI096
97, 801932,¢0381,,058681407931,04,.,01172,,02363s+¢,000111,,009736,,0198,PTDOL3097
98, 9-5,9E=5,,0081541,01648,=3,6E~5,,0070211,01414,-2,4€~5,,006166/ PTHEDCYS
99, DATAAH/ ,012441=145E25,,005498,,01104,-141E~5,,004962:,009954,-9,E-6PTOEI079
100, 1+1,0045214,009053,°74E=6+,004153,,008321,=2+2E+5,,003846,,007715,,1PTDEJ100
RS ¥ {5 P ’ 26647 ,29810, 00400001, 31469 072448:3339770 4390, 0, 13157 21477 ,3094, P10 o7
102, - .. . 344233,¢5318,0,,¢1195,,1891,:2684936260498114,6115,,1098,.1717+,24”TDOE0172
103, 89031661 ,%0512.51249¢10179.157891,21R3+,2841+,3568,,,4387,,09486,,1462TD£3193
104, 530020090|2592..322'|3903!.038920c1377a11565"24070.295|q35651|57129T353134
105, 600727019725, 04+00000945124+06559,,851491¢116,0,04+94755,,58274,73”72E0135
106, 729, ,9604,1,252,1,718,,4387,+53339¢64770147994,1,068,1,534,,4145,,49PT2ED106
107, B56,,5914,706+.,853501,082,.,3903,+4653,15491,,64474,7575,,8985,,373PTIES197
108, . 94, 04399) 15151, ,5986, .6926, .8020 .35650 .41810 |4898. 5616, q64a7/ PTDEJ1N8
109, DATAA[/.7358,,088920.1865,.295'.41611.5616'.1355!.05373'.1743..273:7150109
T THLC, T T T 1L,y 38225,5044,,6439,, 07931, 746490725627 13545,7461{ /58149 +1,32E=57PTIEILL0T T T T T T
111, 20373,,07436,4111,~2,97E75, .0337,.067344,41037,-5,14E~5,,03051,,0632PTDEJ111

Fig. B-8 PTDENS Program Listing (Cont'd)
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112,
113,
114,
115,
116,
117,
118,
119,
129,
124,
122,
123,
124,
125,
126,
127,
178,
129,
130,
1J1|
152,
133,
134,

155.

137,
138,

139,
140,
141,

142,

143,
144,
145,
146,
147,

14, |

149,
150,
151,
152,
153,
154,
155,
155,
157,
158,
199,
160,
161,
162,
163,
164,
165,
166,
167,
168,
169,

10
15

20

25

30
35

40

45

50

55
60

65
70

75

80

IMSC-A991396

32,.09175,-,0001453, 40001042, ,0003599,~,000124,8,541E-5,,0003076,-9°TdE2112

4495 -516,714E-5,,0002542,0,/
PaPRES

IF(P,LT,1,0) P=1.0

TaTEMP

IF (T,LT,180,0) GO TO 45

IF ¢{7,GE+1300,0) GO TO 25

IF (T,GE.480,0) GO TO 15

Nzg
GO TO 155
Nz32
60 T0 155

IF (P,CE,300,0) GO To 20

N=3

GC To 155

Nz ¢ .

GO TO 155

IF (T,6E,2500, o) G0 TO 3%
IF (P,GE,100,0) GO To 30
Nas

GO To 155

Nz=6

G0 7o 1%
[FCT,GE,6D00,0) T25999,99999
IF (P, GE.xo 0) GO TO 40
Nz7

Ni=30

GO ToO 155

N=8

N1=29

GO TO 155
T1224,84+0,00317#P
TECTWLT,TZ) Ta72

IF (P,LT.884,76) GO TO 60
IF (P,LT,2645,28) GO TO 5p
Nz9

GO 70 155

IF (P.LT«146%,6) GO TO 55
Nz10

GO Tn 185

Ns11

Gy TO 155

IF (T,GE+59,4) GO TO 75
N=12

IF (P,GE+187,6385) GO TO 155
Do 65 122,20

IF (P=PS(])) 70070:65
CONTINVE ,
1=20

TH=TS(T=1)+(TSC])=TS(]=1))el(pP~PS(]~ 1’)/(PS(I)~P$(I i

IF (T.GE.TM) GO TO 125

GO To 155

I¥ ¢r,LT,108,0) GO T0 85
IF (PykT4132,264) G0 TO 8p
Ns13

GU TO 155

Nz14

Fig..B-8 PTDENS Program Listing (Cont'd)
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IF (P, Ge.aoo.) 60 TO 10

PYJED1L13
PYJEDd11L4
PT3ETILLS
PTIIEILLE
PTIEJ1L?
PTSEJ118
PTHEJ119
PT2£3120
PTHEDJ121
PYYEDL22
PTHEDL23
PTOE D124
PTHL2125
PTIENLZ6
PTOE2127
PYNED128
PTHEIL129
PTHE130
PTHEI1L Y
PToE0132
PTHEN133
PTHYENL V4
PTYIEJL35
PTHE 3136
P1DED137
PTIED138
PTHEN1LY9
PTIEDL40
PTHED141
PTIE1142
PTHED143
PTYE2144
PTHEN145
PTIET146
PTHYEJ147
PTOED148
PTHED149
PTIEDL50
PTIEJ151
PTHEJ152
PTHEJL53
PTIETL54
PTNEDLHS
PTIENL56
PTNEJ157
PTOLO158
PTHED159
PTIED150
PYJED161
PTOLI162
PTHYED163
PYJETL64
PTIET165
PTIED166
PTOEDL167
PTDED168
PTOEJLA9



Fig. B-8

170, GO To 155
171, 85 IF (pP,L74587, a4> 50 70 90
172, Ns1s
173, 60 To 155
174, 90 JF (Tv,L74+72,0) GG TO 120
175, IF ¢(T,LT,86,4) GO TO 105
3764 - ..
177, N316
178, 60 1o 155
179, 95 IF (P,LT473,48) GO 10 400
180, Nz17 .
181, GO To 155 -
is2, . 100 N=1g e s e
183, GO To 155
184, 105 IF (P, LT.293.92> co YO 110
185, NE19
166, GO To 155
187, 110 IF (P,LT436,74) GO To 115
188, . ... Ns20 s e
189, GO TO 155
190, . 115 N=23
191, GO To 185
192, 120 IF (P,LT4293,92) GO TO 425
193, Nz22
194, . .. GO To 1% . ...
195, 125 IF (P,LT4180,0) GO TO 130
196, Nz23
197, G0 To 155
198, 130 IF (P,GEV29,0) 60 TO 140
199, 1F (P, LT.z 9392) co TO 135
200, . . Nz24 IR
2014, G0 Yo 155
2n2, 135 N=2%
203, 60 To 155
204, 140 1F (7,GE.64,8) GO 7O 150
205, IF (P,GE, 102.0) GO To 145
206, Ne26 L
207, GU 1o 155

. 208, 145 N=27

209, GO To 155
210, 150 N=28
211, 155 1F(T,LE,5000,)N1sN
212, .. ...
213, IPeFp
214, lF(IP GT MX(N)) IP'HX(N)
215, Fi=1p
216, FsFP«FI
2875 - - FP=1.,0%F- -
218, .. . FT=(T-BT‘N1))/3T(N)
219, 112FT
220, Fisly
221, FFzFY=F1
222, FT=1,0-FF
275, 131TeJP(N)+1P+LOCINL)
224, JE1+yPIN)
225,

@265 —-— —— RETYRN—-— - — ——
227, END

B-39
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PTIE3170

PTHEJILT7L
PTHENLT2
PTOEJL73

PTOEIL74 ..

PTHE2175
PTIENLTS
PTYEDLT77
PTHEJL78
PTNEILT79
PTOEJ110
PTHEJL91
PTHE0132
PTHE 2193
PTNE184

PTIEI195

PTIENL96
RTHENL37
PTOEJ118
PTNEJ139
PTIED190
PToEJ191
PT5E0192
PTDEDL93
RTOEJ194
PTIEDIL95
PTIET196

© PTOED137

PIDENSZ FPo=TcR(1)oFoFToR(101)+FP'FF0R(Jl*F°FF¢R(J‘1)

PTDENS Program Listing (Cont'd)
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PYIED198
PTIEDLY9
PTIEN220
PTIED2I1
PTHEN202
P1IED233
PTIED274
PTJED205
PTOEJ276
PTNEJ2D7

PTIE0208

PTI£0299
PTIED210
PTIE0211

. PTael212

PTJED213
PTHED214
PTIEDJ215
PTOED216

_ PTDOE%217

PT3£0218
PI1DED219
PYOED220
PTIETZ221

PTIED222

PTdEJ223
PTIED224
PYDEJ225
PIDEI226

PToEJ227
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SUBROUTINE WTCTRL(Py»1.1Mi11+D,51+52,53:1V, lFoWYoUI)

REAL MINTHZ

DiMENSION QHOL(lO)cRHOl(iu)aMINrHKtzo)

DIMENSION ZTU(5,2)

DaTa tFTU(Joli.JlioS)/ZSSOOO..75000.:54000,,210000,.240000,/
DATA (FTU(Js2),J81+5)7305000,,94000,163840.,219600,1288320,/
DATACRAOLIU) pJ23053/501912+176426016%9,341511,49,276,48/
DATA(RH01(J),J51,6)/2+3442,45,0,59,0:6%,2,20,1,0/
DATA(NXNTH((J) 4’1015)/|02|9025p|0280|02|.1160.03501058'
b |065000‘21'02‘10‘90Q083o|0950004900035/
wi=Q, .

wT=Q,

WTCTI001
wTCT0072
ST273013
WwICTI0D4
ATCTINNS
WwIZT3026
w1213097
wTzT3078

MICTI0D9

wYCcTJ010
ATCTR011
wlzT13012

G0 To ‘10015:15015015:15015i15!25:15025:25035035045050055p65o7Oo70JTCT3013

®270475080),1 . .

‘SUMP

wi=Q,

RE TURN .

EQUIVALENT LINZ SECTIONS QR VENTURI

IF (1MsLE,5) GO TO 20 . :

IF (IMEQ,6) GO.TO .BS ... e

IF (1M/EQ,7) GO TO 90
CONTINUE

ST=FTUtIM,1F)

THKL=P9D#2, 5/(2.nsT)

NET I - _
IF(P,GE,1000,4) Js5 .. . . . . .
JF(P,GE,3000,) JE10
TFCTHKL  LE JMINTHKC IMeJ) ) THKLaMINTHKL [MeY)

WGTFTs3, 1416PDOTHKL'RHOL(1M)/144.
wys= Si»“cTFT
COMPUTE INSULATION WEIGHT

 W[=3,1415927#519RHOI( 11} R(D*53/2,)/444,

25
30

. 35

40
45
50

55
60

65

70

‘RETURN

WRITE (6430)1

FORMAT(T2,'S/R WTCTRL = OPTION '413,' NOT IMPLEMENTED'/)
WT=0,

RETURN

Ibvaiv+s e

WIZCETW(D,?,10V)

RETURN

1LY

GO To 40

l1ovsy

GO To 40 -

U=PIN TI1E R0D 3ELLows

1881

WTzCRWT{D,P,]B)

RETURN

PIN DR HINGE JO!NT BELLOWS

Ig=2 o -
GO To 60 . -
EXTERNAL 03 INTERNAL GIMBAL BELLOWS : o
HEED

 Fig. B-9  WICTRL Program Listing
B-k4O

LOCKHEED MISSILES ‘& SPACE COMPANY

WTCT2014
WwTCT3015
JTCT3016
WwizT20L7
wTzT0018
JTCTI0L9
wTCT2020
wYZT0021
wTzT0022
47270023

ATCTN024

WYCT2025
WTCT3026
WTCTI027
WT£T3028
4TCT029
W1270030
WTCTOC 31
41C72032
WTCTI033
WICTO034
WTCT2035
4TCT3036
WTCT2037
4TCT72038
wILT3039
WICTI040
WTCTI041
WTCT0042
WTZT043
WICT3044
WICT045
WICTO046
WT270047
WICTI048
WICTA049
WT279050
WTCT0051
WTCT0052
WT£T0053
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Fig. B-9 WICTRL Program Listing (Cont'd)

B-41

LOCKHEED MISSILES & SPACE COMPANY

S54,..... ... .GO TO 60 . — R e
5%, C Pazssuﬂe-voLunz COMPENSATOR T
28, 7% lB=a .

5o GO YO 0. o
58,. C INTERNAL BaLLeSTRUT aELLOus ‘

59, - 80 1825

604—— .o GO YO 60 . —
61, ¢ COMPUTE WEIGHT OF VACUUMnJACKETED CRES LINE (321/347»

62, 89 A=0.217634

63, . _Bs=6,690162=03 : .

64, 60 To 95 '

65, ¢C COMPUTE WEIGHT OF VACUUMGJACKETED ALUMKNUM czzav)

L 66,..._ .90 A30,559277. e o - e ‘
67, Bt=2,00888E=02 ' S
68, 95 WT=51/§A~'~BuD) ;

69, .. RETURN .. .. .. — e e e e,
70, END T

WICTG054
WICTD035
WICYTQ0%6

. WTETJ057 .

WICTOGS58
wICTDO39

-.HTCT0060

WTCTO0S1
wyeT0062

 WYICTO083

WTCTI0A4
WwTCTO0AS
wWYCTO066
wYCTO0087
WYCT0068

. WTCTO00%9

wTCcT0070
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FUNCYION CFTW (D,P)lDW) CFYW2091
. Ll CFTWOCa2
REAL K1,K2,K3,x4 CFTW?093
o CFTWo024

DIMENSION K1(4)91K2(4),K304)1Kat4)oCet4),C204),C3(4)2C4(4) CFYWIACNS
. ' CETWI0NG

DATA K1/0,040,0:05740,073,0+090/ CFTWI0N?
DATA K2/0,057,0:073:0,090,01307/ CFTwJ0NB
DATA K3/1,000,2,500,3,300,5.5800/ CFTwI09
DATA K4/2,50043,30345,500,7.700/ : - CFTWOO10
DATA €1/1,750,3,:950+5,730,8:910/ : , - CFTW301g
DATA €2/3,950,5,730+8,940,12,35/ CFTWIDL2
Dava ¢3/0,900,4,500,2,500,3,500/ CFTWI013
DATA C4/1,500,2,509:3,500,4.:500/ CFTKI014
. CFTWIN1S
SET IDV TO EXTRA WEAVY JF NOT [NPUT CFTWI016

IF ¢1DV +EQ4 0) 1DV = ¢ CFTWIQ17
IF (D,LEsL,) GO TO 15 CFTwWJ018
_IF (P,GY300,0,4ND,D,GT43,5) gC ‘TO 10 CFTWNOL9
[F (PGT41000,0:AND,D,LE+3,5) GO TO 10 CFTWIC20
CFTW = K1(1DV)sD*DeD + CL(1DV) CFTWID21
RETURN CFTWOD22
CFTW =z K2(1DV)sD#D*D + C2(1DV) CFTWIp23
RETURN . CFTWI024
JF (P,GE+1000,) GO TO 20 CFTWIC?5
CFTW = K3C10V)eD « C3CI0VY ) CFTWN026
RETURN CFTWI027
CFTW = K4(IDV)eD + Ca(1DV) CFTWI0?8
RETURN . . ROT CFTWI029
END CFTwI0.50

Fig. B-10 CFTW Program Listing

B-k2

LOCKHEED MISSILES & SPACE COMPANY




.. END... ... e e e

FUNCTION CBWT(D)P,IB)
REAL. M ...

IMSC-A991396

CBWTO00Y

DIMENSION ¢1(5)¢C2(5),M(5)
DATA C1/,07384,,1255,,1006:14,26,,0948%/

- D‘TA CZ/.10301. .1731. .1262.18.‘95' .128921__.. et e = o + st ntrer o

DATA M/72,05,2,305,2,55,4,111,2435¢/
CEBWT=CA(]B)#DseM({]B)

IF (P,LY4300,) GO TO 10
CBWTaCBWTeCc2(13)/CL(1B)
RETURN ,

CBWTsCBWT#(P=150,)CBUT®(C2018)/C1(IB) =20 250,

RETURN

Fig., B-11 CBWT Program Listing

B-43

LOCKHEED MISSILES & SPACE COMPANY

CIFCP G LE 150 ) RETURN . oo e

CBWT0003-
CBWTJI004

... CBWT0005

CEWTI0N6
8470007

... CBWTACA8
CBWTO0N9
CBYTO010
C8wT0011
CBWTOCL2
CBWTO0013

. CBWT0014

. CBWTd002 ..



o0 O O

(g NeRe]

FUNCTION CONE (R,H)
INCLUDE UCONST.LIST

VOLUME OF CONE (CcIRCULAR)
CONE = Pl#ReReq ./ 3,0 ‘
RETURN .
VOLUME OF CYLINDER (RIGHTmCIRCULAR)
ENTRY CYLNIR (R H) ’
CONE = Pl#Re#Red
RETURN -
VOLUME BETWEEN CYLINDER AND SPHEROID
RROT 1S 4LONg AX1S OF ROTATION .
ENTRY CYLSPH (RROT,R)
CONE = Ple3#R#RROT / 3,0
RETURN - .
VOLUME OF FRUSTRUM OF CONE (CIRCULAR)
ENTRY FRCONE (RsH)R2) -
CONE = Pleqe(RsR + R2#R2 + ReR2) / 3.0
RETURN ’
VOLUME OF HEMISPHERE OR HA&LF OF SPKEROID
RROT 15 ON AX1!S oF ROTATION
ENTRY HSPHER (RROT.R)
CONE = Pl1203*ReReRROT
RETURN . ’
VOLUME OF SPHERE CR SPHEROQID
RROT IS ALONg AXI1S OF ROTATION
ENTRY SPHERE (’ROTR)
CONE = 2,0sP12032R#ReRROT
RETURN '

AREA OF CYLINDER

- ENTRY ARACYL (R+H)

CONE = 2,0sP]e3#H
RETURN

AREA OF FRUSTRUM .
ENTRY AREAFR (RiH,R2)
CONE ® Ple(R+R2)aSART (Hep+(R-R21ee2)
RETURN

AREA OF HALF OF SPHEROID

RROT ALONG Ax15S OF ROTATION
ENTRY ARSP4R (3ROTR)
IF (RROT,LE,R) GO YO 10

ROTARED ABOUT MAJCR AX]S

E * ECCENTRICITY FOR ELLIPSE
E = SGRY (RROT#RROT - Re*R)/RRQT
CONE = PleRe(R+RROT*ASIN(E)/E) o :
RETURN . :

10 IF (RROT,EQ,R) GO TO 15

ROTARED ABOUT MINOR AXIS L

Fig. B-12 GOMTRY Program Listing
B-4l

LOCKHEED MISSILES & SPACE COMPANY

IMSC-A991396

GOMTN0NL
GO0+473072
GOMTICI3
GOMT 024
GOMTICAS
GOMTIAGDE
504T5CL7
5041367219
GOvTI019
GOMTI010
GOMTI0LY
GOMTI012
GOvYJI013
c0vYI0L4
G0MT3015
"G0MTI016
GOvT3017
GOvTiNLS
GOvTIGL9
GOMTI02]
GOvMT0021
GOMTN0?2
GovYA023
GOUTAC?4
GOMTIC2S5
- GOMT2026
GOMT0027
G0MT723028
GOvTI029
G0v117030
GOMTIN S
G04T0032
GOMTO033
H0MTI0 34
GOvMTIO0%5
GOvTJ036
GOvTIC 37
GO4T303%8
GOvTQC39
GOvT3040
GOUMTI041
GOMTI042
GOvTICA3
604711044
GOvYI045
GOMT3046
GOMTD047
GOvTN048
GOvTI049
GOvMTI05C
GOMT30%91
60MTI032
GOvTI053



c

E s sq
CONE =
RETURN

15 CONE a
RETURN
.. END

RT (I*R - RROTeRROT) / R

Ple(ROR+(RROTeRROT/(2,#E))*aL0GE (1, %E)/ (4,~E)))

AREA OF HEMISPHERE o K
2,%212ReR

Fig. B-12 GOMTRY Program Listing (Cont'd)

B-k5
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GOMTI054
T GOMTI055
GOYTI056
GOMTOCH?
GOvMTI0%8
GCYTO059
GOUMTO060




o0 O 0O O

o0

o000 OO0

IMSC-A991396

. SUBROUTINE. SPHSEG. (PVOLIRADIHY -« oo oo - e

10

15

20

25

30

" 35

40

TVOL = P]203%RODERPDSRAD

INCLUDE UCONST,L1SY
DIMENSION v(3)

cal.C, VOL. OF TOTAL HEMISPHERE
TVOL s P1203 & RaD®#3}
GO To 10

ENTRY FOR ELLIPTICAL SPHEROlO

RaD ALONG AX]S OF ROTATION
ENTRY ELIPSG (PVOL+RAD, RPo.H)

CONTINUE

XM = PVOL ¢ TvoOlL

IF (XMsGT,0,) GO TO 15

WRITE (6,40)%XM

RETURN S

CONTINUE

PHI3 & ACOS (1,0~XM) / 3.0

00 290 I=1,3 :

X] =1 =1

Y(1) = RADa(1,0 * 2, oocos (PH[J + X1%P]203))
CONTINVE e

00 25 1=4,3 )

K =1 )

IF CY(1)46T,0,,AND«Y(I)oLT.RAD) GO TO A0
CONTINVE

WRITE (6+35)Y

RETURN

M o8 Y(K)

RETURN

RAD ALONG AX1S OfF ROTATION
ENTRY CYMSPH (2VOL4+RaD.RPR,H)

TO CALC HEAD IN A VOLUME BETdEEN A CYL!NDER AND
SPHEROID

D 3,06RAeRAISPVOL / (P1eRPD*RPD)

H = RAJ = (RAD®»#3 = D)#%(1,/3,)

RETURN

FORMAT ('07 10X 'COULD NOT FIND H FOR HEMISPHERE! 3F15,4/)
FORMAT ('0' 10X 'ERROR INPUT TO SPHSEG! F15,7)

EMD

Fig. B-13 SPHSEG Program Listing

B_k6

LOCKHEED MISSILES & SPACE COMPANY

SP+SJ3091
SPR50012
SP~s0073
SPHSI0I4
SPH53015
SPHSJ2006
SP~53097
SPHS0018

. SPAS30N9

SPH50010

SPHSO011

SPHSJ012
SP~53013
SPASJ014
SP4SJ015
SPHS2016
SP+SI017
SPHS3018
SP~453019
5P453C20
SP«SJ021
SPMSI022
SP<55023
SPHE0024
SPHS3025
SPHSN026
SP~S0027
SP453028
SPHSJ029
SP-S3030
SP+s0031
SPH530132
SPHS203%3
SPHS0034
SP4S70 55
SPHSIC36
SP~S3GCY7
SP-s2dCc38
SP<450039
SP~59040
SP481041
SP4S3042
SPHSO043
SPW51044
SPHS3045
SPXS0046
SPH59047
SPHSJ048
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APPENDIX C
SOPSA PROGRAM AND SUBROUTINE DICTIONARY

This &ppendix contains an alphabetic listing of all the alphanumeric
names (variables, subroutines, functions, etc.) used in the SOPSA
program. Following each entry in the list is a set of line numbers.
These are the lines on which the entry appears in the program listing
(Appendix A). Similar tables are presented for statement numbers and

transfer statements used in the program.

Following each entry and each line number is a set of flags. These
flags indicate the type of entry and how the entry is used each time
‘it appears. The heading of each table explains the meaning of these
flags. The name of the COMMON block is also listed in the error flag

field for any variable name appearing in a named COMMON block.:

c-1

LOCKHEED MISSILES & SPACE COMPANY
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ANVAIWOD 3ADVdS ® S3TISSIN A3I3IHMO0T

€0

1

CTHE FIRST FLAG INDIZATES TME
NATURE OF, THE &LPHA3ETIC ENTITY
3 UNDIMENSICNE) VARIABLE

Ny 'CM

OMVR s DIMENS]ONED yaRIABLE
' FCYN 2 FUNCTION NaMZ .
vei menLBCM = NAME OF LABE_ED COMMON
S6RT = SUBROUTINE NgME
SWVYR = SWITCH VARIAILE
NMLT 5 NAMELIST Mamz
1 YY) I_BCM CM CM CM CM
anc NMYR DM EQ EJ EQ we
ADN NMYyR (M
.04 nMYR D
ADOME M DIMEN
aMaxi FCTN
LSKIN ' ch DIMEN
ATOT cM DIMEN
'3 cr DIMEN
42 C: DIMEN
ad ... Cra! DIMEN
A4 cti DIMEN
A6 CM, DIMEN
A7 (of 1} DIMEN
253 1.BCM CM
cel LBCM CM,
CoNGP '
L :
230 LBCM CM,
NELTIM '
NFWGTY AMVR D!
DEWGTO AMVR DM,
D1A | .
DIFwGY NMVYR pn CM FFF
DIMEN  (BCM Cir - -
DLPACH AMVR m kG
DLFACH NYYR pmM.kQ
DILPHDH NMyR Bn CM FFF
DLPNDD OMVR D% CM FFF
DLPLNW NMyR Dm EG
DLPLND nMyR DOn kG
E
EFE LBcH Cn
EQLR AMMYR CM DIMEN
E3LRL OMYR D,y
exly sBaT
FEEY Da’
FFF LBCM M CM CH
F1FQAC IMUR D .CM Ahk
FINDR FCTN
FLORES §HIT | .
FNOM ~ nMyR O CM pon
FTOw AMyR s CM FFF
GC IMYR DA

cce

76
64E
$5E
635E
63F
17E
7468
17g
17
17E
17E
17g
1’E
17
17€
60g
81E
5314
5304
42E
4904
ra43
27

7504

26E
17
43E
43¢
ZEE
25E
44
44E
7298
89E
17€
HE

13598

934
b5E
29
s6H8
541R
32g
PL]
32¢

Table C-1
STAR DICTIONARY
VAR ABLE T ABLE
THZ FOLLOWING TWO CHARACTER FAGS

INJICATE THAT THE ENTITY IS IN THE
CORRESQNDING TYPE OF STATEMENT

THE FLAGS FOLLOWING THE LIVE NJUM3ERS
(ON WHICH THE ENTITY WAS RIFEREZNCED)
INDICATE THE NATURE OF T« REFERENTE

AB & A3NORMAL EX = EXTERNAL A = SET FQUAL,DEFINED,ASSIGNED
CM s COMMON FA a FORML AGUMT B s REFERENCED,CALLED
CP = COMPLEX IN = INTEGER C = CALLING SEQUENCE W =2 [=9 yNIT
DA 3 DaTa LG = LUGICAL D = SUBSCRIPT 1 = EAD
DM = DIMENSION PR = PARAMETER E s SPECIFICATION 0 = WRITE
DP 3 D3l PRECISN RL = RFal J = DO PARAMETER L = LIST
EG = E3UIVALENCE NL =z NAMELIST
77 78E 79
65 65E 65  65E  65E  6BE  B6SE  65E  6BE  65E 658  65¢
656 65E 65 6SE  65E  63F  9AC
4224 8098
3944 7578
9250 ... )
7983
9250
9250
5478 5638 5704 5848 6028
544C 544B 557C 5608 569A 58JC 5838 596C 5998
4918 493B 494y 4958
4BRa 489B 494p 5098 586B 6028
4874 4B7B 493p S06B 5478 9638
761C 7734 783¢ 80?4 813C 8254 835C
B86E 489A 491y 4958
65E 4534 4634 6318 6398 7498 7338 10850 11574 11600
65E 436A 44454 61308 636B 7128 7328 10690 11414 11440
86E 5214 639g 10340
B6E 5204 A36n 10380 .
656 586A 6024 6318 6398 7198 7338 11180 11584 11600
65E 5474 5635 630B 6368 7128 7320 11030 11424 11440
7308
4714
1551 4718 94Aag
4718
BRE  B9E
76 2991 500 10140
5578 5878 596p
826 2601 5008 9380 :
B6E 500A 5018 Sn2A4 5208 521B 6738 6758 7028 7048 10340
BLE  93A 436R 4448 4558 4638

65¢

96£ T66T-0SHI



ANVAWOD 3ADVdS 2 S3TISSIN A33HMOO0T

=0

5GG6

HCAYP

HOOUM
HDH2
HDLOUM
HN02

HDTINC..W

HEADH2
HEADIHW
HEADIO
HEADO2
HKPD . ..
HPD

RPDUM
HPIPEL
HYNTLN

WD e -

1CASE

INELH
IDELO
InH
1CHE
1OMLH
1OMLO
1no
IN0E
1nv
1GOON

I1ELH
111 O

LBCM

AMYR

AMyR
nMUR
nMVR

AMYR
nMyR
nMVR

D & b O

nMyR
AMVR
AMUR
AMVR
nMuR
nMyR
nMVR
nMVR

MyYR
"MyR

cM
C™m

CM
(o]
CM

.CM
o

DM
Cnm
cM
D4
oM
DM

(2]
oM
oM
DM

DM
oM
DM
DA
D
™M
oM
DM

Cm
oM

M

Cm

CM
M

CM

CHM
ba

EEE

. EEE

DIMEN
EEE

DIMEN . .

EEE
GGG

FFF

FFF
GGG
DDD
oD

EEE
DOD
DDD

B8B

90F
84E
BYE
17E
84E
17E
H4E
3Ug
6%k

89E

30g
31
31E

91E
5684

4494
4788
5674
4778

S0E
4784
4774

90E

82E
82€E

5814

4558
5168
5868
5158

5164
9230
9250
5154
5844
2251

Te..

5818

4638
5218
6028
5208

6758
673g

6004
408p

11870 12540 12850 13160

84E
31
3%
61E
109D
188y
2070
217D
299D
430D
530D
575D
639D
669D
TLLY
725D
746D
794D
A18D
901D
984D
1001D
1n8°D
1142D
1168p
1224
994
3774
5774
808
57
54
SUE
SUE
S6E
53¢
58
SHE
7524
80E
755A
S7g
Sar

4484
B2E
82

944

109L

189D
207D

2170

299L

4318

5328

5770

6390

6700

687D

724D
746D

7950

839D

901L

984D
10010
10851
1144p
11680
12460

1114

3784

580C

8128

2171

1691

2114

2214

2071

1781

1824

1934

7604

3511

761C

2171

14R91

4558
4134
240]
13450
177y
189D
2070
2170
3764
436D
536D
574D
653J
6730
689D
7370
746D
7950
8400
973J
984D

1001D

10940
1144
11770
1240
1118
3798
5934
6128
2198
1918
8128
8348
2098
1808
76438
7828
761C
13538
7774
8298
“*77R

461,

422p

5218
13459
178p
189p
2070
21%0
3770
444p
538p
579p
6370
673D
693D
7370
747D
795n
844n
9740
984p
1001p
1094
1144p
1177
12590
13500
3828
596¢
A13¢
2208
1928

2108
16815

778a
783¢c

10010
oOR4Nn

.e C-1

5834

12240

12240
9640
4168

1345¢
4538
4448
70483

178p
189D
2070
2200
3780
44RD
539D
583D
6570
6750
70%J
734D
7560
7960

R45D

974D

99iJ
1001D
11p30D
1144
1185D
1259,

3s38
7534
R27A
2218
1938

2118
1828

782A
8074

. STAR DICTIONARY (CONT'D)

5838 58498 5848 597a

9630
4498

5838
92°0

1780
189D
209D
221D
384p
449D
540D
584D
657D
6750
712D
734D
757D
796D
R486D
Q974D
9920
10010
1103L
1149D
11850

4054
7578
R348
2224
1944

2124
1834

783C

AR13C

5678
%610

174D
189D
211D
221D
385D
4538
»44p
YR6D
654D
6750
712D
739D
763D
795D
846D
974D
992D
10240
1111p
11490
11920

4054
7618
4348
4058
3778

4068
3748

8044

82794

5698

17AD
1910
211D
2220
404V
455D
545D
600D
658D
676D
712D
739D
764D
7980
846D
9740
992D
10241
11110
1156J
11924

4078
7608
a3sC
5778
5388

5938
5548

8124
835C

8028

175D
1920
2110

2810

4050
463D
547D
6020
661D
6760
7120
739D
787D
798D
847D
9740
992D
10510
1118D
11570
12010

4108
761C
8278
7758

8058
7538

813C

5978

8258

180D
193D
2120
281L
406D
4709
561D
623J
661D
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EEE B4E
cce 32E
FFF 26E
DIMEN 17
DIMEN 17¢
DIMEN 17
DIMEN 17
DIMEN 17€ .
DIMEN 17
DIMEN 17€
FFF 40g
_FFF 40¢
nobD 3%
DDD I9€
AAA 2%E
AAA 29E
61E

61

51E

51g

50

SUg

62F

e e ... 62E
761C

76LC

61E

S1E

51

S0g

62E

S0g

61E

51E

$0E

6°F

7618

GGG 41
GGG 41g
647¢C

. 6b7R

FFF - 42F"
FFF 42E
FEF ' 42F

FFF 42E

4824
81E
86E

86E
86E
82€
82t
76E
76E
65E
65E
8404
8454
7884
7934
65E
65E
7628
7633
65E
8484
B474
7994
65E
7964
65E
8184
7664
63E
7838
90E
90E
6898

86E
86E
A6E
8§6E

4914
250]
4924

3634
362A
260]
2601
2911
289]
8374
8444

8478

7958
7874
7924
783C
783C
84hK4A
13450
84uB
7968
7944
13400
6174
8478
7958
T&5A
8138
6944
6904

4918
482g
5008

4558
436p
363p
362y
363R

362g -

13450
. 8468

13450

13400
13400
794p
784p
7858
848y

7968

ndsp
12450
1340p
794p
835g
12240
12240

4928
91%0
10380

4638
444p
4888
4878
3638
3628

13450

13400
843C
813¢C

134%0

13400

10380
10380
9180
9180
4848
4878

A14p
A1bB

4838 10140
4878 1D140

835C 8348
832C A378

96£I66v-osw1



ANVAWOD 3DVdS ® S3TSSIN a33IHMNDO0M

01-0 -

THE PIRST ENTRY FOL_OWING THE §
1s THE NUMBER OF THz .LlNE ON WHICH 1T WaS JEFINE®
i oF TME REFERENCE.

Table C-1

STAR DICTIONARY (CONT'D)

STATEMENTI_ _NUMBER T ABLE
TATEMENT NUVMBER

0 » DEFINED U s ASSIGNED
S ®= FORMAT NUMBER V s DO

110

1153

122. ..

143
150

157

184
185

195..._..

196

200

21
223
224

. 227..
243

253
261

264

276

283
2v2
294
301
310

323
332
334
343
345
352
364
382
348
389
191
395
400
410
416
a17
A19
423
427
479

312 .
321 .-

1090 .1353x

1098
113v

-- 1218

1428
123X
150X
{1785
177V

.. 188V..

1086y
157X
206y
216V
214y

200X,

227X
243X
14458
3208
253X

. 264X

276X
290X
283X
294X
308%

.. 301X .
- 319X -
312X

330X
323X
341X

. 334X

345X
361V
379X
383X
376V
372v
393V
308X
407X
411X
4n4y
400V
421V
396X
a7 R

1100
1150
1220
143D
150D
1570
184D
180X

191X .

196D
2000
209X
219X
224D

2270 .

2430
2530
1558
329s
264D
276D
283D
2920
294D
3010
3100

3120 .

3210
323D
3320
3340
343D

T & NONSTNDRD_RTN__W.. I_GDIO_lcNDTNL)“_

1765 2085 3545

1695 2075 2178
1650
195D. S U

2030
223D

1978 225s 240S. 250s. 260S 261D .273S 284S 2895 2915 299S
331s 3405 3428

3450 o

3520
3640
382D
3480
381X
3910
3950
4000
4100
4160

409X -

4190
423D

4270

a 28w

382x 387x 3890

410X 4315x 447D

459"

THE FLAGS FOLLOWING THE LINE NUMBERS (ON WHICW THE
STATEMENT NUMHER WAS REFERENCED) INDICATE THE NATURE

X ® GOYO (UNCNDTNLY
Y s IF (Anlrunerlc)

307s 309s 318s

96£T66Y-0SHI



ANVAIWOD  -3DOVdS B SITISSIN A3IIHMODO0T

TT-0

. 250

255
260
265
270
275

280,

285
290

.. 299

.. 340

300
308

315
329
325
330
335

345
350
355
360
345

375
380
385
390
398

€00 .

408
410

310 .

379 .

415

420
425

430

449
445
450
455

465
470
475
480
485%
490
495
50N
505
10
515

-4

525
53N

- 535

. 435 .

460

Tavie C-1

STAR DICTIONARY (CONT'D)

437
442
445
446
448
456

B 13 SO

464
465
466
471
506

. 828
543
848
553
599
564
565
567
%82
587
6§92
598
603
6«04
405
417
6«20
£22
634
836
639
841
642

660
663
664
673
675
478
679
685
692
895
698
702
704
705
712
715

717
718

736
741
764

%22

Sk

435V
431X
443y
438
428w
454y

450X

462y
457X
a7y
470V
501X
486y
S27W
537V
546y
532x
553V
562V

549X

527w
576V
585V
571X
592V
601V
588X
526V
616w
616w
615y
629V
635W
635W
624V
623V
655w
655w
654y
653V
672w
6724
671y
666V
684w
684w
691X

683V

701w
701w
700V
7114
711w
710V
709V
731V
725V
751V

4370
4420
445D
4460
448D
456D

4610 . .

4640
465D
447x
4710
5060
5220
527w
543D

- 95480

5530
5590
5640
5650
5670
5820
5870
$92D
5980
603D
604D
566X
6L6W
6200
619X
634y
635w
6390
638X
66420
655w
6600
659X

6640

672w
6750
674X

" 679

484w
6920
6950
6960

701w

7340
703%
711w
7150
714X
7180
7360
7410
7640

466D _

5280

605D
61/D

622p
636D
641D
656D
663D

- K730

678D

685D

702D

705D
712D

717D

, 96£T66V-0SWI



ANVAWOD 30VdS 2 S3TISSIN A3I3HMO0T

(@]
I

N

— 630915 e

m_”______m._m774v_-7650_"“.u

880 . ...

949 . _._..

969 e

.540....748
545 791
550 797
853 - gie
%60 R3B
563 R4D

6708849
878 858
%580 160

-..588 ..

590 n9b
59%° 903

- 600.—— S04
605 908
610 909

—-61%. . 011
620 012
623 914
835 917
640 919
645 Q27
650 942
655 947

—660.....

665 ¢53
670 955

. 875 963
680 T
669 969

. 695....

700 971
708 974
710 976
715 980
720 984

.. 725 9686
730 987
735 989
740 992
745 997
750 1004

...155% 10p03
760 1n0Dé
765 1007
770 1210
77% 1n1é6
780 1r18

. 785 1223
799 1nr25
79% 1n27
800 1n3i
60% 1nl36
810 1040

._.815 1042
820 1043
25 1n49
. 430 1050

769V
745X
803y
826y
e21y

-722y. ..

R57S
8598

...8795

855x
902S

9074
908§
907w
911%
907w

910X
918§
9258
9418
946S

. 948S .

9458
9543
960X
961S
959y

9708
973V
974S
979§
233y

L 977V

967X
98AS
991V
9968
1000V
994y
987X
10068
1009s
10145
1013V
900S
°015
102568
10308
10358
10348
1037X
1034V
1048w

1049S

5055 .

9145 .

9688 .

7910
7970

816D . .. .

R380
A43D
797X
8580

..-849D.

8600

.8800

8960
9030

9060 ... ..

908D
909D
911D
9120
9140
9150
913X
949D
9270
9420
9470

952S
9550
963D
963s
962X
969D
9710
974D
9760

91ibm

9490 ... . .
953D

Table C-1
STAR DICTIONARY (CONT'D)

i ¢ e ety e et e e i mamm 1o

9665 13375 13435 13495

964D -

9650

9825

984S

800 -

984D

9860

987D

9890

9920

9970
10010
10330
10040
10070
10100
1016D
101480

9445
10248
10270
10310
103560
10400
10420
10430
1048w
10500

10038
102°D

1049D
1076s

9905 9995
9925 1004S .. .....

10225 10230 12005 .
12018 '

10935 11108 11268 11485 11675 11835 12365 12515 12675 12825 12935 1313s 131288

96£T66Y-OSWI



ANVAWOD 3DVvVdS ® S3IATISSIW A3I3IHMODO0T

€1-0

—_—— .B%0.

920 .

-1 I

835
840
. 848
850

855 -
E—— Y Y, I

865
870
. 873
880
885

8938
900
905
910
915

929
930
935
940
945

955
960
965
970
975%
980
98%
990
995
1000
1005

1210

1015
1029

..1025

1030
1035

_164n

1045
1050
1555
1c60
1065

. 1070

..1100 .

in75
ip8n
1685
1090
109%

1105
1110
11138

11|95
1203
1707
1212
1214
1221
1727
1239
1231
1236
1239
1?47
1748
1749
1360

105158

40538

10558
10608
1064S
10695
1068X
1065y
104AW
1077s
1084X
1082v
1075X
1092w
10958
11038
1102x
1100V
1092w
1117x
1115y
1;09x
11278
11298
1140V
1139X
11448
1156y
1129X%
11498
1156y
1155%
1192y
1147X
1166w
116985
11778
1176X
1174y
1166w
1191X
1189y
1143X
1202S
12068
12118
12158
$2208
12245
1222X
1219y
1235w
12388

. 1245X

{243y
1235w
1253X

. 43568 .

10520
10540
10560
1n61p
10670
1070D.
10720
10730
10740
10780
10660

10670 ..

108480
1092w
10960
11040
11060

11070 .

11080
11190
11200
11210
1128p
11300
1143D
11440
11450
1138x
1148D
11500
11590
11600
1154X
11620
11664
11700
11780
11800
113810
11820
11930
1194D
11950
12030
12070
12120
12160
12210

Table C-1

STAR DICTIONARY (CONT D)

10945 11655 12378 12605 12995
10798

10805 1098S 11135 11725 1187S .1244S 12545 12725 12855 13035 13165

10815 10995 11145 11735 1188S 12425 12555 1273S 1286S 13045 1317S
10835 1101S 11168 11378 1153S 11755 11908 12445 12575 12755 1288S 31306S 1319s

10898 .. B e e

11115 11658 12525 12835 13145

10930 .
11388
1118s

1151§ X ——

11608
11460

1161D

1167D
11668
11925 12465 12595 1277s 1290S 1308S 1321§

12270

1230D
12510
1235w
12390
12470
12480
12490
12600

1236p
12538

96ET66V-OSIWI
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®T-0

Teble C-1

STAR DICTIONARY (CONT'D)

e 1120
1125
1130
1135
1140
1145
—_— 31150
1155
1160
e . 1165
1170
1175
—_—31180.
1185
1190
e - 21195
. 1200
.120%8
—_ 1210
1215
1221
R V-3 P
1239
1238
———1245.

1201 . 1256V
1262 1250X
1267 1266w
1270 12698
1278 1276X%
1279 1274V
1280 1266¥W
1294 1283X
1292 1287y
1293 g281x
1296 1297w
1301 13008
1309 i § 307X
1310 1305V
1311 1297w
1322 1320X
1323 1318y
1324 1312X
4330 e . 13258
1342 1339y
1344 1338x
1347 - 4344y
1348 13408
1351 13508
1358

..43578

12610

1262D
1266w
12700
12780
12790

12800 ... .o

12910
12920
12930
1297w
13010
13090
13100
13110
13220
13230
13240

13300 .. oem e

1342pD
1344y
13470
13458
13510

1358p . .

1267D

1284s .

1298D
13158

1348p

96ETHOY -OSWI
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Q
1

[
1

00
e -1F (LOGTCAL)

1F lARITHHEYlC):

PrRp— JRep——,

0o

AN

60Yo{UC)

o ———— o e S8 e it e+

GoTo(¢e)
calL

FCI REF__
INPUT

OUTPUT. _.

l

GOTO (UNCONDITIONAL)

‘113'

'526
[722
1115
1123
330
ja1y
1662
1967
1253
'123

;330

987

1276
j428
98
688
109
1307
‘857
966
1035
e
1169
1237
1283
1329

501

177

537
725
1136
150
334
412
674
927
1276
150
334
532
1037
1281
527
4712
693
121
309
659
968
1038
1103
1172
1238
1234
1337

186
546
731
1140
157
34y
413
676
1037
1281
157
341
549
1068

1289

616
474
746
142
318
879
970
1049
1110
1173
1241
1285
1340

.t GOTO (ARITHMEYIC).
GOTO (CONDITIONAL)

1188

953
. 751
11%2
180
1345
1431
1677
1064
12&9
180
345
|566
1075
1307
6135
1542
1798
1144
'320
900
974
1051
1111
1175
1242
1286
1343

e FUNCT1ON REFERENCE. ____  ASSIGN_

206

562
769
11586
191

369

447
691
1075
1307
191
368
5714
1084
1312
655

LYS

155
329

901 .

979
1053
1112
1177
1244
1288
1348

TRANSFE R ‘
ONLY THOSE ENT!}!ES WHICH ARE REFERENcco ARE PRINTED ouT,

CALL

Table C-
STAR DICTIONARY (CONT'D)

RETURN (STANDARD)

576

774

1174
200

374..

450
703
1084
1312
200

379 .

588
1102
1320

672

557

176

331
902
982
1055

1113

1184
1246

1290

1349

214

—5ig"

585
803
1189
209
375
501
714
1102
132p
209
381
619
1109
1338
684
S8p

178
34g

205 -

984
1060
1114

1185

1251
1298
1350

592 601

B2y B28

1219 1243
219 227
277 378
502 532

734 735

1109 1117

1338 1353
219 227
2682 383
633 659

1117 1125

1353

701 711

3% 610

i89 197
342 351
904~ 9113
_98p 990
1066 1049
1116 1118
1186 1147
1252 1253
1299 1300
13%¢ 1357

361 372

1

376

615
959
1256
243
379
566
739
1125

243
387
674
1138

so7
613

205

914

992
1076
11726
1168
1254
1303

TABLE
THE COMPLETE LIST FOLLOWS

RETURN (NON=STANDARD)

TAPES

393

623
973
1274
253
vz
271
740
1134

253
396
1091
1139

4048

547
207

918
996
1077
1127
1190
1255
1304

624
977
1287
264
383
618
745
1139

264
407
703
1147

1092
650
217

925
999
1079

1129

1192
1257
1306

400

INPUT

CUTPUT.

404
629

983

1305
276
384
619
757

1147

276
409
714
1154

1166
487

225

941
1001
1180
1437
1200
1259
1308

421
653
991
1318
283
385
621
760
1154

283
410
745
1155

1235
761

240

944
1005
1081
1144
1201
1267
1313

Capd"

654
994
1339

290

396

632

782
1155

290
411
797
1176

1266
783

250
948
1006
1083
1148
1202

1268
1314

XNTERNAL "SUBPKOGRAM

435
668
1000
1344
294
402
633
797
1176

294
415
855
1183

1297
813

260

944
1009
1085
1149
1206

1269

1315

‘443

671
1013

3014
403
639
809
1183

3ol
431
913
1191

835
273

948
1014
1n93
1151
1211
1272
1315

SToP

683
1034

308
405
657
812
1191

308
438
913
1222

1359
281

952
1022
1094
1153
1242
1273
13¢7

454

482 479
700 709
1065 1082

312 319
404 407
858 659
834 855
1222 1245

312 319
44y 450
96n 962
1245 1250

289 291

954 961
1024 1026
1395 1098
1161 1167
122n 1224
1275 1277
1319 1321

486 .

710

1109

323
41n
LT
yan

1255

323
457
967
1258

299

963
1730
1199
11{4R
1236
1782
1328

96ET66Y ~OSWT



ANVAWOD IADVdS B SITISSIWN dIIHMDOT
91-0

Tat_. C-2
" INIVOL DIETIONARY
S o VARIABLE TABLE

THEE FIRST FLAG INDIZATES THE THZ FOLLOWING TWO CHARACTER FLAGS  THE FLAGS FOLLOWING THE LINE NUM3ERS
NATURE QF THE &LPHAZETIC ENTITY INDICATE THAT THE ENTITY IS IN THE (ON WHICH THE ENTITY WaS RZFEREINCED)
comeee . 3 UNDIMENSIONEY VARIABLE ... CORRESPONDING TYPE OF STATEMENT . INDICATE THE NATURE OF YWME REFERENCE
DMVR 3 DIMENSIONED yaRIABLE AB s A3NORMAL EX = EXTERNAL A = SET EQUAL,DEFINED,ASSIGNED
FCTN = FUNCTIOV NaMz CM & COMMON FA = FORML AGUMT B = REFERENCED,CALLED:
e LBCM 8 NAME OF LABE_FD COMMON .. . CP s COMPLEX . .. IN s INTEGER C = CALLING SEQUENCE W = 1-0 UNIT:
SBRT = SUBROUTINE NgME Na = DaTA LG = LOGICAL D ‘= SUBSCRIPT ! = 3EAD
SWVR ® SWITCR VAR1A3LE "DM = DIMENS]ON PR s PARAMETER E @ SPECIFICATION 0 = ARITE
NMLT = NaAMELIST NaM:: . L DP_ = p3|, PRECISN _RL a REAL. .. o 8 DO PARAMETER L s LIST
EQG & EJUIVALENCE NL a NAMELIST _
ADOME CM™ D {MEN 12E 464
ARACY{. FCTN 258  34B
AREAFR FCTN : . 228 .
ARSPHR FCTN 198 288 378
ASKIN M DIMEN .12 454
ATOY..... . €M .. _ DIMEN 12E 444 . 498
Al CM : DIMEN 12E 194 448
A2 CM DIMEN 12E 22A . 44B
A3 M DIMEN 126 25A 448
Ad cH DIMEN 12E 284 448 45p 468
Y cMm DIMEN 12E 345  44B
Y M . . ... DIMEN _ 12E 374 _ 44B .
CYLNDR FCTN : A 248 338
CYLSPH FCTN . 318
DIMEN [ BCM CM : 12g
EOLR nMVR G D]IMEN 12E
FRCONE FCTN ~ , 218
ADH2 oy o _ DIMEN . 12
D02 oM DJMEN 12¢g
“SPHER FCTN " 188 278 368
INIVOL sBRrT 24 . L
L1 RL 10 21¢  22¢
L2 R 10E - 24C 22C 24¢  25¢C
LY . RL C e ... ...A0e 24c  25C | 33¢  3écC .
L4, Re : .. 10E  33¢  34C
R1 i8¢ 19¢ ‘
R2 , _18¢c  19¢ 21C  22¢
R3. : 27¢ 28C  3i1C  33¢
Re . 21C 22c 24C 25%¢ 27C 2BC 31C 33C 34C  36C  IC
. R5 R . : o 3¢ 3¢ . S . .
R ra CM DIMEN 12¢
uvLo2 o DIMEN 12¢
VTH2 CM DIMEN 12E 414 43B
vror CH DIMEN 12E 434
V702 - (R DIMEN 12 394 438
N M . DIMEN .. Y2g 18a 398 .
v2 cn DIMEN 12E 214 398
v3 CcM DIMEN 12€ 244 398
V4 cM DIMEN 12e 274 398
VS Ci DIMEN 126 314 418
V6 C DJMEN 12¢ 334 41B

V1. .. . G DIMEN A2E  36a . 418

96£ TEEV-DSIWI



" ANVAIWOD 3D0VdS ® SITSSIN AIIHNDON

L1-D

no

IF (LOGlcAL)
1F CARITHMETIC)

|

ONLY THosE ENTIT!ES HHICH “ARE REFERENCED A3E PRINTED oUT
: GaTQ '(UNCONDITIONAL) CALL

GJTO .(ARITWMETIC) ... .

GOT0 - &CONDITXONAL)

Table C-2
INIVOL DICTIONARY

w3l R.ANSFER.
THE COMPLETE LIST FOLLOWS
RETURN (NON*STANDARD)
FUNCTION._REFERENCE .. ——-..ASS]GN
RETURN (STANDARD) TAPES

FCT REF
RYRN(S)

..SUB PROG

)
|
|
!
!
!
|
|
I
1
!
|

.Ia

47

2. |

19 21 22 24 25 27 28 31 33 3¢ T3y

Y. ABLE. —_———

INPUT sTOP
—.CUTPUY
lN’ERNlL "SUBRROGRAM

96£I6_6v-osw1



Taoule C-3

ULLHED DICTIONARY

_VARIABLE TABLE . .
THE FOLLOWING TWO CHARACTER FLAGS  THE FLAGS FOLLOWING THE LINE NUMBERS

THE FIRSY FLAG INDIZATES THE

- ANVdIWOD 3DVdS:

2, S3TTNSSIN. A3THMD0T

8T-D

NATURE OF THE ALPHA3IETIGC ENTITY INSICATE THAT THE ENTITY I3 IN THE (ON WHICH THRE ENTITY WaS REFERENCED)
2 UNDIMENS]ONE) VARIABLE. .. ...—... .CORRESPONDING TYPE OF STATEMENT ______INDICATE THE NATURE OF THE REFZRENGE.
NMUR 3 DIMENSIONED yaRIABLE AB 3 A3NORMAL EX = EXTERNAL A 3 SET EQUAL,DEFINED,ASSIGNED
e LBCM. 3.NAME. OF LABE_ED SOMMON..__..._.CP.s .COMPLEX. ... _ IN .z INTEGER ....._.C = CALLING SEQUENCE W = [=0 UNIT_ .
SBRT 8 SUBROUTINE NgME Da = DATA " LG s LOGICAL D s SUBSCRIPT 1 = FAD
SWVR 3 SwlTCH VARIA3LE DM a DIMENSION PR s PARAMETER E = SPECIFICATION 0 s WRITE
. .NMLT ® NaMELIST NAM:: .DP.# D3L. PRECISN.. RL 8 REAL.. ..______J = DO PARAMETER . . _..L ® LIST . .
EQ 3 EJVIVALENCE NL s NAMELIST .
ADOME CM DIMEN HE
ASKIN ©CM DIMEN 8E
ATOT. ... ... CM DIMEN R - S U e — .
Al CM DIMEN g
A2 CM DIMEN vg
A3 e CM e DIMEN . . BB o N
A4 cM DIMEN 8g
Ad M DIMEN Bg
A7 . cH DIMEN 8g -
CYMSPH SBRT S4B
‘DIMEN LBCM CM HE
ELIRSG.SBRT.. o L Coe 2TB...42B .. 80B L i e e -
EOLR  QMVR CM DIMEN Hg
H : 42¢ 438 S8C  59g
HDH2.. cH : . DJIMEN BE. 50C ... 544 .. 59, . .
HD02 CH DIMEN YE 27¢C 314 384 394 398 434
HL' , 324 3’8 368 38p
I o ) U 23H 46H .. . e .
Ll RL ' . 6 358 438
Le RL g 358 398 _
[ S RL o oL 6E 398 . 433 . .59 ..
Le RL 6¢ 598
Pl 3ig 378 388 288 388 548
Ry —— _ . . 42C 438 .. .
R2 . ‘ , 368 42¢ _
R3 27¢ 34B 398 43 58C ' 5YB
R4 : 27¢C 318 34B 36 378 37’8 378 38B 50C %4B 54B 58
§42 364 378 368  38p
RS . : 50¢ 548 598 .
ULLHED SHRT 24
YvLH2 CM DIMEN 8g 454 468
uvt.o2 CM D]MEN 8g 224 238 42¢c
VD 374 388
VP S7A 58C
VLH2 . FaA 25 458 498 Soc 528 548 578
vt 02 Fa 24 228 268 27¢ 308 3i8 348 378
VTH2 o™ DIMEN 8g 458
VTOT CM DIMEN Hg
VY02 cH DIMEN BE 228
Vi Cm DIMEN Bg
ve Ct DIMEN Ug 348
V3 Ghi DIMEN Bg 308 34B 37g
vé (o8} DIMEN HE z68 308 3ip 348 37’8
V5 Ci UIMEN Hg
e m ~a Ny Ar AL MM e o) =70
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0c-9D

THE FIRST ENYRY FOL._OWING THE STATEMENT NUMBER
1S TWE NUMHBER OF TH- LINE ON WHICH 1T wAS JEFINED

10
15
20

.25.....

)
35
40
45

g0

60
65
70

16
27
30

34

35
42
45
50

$2 ... ...

54
60

18D
26Y
26Y

. 30y

Aay
34y
34y
2nx
49y
49y
52y
52y
51X

238
270
26Y

30y ..

34D
34y

. 42D

32x
500
49Y
52y
570
55X

Table C-3

ULLHED DICTIONARY (CONT'D)

STATEMENT NUMBER TABLE

46s

30p
3ip

35D
40X

. 52D
54p

60D

e o] .8 NONSTNDRD BTN W,

THE FLAGS FOLLOWING THE LINE NUMBERS (ON HHX.H THE
STATEMENT NUMBER WAS REFERENCED) INDICATE THZ NATURE
.. OF. THE REFERENCE
D s DEFINED U 8 ASSIGNED X 8 GOYO (UNCNDTVL)
S s FORMAT NUMBER V = DO Y = IF (ARITHMETIC)H
8 GOTO (CNDTNL) .

96£ TH6Y-0SWI
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Tc-0

Table C-3
ULLHED DICTIONARY (CONT'D)

|
. TRANSFER TABLE
ONLY THOSE ENTITIES wHICHW ARE REFERENCED ARE PRINTED oUT, THE COMPLETE LIST FOLLOWS

Do : GOTO (UNCONDITIONAL) CALL RETURN (NON=STANDARD) INPUTY STOP
IF (LOGlcak)' GOTO (ARITHMETIC) . . FUNCTION REFERENCE . ASSIGN : cuTPUT
IF (aRITHMETIC) GOTO (CONDITIONAL) RETURN (STANDARD) TAPES INTERNAL SUB2ROGaAM
1F L) 23 46
C1F(A) ‘ 26 30 34 49 52
GoTo(uC) ; 28 32 40 51 55
cALL : 27 42 50 58
RTRN(S) ; 61 '
QUIPUT. o R 8O e e I
Su8 PROC \ 2

96£ TH6Y-OSHI
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A

THE FIRST FLAG INDICATES THE

NATURE OF THE 8LPHA3IETIC ENTITY

3 UNDIMENS]ONEY: VARIABLE __ ..

CORRESPONDING TYPE.OF STATEMENT _____INDICATE THE NATURE OF THE REFERENCE .
AB = A3NORMAL EX s EXTERNAL, SET EQUAL,DEFINED,ASSIGNED
CM & COMMON FA = FORML AGUMT B s REFERENCED,CALLED
CP ® COMPLEX ..IN s INTEGER C = CALLING SEQUENCE . H ® 1=0 UNIT
DA s DATA LG s LOGICAL 0 = SUBSCRIPT 1 = WAD
DM s DIMENS]ON PR = PARAMETER E = SPECIFICATION 0 = WRITE
..0P. = D3l PRECISN. RL = REAL ... J = DO PARAMETER . __ _. L ® LIST
EQ & EQUIVALENCE NL s NAMELIST
87C 68A 69¢
$9B ... . . ... .
418 458
478 57B  69p
.62A .. 64A...658 . .. . .. . .. .. . -
78 554 55 688 978 1028 41038 1098 1128 1158
468 s . _
468 .
88
198 . 33B .. 348 . 388 398. 4UB . 50B 51B 568 .
328 378 49p
11a 144 214 24A. 27aA 29A 334 34a 348 424 48 A 54,
744 . 744 764 8iA . 8%A._ 944 974 1004 1034 1064 1094 1124
448  46B 504 g ' '
428 - 44B 51, :
218 ...24B . 278 .. 29B .. .. .. .
348 37a 408 494
178 328 78 458 568 648 844 848
178 198 328 338 37’8 348 398 498 508 518 548 568
20C 238
. 188 ... 248 . . 268.. 278 298 57A 548 598 618 628 694A 708

Table C-k4
FLORES DICTIONARY

e . N.AR 1T ABLE..TABLE . _..
THE FOLLOWING TWO CHARACTER FLAGS

INSICATE THAT THE ENTITY IS IN THE

DMVR s DIMENSIONED vaRIABLE
FCTN 8 FUNCTION NaMg
e ———LBEM..® NAME OF. LABE_ED COMMQN.. ...
SBRY = SUBROUTINE NyME
SWVR ® SWITCH VAR]A3LE
v - NMLT 3 NAMELIST NAME: -
ABS FCTN 208
ARG 564
ATAN.. FCTN 578
810D 40a
c 6a
B o3 o 594
p] Fa ia
DIF 444
DIFL.. - 454
FLORES SBRT 14
ID FA 1a
P e e e R 7a
Pl 24
RES Fa 1a
e ) - 658
RESLDO b
RESLDS 3%,
CRESP0_— .. e — e = 194
SL 324
St Fa 1a
82 Fa 1a
768
TEST 194
THETA ... 174

" THE FLAGS FOLLOWING THE LIVE NUMBE’s
(ON WHICH THE ENTITY WAS RZIFERENCED)

654
1154

€65

733

96£ T66V-ISWI
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£2-0

|
l
4
|
!
|
}
I

N

..v

D
]
|
..... 19... . 11
Y N
20 17 !
—25 23 '
30 26 '
33 29 !
4n 32 :
45 37 |
59 40 |
- TN 1 S
60 q9 ,
.65 54 |
.70 61 i
7': 54 )
30 65 ’
B3 __. . bam___J_“__m“m
99 73 .
95 76 t
100 79 !
108 80 |
110 84 :
116 87 e
129 88
125 92 '
130 93 {
138% 97 |
140 100 |
445 205
150 106 !
155 109 |
160 112 [
165 (15 ‘

THE FIRST ENTRY FOLLOWING THE s
IS THE NUMHER OF TH-»L!NE oN | WHiCH IT WAS JEFINED
e OF THE.REFERENCE.._ ___

1300

140
17D

. 230 .

260
290
320
370
52X

490
540
6310

. 64D

63X
680

STAT. E MENT..
TATEMENT NUMBER

Table C-4

FLORES DICTIONARY (CONT'D)

_NUMBER

TABLE

THE FLAGS FOLLOWING THE LINE NUMBERS (CN WHICH THE
STATEMENT NUMHER WAS REFERENCED) INDICATE THE NATURE

D s REFINED
‘S 8 FORMAT NUMBER

T_= NONSTNDRD RYH_ ¥ 2

85x

. 62D

750

760
790
800
840

880
920
93D
‘8w
1000

' 1060

8w

1120

1150
|

970

. 8w

1090

44D

1030

U = ASSIGNED
V s DO
G070 (CNDTNLY .

"X 8 6OTO (UNCNDTNLS
Y & IF (ARITHMETIC)

96ET66Y-0SHT
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=0

Table C-4
FLORES DICTIONARY (CONT'D)

YT RANSFER__TABLE e+ e e e

ONLY THOSE ENT!T!ES VHICH ARE REFERENCED ARE PRINTED OUT. THE COMPLETE LISt FOLLOUS .
0o GOTO (UNCONDITIONAL) CALL RETUAN (NON=STANDARD) INPUT sToP
1F (LOGcaL) GOTO (ARITHMETIC)....___ _FUNCTION REFERENCE ___ ASS|GN OUTPUT. ___ ... S
1F (ARITHMETIC) GQT0 (CONDIT!ONAL)‘ RETURN (STANDARD) TAPES INTERNAL SUBPROGRAM
IFCLY o 20 23 26 a1 58 e 70 73 '"“““”*““”"'mf”““'”“”'"“"""“"""”””'” T
6oTo(UC) 20 23 26 41 52 88 6p 61 63 70 73 85
. 60To(C) . o o e e e e+ e e e et et v _ IS
Y REF 20 7 6
£$RN(S) 12. 15 22 25 28 30 35 43 4 66 72 75 77 82 %0 95 98 101 104 107
: e 313 QB s . — SO e o . .
ouTPUT 79 .87 92
SUB PROG 1

110

96ET66Y-0SHT
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Geg=0

Table C-5
PVAPOR DICTIONARY

2 ! ' : VARIABLE TABLE '
THE FIRST FLAG INDICATES THE' THE FOLLOWING TWO CHARACTER FLAGS  THE FLAGS FOLLOWING THE LIVE NUM3E3S

NATURE OF THE ALPHAIETIC ENTITY INYICATE THAT THE ENTITY IS IN THE (ON WHICH THE ENTITY WAS RZFERENCED)
3 UNDIMENSIONE) VARIABLE .. CORRESPONDING TYPE OF STATEMENT INDICATE THE NATURE OF THE REFEZRENCE
DMVR & DIMENS]IONED yvaRIABLE | AB & A3INORMAL EX = EXTERNAL A = SET EQUAL,DEFINED,ASSISNED
FCTN & FUNCTION NaMz CM = COMMON FA & FORM_ AGUMT 8 = REFERENCED.CALLED
. LBGM = NaME OF LABE_ED COMMON . CP = COMPLEX IN 2 INTEGER C 3 CALLING SEGUENCE H s ]=2 yNIT
S8aT = SUBROUTINE NaME | ‘DA = DATA L6 = LOGICAL D s SURSCRIPTY 1 = 3EAD
SWVR = SWITCH, VARIA3LE k DM = DIMENSION PR 2 PARAMETER E = SPECIFICATION 0 = WRITE
CNMLT ® NaMELIST NamMz: , DP s D3L PRELISN RL 3 REAL J = DO PARAMETER L = LIST
g - EQ » EQUIVALENCE NL = NAMELIST
] ‘
EXP FCTN f 38 .78 88 108 108 148 118 138 178 198 218 238
] Fa 1a 28
- . Fa 1A .. 3A. SA . 75 . 88 LY 192 118 114 134 154 174 194 214
23a 264  29A : ' oo
PLOGMM ; 254 268 284 29
- PVAPOR SBRT.. R : 1a .. . . - . .
T Fa 1A 3C 58 58 7¢C 8C 13C t0C 11C  1i1C  13C . 158 17¢  i9C

i

)

i |

;:~ comeslol e 210 . 23¢ 258 . 28p
] .
|

|

|

|

|

|

|

|

|
t
|
!
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9c-0

THE FIRST ENYRY FOLLOWING THE STATEMENT NUMBER
IS THE NUMSER OF THZI LINE ON WHICH IT WaAS JEFINED

Table C-5
PVAPOR DICTTIONARY (CONT'D)

-~ STATEMENTYT NUMBER TaABLE

THE FLAGS FOLLOWING THE LINE NUMBERS (ON WHICH TWE
STATEMENT NUMBER WAS REFERENCED) INDICATE THZ NATURE
CF.THE REFERENCE. _. .

D = DEFINED U = ASSIGNED X & GOTO (UNZNDTNL)
S = FORMAT NUMBER V 3 DO Y 5 IF (&RITHMETICS
J_2 NONSTNDRD RTN_ W » GOTO (CNDTNL). .. .. . _ .. .

. 10

—25 A0

3
15 5
20 7
30 13
35 15
.40 . 17
45 19
50 21
_ 55 .23 _
60 25
65 28

. 2W

2w
24
SN .
W
24

. eW

2W
2W
2w

i

2w

29
2w

2w

170 .

190
21D

230, .

250
280

.30

A00 .
2w

96£T66Y-DSIWT



: Table C-5
PVAPOR DICTIONARY (CONT'D)

’ ‘ ' TRANSFER TABLE
ONLY THOSE ENTITIES WHICH ARE REFERENCED ARE PRINTED OUT, THE COMPLETE LIST FOLLOWS

no GITO (UNCONDITIONAL) CALL HETUAN (NON=STANDARD) INPUT sToP
1F tLocchL) GOTO (ARITHMETIC) FUNCTION REFERENCE ASSIGN CuUTPYY
1F (AR!TNMtT!C) G270 (CONDITIONAL) RETURN (STANDARD) TAPES INTERNAL SJBPROGRav
IF(L) ' 8 11
coTo(c) 2
FCT REF ‘ 3 7. 8 40 10 .11 1t 13 17 19 2% 23
RYRN(S) 4 6 9 12 14 16 18 20 22 24 27 30
SUB PROG 1

ANVAdWOD 3OVdS 28 S3TISSIN G3IIHMOO0T

Le-d
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8c-0

B (b CR R

 THE FIRST FLAG INDIZATES THE
NATURE OF THE ALPHA3ETIC ENTITY
- s UNDIMENSIONE). VAR]ABLE

DMVR ® DIMENSIONED yaRIABLE
FCTN 3 FUNCTION NAMS.

— . LBCM = NaME OF.  LABE_ED COMMON._.. ..
SBRT ® SUBROUTINE NaME
SWyR 3 SWITCH VARIA3LE

-~ NMLT 3 NAMELIST NaAMz: . .. ..

A OMVR DM DA D4 DA s»

-ARS_ ___.§CTN

AS

BS

DELYA — R

£ .

FACTOR

G..—- . DMVR DM DA Da Da

1

CIN e e e e e e

J

« .

N Fa

.NémmmuWA.“ S PSR

oLDvV

P Fa

PTDENS FCTN
PVAPOR SBRT
S _DMVR DM DA .. .

i ¢ Fa

TRY
TRYP
TS NMVR DM Da

v Fa

VF
Y

YP
ZFEIND . SBRT.... .. ...

Table C-6
ZFIND DICTIONARY

THE FOLLOWING TWO CHARACTER FLAGS
INJICATE THAT THE ENTITY IS IN THE

. CORRESPONDING TYPE OF STATEMENT.. ...

AB 3 A3NORMAL EX = EXTERNAL
CM s COMMON FA = FORML AGUMT
CP..8 COMPLEX .. ____ IN =2 INTEGER .. ..
DA s DATA LG = LOGICAL
OM s DIMENS|ON PR =z PARAMETER
. DP = D3, PRECISN RL = REAL e
EQ = EQUIVALENCE NL = NAMELIST
164 18A 204 224 24A 264
44, 46A 1028 1p28 1028 302B
668 e S
658 638
65B ‘658 68p . 688 688 64B
e BOB e e e e
668 72A 728
808 81A 81p
7a 9A 11a . 878 598 ... 59B
70 9D 9L 14D 1L
704 ....708 ... T4 .. . - .
16 18D 18 200 20L 22D
300 320 J2L 34D 34 36D
44L 46D 46
4L :
488 50D 50p 52C - 57D 54B
.. 650 . 68D 86p 102D 1020 302D
714 718 728 738 734
808 :
538 57B 65g 8éo 95¢C
134 .. 880
498 498 508 508 52¢ 578
1028 1028 1023 1028 1028 1028
54¢C
538 :
44 508 50n
95C ... :
644 658 65p 658 688 638
778 80A 82y 880 924A 954
648 830 92g 978
66C 758 175 788
778

758 788

e N A R AB L E...T ABLE ...

THE FLAGS FOLLOWING THE LINE NUMSER3S
(ON WHICH THE ENTITY WAS RSFEREZNCED)

INDICATE. THE NATURE OF THE REFERENGE. ... .

A = SET EGUAL,DEFINED,ASS]GNED
B & REFERENCED,CALLED
C = CALLING SEGUENCE. H = 1-0 UNIT
D = SUBSCRIPY 1 = READ
E = SPECJFICATION 0 s WRITE
J =.00 PARAMETER .. L = LIST
28A  30A 324 34A  36A 384
1028 41028
688
598 598 608 608 608 658
22 24D 24L 26D 26L 29D
36L 38D 3BL 40D 40L 42D
S8B 59D 59D S90 590 60D
1020 1020 102D
658 658 688 6BE 880 948
6AB 688 6488 688 688 724
964 964B 974 97B 994 102a

404

688

281
421

600

1028

758

96€ 166V -OSWI
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62-0

‘ Table C-6
ZFIND DICTIONARY (CONT'D)

R STATEMENY _NUMBER TABLE

THE FIRST EN!RY FOLLOWING THE STATEMENT NUMBER THE FLAGS FOLLOWING THE LINE NUMBERS (ON WWICH THE
!S THE NUMBER OF TH: ILINE ON wacH IT WAS DEFINED STATEMENT NUMBER WAS REFERENCED) INDICATE YHZ NATURE
D . - e et e et e OF. THE REFERENCE _ . ... . ... .- S
‘ D = DEFINED U = ASSIGNED X 8 GOYO (UNCNDTNL)
S s FORMAT NUMBER V s DO Y = IF (ARITHMETIC)
e s s e st senermne o+t e et nem + e e e roeee ememmee ] .8 NONSTNDRQ RTN__ W._® GOTO (CNDTNL) .
10 55 . 48X 50x 550 . ... ____._ e et e e -
18 65 | 65D 84X
20 80 j 80D 82X
— 28— B3 . L TEX 83D e -
30 85 | 66X 850
35 . 87 ‘ 74X 87D
. 40 89 . 885 890 _— N e m
49 94 i 58X 94D
50 97 86x  93x 970
55 Y 49K 990 e e e e e e e -

60 101 ' 54X 1010

96£T66Y -OSHI
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0€-D

Table C-6

ZFIND DICTIONARY (CONT'D)

ONLY THOSE ENTITIES WHICH ARE REFERENCE

Do

1F (L 0GIcal)

GOTO (UNCONDITIONAL)
GITO (ARITHMET1C?

IF {ARITHMETC) GOYO (CONDITIONAL)

IF(L)
6oTo{UC)
caly

FCT REF
RTRNIS)

L QUTPUT. -

sSUB PROG

#456,4 XREF®XREF,
L FAC-_WARNING. .. ..

52
54 66 95
98 100 103
88

1

040090030200

48 49 50 54 58
48 49 S0 8B4 58

TRANSFER TABLE
D ARE PRINTED oUT, THE COMPLETE LIST FOLLOWS

CALL RETURN (NON=STANDARD)
FUNCTION REFERENCE . ASSIGN .
RETURN (STANDARRD) TAPES

66 72 73 74 76 82
66 74 s 82 B4 b6 93

INPUT SToP

. CUTPUT
INTERN4L SUBROGIAv

96E TEEV-0SNT
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T€-D

NATURE

“DMVR
FCTN

SBRT
SWVR

. NMLY

FINDR FCTN'

Lech.

"6 DMVR

N

THE FIQST FLAG INDIZATES THE
OF THE ALPHA;ETIC tNTITY
NDIMENSIO\EJ VARIABLE . . _.
DXMENSIONED VARIABLE
FUNCTION NaMz: '
NAMh oF LABE_ED COHMON
SUSHOUTINE NAME
SWITCRH VARIA3ILE
N?MEL!ST NaMz,

!

SN

o
Fa

Table C-T

FINDR DICTIONARY

VARI1ABLE .
THZ FCLLOWING rwo CHARACTER FLAGS

TABLE.

INDICATE THAT THE ENTITY 1S IN THE

CORRESPONDING.-TYPE OF STATEMENT

AB
CM
Cp
04
oM

OP.

EG

A3NORMAL EX
COMMON FA
COMPLEX ... ___IN.
DaTA LG
DIMENSION PR
D3L PREcISN .. RL
EQVIVALENCE NL

g
34 58

EXTERNAL
FORML, AGUMT

INTEGER. ...

LOGICAL
PARAMETER
REAL

NAMELIST |

THE FLAGS FOLLOWING THE LIVE N:MBERS
(ON WHICH THE ENTITY WAS RZFERZNCED)
INDICATE. THE NATURE OF TWE REFERENGE .

A = SEY EQUAL,DEFINED,aSSISNED

B = REFERENCED,CALLED

C s CALLING SEQUENCE H & 1e0 UNIT .
0 = SUBSCRIPT 1 = 3EAD

E = SPECIFICATION 0 3 ARITE

J 8 DO PARAMETER . L = LIST

96€£TH6Y-ISHI
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Table C-T
FINDR DICTIONARY (CONT'D)

i e i mm i e o TURCAUNGS BB ROTOALB L B e e e
ONLY THQSE ENTITIES WHICH ARE REFERENCED 4RE PRINTED oUT, THE COMPLETE LIST FOLLOWS

bo GJTO (UNCONDITIONAL) CALL RETURN (NON~STANDARD) INPUT 8TOP
IF (LOGlcaL) GOTO (ARITHMETIC) .. FUNCTION REFERENCE . . ASSIGN . _ . = CUTPUT
1IF (ARITHMETIC) GOTO (CONDITIONAL) RETURN (STANDARD? - TAPES _ INTERNAL SURPROGRAM

SUB PROG 1

96£ 166V -DSWI
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: Table C-8

: PTDENS DICTIONARY

} H

| VARI]IABLE TaABLE '

THE "lQST FLAG INDICATES THE THZ FOLLOWING TWO CHARACTER FLAGS THE FLAGS FOLLOWING THE LINE NJUMBEAS

NAYURE OF THE ALPHA3ETIC ENTITY INJICATE THAT THE ENTITY IS IN THE (ON WHICH THE ENTITY WAS RS FER"NCEM
= UNDIMENSIONE) VARIABLE COIRESPONDING TYPE OF STATEMENT INDICATE THE NATURE OF THE REFERENTE
DMVR 3 DIMENS]ONED yARIABLE AB = A3NORMAL EX = EXTERNAL’ Az SET EQUAL,DEFINED,ASSISNED
FCTN 3 FUNCTION NaME: CM = COMMON FA = FORM{ AGUMT B = REFERENCED,CALLED
w —— LBEM 8 NaME OF LABE_ED COMMON ... . CP s COMPLEX .. IN = INTEGER C = CALLING SEQUENCE H = -0 yNIT
§8QT = SUBROUTINL NAME , DA = DATA .6 = LOGICAL D = SUBSCRIPY 1 = IFAD
SWVR = SWITCH vaR[a3LE . DM s DIMENGION PR = PARAMETER E = SPECIFICATION 0 = WRITE
NMLT = NnﬁtLlST NAMZ. o OP = D3L PRECISN RL = REAL J = DO PARAMETER L s L1SY
i , EQ ® EJQUIVALENCE NL = NAMELIST
i .
'Y nMyR DM EQIDA : 4 13 294
48 DMVR DM EQIDA = aE 6 394A
AC DMVR DM EQ'DA . 4E 6E 494
40 NMVR DM EG /D& 4 6E 594
AE nMYR DM EQ DA 4 SE 8E  69A
- AF——-DMVR OM EQ D& ... .o 4. . 6E . . 79A.. . ... . .
AC nMyR DM EQ DA 4 8E 894
AM pMyR DM EG DA ag 6E 994
4] .. DMYR DM EQ DA . 4E 6E 1094
3P NMVR DM LA : 2E 174 2128
aT DMVR DM DA 43 234 2148
DR BMVR DM DAL e oo 2 204 212B .. . . .
o7 DMVR DM DA 2E 264 2188
F : 2164 2178 225B 2258
FF omne 221a 2228 2258 2258
Fi 2154 2168 2204 2248
FP , 212a 2138 2168 2174 2258 2258
-5 USRI e 2194 2198 221B...2224 225B. 225B. . ..

|
)
I
R O S _ ,
! \ : 158y 1590 1614 162p 162D 162D 162D 162D 162D 223a 224B 225D 225D
|
|
1
|

1P 2134 214B 214A 2158 2238
B § 21Y4 2208 2238

J 2294 225D 22%D

JP NDMYR OM DA 2E 154 2238 224p

LOC ..—.OMVR DM LA 2E 134 2238

MX DMVR DM LA " 2E 164 2148 214g

N ‘ 1214 1234 1264 1284 1324 1344 1344 141A $48A 15%A 1534 156a4 1674 16%a
' 1724 1774 1804 1824 1854 188A 19.JA 1934 $96A 200A 202A 206A 2084 2104
2118 2120 2120 214p 214D 218D 223D 224D :

, 149A 1458 1458

)
|
N1 ; - 139a 142A 2114 218p 223D -
P . | . . . 1194 1158 1154 1208 1258 131B 137B 144B 146B 1478 4508 1578 1598 1628
\ . 1668 17iB 1768 179 4848 1878 1928 19%B 198B 1998 2058 2178
PRES Fa | i 14 1148
Ps OMVR DM DA 2 9A 159B 1628 1628 1628
. PTDENS FCTN ' ! 14 225A .
R ~ DOMVR DM EQ EJ EQG we . 2 6E 6E 6E 6E 6E 8E §E 6E 6E 22%B 2258 2258 2256
| ! ' 1164 1178 1188 1198 1308 1368 1304 1458 1454 1558 1638 1658 1748 1758
! ; 2098 211B 2148
TENP Fo , 1a 1168
. T™ : ., 16ZA 1638
1S DMVR OM DA | ©2E 11A 1628 162p 1628
Tz - ’
|
!

9L TOEOV IS
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Q
[

w
=

THE FIRST ENTRY FOL_OWING
IS THE NUMHER OF THE LINE

2% 430 . ...

.10 123
15 125
20 128
30 434
33 136
40. 141
4% 144
50 150
155 ... 453 ..
T 60 155

69 160

75 165

80 169

.85 __ 471

90 174
95 179

100 182

108 184

110 187

11% 190 .

120 192

125% 195

130 198

138 202

140 204

145___ 208

150 210

159 211

120X
119X
125X
118X
131X
130X
137X
117X
147X
150X
146X
158v
159Y
155X
166X

. 165X

171X
176X
179X
175X
184X
187X
174X
163X
195X
199X
198X
205X
204X
122X
178X%

STATEMENT _NUMBER

Table C-8

PTDENS DICTIONARY (CONT'D)

THE STATEMENT NUMBER

1230
1250
1280

.1300

1340
136D
141D
144D
1500
1530
1550
159Y
159y
1650
1690
1710 |
174D
1790
1820

1840 -

1870
1900
1920
192X
1980
2020
204D
2080
2100
124X
181X

ON WHICH 1T WAS JEFINED

THE FLAGS FOLLOWING THE LINE NUMBERS (ON WHICH THE

TABLE

STATEMENY NUMBER WAS REFERENCED) INDICATE THE NATURE

160D

162D .

127x
183X

D = DEFINED

3
S = FORMAT NUMBER V = D
—..T_8_NONSTNDRD. HTN.. W.=

OF. THE REFERENGE___. ...

U

129x 433X
186X 189X

135%  140%
191% . 194X

143X
197X

149X 152X
201X 203X

154X
207X

157X
209X

164X
211D

168X

170x

TASSIGNED X ® GOTO (UNCNDTNL)
0 Y & [F (4RITHMETIC)
GOTQ.(CNDTNL) .. .. .. ..

173X

96£T66Y-ISWI
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GE-D

. Do

[}y

1F {L0G1cal)

IF (aRITHMETIC)

1IFEL)

DIFGay
GOTotUC)

RYRN(S)
SUB PROG

G3TO (ARITHMETIC) .. .. ...
GJYO {(CONDITIONAL)

158J”‘

115
175
159
117

. 154

189
226
1

117
176

118
155
191

118
179

119
157

192

119
184

120
163
194

Table C-8
PTDENS DICTIONARY (CONT'D)

- e ie--T.R.ANSF ER
NLY THOSE ENTITIES WHICH ARE REFERE

NCED ARE PRINTED OUT.
GOTO (UNCONDITIONAL)

CaLL

RETURN (STANDARD)

%20

187 ..
122

164
195

125
192...

124
165
197

13p
195

125
166
198

134

-198

127
168
199

136

199

129
170
20d

T.ABLE.

YHE COMPLETE LIST FOLLOWS
RETURN (NONsSTANDARD)

FUNCTION REFERENCE. . ..

137
..204 ..

130
174
203

. ASS1IG
TAPES

149
20?

133

173

204

N..

146

211

133

174 .

205

147

. 214

135
175
207

159

137
176
209

155

140

.178

INPUT

...CUTPUT

sTopP

INTERNAL SUBPROGIAM

157

143
179

163 165

146 147
181 183

166

149
184

174

150
186

[y
~3
r'S

152
187

96E T66Y -OSIWI
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9¢-d

THE FIRSY FLAG INDICATES THE

NATURE OF THE ALPHAZETIC ENTITY

DMVR =
FCTN
w - LBCM..
S8RTY

e FU

s Sy

NCTJON NAMZ,

BROUTINE NaME

ATCTRL SBRT

SWYR 3 SWITCH VAR]A3LE
. NMLT = NAMELIST NAMEZ

N .

8 )

CHWT FCTYN

CFTw  FCTN

o] FaA
ETU__ DMVR DM.oDA DAL
1 Fa

13

IOV .

1F FaA

11 Fa

AN - Fa e e
1Y Fa

N .

MINTHK DMVR RL DM Da

P Fa

R+Q___NMyR DM DA
0L bMVR DM DA

ey

31 Fa

8z Fa

53 Fa
JYRKG S
WGTFT

N1 Fa

W Fa

= UNDIMENSIONE) VARIABLE .. _.
DIMENSIONED yaRIABLE

3 NAME OF LABECED COMMON . .

INJICATE THAT THE ENTITY IS IN THE

Table C-9

WTCTRL DICTIONARY

VARI ABLE . e e
THE FOLLOWING TWO CHARACTER FLAGS  THE FLAGS FOLLOWING THE L1NE NUMBERS

T

ABLE

{ON WHICH THE ENTITY WAS RZFERENCE)D)

COIRESPONDING. TYPE OF STATEMENT _____ INDICATE THE NATURE OF THE REFERENCE
AB = A3NORMA(L EX z EXTERNAL A = SET EQUAL,DEFINED,ASSIGNED
CM & COMMON FA s FORML AGUMT B s REFERENCED,CALLED
CP & COMPLEX . ._.__.IN 3 INTEGER . . € 3 CALLING SEGQUENCE W = [=0 UNJT
DA = DaTa LG = LOGICAL D = SUBSCRIPT 1 = EAD
DM = DIMENSION PR s PARAMETER E = SPECIFICATION 0 s WRITE
DP.a D3l PRECISN RhL = REAL, . _ J = DO PARAMETER L s LIST
EQG s EQVIVALENCE NL = NAMELIST
- 66A  63B
67A 668
2483 298 323 39C 47C 64B
.. 54 . 6A 238 . -
138 340
47C 504 534 56a 594
39C . 41A___ 434
23D
320
199 208 _ 248 . 23D _2BD 24D 25D -
388
SL 60 6L 70 7L 40 LR o) 9L  25A 264 274
3E 9A 28g 28
248  26B 27 39¢C 47¢C
By 328 - .
74 298
248
308 32B _ 6Ag
328
288 28A 298 B ~
308
114 324
124 164 304 kLYY 394 474 684

28D

96E TH6V~ISHWI
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LE-D

Table C-9

i
i j WTCTRL DICTIONARY (CONT'D)
|
i

"YHE FIRST ENYRY FOL_OWING THE STATEMENT NUMBER

.15 THE NUMHER OF THZ LINE ON WHICH 1T WAS JEFINED

STATEMENT NuMBER

1w

TABLE
THE FLAGS FOLLOWING THE LINE NUMBERS (ON WHICH TaE
STATEMENT NUMBER WAS REFERENCED) INDICATE THZI NATURE

..OF THE REFERENCE .

X 3 GOTO (UNINOTNL)Y
Y & {F (ARITHMETIC)Y

D = DEFINED U = ASSIGNED
S = FORMAT NUMBER V = DO
T = NONSTNDRQ RTN W 2 GOTO (CNDTNL)

13 13w 19D

10 . 16 13w 16D e s
.18 19 130 13w 13w 13w 13w
29 22 19x 220
.25 ... 34 : 13w 13w 13w 34D....
30 35 348 350
35 38 | 13w 13w 38p
40 39 39D . 42X 44x
a5 a1 5 13w 410
50 43 \ 13w 430
55 e 48 ... A3W 46D S
6n 47 470 51x 54X 37X 60X
65 50 i 13w 50D
70 53 . 13w 13w 13w 830 .
7% 56 [ ) 13W 56D
8o - 59 ' 13w 59D
_B85.._..62 . ... 20X 62D e e
90 66 1 21X 660
03 P f 64X  68p
{
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N

8E-D

00

1F (LOGIcaL)

IF CaRITHMETIC)

1F(L)

. GOTo{uc)

GoTo(C)
FCT REF
RYRN(S)

- QUTRUY
SuB PROG

Table C-9

WTCTRL DICTIONARY (CONT'D)

GoTO {UNCONDITIONAL)

GOTO (ARITHMETIC) ... ...
GOTO (CONDITIONAL)

1;9.

19
15
39
17

20"

20

47

33

34, ..

1

21

23

37

,zbm"

a2

40

oy

44

48

. JRANSFER.
ONLY THOSE ENTXT!ES WHICH ARE REFERENCED ARE PRINTED ouT

ABLE

THE COMPLETE LIST FOLLOWS
RETURN (NON*STANDARD)
__4SSIGN .
TaPES

CALL
FUNCTION REFERENCE.. ..
RETURN (STANDARD)

INPUT
CUTPUT
INTERNAL SUBPROGRAM

sTop

96£ TH6Y-OSHI
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6€-D

NATURE
e :
OMVR 3
FCYN 2
ce—e- LBCM.®
SBRY =
SWYR 3
. NMLT =
CFTwW FCTN
CiL DMVR
Cz DMVR
() NMyYR
G4 DMVR
o R
1oV
K1 NMVR
K2 .....DMVR
K3 DMVR
K4 SMVR
P ... E

THE FIRST PLAG INDIZATES THE

i
|
I
t

OF THE ALPHA3IETIC ENTITY

U-DIMENSIONE) VARIABLE .. ...

DIMENSIONED yARJABLE
FUNCTION NaMz

NaME OF LABE_ED COMMON __ __ .

SUBROUTINE NgME
SWITCH VARIA3LE
NaMELIST Namz:

D4

AB
CM

.CP

DA
nM
oP
EQ

i

1

1
1
1

-1

1

1

Table C-10
CFTW DICTIONARY

A3NORMAL EX
COMMON FA
COMPLEX . ... IN
DATA LG
DIMENSION PR
D3L PRECISN _RL.
EQUIVALENCE NL

14 23A 26,
1A 218

24

3A 268

44 238

48 _.198 ._208. .
78 174 21D
5 7A 218
Se .. 8A . 238
Sg 9A 26p
3t 10A 28p
98 . 208___

VAR ABLE . TABLE . .
THE FOLLOWING TWO CHARACTER FLAGS
INDICATE THAT THE ENTITY IS IN THE
CORRESPONDING TYPE OF STATEMENT . ____

EXTE
FORM
INTE
LOG!
PARA
.REAL
NAME

284

C238

218, ..
210

@3B

RNaL A 8 SET EQUAL,DEFINED,ASS]GNED
L AGUMT B = REFERENCED,CALLED
GER - C s CALLING SEGUENCE 4 = [=0 UNIT
CAL D s SUBSCRIPT 1 = RFAD
METER E s SPECIFICATION 0 = ARITE
oo nmmd 8.D0 PARAMETER . . L s LIST
L1sY
238 ...21B .238 _ 238 238 268 238
23D 230 260 260 280 r4]

THE FLAGS FOLLOWING THE LIVE NUM3ERS
(ON WHICH THE ENTITY WAS REIFERENCED)
INDICATE THE NATURE OF THE RAFERENCE

96£ T6O6Y-DOSWI



-ANVAIWOD 3DVds ® S31SSIW AdIFIHND0T

of=d |

Table C-10
CFTW DICTIONARY (CONT'D)

STATEMENT NUMBER TABLE

ZH THE
FIRSY ENTRY FOL_OWING THE STATEMENT NUMBER THE FLAGS FOLLOWING THE LINE NUMBERS (ON wuxzu_
;gETHE NUMHER OF THt LINE ON WHICH IT waS :EFINEo s;ATEME:T guzagg WAS REFERENCED) INDICATE THZ NATURE
voemo——. .OF THE REFEREN -
D s DEFINED U s ASSIGNED X ® GOTYO (UNCNDTNL)
S s FORMAT NUMHER V s DO Y 3 {F (AR!THHETlca

h g NONSTNDRD RIN . W & GOTO (CNDTNL) .

A0 .23 9K 20X 23D e e el
‘18 25 18x 250

20 28 25X 280

96ET66V-ISWI
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H-0

0o

S 1F (L0Glcak) -
IF (ARITRMETIC)

}
|
|
|
|
|
i

1FCL)

GOTO(UC)
RTRN(S) .
SuUB PROG

I
i
:
)
{
]
|

J
|
[
|
I
|
J
|
|
i
)
|
|
|
|

CETW DICTIONARY (CONT'D)

ONLY THOSE ENTITIES WHICH ARE REFERENCED ARE PRINTED ouT,

GOTO (UNCONDITIONAL)

GITQ (ARITHMETIC) .
GoT0 &QONDxTIONAL)

17 18,

18 19 .
e2 . 24
1 ‘

49

20

e?

20
25

29

25

Table C-10

TRANSFER
call

v FUNCTION_REFERENCE _. .

RETURN (STANDARD).

T ABLE. e
THE COMPLETE LIST FOLLOWS
RETURN (NON=STANDARD)
- ASSIGN _
TAPES

INPUT SToP
_CUTPUY

INTERNAL SUBPROGRAM,

96£TH6Y-ISWI
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2h=D

Table C-11

CBWT DICTIONARY

. . VARIABLE TABLE
THE FIRST FLAG INDICATES THE THZ FOLLOWING TWO CHARACTER FLAGS  THE FLAGS FOLLOWING THE LIVE NUM3ERS

NATURE OF THE ALPHASETIC ENTITY INJICATE THAT THE ENTITY IS IN THE (ON WHICH YHE ENTITY WAS RIFERENCED)
"8 UNDIMENSJONE) VARIABLE . CORRESPONDING TYPE OF STATEMENT _ . INDICATE THE NATURE OF TWE REFERENCE
DMVR ® DIMENSIONED vARIABLE AB 3 A3NORMAL EX = EXTERNaL A = SET EQUAL ,DEFINED+ASSIGNED
FCTN = FUNCTION NaMz CM s COMMON FA = FORML AGUMY B a3 REFERENCED,CALLED
ceolBCM 2 NaAME OF LABE_ED COMMON.. .. CP 3 COMPLEX ... ... IN = INTEGER . . C = CALLING SEQUENCE ™+ = l«0 UNIJT.
S6RT 3 SUBROUTINE NAME DA s DATA LG = LOGICAL D s SUBSCRIPTY I = READ
SWVR 8 SWITCH VARIASLE OM = DIMENS]ON PR =z PARAMETER E s SPECIFICATION 0 = WRITE
C NMLY & NAMELIST NAMz: » OP = D3l PREEISN RL s REAL W & DO PARAMETER L s L]IST
: EQ ® EQUIVALENCE NL a NAMELIST
CaWT  FCTN 1a 74 104 108. 124 128 128
ci nMYR DM DA 3E 44 78 108 148
c2 DMVR DM DA . U Sa 10B 128
0 Fa 1A 78
I8 Fa 1a 70 70 10p 10D 120 12D
Moo DMVR RL OM D& . . 2. _ _ 3 ____6A __. T8 .. ...
P Fa 1a 88 98 12

96E£TH6Y-DSHT
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Eq-0

Table C-11
CBWT DICTIONARY (CONT'D)

|
|
|
)
|
|
I
i
|

iimciie . S TATEMENY_ .NUMBER TaBLE

THE FIRST ENTRY FOLLOWING THE STATEMENT NUMBER THE FLAGS FOLLOWING THE LINE NUMBERS (ON WHICH THWE
xs TRE NUMB=R oF TH-'LXNE ON WHICH IT WAS DEFINED STATEMENT NUMBER WAS REFERENCED) INDICATE THE NATURE
e et e e OF THE REFERENGE .. _._ . . . .. oo . , ,
D = DEFINED U = ASSIGNED X ® GOTO (UNCNDTNL)
S = FORMAT NUMBER V s DO Y = IF (ARITWMETIC)
2 GOTO (CNDTNL) ... . . .

e T. 8 NONSTNORD RTY W.

)

|

V

|

| .
10 .. 12 ! X 120 . e e

) :

!

!

G6£T66V-OSWI
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{2
=
=

Teble C-11
CBWT DICTIONARY (CONT'D)

' TRANSFER TABLE
o~Lv 'THOSE e~7xr:ss WHICH ARE REFERENCED ARE PRINTED OUT, THE COMPLETE LIST FOLLOWS

00 G0T0 (UNCONDITIONAL) CALL RETURN (NONsSTANDARD) INPUT
1F (LOGICAL) .. GIYO (ARITHMETIC).___ _ FUNCTI]ON.REFERENCE._____ _ASSIGN - OUTPUT
IF CARITHMETIC)  GDTO {(CONDITIONAL) RETURN (STANDARD) TAPES

tF(L) 8 9

60ToUC) ]

RYRN(S) . ... . ... 8. 3__ 383 . .

SUB PROG i

sToP

INTERNAL SUBPROGRAM

96E TH6Y-0SIWI
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GH-0

- ‘ Table C-12
b g GOMTRY DICTIONARY

e | e e VY ARIABLE . TABLE

THE FIRST FLAG lNox ATES THE THE FOLLOWING TWO CHARAGTER FLAGS  YHE FLAGS FOLLOWING THE LIVE NUMBERS
NATURE OF THE SLPHA3ETIC ENTITY INJDICATE THAT THE ENTITY IS IN THE (ON WHICH THE ENTITY WAS RSFERENCED)
. 3 UNDJIMENSIONE) VARIABLE. . CORRESPONDING TYPE OF STATEMENT. _  INDICATE THE NATURE OQF THE REFEZRENCE
DMVYR = DIMENS1ONED vARlABLE AB = A3INORMAL EX = EXTERMNAL A 3 SET EQUAL,DEFINED/)ASSI3INED
FCTN s FUNCTJON NAMZ: CM = COMMON FA & FORML AGUMY B = REFERENCED,CALLED
c e W BCML.8. NAME: OF LABE _ED. COMMON e CP 8 COMPLEX . _____IN a INTEGER .. _____ C.s CALLING SEQUENCE W = 1=0 uUNIT _
SBRY = SUBROUTINE NaME DA = DATA LG = LOGICAL D = SUBSCRIPT 1 = READ
SWVR = SWITCH VARIA3LE ‘ DM s DIMENSION PR a PARAMETER E = SPECIFICATION 0 = WRITE
NMLT 8 NAﬁELlSTANAME: e ww- .. .. DP = D3L PRELISN_RL_=x REAL e .. ® DO PARAMETER . L = LIST
» : EQ s EQUIVALENCE NL = NAMELIST
ALGG FCYN } 578
ARACYL FCYN : 364
SREAFR FCTN ] 41 e e
ARSPHR FCYN ! 474
ASIN  FCTYN ! ' 528
CONE ... FCYN .| e e . PA . 9AL.A3A._ ABA._ 22A  27A__ 32& 37A 424 _ 52A _ 57A 604
CYLNDR FCYN ‘ 12A :
chspu FCTN ! 174 '
. 514  52C 528 . 56A 578 57C S57C
FRCONE FCTN | 21
Fa Ff Fbo FA 7a 25 98  12A 138 214 22B 35A 378  41A  42C 42C
.HSPH&R FCIN L i ... 26 s el L o - . e
| 9% 138 43B 228 378 42B 52B 57B 608
Pl’OB l 278 328
RW oivs. FaA FA FA FA oo 25 98 98 12 138 138 174 188 188 214 228 228 228 254
l : 278 278 314 32 328 . 36a 378 444 428 42¢ 474 488 51¢C 54C
52B 528 54B 56¢ s8C 568 578 578 60B  6NnB
RROT. . ... .. Fa FA Fa FA S 174 188 __26A 278 344 328 474 488  51C 51C 518 528 548 56¢C
1 : 56¢C 578 57B
R2 Fa F 214 22B 22B 228 4i1A 428  42¢C
SPHERE FCTIN
SART FCYN 428 518 568

R
W
P,
>
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=D

" YHE FIRST ENTRY FOL_OWING THE STATEMENT NUMBER _ :
1S. TWE NUMBER OF THZ: LINE ON WHICH 1T WwAS DEFINED STATEMENT NUMBER WAS REFERENCED) INDICATE THZ NaTURE

10 54
19 60

48X
S4x

540
60D

ST a7

Table C-12
GOMTRY DICTIONARY (CONT'D)

EMENT..NUMBER TABLE
THE FLAGS FOLLOWING THE LINE NUMBERS (ON WWICZH THE

OF THE REFERENCE

D = DEFINED U 8 ASSIGNED X & GOTO (UNTNDTNL)
S = FORMAT NYMHER V 8 DO Y 8 IF (4RITHMETIC)H
T 3 NONSTNDRD RTN W = GOTO (CNDTNL)

96£T6OV-DSWI



Table C-12

|
)

| I
|

]

|

|

{ GOMTRY DICTIONARY (CONT'D)
l

)

)

|
[
[
I
|
|
1
|

TABLE

J TRANSFER
THE COMPLETE LISTY FOLLOWS

40\3' Y THOSE ENTITIES UHICH ARE REFERENCED 4ARE PRINTED ouT,
]

ANVAWOD 3DOVdS B SITUSSIN AIFHUDOT

5 RETURN (NON=STANDARD)  INPUT STOP
, nO , GOTO (UNCONDITIONAL)  CALL PuT
F (L0Gicak) GOTO (ARITHMETIC?. __ FUNCTION REFERENCE . ASSIGN _ CUTRY
ir (aRITHMETIC)  GOTO (CONDITIONAL) RETURN (STANDARD) TAPES INTERNAL SUBPROGam
- . . o -
TFLL) 48 54,
g :g 21: 52 56 57 '
o Fel REFS . S, -
' RTRN(S) 10 14 19 23 28 33 38 43 53 58 61
- 'SuB PROG 26 31 36 41 &Y

L
|
!
|
|
|
|
|
|
!
|
|
f
|
|
!
|
|
!
|
!
|
!

2 12 17 21
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Table C-13
SPHSEG DICTIONARY

e e it NCARLLABLE . TABLE .. .
THE FIRST FLAG INDICATES THE THE POLLOWING TWO CHARACTER FLAGS  THE FLAGS FOLLOWING THE L]VE NUMBERS

. NATURE OF THE OLPHABETIG ENTITY INDICATE THAT THE ENTITY IS IN THE (ON WHICH THE ENT]TY WAS REFERENCED)
z UMDIMENSIONE). VAR!ABLE . CORRESSONDING TYPg OF STATEMENT . .. INDICATE THE NATURE OF TH4E REFERENIE
DMYR = DIMENSIUNED vaKlABLE AB = A3NORMAL EX =z EXTERNAL A = SET EQUAL,DEFINED,ASSIGNED
FCTN 3 FUNGYION Nams CM s COMMON FA = FGRML AGUMT B = REFERENCED,CALLED
e LBEM 3 NAME QF LABE_ED COMMON ... . CP = COMPLEX . . _IN s INTEGER . .C = CALLING SEGUENGCE H = =D UN]TY
SBRT = SUBROUTINE NaME Da = DATA LG = LOGICAL 0 s SUBSCRIPT 1 s READ
SWVR & SWITCH VARIA3LE DM s DIMENSION PR =z PARAMETER E = SPECIFICATION 0 a #RITE
NMLT » NaAMELIST NAMS; DP = D3L PRECISN  RL = REAL .. J 8 DO PARAMETER = L = LI8T
EQ@ =2 EJUIVALENCE NL = NAMELIST
a tat0s FCTN 248 '
i ¢0s FCTIN . 278
& CYMSPH SBRT } _ 394 .
[ D _ 434 448
 ELIPSG SBRY 154
KR oo, L FAFAFA 24 . 154 . 35A 39, 444 o - -
1 : 22J 268 270 294 308 31D 310
K 304 350
PHI3 - ' AT 27¢
Pl 438
P1203 118 178 27¢C
PVOL._ . FaFAFS . @A 454 __19B 394 438 . L .
RaD Fa Fa Fa_ 2, 11B 154 478 278 31B 394 43B  43B 448  44B
RPO Fa FA T 34 178 178 395 438 438
SPHSEG SBRT v . 24 L ,
TVOL 114 174 198
X1 26A 27¢
XM et .. 394 208 _ 21Q  24¢ .
Y DMVR DM 8g 274 3i8 318 330 b1-1:)

96£ T66Y-OSWI
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61-0

1S THE NUMBER OF TH' LINE ON WHICH 1T was DEFINED

18

~10-
193 23
20 28

28— 32
30 33
33 47

.. 40.. 48.

|
!
I

20X
25y

29v .

31X
33s

21s.

1180

23D
280D
1320
‘350
47D

SPHSEG

y STATEMENT.
THE FIRST ENYRY FOL OWING THE STATEMENT NUMBER

48D

Table C-13
DICTIONARY (CONT'D)

_NuUMBER TABLE

THE FLAGS FOLLOWING THE LINE NUMBERS (ON WH]ZH TWE
STATEMENT NUMBER WAS REFERENCED) INDICATE THZI NATURE
OF THE REFERENCE

D s DEFINED U ® ASSIGNED X 3 GOYO (UNINDTNL)
S = FORMAT NUMHBER V = DO Y 8 [F (ARITHMETIC)H
.7 = NONSTNDRD RTN W = GOTO (CNDTNL) .

96E£T66V-0SIWI
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06-D

Table C-13
SPHSEG DICTIONARY (CONT'D)

B TRANSFER TABLE
ONLY THOSE ENTIT!ES WHICR ARE REFERENCED ARE PRINTED oUT, THE COMPLETE L]STY FOLLOWS

Su8 PROG 2 15 39

GJOTO (UNCONDITIONAL) CALL RETURN (NON- STANDARD) INPUT STOP

XF (LO0GlcaAlL) GOTO (ARITHMETIC) ... FUNCTION REFERENCE . ASS]IGN . CUTRPUY

IF (ARITHMETIC) GOTO (CONDITIONAL) RETURN (STANDARD) TAPES INTERNAL SUBPROGaMm
DO 25 29
TF(L) 20 31
GoToluc) . 12 20 3% e et _ -
FCT REF 24 27
RTYRN(S) . 22 34 38 45
OUTPUT e @ o B e

96£ T66Y-OSWI
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APPENDIX D
SOPSA CROSS REFERENCE

This Appendix contains a cross reference listing of éll entry points

in the SOPSA program. The names of the relocatable elements are listed
alphabetically. Beside each element name, the names of the element entry
points are listed. Beside each entry point name, the names of all re-

locatable elements in the SOPSA program which reference this entry point
are listed. '

D-1

LOCKHEED MISSILES & SPACE. COMPANY



Table D-1

SOPSA CROSS REFERENCE LISTING

ARACYL
AREAFR
ARSPHR
CBWT
CFTW
CONE
CYINDR
CYLSPH

CYMSPH -

- ELIPSG
FINDR
FLORES
FRCONE
HSPHER
INIVOL
PTDENS
PVAPOR
SPHERE
SPHSEG
ULIHED
WICTRL
ZFIND

(000635)
(000703)
(000757)
(000057)
(000125)
(000244)
(000312)
(000360)
(000254)
(000224)
(000012)
(000576)
(000k33)
(000507)
(000162)
(000564)
(000316)
(000562)
(000176)
(000240)
(000265)
(000403)

(GOMTRY) ,INIVOL
(GOMTRY) ,INIVOL
(GAMTRY) ,INIVOL
(CBWT) ,WTCTRL
(CFTW) ,WICTRL

( GOMTRY)
(GOMTRY) ,INIVOL
(GQUTRY) ,INIVOL
(SPHSEG) ,ULIHED

(SPHSEG) ,ULLHED -

(FINDR) ,STAR
(FLORES) ,STAR
(GOMTRY) ,INIVOL
(GOMTRY) ,INIVOL
(INIVOL) ,STAR

IMSC-A991396

(PTDENS) ,STAR,ZFIND
(PVAPOR) ,ZFIND,STAR

(GOMTRY)

( SPHSEG)
(ULIHED) ,STAR
(WICTRL) ,STAR
(ZFIND) ,STAR

LOCKHEED MISSILES & SPACE COMPANY



