ﬂ/73‘;z775’7
R~ FIPE 3

LMSC-A991396

5”[[]'71[ 30 JUNE 1973

FINAL REPORT

SHUTTLE CRYOGENICS
SUPPLY SYSTEM

OPTIMIZATION STUDY

VOLUME V A-1

USERS MANUAL FOR MATH MODELS

CONTRACT NASS-11330

Prepared for Manned Spacecraft Center.
by
Manned Space Programs, Space Systems Division

LOCKHEED MISSILES & SPACE COMPANY. INC.

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO




DRL Line Item 9 - LMSC-A991396
DRD No. MA-129T _ _ o ~ NAS 9-11330

FINAL REPORT
SHUTTLE CRYOGENIC SUPPLY SYSTEM
OPTIMIZATION STUDY

VOLUME VA-1

USERS MANUAL FOR MATH MODELS

s
PN

H T R s S
- .'5?.“&2.,."-",‘:‘-"‘

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

FOREWORD

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

The Final Report is published in eleven volumes*:

Volume I — Executive Summary
Volumes I, III, and IV — Technical Report
Volume VA-1 and VA-2 ' '
Math Model — Users Manual
Volume VB-1, VB-2, VB-3, : .

. and VB-4 Math Model - — Programmer Manual

Volume VI — Appendixes

The LMSC Staff participants are as follows:

Study Manager L. L. Morgan
Subsystem Evaluations C. J. Rudey

' D. P. Burkholder

C. F. Merlet .
W. H. Brewington

Integrated Systems H. L. Jensen

Component Analyses B. R. Bullard
| .-, 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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Section 1.0

INTRODUCTION TO THE CRYOGENIC INTEGRATED MATH MODEL PROGRAM (TCIMM)

1.1 PROGRAM DESCRIPTION
The Integrated Math Model for Cryogenic Systems 1s a flexible, broadly applicable

systems parametric analysis tool. The program will effectively accommodate systems
of considerable complexity involving large numbers of performance dependent variables
such as are found in the individual and integrated cryogen systems.r Basically, the
program logic structure pursues an orderly progression path through any given sys-

tem in much the same fashion as is employed for manual sjstems»analysis.

The system configuration schematic is converted to an alpha-numeric formatted con-
figuration datae table input starting with the cryogen consumer and identifying all
components, such as lines, fittings, valves, etc., each in its proper order and end-
ing with.the cryogen supply source assembly. Then, for each of the constituehﬁ .
component assemblies, such as gas generators, turbo machinery, heat exchangers, accunu-
lators, etc., the performance requlrements are assembled in input data tabulations.
Systems operating constraints and duty cycle definitlons -are further added as input
data coded to the configuration operating sequence., Characteristic performance data
orer the range of temperatures, pressures and flow rates of interest for each of .
the functional component assemblies, is input to the program or table look-up data
arrays to be called as needed in the analysis sequences. The use of fable look-up
data combined with closed-form solution analysis, where needed, permits the rapid
computation of the desired parameters as the analysis proceeds through the system

conflguratlon.

The program will_size the system to fit the operating demands'and constraints

and produces as output the component and system hardware size and weight, pro-
pellant (or reactant) weight, vented fluid weight, and such analytical information
(i.e., computed performance values) as may be desired. .The analytical results

are displayed both as time dependent data tabulations and summary table data.

1.1.1 PROGRAM PURPOSE

The intended purpose of the program is to provide an analytical tool which permits

rapid parametric evaluation of the various types of cryogenics spacecraft systems

1 v :
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LMSC-A991396

currently under study in the national. space program. The mathematical techniques
built into the program provides the capability for in-depth analysis (combined
with rapid problem solution) for the production of a larger quantity of soundly
based trade-study data than normally would be obtained in hand calculations. Pro-
gram flexibility in accommodating advanced systems resides in its modular type
programming which permits program growth with simple addition of new subroutincs
and the addition of variables to existing common banks. Conversely, the program
is easily dismantled if it is desired to limit analysis to only one or two systems

and utilize a smaller computing machine.

In summary, the purpose of the program may be said to be that of providing an

improved general analysis tool for cryogen technology applications.

1.1.2 PROGRAM STRUCTURE
The Integrated Math Model for Cryogenic Systems consists essentially of three major

sections as illustrated in Figure 1.1.2-1. Within each of the major sections the
structure is further broken into block subsections, each of which is reserved for

specific functions of data management, data utilization or analytical data display.

1.1.2.1 PROGRAM INPUT DATA ILOGIC

Of necessity, the program requires a rather large data bank capable of providing
characteristic performance data for the wide variety of component assemblies

found in typical cryogen systems.

Program data requirements for the Integrated Math Model are divided into two types.

"semi-permanent" data tables which the program employs

The first type consists of the
to compute performance, weight, property, and other characteristics as a function of

up to four variables per run.

The table data bank contains the necessary component performance characterization
data for the system configurations to be considered, as well as the required cryo-

gen properties data and required material properties data.

The “"source data', as obtained, is verified as being authoritative, and is then

processed into a formatted tabular array which specifies the table name, ID codes,

2
LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

PROGRAM INPUT

SYSTEM(S) CONFIGURATION

INPUT PARAMETERS (EACH SYSTEM)

TABLE DATA BANK (FUNCTIONAL PROPERTIES DATA)
PROGRAM OPTIONS (INPUT/OUTPUT CONTROL)
PROGRAM INSTRUCTIONS (COMPUTATION OPTIONS)

PROGRAM COMPUTATION

MASS TRANSFER -~ ENERGY REQUIREMENTS - FLUID

STATE DETERMINATION - THERMODYNAMIC PROCESSES -
RESTDUAIS - FLUID FIOW COMPUTATIONS - HEAT TRANSFER
SIZING CAICULATIONS - WEIGHT DETERMINATIONS -

- FOR -

CRYOGENIC CONSUMER - LINES - FITTINGS - CONTROLS -
ACCUMULATORS - HEAT EXCHANGERS - GAS GENERATORS -
. TURBINES - MOTORS - PUMPS. FLUID CONDITIONERS -
FLUID TANKS - PRESSURIZATION PROCESSES - ACQUISITION
DEVICES - GAS PRESSURE BOTTLES

PROGRAM OUTFUT

OUTPUT FORMAT - HARD COFY

PIOT COPY

- TAPE GENERATION
DRUM STORAGE
PARAMETRIC RECYCLE - DATA RETRIEVAL

FIGURE 1.1.2-1 MAJOR PROGRAM STRUCTURE
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the dependent variables, and the independent variables--in order of use. The tabu-
lated array data is carefully ordered such that curve fitting routines can extra-
polate data points with good accuracy and speed. The prepared data array is punched
into data card decks and verified for correctness. The procedure is illustrated in
Figure 1.1.2-2. All data tables are logged as to reference, source, date of data

acquisition, and pertinent data limitations such as range of application, etc.

Since a large volume of table data can be required by the program, a unique data
management set of subroutines is employed to retrieve any particular table and
extract the required information with remarkably high speed and accuracy. Addi-
tionally, a machine plotted and/or printed tabulation "echo" of the tables can

be requested for easy table input checking.

The program currently contains forty-six tables and currently will accommodate up

to fifty tables for a total of TOOO words.

The second type of input data is "variable" and contains the variable input para-

meters which may be perturbated for parametric system studies. These data include
duty cycle characteristics, configuration description, and operational requirements
of the system being studied. The variable input values are printed out just prior

to the system computéd data output as a means of input verification.

The general program input data requirements by type'of data and source is illus-

trated in Figure 1.1.2-3.

1.1.2.2 PROGRAM COMPUTATION LOGIC
In order for the Integrated Math Model to accomodate the possible range of cryogenic

systems likely to be considered and perform as a general systems analysis tool,

the following three premises are established:

(1) Any logical combination of supply tanks, lines, fittings, valves, regulators,
heat exchangers, gas generators, pumps, accumilators, and "cryogen-consumer"

components can be specified as a system configuration point.

(2) The "eryogen-consumer" component may be any of the components being supplied

with cryogenic fluids.

L
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(3) An integrated cryogenic system may contain a number of similar and/or
different cryogen subsystems to be fed from a common cryogen supply

source.

Although these premises appear to force the- generation of a very large pro-
gram,an examination of the six basic individual cryogen system concepts reveals
a marked similarity and commonality of components by kind. Table 1.1.2-1 illus-
trates adequately the fact that thére are less than twenty-five kinds of major
component assemblies to be considered,additionally, the temperatures, pressures,
and flow rates are for the most part within reasonable range spéns, thus further

reducing the quantity of data to be manipulated.

1.1.3 PROGRAM OPERATIONAL SEQUENCE

The program capability for accommodating a nunber of different kinds of systems

analysis, derives from the use of built-in sequencing indices. The indices

are stored as data statements in subroutine ST¢DTA, and are readily available
to a programmer or knowledgeable program-user for restructuring, if necessary.
The indices are used by the various system analysis subprograms to direct the
analysis from one set of procedural steps to the next in.a preprogrammed

manner. The details of the program operational sequence for the various systems

to be analyzed are explained in the followiné subparagraphs,

1.1.3.1 PROGRAM INTTATION AND CONTROL
Program initiation is accomplished through by the driver subroutine C@NTRL.

This subroutine initializes the data storage subroutines and reads the first
card of the input data deck for the user's name and program titie. Following
this a call to subroutine INTAB reads in table data deck (or file) to storage.
As a check on the correctness of the data table input, subroutine INTAB causes
an "echo" printout of the selected table numbers to be printed for visual
reference. A typical "echo" print is illustrated in Teble 1.1.3-1. Note that
the "echo" also permits verification of the number of words in any given table,
thus aiding the user in troubleshooting incomplete table entries. C¢NTRL then
reads in the name and type of system to be evaluated. This is followed by a call
to subroutine C@MPIL which reads into core the cryogen system input data deck
containing the system duty cycle,'configuration sequence, and pertinent system

and component parametric information.

7
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COMPONENT LIST ACPS FUEL CELL EC/LSS OMs

SUBCR | SUPCR suscr | supcr | suscr [ supcr | P.ALE.] p.ALT.
ENGINE (MAIN) o—) o1
ENGINE (AUXILIARY) —o ° _—
TUREBINE - GENERATCR I
FUEL CELL o—.| —o—| - —
CABIN ATMCSPHERE — ° o— |-
ENVIROMMEMNT CONTROL - e °
LINES - - ' — o .- NS ° ° ° o—.
FITTINGS ¢ —|— @ -t - G @1 @ - o @ — @ ——
VALVES SEY ® o |} -0—t-0- -0 —|—-0-J—0—
REGULATCRS ——f—-o— @t —f ] @ -
ACCUMULATORS ® ¢ - o
HEAT EXCHANGERS ———— - @ — |- @ — ® IS °
HEAT SOURCES P ° ° ° - —
GAS GLINIPATORS ° Py ISR - -
TURBIMNES ®—|— - o—|
MOTORS
PUMPS - . P
TANKAGE ™ ° ® ° e 0 —1}- -
THERMAL CONDITIONING UNIT {— @ — |- —— °- -
PRESSURE CONTROL ° *— ° ° ° ° o —
ACQUISITION ®—- — B ! SEEEY PSS BN
GAS STORAGE - - oo
CIRCULATION PUMPS — e e —] -

TABLE 1.1.2-1

CRYOGEN SYSTEMS - COMPONENT SIMITARITY BY KIND
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Subroutine C@NTRL next calls subroutine CRYCPN to process the calculations re-

quired for the system being considered. Completion of the_required calculations

causes program control to return from CRYCEN to C¢NTRL.. Subroutine C@PNTRL then
tests to see if additional system data decks are to be read in, if so, it does
and repeats the cycle; if not, C@NTRL calls EXIT and terminates the run.

Brief flow-charts for C@NTRL, C@PMPIL, and CRYC@N are presented in Figure 1.1.3-1,
-2, and -3. : '

9

LOCKHEED MISSILES & SPACE COMPANY.



TABLE
NUIBER

S ONO VNI W00 RN NI W —-

NN
-

LMSC-A991396

TABLE 1.1.3-1

DATA TABIE SELECTION "ECHO"

TITLE OF TABLE

RCS=THRUSTER WEIGHT
RCS=VAC, SP, IMPULSE
SPEC.I'T/1.B OF 02 RENOVED
SPEC.HT/1.8 OF H2 REMOVED
TEI'Fe /LDs OF 02 RENOVED
Tetip. /LB, OF H2 RENOVED
RR/ VS PGGl!/RePAMB,PCHP
KK VS PGGyM/RyPAMBFCHP
OUS ERGINE VEIGHT
arls VAC, 5P, IMPULSE
HEX HCT GAS FLOW = LO2
HEX HCT 6AS FLOW = LH2
AS GEHERATOR WEIGHT
.02 TRANRFER PUMP WEIGHT

Li12 TRANSFER PUMP WEIGHT

HOTOR WEICHT
VACJACDIA VS WEIGHT
PHI = HYDROGEN

TENPS OF N2 VS RHO F(P)
T o XFEF o COEF o =H2

HT o XFER JCOEF g w2l

FTU OF 321/347 STL.STEEL
FTU OF 2219787 ALUM,
FTU OF 6n61=T6 ALUMINUM
FTU OF IMCOMEL-TIS8

- FTU OF TI=6Al =4V

HEAD COZFFICIENT VS NS
ADIASATIC EFF. VS NS

EFFIZ, QI0T,VS IMP, DIAM
AASE LIMF STAGE WT VS DI
SATURATED STEAM, T,VS P,

SPei:Te OF 0=t COMB,PRGD,.

UXVYGEL INTERHAL ENERGY
HYDEOGEN INTLRNAL ENERGY
OXYGEN IMTERMAL ENERGY
OY.YGEK VAPOP PRESSURE
HYDREOCEN VAPOR PRESSURE
OXYGEN VAPOR PRESSURE
EFTHALPY OF (.02
ENTHALPY OF LH2
ENTUALPY OF HELIUM
OXYAER EHTHALPY (GAS)
HYDRIGEN ENTHALPY (GAS)
RETA FACTOR
SIGLA=TCL.TAP FOR HEXELC
BETA VALVUES FOR H2

NUMBER OF HUHMBER OF NUMBER OF
DIMENSIONS SURTABLES WORNS

122
AB
2N4
IRY
B30}
19,
a5
95
L ¥¢]
68
133
71
22n
130
I3
120
Y
172
R0
106
138
32
W
30
0

SN ANNAANALDDI

N
E=

216
e
46
24
1uz2
a8
122
2R
172
1R

TOTAL TADLE STORAGE = 5024

A AN A e SANJTTA NN L e v am e e e e T L S Nam J1 DO O N
£
>
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INITIALIZE DATA
STORAGE ROUTINES
AND SET DATE

CALL STODTA

CALL @TUNIT

CALL DATE
NCASE =1
INTGSY = 1

~ v

READ (5000) NAME, DEPT, BLD, EXT, TITLE

COLLECT DATA TABLES
AND STORE DATA ARRAYS

— CHECK ARRAY AND
ECHf TABLE SUMMARY

i

READ (5001)
L | NSYS, NI, NCRIT,

TABLE DATA
DECK FILE

INTGR, MDTRC

IF

NO .
NSYS = NAMSYS WRITE (6000) NSYS
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‘NO ¥ YES

SCRIT = 1 NCRIT =NSPC > SCRIT

2
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SUBROUTINE
CRYC@N

v

C D

LOGICAL DIAG, JP
INCLUDE CONTROL
INCLUDE CKEYS
KEY1 = 1613, K =0

DO61=1,2 IF SYSNUM = APU,
- RESET KSUBC FOR APU
KSUBC (2, I+1) = JAPUS (SCRIT, I) AGCORDING TO VALUE
6 CONTINUE OF SCRIT.
L--——l> 10. 1=1
K=o
e REPT =
‘!’ SETS VALUE OF JKM
20.  JKM = KSUBC (SYNSUM, I) ACCORDING TO PREPROGRAMMED

IF

JKM = 0_
F

IF
MDTRC (JKM)
=0

T

ANALYSIS SEQUENCE INDEX FOR SYSTEM
UNDER CONSIDERATION.

TURNS "ON'"' DIAGNOSTIC ROUTINE

JP = DIAG (-1, 6H CRYC@N)

50. Gg TO

(100, 200, 300, 400, 450,
500, 550, 600, 700, 800,
900, 1000) JKM

SLAVE BRANCHING FUNCTION
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1.1.3.2 Program Sequencing Subroutine. The mechanism for controlling the

anaiysis sequencing is set up in Subroutine CRYC@®N. This subroutine performs
the major branching functions of calling in the various subprograms needed for
each specific system type analysis. Key variables used by CRYC®N to effect this
control over the analysis sequencing are SYSNUM and SCRIT. For each cryogen *
system (and system kind) there exists a preprogrammed set of induces stored

on a data statement( KSUBC [ SYSNUM, 1 I) which defines the order in which
the major analytical subroutines will be called. This set of indices are used in
CRYCO®N for sequencing purposes.

1.1.3.2.1 Program Calculations Sequence. The initiation of specific system calcula-

tions occurs in Subroutine CRYCON. For any of the five cryogen systems, CRYCON
will obtain from labeled common CCNTRL, the values for SYSNUM and SCRIT.

This permits access to the indices stored in the preprdgrammed set of data statements
KSUBC (SYSNUM, I). The branching index JKM (see Fig. 1.1.3-3) then can assume
the value of each stored sequencing index in a given KSUBC data statement as CRYCON
cycles through ité "" loop. Concurrently, as each JKM index is picked up, CRYCON
tests to see if the specified subprogram requires a "user signalled" diagnostic

switch to be turned "ON" or left "OFF.'" This is an especially useful feature when
debugging changes to subprogram coding. Values for MDTRC, the diagnostic indices,
are entered by the user in the system run data deck (see Section 1.2). The KSUBC
data statements are physically located in Subroutine STODTA and are available through
labeled common CCNTRL via an INCLUDE statement.

The index "K' employed in CRYC®N is used to indicate initial or final conditions

for subroutine TSIZEI (K). For the specific requirements of an Auxiliary Power

System analysis (APU), the value of "K' can only be set equal to two (2). For
all other system analysis ""K" is set equal to one (1) the first time called and set
equal to two (2) the second time called.
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The index "LREPT" is employed, by CRY_C¢N, only when processing a super-
critical APU system. Its use permits the recycling (starting over again) of
subroutine APUSUP when that subprogram determines that the fuel mixture
ratio (O/F) input value is too low and yields impossible temperature values.
At that point the subprogram incrementally raises the O/F ratio and reruns
the analysis. If three attempts fail, the subprogram quits and terminates the

analysis.

The manner in which the sequential execution of CRYC@N can vary is explained

in the subsections which follow.

1.1.3.2.2 ACPS —OMS Systems Calculation Sequence. If, for example, a sub-

critical cryogenic reaction control system (ACPS) had been chosen for analysis,
the following would be the sequence of events executed by subroutine CRYCON.
The values assigned to SYSNUM, SCRIT, and KSUBC (SYSNUM, I) would be:

SYSNUM = 1 (For ACPS)
SCRIT = 1 (Suberitical System)
KSUBC (1, I) (KSUBC for ACPS)

and the preprogrammed Data Statement to be used would be:
DATA (KSUBC' [1, I] , 1 = 1, NBRSR)/6, 4, 10, 9, 8, 1, 10, 11, 2/

where "NBRSR'" is defined as 9 in PDP-CCNTRL.

There are, therefore, nine subprograms to be called in the reaction control system

analysis.

Referring to the CRYC®N Flow Chart (Fig. 1.1.3-3), note that statement 10 sets

1 = 1 for the first pass in the calculation loop. Statement 20 then sets JKM = KSUBC
(SYSNUM, I), or, literally equal to KSUBC (1, I) which is the first of the nine

values defined in the data statement body. Thus JKM = 6 in the first loop pass.
Statement 50 is a "computed" GO TO statement which in this instance literally says
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GO TO the JKM (6th) value within the parenthesis, or GO TO Statement 500,
which calls subroutine CONSUM. Thus, the order of subprogram execution, in
sequence, by subroutine CRYCON for a reaction control system analysis would be

as shown in the table below:

Table 1.1.3-2

CRYCON EXECUTION SEQUENCE FOR ACPS ANALYSIS

Loop JKM GY T Subprogram

Pass Value Statement Called
1 6 500 CONSUM
2 4 ; 400 CMPCAL
3 10 800 . TSIZEIL(1)
4 700 TANK
5 600 ) LIQRES
6 100 ACCRES
7 10 800 TSIZEI(2)
8 - 11 900 y WTACC
9 2 200 ACQWT
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The above table holds true for an orbit maneuvering system (subcritical cryogen) as
well, since the only significant differences are larger engines and fewer, but larger,

component parts.

Upon completion of nine loop passes through CRYCON, accomplishing all of the
calculations required by the respective subprograms, the final step is a call to
subroutine OTPWSM which extracts from the labeled common storage, the values
needed for a system weight summary and outputs these data in a formatted weight
summary table., Program control returns to subroutine CONTRL for either execution
of a second case (system analysis) or termination. A general flow chart for a typical

reaction control system analysis is presented in Figure 1.1.3-4.

1.1.3.2.3 APU System Calculations Sequence. For the Auxiliary Power System analysis,

two operating system types are possible; a subcritical cryogen fluid supply subsystem

and a supércritical cryogen fluid supply subsystem.

It is therefore necessary to provide a means of altering the preprogrammed values to
accommodate both cryogen fluid supply subsystems. This is accomplished by pre-
programming KSUBC (2,I) for the more likely supercritical fluids case, and modifying
the data statement when considering the subcritical cryogen fluid supply subsystem.
This data statement adjustment is automatically taken care of in subroutine CRYCON
DO6 loop as shown in the Flow Chart (Ref. Fig. 1.1,3-4). The DO6 loop will reverse
the second and third values of the data stored as KSUBC(2,I) depending upon the value
assigned to SCRIT. JAPUS (SCRIT, I) is the variable accomplishing the switch in
value., The data statements defining JAPUS are stored in subroutine STODTA,

Subcritical Analysis: For an APU system requiring a subcritical cryogen fluid

supply subsystem, the values assigned, via input, to the variables SYSNUM, SCRIT
and KSUBC (SYSNUM, I) would be

SYSNUM = 2 (For APU)

SCRIT =1 (For Sub critical)

and KSUBC(2.,1)

The preprogrammed data statement stored in core is
KSUBC(2I)I = 1,9)/6 3 4 10 11 2 0 0 0/ which is actually the sequence for a
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supercritical subsystem. Therefore, the first action by CRYCON is to reset the

second and third values in a two-step loop as follows:

4
3

1st; KSUBC(2,2)
2nd; KSUBC(2,3)

JAPUS(1,1)
JAPUS(1,2)

and the reversed data statement becomes:

KSUBC(,I),F = 1,9/6, 4, 3, 10, 11, 2, 0, 0, 0/

Note that only six subprograms are called in an APU analysis. The order of sub-

program execution, in sequence, is presented in the following table.

Table 1.1.3-3
CRYCON EXECUTION SEQUENCE FOR AN APU SUBCRITICAL SYSTEM ANALYSIS

Loop JKM GY T Subprogram
Pass - Value Statement Called

1 6 500 . CANSUM

2 4 400 . CMPCAL

3 3 300 APUSUB

4 10 800 ' TSIZEI(2)

5 11 900 WTACC

6 2 200 ACQWT

7 0 2200 j Terminates Loop
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Upon leaving the sequence loop subroutine CRYCON calls subroutine OTPWSM
to output the component and system weight summary. Program execution returns
to subroutine CONTRL which checks to see if another case (same system, or,

new one) is to be run, or if program termination is in order.

Super -critical Analysis:

For an APU system requiring a super-critical cryogen fluid supply subsystem, the
input values assigned to the variables SYSNUM, SCRIT and KSUBC (SYSNUM, I) would
be: ‘

SYSNUM = 2 (For APU)
SCRIT =2 (For Super -critical)
and KSUBC(2, I)

Assuming, for example, that the supercritical case is run as the second case in a multi-
case run (not necessarily so) the preprogrammed data'statemenf in core would still be ,‘
KSUBC(2, ), I1=1, 9)/6, 4, 3, 10, 11, 2, 0, 0, 0/. The first activity in CRYCON,
since SYSNUM = 2, will be to reset the second and third value of the KSUBC data in a
two-step loop as follows: (SCRIT = 2)

Ist KSUBC(2,2) =3
2nd KSUBC(2,3) =4
and the revised data statement becomes;
KSUBC(@,I), I=1, 9)/6, 3, 4, 10, 11, 2, 0, 0, 0/.
The order of sub-program execution, in sequence, is presented in the following table:
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Table 1.1.3-4

CRYCPN EXECUTION SEQUENCE FOR AN APU SUPERCRITICAL
SYSTEM ANALYSIS

Loop JKM GO TO Subprogram
Pass Value } Statement Called

1 6 500 . CONSUM

2 3 . 300 APUSUP

3 4 400 CMPCAL

4 10 ‘ 800 TSIZEI(2)

5 11 900 WTACC

6 2 200 ACQWT

7 0 2200 ° Terminates Loop

Upon leaving the sequence loop CRYC®N calls subroutine @TPWSM to output the
component and system weight summary, and then return program execution to
subroutine CONTRL.

1.1.3.2.4 Life Support System Calculation Sequence. For the Life Support System

analysis, the cryogen fluid supply subsystem is by definition a supercritical subsystem
with a relatively simple and straightforward plumbing structure. It is also uniciue
among the other systems, in that the cryogen fluids employed are oxygen and nitrogen.
Because of this fact, and the need to maintain overall program variable storage require-
ments at a level that will fit into core, it was decided not to expand the program variable
arrays to accommodate a third cryogen fluid, but instead, to use those portions of the
arrays normally used for the hydrogen fluid to store the nitrogen fluid parameter values.
Consequently, the Life Support subprogram became a fairly large self-contained sub-
program, designated as subroutine ECLSS, H(_ance, subroutine CRYC®N makes only

one call for the subprogram. In the case of a Life Support System analysis, the |
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values assigned, via input, to the variables SYSNUM, SCRIT and KSUBC (SYSNUM, I)
would be,

SYSNUM =3

SCRIT =2
and KSUBC (3,1).

The preprogrammed data statement stored in core for this system analysis is,
(KSUBC(3,1), 1 =1,9)/7, 0, 0, 0, 0, 0, 0, 0, 0/. And the order of subprogram exec-
ution by subroutine CRYCON is as shown in the following table:

Table 1.1.3-5

CRYCON EXECUTION SEQUENCE FOR A LIFE
SUPPORT SYSTEM ANALYSIS

LOOP JKM GO TO SUB-PROGRAM
PASS VALUE STATEMENT CALLED

1 7 550 ECLSS

2 0 2200 Terminates Loop

As stated previously CRYCON calls subroutine OTPWSM, outputs the weight summaries

and returns to CONTRL for a new case, or termination of the program.

1.1.3.2.5 Fuel Cell System Calculation Sequence. The cryogen fuel cell system as
defined by this study is a fuel cell array fed by a supercritical fluids storage and
supply subsystem. Further, the energy required for conditioning the reactant fluids
and maintaining their super-critical condition in storage is wholly derived from the

reject heat of the fuel cells. The subprogram which characterizes the fuel cell system
is subroutine FUELCL. This rather large sub-program performs the system sizing

calculations based upon the mass and energy transfer requirements of the input

performance and duty cycle constraints.
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A

The individual fluid circuit components and line segments are sized and weighed by
subroutine CMPCAL which additionally supplys pressure drop calculations for the

main reactant circuits.

For a fuel cell analysis, subroutine CRYC@®N has the values assigned, via input
data, for SYSNUM, SCRIT and KSUBC (SYSNUM, I), as follows:

SYSNUM = 4

SCRIT =2
and KSUBC (4,1 |

The preprogrammed data statement stored in core for fuel cell system analysis is,
(KSUBC(4,I),1=1,9)/5, 4, 0, 0, 0, 0, 0, 0, 0/.

The order of sub-program execution is as given in the following table.

Table 1.1.3-6

CRYCPN EXECUTION SEQUENCE FOR A FUEL
CELL SYSTEM ANALYSIS

Loop JKM GO TO Subprogram
Pass Value Statement Called
1 5 450 FUELCL
2 4 400 CMPCAL
3 0 2200 Terminates
* Loop

When the internal loop is terminated CRYCON calls subroutine OTPWSM, outputs the
weight summaries and returns to CONTRL for a new case, or termination of the

program.

1,1.3.2.6 Orbit Maneuvering System Calculation Sequence The orbit maneuvering

system (OMS) employed in this study was defined to be a suberitical cryogen fluids
pump-fed system. The OMS and ACPS analysis procedures are quite similar program-
wise, with the principal differences being engine size, component size and the fact

that the OMS has fewer, though larger components. '
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For an OMS analysis, SYSNUM, SCRIT and KSUBC (SYSNUM, I) will have the following

values:

- SYSNUM = 5
SCRIT =1
and KSUBC (5,1).

The preprogrammed data statement stored in core for OMS analysis is:
(KSUBC(5,1),1 =1,9)/6, 4, 10, 9, 8, 1, 10, 11, 2/

The order of sub-program execution by sub-routine CRYCON is identical to the order

given in Table 1.1.3-2, and the subsequent remarks following that table.

1.2 INPUT DATA

The input data deck structure will vary according to the system to-be analyzed and the
type of fluid storage system employed. All input data cards are read within the body of
subroutine CONTRL. The segments of input data to be read are generally divided into
two groups; (1) input data common to all system analyses and (2) input data specific to
a given system analysis Necessarily a variety of read statement formats must be

used and these are defined in labeled card formats given later in this discussion .

In generail, a data input deck, for any system to be analyzed, will be made up ofA a set

of card groups from the following group list:

(a) User Identification Card (First Header Card)

(b) Case Title Card (Second Header Card)

(c) Table Data Echo Control Card

(d) Add-File Card - To cause loading of '""Table Data' file - or - Actual "Table Data"
Deck may be placed here, replacing the Add-File card

(e) System Definition Card

(f) Configuration Definition Data Cards

(g) Duty Cycle Definition Data Cards

(h) Consumer Characterization Data Cards

(i) Fluid Storage Tanks Characterization and Configuration Data Cards

(j) Fluid Accumulator Characterization Data Card |

(k) Heat Exchanger Characterization Data Cards

(1) Pump and Turbine Characterization Data Cards
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(m) Heat Source Characterization Data Cards

(n) Motor Characterization Data Cards
Cards (a), (b), and (e) are read directly by subroutine CONTRL. Cards (c) and (d)
are read by subroutine INTAB, called by CONTRL. Cards (f) through (n) are read

by subroutine COMPIL, called by CONTRL.

1.2.1 Input Data - Card Definition and Description

Data definition and input card descriptions for data contained in the fourteen data card
groups are presented in detail in the following subsections. Card data formats are

presented in Subsection 1.2,

1.2 1.1 User I.D. and Case Title Cards.

Gp(a) Card4

The User I.D. card identifies the analyst making the program run. This card is

required in every run deck. The card contains the following information:

Name, Dept., Bldg., Extension

Gp(b) - Card-1 |
A case title card is to be provided for every system data deck as a means of providing

run identification for the system being evaluated. Seventy-two (72) spaces are provided

for the title. Short titles are to be centered in the 72 spaces.

1.2.1.2 Table Data Input Cards.

Gp(c) - Card-1
This card is the Table Data Echo control card. The variables contained on the card are:
IFT, OFT, NPRT, NPRT2

IFT = Table Data Input Drum Unit

OFT Table Data Output Drum Unit

NPRT Table Data Echo Print Control

0, Print All Tables, One Table per Page

1, Print No Table Output

2, Print All Tables with no page eject - Table Dump

1
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Control for Table Summary

NPRT2 =
NPRT =1 > Print Brief Table Summary
NPRTZ2 = 1

Gp(d) - Card~] (Normal Setup)

If the Table Data has been entered and stored as a DATA File, then the Data File may
be assigned and Card-1 here will be a simple:
@ ADD,P FILNAM
where
FILNAM is the Data File nemonic.

If the Table Data is on cards to be read in at this time, then the Gp(d) cards will be

the actual table data card sets as described in detail in Subsection 1.2.6.

Alternate Table Deck Input: (N-sets)

Gp(d) Card—i

The Table I.D. and Control Card will contain the following information:

Title — Table Title (Description)
ND — Number of Dimensions in Table (MAX = 7, MIN = 2)
NC — Number of Comment Cards in Table
J — Plot Option
(O = No Plot, 1 = Plot Table)
NT — Table Number

GP(d) Card-2

Table Comment Card - Gives further description of table data and data reference

sources. There may be NC comment cards.

Gp(d) Card-3

Table Subset Variable Card - Specifies additional variable and its values for

Table Data Subsets.
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LABV — Variable Label
NP — Number of Values to be used (is also number of data subse.ts)

TAB — Value, Value , "~ "Value
z np

There must be (ND-2) of these cards present in Table Set. (ND = Number of

dimensions in Table)

Gp(d) Card-4

Table Plot Control Card - Contains X -axis label, Y-axis label, X-MIN value, X-MAX

value. One card is required for each Table Set.

Gp(d) Card-5

Table Data Subset Characterization Card - card contains:
NV ~ Number of Data Point Sets (X,Y) or Number of coefficients
TYPE — Type of Data in Table -
= 0, Coefficients of polynomial

= 1, Discrete data points from curve

= 2, Equation
NIP —~ Number of points to be used for .data interpolation

< NV

> 1
= 2, Linear Interpolation
= 3, parabolic or hyperbolic interpolation

There must be one of these cards for each data sub-set in the Table Set.

Gp(d) Card-6

Table Data Card - :
For discrete data there are three data sets (X,Y) per card arranged in order of

increasing values of X, for NV sets of points.
For coefficients; coefficients are arranged in order of power and NV coefficients

are read. (For example: CIX2 + 02X + C3 = 0; Input as Cl’ C2’ C3 and NV = 3)
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There are NV/3 discrete data cards required, or NV/6 coefficient data cards

required.

There will be N -sets of the Gp(d) table card sets, where N equals the number of Table Data

sets required for the program.

1.2.1.3 System Definition Card

Gp(e) Card-1

The system definition card provides the system identification; specifies whether

the system has a subcritical or super-critical fluid supply subsystem; specifies
whether or not additional systems are to be read in for additional case consideration;
and, specifies which subprogram diagnostic switches are to be activated. The

variables which are read are:

NSYS  — First three letters of system name
N1 — Additional six alpha spaces for rest of system name
NCRIT -~ First three letters of subcritical or super-critical
MDTRC — Diagnostic switch for eleven subprograms

0, or, blank for NO Diagnostics

1, turns ON Diagnostic switch as defined in PDP-CCNTRL

There must be one system definition card in each system input deck.

1.2.1.4 System Configuration Definition Data Cards

Gp(f) Card-1

The system configuration definition data represents the program image of the
system schematic diagram. Only one (1) card format is employed which functions
as a data input card, and as a configuration table END card. The flexibility of
the data format card in providing different kinds of information resides in the
technique of reading the array and changing the variable name to correspond to
the value entered at any point in the array. Since each data card represents a

specific item, such as, fluid, component, or line segment, and their associated
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parameters, the data array is conveniently manageable.
The variables which are allocated to the card are as follows:

CFUNCT - Six alpha characters which specify either the fluid, consumer
assembly, or system component item, currently being considered.
The allowable names are defined in DATA (FNAME) located in
subroutine STODTA, and further described in PDP-CCNFIG

CFTYPE — A single, or, two digit number which characterizes the type or

kind of fluid, consumer assembly, or system component item

CNOPER ~ Single digit number - for number of consumer assemblies, or
component items operating in parallel; or, in the case of a fluid,

the digit specifies the fluid state (i.e., 1 = gas; 2 = liquid)

CNSTBY — Single digit number - for the number of consumer assemblies or

component items in parallel standby condition (not operating)

CMTYPE - Single Digit Number which specifies the material type for the
system component item. CMTYPE values are defined in PDP- ‘CCNFIG .

FRCOEF ~— Variable containing the friction coefficient applicable to the system

component item being considered

LOD — Length over Diameter Ratio, or, Length applicable to the system

component item under consideration (Real Number)

DIAM — Diameter (I.D. or Port) applicable to system component item being

considered

CITYPE — Integer defining Insulation Type employed for system component

item being considered
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ITHICK — Insulation thickness (Real Number) for system component item under
consideration
NBAR — Number (Real) of insulation layers per inch of thickness for

component item being considered

CODE — Six alpha character code name for component item under consideration.

(i.e., PS02, etc.)

There must be one card for; (a) each fluid and fluid state change, (b) each fluid
system consumer, (c) each fluid system component item, and (d) each fluid system
line segment item. The cards are arranged starting with the oxidizer fluid

system side and working from the consumer toward the fluid supply source. This
is followed by the same arrangement for the fuel fluid side of the system. A typical
configuration table is illustrated in the Input Data Deck Example given in Subsection
2.5. The very last card in the configuration data set must have END entered
inthe CFUNCT field, since this is required in subroutine COMPIL to terminate the
READ loop. (It is also advisable to use card columns 73-80 to number the configur -

ation data cards.)

1.5 System Duty Cycle Definition Data Cards

Gp(g) Card-l

The system duty cycle definition data cards contain the cyclic operating interval
data required for each analysis. The variables employed are as given below. Note
that the variable DCYCLE is in an array in which are stored alternate values of

operating and non-operating time intervals:

DCYCLE(@) = Operating Time Interval

DCYCLE(I+1)— Non-operating Time Interval

PSI — Minimum Impulse Bit Degradation
NEOP — Number of Consumers Operating (Engines, Fuel Cells, etc.)
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HP — Horsepower -~Average Value In Interval

PAMB — Ambient Pressure-Average Value In Interval
PKW — Power (KW)-Average Value In Interval
RPRTIM — Time required per repressurization (cabin or airlock) during a given

duty cycle Interval

There must be one card for each of the defined duty cycle interval periods in total mission

span considered.

There must be a duty cycle end-card consisting of a negative number (i.e.; -1) in the
DCYCLE (I+1) field

1.2.1.6 Consumer Characterization Data Cards. The consumer characterization data cards

are specific to the system undergoing analysis and contribute- the only significant change in the
input data decks for the respective systems. Aside from the differing input data for the

five kinds of consumer systems further differences occur when a given system has a sub-
critical fluid supply subsystem, or when it has a super-critical fluid supply subsystem. Thus,
there are seven separate consumer characterization data card sets which cover the range of

program analysis capability.

1.2.1.6 1 Engine Consumer Data Cards: (ACPS or OMS).

Gp(h-1) Card-1

The engine consumer data éard is utilized for both ACPS and OMS engine data since the
required parameters are identical and the same variable names are used. The

variables employed are defined as follows:

NENG — Integer number of engines operating
GITEMP — Fluid Inlet Temperature to Engine(s)
GIPRES = Fluid Inlet Pressure to Engine(s)
THRUST — Developed Thrust per Engine
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PSUBC — Engine Combustion Chamber Pressure
EXPRAT — Engine Nozzle Expansion Ratio
MIXRAT — Engine Oxidizer to Fuel Mixture Ratio (Real Number)

The single card is usually marked by placing the term ENG in card columns 78-80.

1.2.1.6.2 APU Consumer Data Cards. The APU Consumer input data requires two cards

for either a subcritical or super -critical fluid fed system. The first card used in both
cases is identical, while the second cards contain different information. The input cards

required are as follows:

Gp(h-2) Card-1 (APU-Basic)

The following variables are input on the APU-Basic card:

NAPU — Integer number of APUs operating

HPR — Horsepower Rating of a single APU (Aésumes all are identical)

FMR — Oxidizer to Fuel Mixture Ratio of Gas Generator Driving APU Turbine
PGG — Exit Pressure of Gas Generator driving APU Turbine

TIT — Turbine Inlet Temperature (Assumed also to be exhaust temperature

of gas generator driving APU turbine)
TD — Exhaust discharge temperature from fluid conditioning heat exchangers

P
Gp(h-2) Card-2 (APU-Subcritical)

The variables input on the APU-Subcritical card are as follows:

MRGGCH — Oxidizer to fuel mixture ratio for the gas generator driving the fuel

fluid conditioning heat exchanger
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MRGGC® — Oxidizer to fuel mixture ratio for the gas generator driving the

oxidizer fluid conditioning heat exchanger

TDGGH — Discharge temperature of gas generator for fuel conditioning heat
exchanger
TDGG® — Discharge temperature of gas generator for oxidizer conditioning

heat exchanger

TVH — Temperature of residual vapor in fuel storage tank
VD — Temperature of residual vapor in oxidizer storage tank
TENV — Environment temperature around APU System

Gp(h-2) Card-3 (APU-Supercritical)

The variables entered in the APU Supercritical data card are as follows:

FMRG — Oxidizer to fuel mixture ratio for supplementary gas generator
PFH | . Final fuel tank pressure
PFQ — Final oxidizer tank pressure
TFH — Final fuel tank temperature
TFP — Final oxidizef tank temperature
TG — Exit gas temperature from supplemental gas generator
DELPCP ~ Pressure rise (Delta-P) in tank circﬁlating pump
TENV — Environmenfal temperature around APU system
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1.2.1.6.3 Life Support Consumer Data Cards. The Life Support Consumer Data Input

variables require four input cards in two different card formats. The variables by

card format are as follows:

Gp(h-3) Card-1 (02 = Oxygen, N2 = Nitrogen) |

MDAYS — Integer number of days in mission
NCREW  — Integer number of crewmen on board spacecraft
NRPRES — Integer ﬁumber of cabin or airlock prepressurization planned for mission
NDARES — Integer number of days of reserve fluids required
@2FNOM — Metabolic oxygen requirement (lbs. per man-day)
GLKRAT — Spacecraft atmosphere leakage rate (lbs. per day)
TLSNGM - ﬁominal temperature of gases supplied for life support (1) = Q)Z;
(2) = N2
RHYBEG — Loading density at stored life support fluids (1) = @,; (2) = N2
TKFTEM — Final fluid tank temperatures

() = P,; () = N2

TKFPRS — Final fluid tank pressures
(1) = By (2) = N2

TENVR ~ Environment temperature around life support fluid storage tanks

CABV@L — Cabin (or airlock) volume
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Gp(h-3) Card-2

LINDIA — Fluid line diameter entering fluid conditioning heat exchanger
(1) = P2; (2) = N2

HTRFLX — . Heater rating (BTU/HR-sq. in. ret. temp.)
(1) For heaters in conditioning heat exchanger

(2) For fluid tank heaters

PLSNOHM — Nominal pressure of delivered gaseous life support fluids
(1) = §2; (2) = N2

HTRDIA — Fluid tank heater diameter
(1) = 92; (2) = N2

HTRLNG — Fluid tank heater length
(1) = #2; (2) = N2

PSET1 Lower pressure limit setting for @2 storage tank
PSET2 ~ Lower pressure limit setting for N2 storage tank

1.2.1.6.4 Fuel Cell Consumer Data Cards. The fuel cell consumer data input variables

require four data cards in three different card formats. The variables arranged by card

format are as follows:

Gp(h-4) Card-1

MRFC — Oxygen to hydrogen reactant mixture ratio for fuel cell

SRCFC _— Specific reactant consumption (lbs/KWH @ rated power output)

QDTFC — Fuel cell heat rejection rate (BTU/KWH @ rated power output)
45

LOCKHEED MISSILES & SPACE COMPANY



SPWTFC

TFCNOM

TF21IN
TF21¢U
TFOFC
TFHFC
PFAFC
| PFHFC

RHOFIL

WOVENT
WHVENT
DELTCP
TENV

PRFCQP

POWNOM

LMSC-A991396

Fuel cell specific weight (LB/KW g rated power output)

Nominal fuel cell gas fired temperature
(1) = 92; (2) =H2

F21 coolant fuel cell exit temperature

F21 coolant fuel cell inlet temperature

Final @2 reactant tank temperature

Final H2 reactant tank temperature

Final @2 reactant tank temperature

Final H2 reactant tank temperature

- Reactant tank fill densities

(1) = 92; (2) = H2

Estimated @2 vent quantity

Estimated H2 vent quantity

Pressure rise in reactant tank circulating compressor
Environment temperatqre around fuel cell system
Fuel cell operating pressure

Nominal fuel cell operating power level

Gp(h-4) Card-2

NFCOP — Integer number of fuel cells operating
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NFCSTB — Integer I;umber of fuel cells on standby

PLSET1 — Lower limit pressure setting for @2 reactant tank
PLSET2 — Lower limit pressure setting for H2 reactant tank
VJANUL — Vacuum jacket annulus spacing (inches)

(1) = 92; (2) = H2
TKMXDI — Maximum tank pressure vellel diameter permitted
(design constraint - inches)

(1) = 92; (2) = H2

Gp(h—4) Card-3

FCVQLT — Nominal fuel cell voltage

PRGRAT — Nominal fuel cell purge rate
(1) = 92; (2) = H2

PRGTIM — Nominal fuel cell purge time (duration each purge)
(1) = 92; (2) = H2

PRGINT — DPurge interval in ampere hours
(1) =92; (2) = H2

1.2.1.7 Fluid Tank Data Input Cards. The fluid tankage characterization data cards are

common to systems encompassed in the major program. Variations which may occur in
some systems are accommodated by simply entering zero values for the variables not used
by the particular system considered. Tank geometry considerations are provided for in

the program, with subprogram capability for calculating; spherical, cylindrical, cylindrical
with hemispherical ends, cylindrical with conical ends, and combination tankage with a
common bulkhead, hemispherical bottom and conical top with a hemispherical cap (such as
the cryogen shuttle orbiter drop-tank). For special tank shapes having predetermined
dimensions, the program will read in the dimensions and do the necessary calculations for
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volume and surface area. For simple spherical tanks, or, simple cylindrical tanks with
hemispherical ends, the program skips the special geometry input cards, and they must
not be present in the input deck. The conditions controlling this branching option are
specified in the tank geometry characterization sub-paragraph.

1.2.1.7.1 Fluid Tank Characterization DATA CARDS. The variables which characterize

the fluid tank conditions and constraints are as follows:

Gp(i-1) Cards 1-4

NOP

SATYPE

SITYPE

SMTYPE

SPTYPE

SITEMP

SIPRES

SPGTEM

SOPRES
SVPRES

SHFLUX

SITHIK

FLDL@®D

SULGPC

— Number of tanks operating on line (same ﬂuid)
- Fluid acquisitfon device type

— Tankage insulation type

— Tank construction material type

— Tank pressurization system type

— Tank initial fluid temperature

— Tank initial pressure

— Pressurant gas temperature (inlet condition)

— Tank operating pressure

— Tank vent pressure setting

— Heat lgak flux into tank (BTU/HR-Sq. Ft.) (Optional)
— Tank insulation thickness (inches)

— Wgt. of fluid loaded into tank (optional)

— Percent ullage (initial value for tank)

48
LOCKHEED MISSILES & SPACE COMPANY



1.2

LMSC-A991396

SMDIAM — Maximum tank diameter (ft.)

SHOTEM — Tank conditioning heat exchanger cold fluid outlet temperature
SHDELP ~ Tank conditioning heat exchanger cold fluid pressure drop (psi)
SPDELP ~ Tank circulating pump pressure rise (psi)

SGOTEM ~ Tank conditioning heat exchanger gas generator outlet temperature
SGGPC — Tank conditioning heat exchanger gas generator chamber pressure

(outlet pressure)
SGMRAT — Tank conditioning heat exchanger gas generator mixture ratio (9 /F).

SNBAR — Number of layers per inch of tank insulation material.

(multilayer insulation only)

Two sets of the above cards are read; the first set contains the data for the oxidizer
tankage, and the second set contains the data for the fuel tankage. Two sets (8-cards)

must be present in the data deck, even if one set is blank.

.1.7.2 Fluid Tank Geometry Data Cards.

Gp(i-2) Card-5

Tank Option Card — Provides branching option to tank geometry subprograms
when required for special tank shapes.

IWOP — Integer number specifying tank geometry option

NﬁSHAP — Integer number specifying number of tank shape cards to follow
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Option Definitions

IfIWOP =1 Subprogram will compute tank volume for a spherical tank.
If diameter of spherical tank exceeds value of SMDIAM, subprogram
will add a cylindrical section between hemispheres with diameter
equal to SMDIAM to accommodate tank volume required. Subprogram
prints out requirement for cylindrical tank giving length of cylinder

and diameter.

If IWQP =2 Subprograms will compute all parameters for a '"Specific
General Tank Configuration' - to be specified on input cards
following this card.

If IW)P =3 Subprograms will compute all parameters for a ""Fitted General
Tank Configuration' in which all tank segments are specified
except the length of the major cylindrical section. This ""Length"
will be computed by the subprograms to "fit'"' the required tank

volume. generated by system fluid consumption computations.

If, IWpP <2, and N OSHAP = 0', the IWQP =1 Option is executed automatically, and
there are no tank shape cards following the option card. If, IWOP= 2, then NOSHAP
- must specify the number of tank shapes involved and that many "shape cards' will

have to be present following the Tank Option Card.

Gp(i-3) Card-6

Tank shape card(s) - the tank shape cards specify the geometric shape(s) involved
in the tank structure in their order of consideration, the fluid contained by the tank,
and the dimensions associated with each shape segment. The variables input in this

card are-as follows:

JTKTYP ~ Integer value which specifies tank segment shape (see notes)
JFLTP — _Integer value which specifies fluid contained in tank segment shape
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XD - — Shape "X" dimension (see notes)
YD — Shape '""Y" dimension (see notes)
ZD — Shape ""Z" dimension (see notes)

Notes: Variable Specifications

JTKTYP = 1, for cylinder
= 2, frustrum of cone
= 3, hemi-ellipsoid
= 4, cylinder plus hemi-ellipsoid
= -2, inverted frustrum of cone
= -3, inverted hemi-ellipsoid (bulkhead)

JFLTYP = 1, oxidizer fluid
= 2, fuel fluid
= -] oxidizer at common bulkhead

= -2, fuel at common bulkhead

For JTKTYP =1,
XD = Height (ft)
YD = Radius (ft)

For JTKTYP=2, or, -2,
XD = height (ft.)
YD = radius of top (ft.)
ZD = radius of bottom (ft.)

For JTKTYP = 3, or, -3
XD = radius along axis of rotation (ft.) _
YD = radius perpendicular to axis of rotation(ft.)

For JTKTYP =4,
XD = radius (and cylinder height) along axis of rotation (ft.)
YD = radius perpendicular to axis of rotation (ft.)
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One card is necessary for each tank segment shape and the order of input is
from the tank ''Bottom'' to the tank "Top".

1.2.1.8 Accumulator Data Input Cards. For those systems requiring an accumulator tank

for the storage of gaseous fluid, provision is made for inputing the required accumulator data.
The branching function permitting the reading of data specified in this and the following
subsections is controlled by preprogrammed data statements called "INBLK", defined as
DATA (AINBLK(SYSNUM, I, J), I1=1,5), J =1,2). The five data statements, one for each
major system, define which of five sets of major component input data cards are to be

read for any given system. The five INBLK data statements will be found in subroutine
STODTA, INBLK is defined in PDP-CCNTRL. If INBLK(SYSNUM, 1,J) is set equal to

one (1), the system requires and will read in accumulator data; conversely, if INBLK
(SYSNUM, 1,J) equals zero, no accumulator is required and the accumulator input cards

will not be present in the input data deck. '

The variables which are input in the accumulator data input cards are as follows: six cards
(two sets) are required since the variables for each fluid accumulator are entered separately.
The variables for the oxidizer accumulator are entered first, followed by the variables for

the fuel fluid accumulator.

Gp(j) Cards 1-3

NAPP — Infeger value for ‘number of accumulators operating for one fluid
AITYPE - ‘Accumulatc')r insulation type
AMTYPE - Accumqlator_structural material type
ATEMP - dperating_terﬁperature for accumulator
APRES — Operating pressure fof aécumulator ,
AHFLUX — Heat leak raie into accumulator (Btu/hr —ftzj
AITHIK - accumulatof- insulation: thickness. (inghes)
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AVOL = Accumulator volume (cu. ft.)

ADIAI;/I — Accumulator maximum diameter (ft.)

ANDELP — Pressure drop swing allowed in accumulator (psi)
ANBAR — Number of insulation layers per inch of thickness

(multilayer insulation only) -

Note that if INBLK (SYSNUM, 1,J) is zero, then there will be no accumulator data

cards in the input data deck.

1.2.1.9 Heat Exchanger Data Input Cards. A requirement for heat exchangers of one form

or another usually exists in most of the cryogen systems one can envision, except for the

liquid fed OMS system. And, (as described in subsection 1.2.1.8) if INBLK (SYSNUM, 2,J) =1,
then heat exchangers are required and input data cards must be present, otherwise they are
deleted. -

Heat exchangers in a two fluid system usually occur in pairs, except for the case where a
~ single supplementary heat exchanger might be required to make up for a potential energy
deficiency resulting from a limited heat ‘source capability. For purposes of uniformity,
heat exchanger data will always be input for pairs of exchangers even if one of the pair
does not exist. In this case, the non-existent exchanger is represented by a dummy (or
blank) data card.

The heat exchanger variables required for input employ only two card formats. The
second card is repeated for each exchanger in sets of two. The first card contains data
for the first oxidizer heat exchanger occuring upstream of the system consumer, and the
second card contains data for its fuel side equivalent. Additional data sets are input for
other heat exchangers encountered as the schematic layout progresses toward the fluid
supply tanks. The variables which are input on the Heat Exchanger Data Input Cards are
doubly subscripted and are stored in a double array. | .

For example, "HXCODE (4,1) = HX07" is the heat exchanger schematic code symbol for

the oxidizer (4, 1) heat exchanger of the fourth (4, 1) set of heat exchangers occurring up-
t *
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stream of the cryogen consumer.
The variables employed as input are as follows:

Gp(k) Card-1

NUMHEX — Integer value for number of pairs of heat exchangers being considered

One card is required if heat exchanger data is to be input.

Gp(k) Card-2

HEXHIT — Hot fluid inlet temperature (OR)

HEXHOT — Hot fluid outlet temperature (°R)

HEXCIT  — Cold fluid inlet temperature (°R)
HEXCAT — Cold fluid outlet temperature (°R)
HEXHIP =~ — Hot fluid inlet pressure (psia)

HEXHOP  — Hot fluid outlet pressure (psia)

HEXCIP - Co(ld fluid inlet pressure (psia)

HEXCOP — Cold fluid outlet pressure (psia)

HXHDLP — Hot fluid pressure drop (psi)

HXCDLP — Cold fluid pressure drop (psi)

HXMRAT | — Heat exchanger gas generator @/F mixture ratio
HXCODE — Heat exchanger identification code symbol
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Two cards are required for each pair of exchangers; oxidizer unit first followed by fuel
side unit, when data is to be input.

1.2.1.10 Pump and Turbine Data Input Cards. The requirement for pump, or turbine

data for any of the systems considered is preprogrammed in the stored INBLK data. If
INBLK (SYSNUM, 3, J) =1, then either pump or pump and turbine data are required to

be input, otherwise the data cards are deleted. The pump data input cards contain three
separate sets of information; (a) Pump data (high pressure); (b) Transfer pump data; and
(c) Turbine data. |

The six cards which make up the pump and turbine data card set consist of two pump data
cards (one for each fluid), two transfer pump data cards (one for each fluid), and two
turbine data cards (one for each fluid). All six cards must be present if any of the data
are required. Non-pertinent variables are simply left blank.

The variables required as input are as follows:

Gp (1) Cards 1-2

PTYPE — Interger value for pump type
' PTYPE =1, for pump only
PTYPE = 2, for turbopump assy

PEFF — Pump efficiency

PNPSH — Pump net positive suction head @si)
PSSPED — Pump speed (rpm)

EPDELP — Estimated pump pressure rise (psi)

Gp (1) Cards 3-4

TPEFF ~ Transfer pump efficiency
TPNPSH = Transfer pump net positive suction head (psi)
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TPDELP — Transfer pump pressure rise (psi)

TPWDAT — Transfer pump flow rate (lb/sec)

Gp (1) Cards 5—6

TEFF — Turbine efficiency

TITEMP — Turbine inlet temperature (OR)

TOTEMP  — Turbine outlet temperature (°R)

TMRATQ — Turbine gas generator @/F mixture ratio
TGGPC — Exhaust pressure of turbine gas generator (psia)

Note: For high and medium pressure pumps subroutine PARPMP will calculate
pump speed and net positive suction pressure required. Thus input values -

need only be nominal.

1.2.1.11 Heat Source Data Input Cards. The requirement for heat sources, usually in

the form of gas generators, for any given cryogen system is usually associated with a
requirement for heat exchangers and turbines where waste heat is not available, or,
insufficient for the energy needed. For the defined cryogen systems, accommodated by
the Math Model Program, the heat source requirements are imbedded in the stored
INBLK data. Thus, if the value of INBLK (SYSNUM, 4, J) =1, the heat source data are

required, otherwise the data cards are deleted from the input deck.

Heat sources in a two fluid system usually occur in pairs, except for the case where a

single supplementary heat source might be required to make up for an energy deficiency.

For purposes of uniformity in data handling, heat source'data is always arranged such
that data for a heat source in the oxidizer side of the system is input first, followed by
the same data for the equivalent heat source in the fuel side of the system (i.e., paired

sources). If one of the sources does not exist, then a dummy (or blank) card is entered
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in its place. The first pair of input data cards will contain data for the first pair of
heat sources closest to the cryogen consumer. Additional data sets are then input for
each pair of heat sources encountered while going through the system schematic toward
the fluid supply tanks. As with the heat exchanger data, the variables are doubly sub-

scripted and match the heat sources to the heat exchanger by position and fluid index.

The variables employed in heat source data input are as follows:

Gp (m) Card-1

NUMHS® — Integer value for number of pairs of heat sources being considered
One card is required if heat source data is to be input.

GP (m) Card-2

HSTYPE — Integer value for heat source type
‘ HSTYPE = 1, for gas generator only
HSTYPE =2, for waste heat input only
HSTYPE = 3, for gas generator and waste heat combination

HSMRAT — Heat source @/F mixture ratio
HSPTEM  — Heat source outlet temperature (°R)
HSAEE — Heat source available energy (BTUs)
HSPRES — Heat source outlet pressure (psia)

Two cards are required for each pair of heat source units; oxidizer side unit first followed

by fuel side unit —when data is to be input.

1.2.1.12 Electric Motor Data Input Cards. The requirement for motor driven pumps,

transfer pumps, or compressors exists in some of the smaller cryogen systems where

pumping horsepower needed is small, or the duty cycle is light. For the cryogen systems
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considered in this program, the requirement for using electric motor data has been
embedded in the preprogrammed-stored INBLK data. If, for any specified system,

the value of INBLK (SYSNUM, 5, J) =1, the electric motor data are required; if

otherwise, the data cards do not appear in the input' data deck.
The variable employed for input at the electric motor data are as follows:

Gp (n) Card-1

MTYPE — Integer value for motor type

MEFF — Motor efficiency

MSS = Motor speed (rpm)

PDNSTY — Power density of battery driving electric motors

One card is used if motor data is required. If not required the card is deleted from the

input deck.
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1.2.2 Input Data Card and Card Format Description

The input data cards which make up the program input data deck are defined by the
Read Statements located in Subroutines CONTR@L, INTAB, and COMPIL. This
subsection presents a graphic description of each input card as an aid in visualizing
and arranging the individual system input data decks needed for the analytical operation
of the program. Included as aids, are several tables which explain and define the
construction and insulation material types employed by the \farious subprograms.
Included also as aids in program data setup are several tables which define and explain
important variables that occur repeatedly. Table 1.2.2-1 presents the variable

names employed for control, branching and switching purposes. Table 1.2,2-2
presents the configuration variable names and definition. Following the tables are

the data sheets which present the input data card formats.

Table 1.2.2-1

VARIABLE NAMES EMPLOYED FOR CONTROL, BRANCHING,
AND SWITCHING PURPOSES

1. System Identification: (Subroutine CONTRL)
Variable Alpha Variable Integer ,
Read Input Equivalent Value System Defined
NSYS ACP - NAMSYS 1 Attitude Control Propulsion

System (ACPS)

NSYS APU NAMSYS 2 Auxiliary Power Unit (APU)

NSYS EC/ NAMSYS 3 Life Support System (EC/LSS)

NSYS FUE NAMSYS 4 Fuel Cell System (Fuel Cell)

NSYS OMS NAMSYS 5 Orbit Maneuvering System (PMS)
2. Control Variables: (Subroutine CONTRL)

Control Integer

Variable Value Description

SYSNUM = 1 Controls Selection of Subprograms for ACPS

= 2 Controls Selection of Subprograms for APU
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Table 1.2.2-1 (Cont'd)

Control
Variable

SYSNUM
(Cont'd)

SCRIT

Integer
Value

3
-4

5

1
2

3. Branching and Switching Variables:

“(Subroutine CONTRL) (Cont'd)

Controls Selection of Subprograms for ECLSS
Controls Selection of Subprograms for Fuel
Cell

Controls Selection of Subprograms for OMS

Specifies Subcritical Fluid Supply
Specifies Supercritical Fluid Supply

MDTRC - Diagnostic Trace Switch, Read in by Subroutine C¢NTRL, Used by CRYCON.

Defined in PDP-CCNTRL.

MDTRC ()
(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)
(9)

(10)
(11)

| I | | T 1 T [ [ O | N T |

el N e S

Diagnostic Trace Switch for CRYCON (OFF = 0)
Turn on ACCRES

Turn on ACQWT

Turn on APUSUB or APUSUP
Turn on CMPCAL

Turn on FUELCL

Turn on CONSUM

Turn on ECLSS

Turn on LIQRES

Turn on TANK

Turn on TSIZEI

Turn on WTACC

MDTRC(1) is Card Column 70, ---MDTRC(11) is Card Column 80 of the System
Specification Card

INBLK -— Controls input data selection in subroutine C¢MPfL via preprogrammed
set of switches.

INBLK (SYSNUM, I, SGRIT)

System Sbecification
Input Selection Index

Fluid Subsystem Type
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LMSC-A991396

Table 1.2.2-1 (Cont'd)

DATA STATEMENT DEFINITION:

DATA (@NBLK(1,I,J),I = 1,5),J = 1,2)/1,1,1,1,0, 1,1,0,1,0/
DATA (OINBLK(,I,J),I = 1,5),J = 1,2)/1,1,1,1,1, 1,1,0,1,0/
DATA (@INBLK(3,1,J),I = 1,5),J = 1,2)/0,0,0,0,0, 0,1,0,0,0/
DATA ((INBLK(4,I1,J),I = 1,5),J = 1,2)/0,1,0,1,0, 0,1,1,0,1/
DATA ((INBLK(5,I1,J),I = 1,5),J = 1,2)/0,0,0,0,0, 0,0,1,0,0/

For:

Read Accumulator Data — If INBLK = 1
Read Heat Exchanger Data — If INBLK = 1
Read Pump Data — If INBIK = 1

Read Heat Source Data — If INBLK = 1
Read Motor Data — If INBLK = 1

L S 1 [ B

G W=

KSUBC — Preprogrammed Branching Variable for specified system analysis program
selection — Used in subroutine CRYC®N. Defined in ST@DTA.

System Specification
Subprogram Index
KSUBC (SYSNUM, I)

DATA STATEMENT DEFINITION:

DATA (KSUBC(1,I), I 1, NBRSR) /6,4,10,9,8,1,10,11,2/

DATA (KSUBC2,I), I = 1, NBRSR) /6,3,4,10,11,2,0,0,0/
DATA (KSUBC(3,I), I = 1, NBRSR) /7,0,0,0,0,0,0,0,0/
DATA (KSUBC(4,I), I = 1, NBRSR) /5,4,0,0,0,0,0,0,0/
DATA (KSUBC(5,I), I = 1, NBRSR) /6,4,10,9,8,1,10,11,2/

JAPUS — Switching variable which reverses order of subprogram selection for APU
subcritical or supercritical analysis. Used in subroutine CRYC®N, values
defined in subroutine STPDTA. :

Fluid Subsystem Type
"Subprogram Reordering Index
JAPUS (SCRIT, I)

DATA STATEMENT DEFINITION:

DATA JAPUS(1,1), JAPUS (1,2) /4,3/
DATA JAPUS(2,1), JAPUS (2,2) /3,4/
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Table 1.2.2-2

LMSC-A991396

CONFIGURATION VARIABLE NAMES AND DE FINITIONS

(Used by Subroutine COMPIL, CMPCAL and LSSCMP)

1. Defined Configuration Names:

Defined
Variable
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT

CFUNCT .

CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT
CFUNCT

Input Variable Integer Component
Alpha Equivalent Value Item

GAS FNAME 1 FLUID

ENGINE FNAME 2 ENGINE

LINE FNAME 3 LINE

CONTRL FNAME 4 CONTROL
FITTING FNAME 5 FITTING

TAP FNAME 6 " FLUID TAP
TEE FNAME 7 TEE

ELBOW FNAME 8 ELBOW
VALVE FNAME 9 VALVE

REG FNAME 10 REGULATOR
ACCUM FNAME 11 ACCUMULATOR
TANK  FNAME 12 TANK

PUMP FNAME 13 PUMP

HEX * FNAME 14 HEAT EXCHANGER
TRBINE FNAME 15 TURBINE
F-CELL FNAME 16 FUEL CELL
EC/LSS FNAME 17 LIFE SUPPORT
END FNAME 18 END OF TABLE

Configuration Variable Definitions:

CONFIGURATION FUNCTION CODE AND TYPE.

CFUNCT .
CFUNCT
CFUNCT
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1, GAS CFTYPE-1 = OXYGEN 2 = HYDROGEN
2, ENGINE CFTYPE-1 = HI-PRESSURE 2 = LO-PRESSURE
3, LINE CFTYPE = 10A FIXED NUMBER
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) ' LMSC-A991396

Table 1.2.2-2 (Cont'd)

CFUNCT = 4, CONTROL USES TWO DIGIT INDEX AS FOLLOWS,
IDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
IDV = 10 FOR LIGHT WEIGHT CONTROL

= 20 FOR MEDIUM WEIGHT CONTROL
= 30 FOR HEAVY WEIGHT CONTROL
= 40 FOR EXTRA HEAVY WEIGHT CONTROL

CFTYPE = 1 FOR VALVE
= 2 FOR REGULATOR
= 3 FOR ORIFICE
= 4 FOR FLOW METER
CFUNCT = 5, FITTING USES TWO DIGIT INDEX AS FOLLOWS,
LDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNIT DIGIT (1, 2, etc.)
LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 4-WAY TEE
= 30 FOR 3-WAY TEE
CFTYPE = 1 FOR TEE
CFUNCT = 6, TAP USES TWO DIGIT INDEX AS FOLLOWS,
LDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 4-WAY TEE
= 30 FOR 3-WAY TEE
CFTYPE = 1 FOR TEE
CFUNCT = 7, TEE USES TWO DIGIT INDEX AS FOLLOWS,
LDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 4-WAY TEE
= 30 FOR 3-WAY TEE
63
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Table 1.2.2-2 (Cont'd)

CFUNCT = 8, ELBOW

CFUNCT = 9, VALVE

CFUNCT = 10, REGULATOR

CFUNCT = 11, ACCUM

CFUNCT = 12, TANK

USES TWO DIGIT INDEX AS FOLLOWS,

LDV- = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 90 DEG ELBOW
= 30 FOR 45 DEG ELBOW
CFTYPE = 1 FOR ELBOW

USES TWO DIGIT INDEX AS FOLLOWS,

IDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
IDV = 10 FOR LIGHT WEIGHT CONTROL

= 20 FOR MEDIUM WEIGHT CONTROL

= 30 FOR HEAVY WEIGHT CONTROL

= 40 FOR EXTRA HEAVY WEIGHT CONTROL
CFTYPE = 1 FOR VALVE

USES TWO DIGIT INDEX AS FOLLOWS,

IDV = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)
IDV = 10 FOR LIGHT WEIGHT CONTROL

= 20 FOR MEDIUM WEIGHT CONTROL
= 30 FOR HEAVY WEIGHT CONTROL
= 40 FOR EXTRA HEAVY WEIGHT CONTROL

CFTYPE 1 FOR REGULATOR

NO OPTIONS

(SEE TANK ROUTINE)
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CFUNCT

CFUNCT

CFUNCT
CFUNCT
CFUNCT
CFUNCT

CMTYPE -

CMTYPE

LMSC-A991396

Table 1.2.2-2 (Cont'd)

= 13, PUMP USES TWO DIGIT INDEX AS FOLLOWS,
: | JOPTN = TENS DIGIT (10, 20, etc.)
CFTYPE = UNITS DIGIT (1, 2, etc.)

JOPTN = 10 FOR MINIMUM POWER PUMP
' = 20 FOR MINIMUM WEIGHT PUMP
CFTYPE = 1 FOR HI-PRESSURE PUMP
CFTYPE = 2 FOR LO-PRESSURE PUMP
= 14, HEX CFTYPE = 1 FOR HI-PRESSURE
= 2 FOR LO-PRESSURE

= 15, TURBINE  NO OPTIONS
= 16, FUEL CELL  NO OPTIONS
= 17, ECLSS NO OPTIONS
= 18, END NO OPTIONS
CONFIGURATION MATERIAL TYPE

= 1, 321/347 STAINLESS STEEL ,

= 2, 2219-T87 ALUMINUM ALLOY

= 3, 6061-T6 ALUMINUM ALLOY

= 4, INCONEL-718 ALLOY

= 5, TITANIUM Ti-6Al-4V ALLOY

= 6, CRES VACUUM JACKETED LINE
= 7, 2219 VACUUM JACKETED LINE

CITYPE — CONFIGURATION INSULATION TYPE

CITYPE

1, DOUBLE ALUMINUM MYLAR/SILK NET
2, DOUBLE GOLD MYLAR/SILK NET
3, DOUBLE ALUMINUM MYLAR/TISSUE GLASS
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Table 1.2.2-2 (Cont'd)

CITYPE ‘= 4, CRINK DOUBLE ALUMINUM MYLAR -
= 5, NRC-2 CRINKLED ALUMINIZED MYLAR
= 6, SUPERFLOC
= 7, MICROSPHERES (104-135 MICRON)
= 8, POLYURETHANE FOAM
= 9, FIBERGLASS BATTING (JM)
CNOPER — NUMBER OF OPERATIONAL UNITS (CFUNCT)
CNSTBY — NUMBER OF STANDBY UNITS (CFUNCT)
CONFIG — CONFIGURATION TABLE
COLUMN 1 /CONTAINS THE ABOVE SIX (6) VARIABLES PACKED ONE PER
BYTE IN THE ORDER THEY ARE LISTED FROM LEFT TO
RIGHT IN THE WORD., -
COLUMN 2 CONTAINS THE FLOW FRICTION COEFFICIENT
COLUMN 3 CONTAINS THE LENGTH OF A LINE OR THE EFFECTIVE
: L/D FOR OTHER COMPONENTS
COLUMN 4 CONTAINS THE DIAMETER OF A LINE

COLUMN 5 CONTAINS THE INSULATION THICKNESS FOR A LINE
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FORM LMSC 362B-3

LMSC-A991396

P d by: T ., Peim,
repared by Date LOCKHEED MISSILES & SPACE COMPANY. INC. | o9 "™ ™
Checked by: Date Title USER ID CARD Model
I CASE TITLE CARD
Approved by: Date Report No.
| 1.2.2.1

CARD TYPE - Gp(a) CARD-1
CARD FUNCTION - User Identification Card
READ BY - Subroutine C@NTRL

CARD FORMAT (2AC, 2XAk, 3XA3, 1XAS)

:

2 EH
Al &

DEPT

Tr3as Ty e niasunupanan

gooopoo0000O0OQRMOO0D00D UUUJ‘UOOOOODﬂllﬂllll00000000000000000000000000IJUI]UDUO[H]
i:

goo0cd

2620 2029 30431 32 33 34 5 35 37 10 35 40 41 42 43 44 45 46 47 40 49 50 50 57 53 54 55 56 5) 50 89 60 §1 62 €3 €4 65 €6 &7 40 69 nnnBuUn

CARD TYPE - Gp(b) CARD-1
CARD FUNCTION - Case Title Card
READ BY - Subroutine C@NTRL

CARD FORMAT - (12AC)

A

CTITLE

000000D000CO00006000000D000000D0000000000000000000000D0C00DO00000000000CCO0000000j0000000

P23 0SB T80 NINRUBHIBNANADNBBNBNANRBUBBNBIROQOUSEUAERNNIUSBTAIVBROUBBRIIRIIMUBENIN
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FORM LMSC 3628-3

L, MSC-A991396

CARD FUNCTION

READ BY

CARD FORMAT

REF.

TABLE DATA FILE - ADD CARD
SUBROUTINWE INTAB
QADD, P FILNAM

UNIVAC-1108 MANUAL

P . emp, erm.

repared by: [D°'° LOCKHEED MISSILES & SPACE company. INc. | 9 o °
Checked by: Date Title Model

I TABLE DATA CARDS
Approved by: Dote (FOR STORED TABLE FILE) Report No.
l 1.2.2.2
CARD TYPE - Gp(c) CARD-1
CARD FUNCTION - TABLE DATA ECHO CONTROL CARD
READ BY - SUBROUTINE INTAB
CARD FORMAT - (515)
o | 8| &

E|E|E|E &
0UUBUFD000000ﬂ0UﬂBﬂﬂﬂﬂBOUEOOUB00000000000U0000U0000006000000000000000000 00060
IIllSilI!wllIlllllliIilllll!'tﬂ?l”ﬂ“?!i]lllHllllll?lllllsli]1]IJ!lﬂl|l?lilll!li”lll!&ﬂSl515!5!55EISISISDMSIililﬂiiiiilili!Wllnlllllilil (]

CARD TYPE - Gp(d) CARD-1

// @ADD, P FILNAM

00000000000000000000C00D00000CO0C00D0O0D00000000000C0000D0000CO0000000000000000000G080

P14 S TN Ul AN2NABENNBIRNNRRHUERIANBCOAQVUBETRUTNNAUSUYANIVOQBRBEIBBRIRIINBRT RN

L
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FORM LMSC 362B-3

LMSC-A991396

rerered b lee LOCKHEED MISSILES & SPACE COMPANY. INC. | o9 ™% ™™
Checked by: Date Title Model
| ALTERNATE TABLE DATA INPUT
Approved by: Date -TABLE DATA DECKS- Report No.
1.2.2.3
CARD TYPE - Gp( c) CARD-1
CARD FUNCTION - TABLE DATA DECK ECHO CONTROL CARD
READ BY - SUBROUTINE INTAB
CARD FORMAT - (515)
el N %
2
ElE|E|E|Z
poopojoooo0OpOODOD0OO00D Oﬂﬂﬂbﬂ00000000000000000000000000000000000000000000 00000
V2 OS)E T S 23 tSie 0 00 19 01 27 2124 2506 20 78 2920 30 02 3) 34 25 36 37 30 29 40 &0 42 41 46 45 46 €7 48 49 50 91 57 $3 54 55 55 5) S SO 60 61 62 63 64 65 66 B ENES JO TV 2 Y W IS M6 T n
CARD TYPE - G,(d) CARD-1
CARD FUNCTION - ILE I.D. AND CONTROL CARD
READ BY - SUBROUTINE INTAB
CARD FORMAT - (4AL, k41C)
TITLE ND NC IP NT

0000000000060000000000000(000000{000000CJ00D000Dj0000O00IECOC00000000000000000000000CBQ000

T2 345 67 0 9100 20 1617003020 2223002526 20202938031 32333035 26[37 382940 4) Qa3 44 4545 47 48PS0 S) S2INSS B MO N QNG BEBUHNNNINIUNDKN? 30

CARD TYPE - G5(a) cARD-2
CARD FUNCTION - TABLE COMMENT CARD
CARD FORMAT - (13AL, A2)
- COMMENT >

pooooooo00O00OO0D0O000000O0OO00C0O0000000cC000C0000000000000600000000000006000000C000000000°8

T2 3456 1 0 301000 227520 1290030 3233303535 31 101940 41 42 43 44 4545 07 48 23 50 51 529354 S5 SESISBSY RO 61 G2V GIES GGV GABI MO M M2 I3 M ISIC 1 1 1980

CARD TYPE - Gp(d) CARD-3
CARD FUNCTION - TABLE SUBSET VARIABLE CARD
CARD FORMAT - (3AL, I7, 5E10.0)
LABV NP TAB TAB TAB TAB TAB

P23 0SS 6T 0PI AN R HBREN BN NNHBPEN NN QOB ASHE I NN NNHUSE NN RBUBEUATIN RN

0llU000000000000000'?000000000UUUODOHLUOD(IUI]IH]0Dﬂﬂ00000000':100000000000000000000000
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FORM LMSC 3628-3

LMSC-A991396

Prepared by: Date LOCKHEED MISSILES & SPACE COMPANY. INC. | 2% ™ ™™
Checked by: lDoce Title AL ATE TABLE DATA T Model
Approved by: Date - TABLE DATA DECKS - Report No.
l.2.2.3
CARD TYPE - Gp(d) CARD-4
CARD FUNCTION - TABLE PLOT CONTROL CARD - -
READ BY - SUBROUTINE INTAB
CARD FORMAT - (3AL, 3AL, 2E12.0)

0oooo0000D000000O0D0D

LABY

po0o0000000000D000O0O0OO000000000D0

V234 s 6 TS0 1203 s 15 P02 2425 76 1 2029 30 30 3233 3035 3637 30 39 40 40 47 40 44 45 45 47 LB 30 51 52 53 54 35 96 S7 58 59 60

XMIN

OUOOUUUUDUULDODDBBUDUUUUBUDUU 0

PE2EIEC S SOBIEN QI IO D 2 I IS 0T N iy

tr3as 6 tsmun

000000000000‘00000000000

I]l!ﬂl!llllﬂ!lﬂﬂﬂl]l:]ﬂﬂﬂl]ﬂﬂﬂﬂllnﬂ

INGE T8N NN SN NSH

CARD TYPE - G_(d) CARD-5
CARD FUNCTION - TABLE SUBSET DATA CARD
CARD FORMAT - (310)
NV |[TYPE | NIP
uuunnouunuﬂouuounu00uuuouuunuuunudnnuuuuouuunouuuunn‘nnunnnuuoounnunn 000000
PRy e s 608 0 2 a ey 15 02 s 0 2223 24 2526 27 28 29 30 30 37 33 31 35 36 37 38 3% 40 40 42 43 44 4546 4 4B ) §3 51 52 53 54 59 S6 57 SN 59 GO 61 62 63 G4 G GE ST GG NN M2 M M IS 9 30
CARD TYPE - Gp(d) CARD-6
CARD FUNCTION - TABLE DATA CARD (POLY NOMIAI, COEFFICIENTS)
CARD FORMAT - (CE12.0)
XTAB XTAB XTAB XTAB XTAB XTAB

poooooppo0OOj0COODOOODOOOOD{DOODOODD

108 3348 €1 42 43 44 4545 47 QRS 5051 57 53 S4 35 56 57 58 33 GOY&V €7 63 64 65 66 67 64 63 20 V0 P2[T3 04 45 26 07 M4 3

%

popooooooo00D00

13345670 8wnn

ooooocooo0c00

Bupswsomwsosanarn

A XIBBRARDINBBP ARV AQQLBGOR

CARD TYPE - Gp(d) CARD-6
CARD FUNCTION ~ TABLE DATA CARD (DISCRETE DATA)
CARD FORMAT - (6E12.0)

XTAB XTAB XTAB XTAB XTAB XTAB

IS0 5253455 SEST MR I BIMBI IO NRBUIBNBN

[lllﬂllDUUDUOBUUUOUUGDBUUUOI‘UGUUUﬂ(lﬂlllll][lUI]DUBIJUUI]I]I]UU!]UODUD
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FORM LMSC 362B-3

LMSC-A991396

CARD FUNCTION
READ BY

CARD FORMAT

P . T ., Perm.
e lDo'e LOCKHEED MISSILES & SPACE COMPANY. INC. Page e -
Checked by: Date Title SYSTEM DEFINITION Model
INPUT CARD
Approved by: Date Report No.
[ 1.2.2.L
CARD TYPE -

Gp(e) CARD-1

SYSTEM DEFINITION CARD

SUBROUTINE C@NTRL

(A3, A6, 3X, A3, 14X, A3, 37X, 11I1)

N

N .
2 o H « MDTRC
2 & £

H .
gopoocoofodlooojoooo000CO0D00R0O00{0000000006C000000000000000GC0CO Uﬂﬂﬂlﬂiﬂﬂlqﬂﬂfﬂlﬁﬂ

V23S BTy s I@uuusiiu s n2nuswnn ﬂllHﬂl‘HliHlll!lﬂll”l]“u“”llllilil515)5‘55555'5]5!W5|~51ﬂ“55“‘ g ol 2l g g 18t {raielee

- THIS IS A BIANK SPACE -
GO TO NEXT PAGE
- NOT A CARD -
0000000 0000000000000000000000D0COD000000000C000000000000C00QG000000D0 00000080
1

TA BN RN BIANADUB B ANNNRBUBENBINOLOUBETHOINNINASENUVVOQRUGBRONITINN

nau
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FORM LMSC 362B-3

L.MSC-A991396

P . emp. erm.
repared by: |D°'° LOCKHEED MISSILES & SPACE COMPANY. INC. |19 ™ °
Checked by: Date Title Mode!
CONFIGURATION DEFINITION
Approved by: Date DATA CARDS Report No.
1.2.2.5
CARD TYPE - Gp(f) CARD-1

CARD FUNCTTON

CONFIGURATION DATA CARD

READ BY - SUBROUTINE C@MPIL
CARD FORMAT - (A6, 14, 315, 3¥5.0, I5,
2F5.0, SX, A6)
£ > <] I X!
2 B % A ~ Ei E o &
S ElS | 2| ElglelE|E|E|E g
o ) ] &} o & = ) o = O
uuuuuunnuo‘uuouonnnunuuuunuouuonnuuntluunn 0000{?00001000600000 000000j000000CO000D0D00ND
Y23 a s gty s bz b was ok 222010 25k 0 28 19 0P 32 3336 35 e 30 38 39 A0f) 47 43 40 aske 41 4n 48 sofst 793G e S se e eI G2 EIRA B ERST I I N N RIS I

CARD TYPE Gp(f) CARD-2

CARD FUNCTION CONFIGURATION DATA END CARD

READ BY SUBROUTINE C@MPIL

FORMAT

(a6, 14, 3I5, 3¥5.0, I5,
2F5,0, A6)

/o

NOT U’SIF)

008000000IHHIBO00.’)ﬂ008000ﬂJﬂOﬂﬂﬂODﬂﬂBbﬂDﬂuLﬂﬂnﬂﬂOODBLHDOOULDGDU DDUD!IDPIIODDDUDDDOD 0

vaa e s el s dnoraens]w o was b 2y aeasfee 2 282y 0]y 3223 34 35p6 37 38 30 40 fer 42 43 44 G548 47 b 48 SO[51 52 53 54 SSE6 51 58 SY GONST G2 I GM S GE(SI SR EI M N N NN BN NN
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FORM LMSC 3628B-3

LMSC-A991396

CARD FUNCTION

DUTY CYCLE DATA CARD

Prepared by: Date LOCKHEED MISSILES & SPACE COMPANY. INC. | 29 ) F™
Checked by: Date Title Model
| DUTY CYCLE DEFINITION
Approved by: Date DATA CARD Report No.
1.2.2.6
CARD TYPE - Gp(g) CARD-1

READ BY - SUBROUTINE C@MPIL
CARD FORMAT - FYRMAT (3F10.0, I5, 3F10.0, F7.0)
DCYCLE DCYCLE PSI o | HP PAMP PKW =
=
(1) (T+1) <. &
= &
a4
60000000D0DO0OOO0D000PO0D0D0DODDD nuﬁni?nnounnnuuununouuuu'nuuuuunoonununuuno 0000060
123 45 60 80 S ehr a2 rats th 1 te 19200y 2203 04 2026 20 20 23 301 37 33 34 3535 37 10 39 40 41 A7 43 &4 43|46 47 43 4% 50 51 57 53 54 956 57 50 59 60 §1 62 63 64 SSJEH 6T GO 63 70 M PP 04 IS 06 1 13 79 0

CARD TYPE

CARD FUNCTION

Gp( g) CARD-1

DUTY CYCLE DATA END CARD

READ BY - SUBROUTINE C@MPIL
CARD FORMAT - (3F10.0, 15, 3F10.0, F7.0)

NOT NOT -
[~ wsm 1k USED >
nonuuuuuon]onnuuouonu'nnnunnouuunnnnukwunonuonnuoonnuunooﬁnuunnnonounouonntlunuuun
VL34S 6 10 9 00n 1213 5415 66 07 18 39 Z0J28 22 23 24 2576 20 78 29 20 Pt 92 33 34 356 37 30 39 48 41 42 43 44 45|46 47 48 43 50 51 52 51 4 55 NSV IMUuIsSEINN
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FORM LMSC 362B-3

CARD FUNCTION

Gp(h-l) CARD-1

ENGINE CONSUMER INPUT DATA CARD

LMSC-A991396
Prepared by: JD‘"’ LOCKHEED MISSILES & SPACE COMPANY. INC. |/ o9 ™ ™™
Checked by: Date Title Model
B ENGINE CONSUMER DATA CARDS
Approved by: JDcne Ropo]r-f 20.2 .
CARD TYPE -

READ BY - SUBROUTINE C@MPIIL
CARD FORMAT - (15, 6F10.0)
GITEMP GIPRES THRUST | PSUBC | EXPRAT MIXRAT

00IlBDDUUﬂOI!UUUJUUI]GU000000[00llDﬂﬂﬂﬂﬂﬂ[ll]l]ﬂIlllUﬂllI]llOUGUUI]I]I]'OLUIJUOOU0000‘?030000000000 0
BRI BRI A RS R L R R R I O RN R
< THIS CARD NOT >

USED

00000000000000000000000060006000000060000000000000000000000000000000000000000000080

V2IAS 6 TSI IS AN 2D NS HT WA I NI IIM IS I A0 41 A2 A3 55 a8 IS0 S SIS S SESTSAS AR BN G2 R3EAES SR AT RACO IO N NN NN NI Y
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FORM LMSC 362B-3

LMSC-A991396

CARD FUNCTION

. Temp. Perm.
Prepored by: JD"” LOCKHEED MISSILES & SPACE COMPANY. INC. | °%° j
Checked by: Date Title Model
APU CONSUMER DATA CARDS
Approved by: 1Dcne Report No.
CARD TYPE -

Gp(h-E) CARD-1
APU CONSUMER INPUT DATA CARD - APU BASIC

DATA
READ BY - SUBROUTINE C¢1VEPIL'
/ FORMA - (I5, 5X, 5F10.0)
HPR FMR PGG TIT D
gooooj0onc Ullll0(100UUU&MUMUMUDJMMMMM 00Il000000{0000000000&]00000DUMMllllﬂl)u 0
V2o e s T SN s R 2B NN RN NN

PATAY 44 45 45 O 40 49 S

TS250S4 5556570 N RMOPIBZRIMEBSOIEBE NN BRI NN

CARD TYPE
CARD FUNCTION

FORMAT

-G(h2)CARD2

CONSUMER INPUT DATA CARD-APU SUBCRITICAL

- (7F10.0)

DATA

MRGGCH

ooooop0poDoO

L2345 6 1 09 001 1713 1015 16 17 10 13 20]

MRGGCP

0000000000

TDGGH

pooooooooe

N 2BUBBN BN

TDGG -

oooo00000D00

313720 33 3535 30 38 33 40[41 42 43 44 45 45 47 43 49 50

Vg ‘TENV

ooo0c0000000

nnnunisnnmn

ﬂﬂﬂﬂ'ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂ

51 5753 54 55 56 57 50 59 §0{61 62 63 64 85 GE 67 KA G 1O

CARD TYPE

CARD FUNCTION
CARD FORMAT

- Gp(h-2) CARD-3

- APU CONSUMER INFUT DATA CARD - APU SUPERCRITI-

- (7F10.0) CAL DATA
FMRG PFH 0] TFH TFp TG DELPCP
unuououuounonunauunubuunnoonnu 0000000000000000000D0ﬂllMUUIlﬂtlﬂMﬂﬂﬂ000000000000
P23 455 74 9Npnussiiuapa2anidssiannpRueniilNBopaeaoessen 2nus iSO RSRBaIaIpnIIUHIREI RN

TENV

opooo000000

coogoooo

NOT
USED

ploogooonbo0

ojooocooooooo0f0
IREEREREE N IR AY: lnnuznsnzlzsmialunu:nsnunnnuuuuunnnsn

0000000000

00(00000000C00j0000DDDONNS
REEERLEEL CEL TR TR R R S R R

Y
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FORM LMSC 3628-3

LMSC-A991396
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Heat Exchanger Data Input (when required) will always be in pairs. Use

dummy blank card if one heat exchanger does not exist.

unit will be entered first followed by fuel side unit.
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Pump and turbine input data (when required) will always be input in pairs.
Six cards (3 pair sets) are always required. Non-pertinent variables will

be left as blanks. If no data are required, then all cards are omitted from
input data deck.
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Heat source date input (when required) will always be in sets of two cards,
one each for oxidizer and fuel sides of system. Use dummy (blank) card
when one unit does not exist. Oxidizer side unit will be entered first
followed by fuel side unit.

HEAT SOURCE INPUT DATA CARDS

CARD TYPE
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- | MOTOR CHARACTERIZATION |
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need to be expanded. When adding variables, take care to insure proper dimen-
sioning is accomplished in the appropriate FPDP,

MOTOR INPUT DATA CARD

CARD TYPE

Gp(n) CARD-1

CARD FUNCTION MOTOR INPUT DATA

READ BY SUBROUTINE C¢MPTL

CARD FORMAT

(15, 5%, 3F10.0)

 Electric Motor Data (when required) is input currently with a single card. If
additional motor types and characteristics are to be added, the data input will

,
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1.2.3 Table Data Cards

The use of semi-permanent table data and the general means of acquiring such data has
been previously discussed in subsection 1.1.2.1, and graphically outlined in Fig.
1.1.2.2. However, the use of an actual example will serve better to illustrate, and
demonstrate, the procedure to be used in setting up tables for the users own specific

applications.

The example chosen is the Electrical Heat Exchanger Heat Transfer Performance

Data for Hydrogen Gas utilized in Data Table 20 of the current program table set.

The data (Ref. 1) is presented in graphic form in Figure 1.2.3-1 and represents a
typical data source obtained from study reports. The heat transfer coefficient as a
function of hydrogen gas mass velocity, over a given range, is given for four pressures.
The data is given for a one inch square section of a specific flow element diagram

which is described in detail in the referenced (Ref. 1) report.

In translating curve data to table data, the limitations of computer data array manipulation
must be kept in mind. Normally, if a computer independent variable is slightly off the

~ end of a curve, the analyst simply takes a ships curve, or straighf—édge and fits the '
curve to extend the graphic function. But a compufer table look-up program will only
see the first or last value in the curve point data array and (if prograrﬁmed) states that
the value currently considered is out of range for the table. This problem is avoided
by extending (extrapolation) each curve in the set (both ends) to insure that the resulting
table is adequate for the data range required in the planned analysis‘._ For the example
it was determined that the range for the independent variable (mass velocity) should be
0.1to 6.0 lbs/hr-sq.in. The resulting points taken from the curve are given in the
following table. ' ' ' o
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Table 1.2.3-1

ELECTRICAL HEAT EXCHANGER —HEAT TRANSFER
PERFORMANCE FOR HYDROGEN GAS (REF, FIG, 1.2.3-1)

Mass Heat Transfer Coefficient (BTU/Hr-°R-Sq. In.) at:
Velocity 14.7 100 500 1000
(lb/hr-sq. in.) (psia) (psia) (psia) (psia)
0.10 .27 .35 .45 .50
0.30 .70 .78 .88 .99
0.50 .96 1.10 1.20 1.30
0.75 1.21 1.35 1.45 1.55
1.00 1.42 1.53 1.65 1.76
1.50 1.75 1.85 1.96 2.08
2.00 1.97 .| 2709 2.22 | 2.34
3.00 2.35 2.48 - 2.61 2.78
4.00 2.73 2.87 3.04 3.22-
5.00 3.09 3.25 3.42 3.65
6.00 3.45 3.65 3.82 4.09

Translation of the data from Table 1.2,3-1 into the table data card format then consists
of assigning the program variable names and values in the order illustrated in
Fig. 1.2.3-2.

Taking the variables as they appear for each of the table cards shown in Figure 1.2.3-2,

the following assignments are made:

Card-1, Title Card

Title = HEAT XFER,.COEFF, -H2
ND = 3 (Number of variables in table)
NC = 4 (Number of command cards)
IP = (Blank) (Table will not be plotted)
NT = 20 (Table I.D. number)
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Card-2, Command Card

Four Command Cards are used (NC = 4). Three cards contain description
of table and source data reference, while the fourth card is simply used

as a spare card.

Card-3, Table Subset Variable Card

This card contains the names of the third variable in Table 1.2.3-1, the

number of values the variable can take on, and the values themselves.

LABV = Pressure (psia) (Third variable)

NP = 4 (Four pressure values)
TAB1 = 14.7 (First value)
TAB, = 100 (Second value)
TAB; = 500 - (Third value)
- TAB, = 1000 (Fourth value)

Card-4, Table Plot Control Card

This card is used to enter the X-AXIS and Y-AXIS labels and the X value

minima and maxima for plot output of table data.

LABX = MASS VELOCITY (X variable)

LABY = HEAT TRANS., (Y variable)
COEF.

XMIN = 0.1 (if used)

XMAX = 6.0 (if used)

Card-5, Table Subset Data Card

There will be a subtable of X and Y values for each value that LABV can
assume. Since NP =4, there will be four subtables arranged in the
increasing order of TABi. Each subtable will have a Card 5 giving the
number of X, Y sets of points in the subtable, the "type'" of data, and the

number of points to be used for interpolation.
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NV =11 (Eleven sets of X,Y values per table subset)
TYPE = 1 , (Discrete data points from curve) .
NIP = 3 (Use 3 points for interpolation since curve is

somewhat parabolic)

Card-6, Table Data Card

Use 4 data cards per table-subset, entering three sets of X,Y data per
card with the last card having two sets of X,Y data (NV = 11). Thus, the
first table-subset card starts with Mass Velocity and Heat Transfer

Coefficient values for the 14,7 psia pressure curve.

XTAB, = 0.10

YTABi = 0.27
XTAB2 = 0.30
YTAB2 = 0.70
XTAB3 = 0.50
YTAB3 = 0.96

The completet_i Table 20 is illustrated as a card listing in Table 1.2.3-2.
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Table 1.2.3-2 i

HEAT TRANSFER PERFORMANCE DATA FOR HYDROGEN
DATA TABLE NUMBER 20

RY o XFER CAFFE M2 3 4 20
OVERALL HpAY TRANSFER CDEFFTCIENT FOR M ELECTRIC PDWERED HEX AS &
FUNCYINN nF MASS VELOCTTY AnD FLUTD INLET PRESSURE,
RtfF, ARLT71=7535, '

PRESSUPF (PSTA) 4 147 100 SU0, 1000,
MASVEL (LB ,HR=IN) U (RTU/HR=R=S5Q,TH)
11 1 3
010 27 e 30 +70 1Y) 96
75 1e21 1e00 fene 1450V 1675
~2elU 197 3¢00 N 2«35 4400 . Pe73
Se00 3,09 6e00 . 3405
11 | 3
10 35 30 78 : e50 1.10
o75 135 1e00 153 1,50 1,85
2e00 2409 300 Cenb 4,00 287
500 3.25.. .. _beno : 3apf :
- 11 1 3
.‘0 ."5 .30 Qae .50 ’.20
00 el 3.n0 Cepl 4,00 3,04
S¢00 3.42 610 3.82
g 1 3 , _ § . o .
210 *50 30 «99 oSV 130
o 75 1455 fe00 te76 1,50 2.08
2et0 2.34 3¢0)0 2+78 4,00 3.22
5000 3.65 60 4an®
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1.2.4 Use of Program Files and Data Files

In the use of the Math Model Program as an oberational analysis tool, it can be quite
inconvenient to have to load the entire program, data tables, and problem deck each
time a run is to be made. It is therefore recommended that the program and data
tables be maintained on stored files in the facility FASTRAND drum or DISC storage.

1.2.4.1 Program File. The Math Model Program as currently structured contains

approximately 16,000 source cards including the thermodynamic properties sub-
programs. The program therefore is usually maintained on a master tape which takes
quite awhile to read into core. It is considerably more convenient to maintain the
program file on FASTRAND Drum or DISC storage and simply call in the file and
copy it for use in a run.

For the UNIVAC-1108, the procedure in setting up a mass-storage file and using it

are generally as follows:

Creating a Program File

Assume that the mnemonic TCIMM is used as the program file name, then the file creation

cards are as follows: (A Master Tape and Program File will be created)

RUN
e varies with facility operating procedures
@ - LID '
@ DELETE,C TCIMM TAPE, (Purges tape name)
@ DELETE,C TCIMM, (Purges file record)
@ ASG,UP TCIMM TAPE.,T (Assigns tape requirement)
@ ASG,UP TCIMM. , FD4 (Assigns file on DISC)
@ PDP,IFL CACCUM Source Deck
@ FPR,IS ACCRES, ACCRES Cards for
@ FPR,IS ZFIND, ZFIND Entire Program
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@ CPPY TPF$., TCIMM, (Creates program file)
@ TIC TCIMM. ,TCIMM TAPE. (Makes tape label)

@ COPOHUT TCIMM.,TCIMM TAPE. (Writes tape)

@ FREE TCIMM TAPE, (Frees tape)

@ FREE TCIMM., (Frees TCIMM file)

@ FIN or @ EQF (Ends run)

A run is made and the Program File and Program Master Tape are created and
logged in the Facility Program Library. The user is now protected in the event of a

system crash which causes the loss of the stored program file since the ‘Master Tape
is a backup file.

Using the Program File

The stored Program File (TCIMM. ) may be called in for use in the following fashion:

@ RUN

@ LID

@ ASG,A TCIMM. (Assigns file)

@ COPY,P TCIMM. . TPF$. (Copy file to user free of core)
@ FREE TCIMM. (Free file to storage)

(Reference Figure 1.2.4-1)

1.2.4.2 Data Table File. Similarly, for the DATA TABLES which currently requiré
approximately 1,300 source cards and could reach several thousand cards for newer
systems, it is advisable to maintain a stored file and backup tapes. In this case a
DATA file is preferred for the storage mechanism since file editing can be easily done
from a DEMAND terminal, if the facility is so equipped.

The creation of a data file in the UNIVAC-1108 (EXEC-8) is accomplished as follows:
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Creating a DATA File

Assume TNUMBAG. will be the file name chosen for TABLE DATA DECK.

RUN CARD

Varies with facility operati rocedures
LID CARD > y e p

DELETE,C TNUMBAG. (Deletes slot file
ASG,UP TNUMBAG. , FO4 (Disc storage)
DATA,IL TNUMBAG. (Data processor)

FOLLOWED BY
ONE BLANK CARD

END

@
@

@

@

@

[TABLE DATA DECK
@

@ FIN or @ EOF

A run is made and is listed by the Data Processor. File is now stored on disc or
drum.

Using the Data File

The stored data file (TNUMBAG.) may be called in for use by placing an ASG card just
before the program execution card and an ADD file card after the third card in the

problem data input deck, as follows:

@ ASG,A TNUMBAG,
@ XQT '

DATA DECK USER CARD
TITLE Header Card
TABLE ECHO CONTROL CARD

@ ADD _ TNUMBAG., ,
SYSTEM DEFINITION CARD

(Rest of data deck)
@ FINor E@PF

(Reference Figure 1.2.4-1)
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/ DATA DECK — INPUT DATA CARDS
/ DATA DECK —SYSTEM DEFINITION
/ ADD,P TNUMBAG.
DATA DECK — TABLE ECHO CONTROL
ZDATA DECK — TITLE CARD L
/ DATA DECK — USER 1.D. CARD - y
/@XQT TCIMMP

/@ ASG,A TNUMBAG. . |
/@PRT, T

L

/@MAP,SAI MAP, TCIMMP |
/@PREP TPFS. |
/@FREE TCIMM.
/@COPY,P TCIMM. , TPFS$.
/@ASG,A TCIMM.
/@LID

/@ RUN

FIG. 1.2.4-1 TCIMM RUN DECK SET UP TO USE PROGRAM
FILE AND DATA TABLE FILE
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1.2.4.3 Input Deck Data File. For the case where a group of analyses are desired for

a given cryogen system and the ""run to run" changes in the data deck are relatively
few, it is often advantagéousr ‘to plélce the input data deck into a data file and simply
use change cards to alter the file when it is called in. Or, if the facility has a
DEMAND system with terminals, it is possible to use the system EDIT@R processor

and alter the data file prior to calling it in for a run.

The use of change cards to alter the data deck is a simple procedure however, and the
original Input Deck Data file can be preserved for repeated use simply by creating a
temporary file containing the changes. Assume the nemonic ACPSDATA. to be the

file name for the ACPS Data Input Deck file. It is desired to change the value of NPRT2
to zero to suppress all table output on the TABLE ECHO CONTROL CARD. This
requires a zero in column 20 of the card. The new file will be temporary for one run

only and for this purpose use TACPS DATA. on the temporary file name.

The procedure and deck setup to be used, follows:

(a) Before the run XQT card, insert these cards:

@ ASG, A ACPSDATA.,
@ ASG, T TACPSDATA.
@ DATA,L  ACPSDATA.,TACPSDATA.,
-3,3
100 1 o0

(b) After the XQT card, and in place of a data input deck, insert this card:
@ADD,P TACPSDATA.
The program will now run using the temporary TACPSDATA., file, and, will list

TACPSDATA. as a record of the temporary input data used in the run. The temporary

file vanishes and the original unchanged file is still available for use.
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1.2.5 Sample Input Data Deck Listing

As an aid in following the information presented in subsections 1.2.1 through 1.2.4,
a listing of a typical Math Model data input deck is provided. The listing presented
is the Attitude Control Propulsion System test problem which will be discussed in
depth in Section 2. 0 of this manual. Table 1.2.5-1 contains the complete test
problem data input deck.

1.2.6 Data Table Deck List

The Data Tables currently employed in the program were set up to permit development
and checkout of the subprograms required for the basic five types of system analysis.
It, therefore, must be recognized that for systems which are more advanced, new data
tables will probably be required. Direct substitution of tables is easily accomplished
provided the table contains the same number of variables, arranged in the same order

as used in the original table.

As an aid to future users of the program, a complete listing is presented of the current
table to illustrate the diversity of table forms accommodated by the Math Model.
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USERS MANME

. 10
0A0D
Aces
Gas 1
ENGINE 0
LtVE 10
Tec 21
LINE 10
TaP 31
LINE 10
YALVE 31
L INE 10
VALVE 21
LINE 10
TavP 3t
LINE 10
Rgu 32
“LINE 10
Aclun 0
L INE 10
he X 1
Gas, 1
L INE 19
VALVE 31
LINE 10
Pymp 2t
LINE 10
VaLVE 21
LINE 10
TaP 31
LINE 10
TaNK 0
Gas 2
ENGINE 0
LINE 10
Tgk 21
LINE 10
Ta? 31
LINE~ 10
VALVE 31
LINE 10
VALVE 21
LINE 10
TP 31
LINE 10
REG 32
LINE 10
AccCun 0
LINE {0
HEX 1
Gas 2
LINE 1o
ValveE LY
LiNE to

6213 10
1 !
TNUMUBAG,
SUBCRITICAL
10
30
3 0
10
10
10
10
10
10
10
10
10
10
t 0
10
10
10

10
2 0
10
10
10
10
10
10
10
10
10
10
1
3 0
3 9
10
10
10
10
10
10
10
10
10
10
10
10
1 0
1 0
10
2
10
1 o
1 0

TABLE 1,2.5~1

ACPS INPUT DATA DECK LISTING

q 30235

ACPS =« TgST DEMONS

LAST CARD

1.0095 1100
1009512643
1,0095150.0
1.009% 10.5
1.0095 2440
1.009% 1045
1.0095 1240
1¢0095135,0
1.0095 Y00
1.0095 1045
1,0095 2040
1,00953136,8
140095 3040
1

1,0095 2440
1

£.0180 1240
1.0180
1.0180 1260
1

1018016040
160150 4467
1.0150 ]2'0
100150 b.67
1.0190 2440
2
1 011 110,
1 011 109,
1 011 150,
1 011 9,
I 011 24,
1 W01t 9
1 01t 12
1 011 86,
1 011 .40,
i 011 9
1 011 20,
1 «011336,4
1 0ty 30,
i
1 011 24,
b
1 +011 12,
1 W01l 9
12,

$ .01

240
240
2,0
2.0
240
2,0
260
2,0

10
140
1.5
245
2e5

1.75
175
175
175
175
175
175
150

150
1450

98

TRATION PROBLEM

5
5
5
)
S
5
240
3
S
o5
o5
5

20

240

2e0
20
200

2¢0

‘el

2e0
240
240

30.
30
30.

30.

30

;Ol

34

30.
300

304

3ge

30.

30'
30

30'

3o

3pe

30.

304

30

02=VAP
ENGY
LNOY
FT01
LNO2
FT02
LNO3
1votl
LNO4
cvoe
LNOS
F103
LNOO6
PROY
LNO7
ACO}
LnOB
HX01
02~L1G
LQQ
cvoy
LN3O
HPO}
LN1Y
Svol
LNL2
FTO04
LNLS
TkO1
HZ=VAP
ENGY
LN2Y
Frat
Ln22
F1ee
LN2S
Ivoe
LN2u
cvoy
LN2S
F123
LN2b
PRG2
LN27
Aco02
LN2s
Hx03
H2=L1G
LN29
Cvos
LN3O
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CONF 16
CUNFIG
CONF 16
CONF 16
CUNFIG
CUNFIG
.CONFIG
CONFIG
COnFIG
CONMFIGYO
CONFIGEY
CuNFlGl2
CONFIGLS
CONFIGLG
CONFIGYLS
CONFLG16
CONFIGE?Y
CUnF1G18
CONFIG19
CUNFIG20Q
CuNFI1G21
CONFIGRR
CONFIG2S
CONF 1G24
CUNFLIG2Y
CONFIGR6
COnFlG27
CONF1G28
CONFIG29
CONF1G30
CUNFIG3Y
CONFIG32
CONF1G33
CONFIG3Y
CONF1G3S
CONFlL36
CONF1G37
CONFIG38
CONF1G39
CUNFIGYQ
CONF10GYY
CONFIGY2
CUNFIG43
CONFIGUY
CONFIGYS
CONF1GUSE
CONFLlGUY Y/
CONF 148
CUNFIGU4S
CUNF1G65S0
CONFIGSY

CENUE SN -



TABLE 1,2.5-1
ACPS INPUT DATA DECK LISTING (CONTD)

Pymp 21 1 0 1 HPOR2
LINE 10 1 0 1 <018 120, 2,0 4 240 3po LN3Y
VaLVE et 1 0 1 018 5.6 ’ svoe
LINE 10 1 0 1 4018 2. 2,0 Q4 240 3p, LN32
!A? 3% 1 0 1 «018 95,6 F124
LINE 10 1 0 I «018 24, 2,0 4 240 34, LNS3
Tank 0 1 0 2 4 2.0 3, K02
Env '
4,58 540, o9 3
6,15 7197S, 9 3
3,58 2094, o9 3
353,80 536, 9 3
7,43 2061, 9 3
3,58 %93, 9 -3
66,10 536, 9 3
32,5¢ 714, 9 3
104,10 . 568, .9 3
31.90 18176, "9 3
16,16 571048, 9 3
100,00 9564, 9 3
L3 W
3 3506 400, 17504 250, 40e U
i 1 e 2 2
16S. 16 170, 2647 3167 ol 2
3. S400606
1 1 2 2 2
37, 16 40, 19.1 ‘2le ! o3 2
3. Se
1 0
1} 4 1
350, 2009, ol - 205 ‘2405
1 q 1
350. 4000, .a Z. 7205 5.20
1
2000, 1too, 173, 350, 2u4S, 215. 2030, :2000, 30, 30,
2000, 1028, 42, 350, 500, 470, 2010, 2000, .30, 10,
2 .52 8.7 20000, 2023, '
2 54 1e4 70000, 2023,
oD% 2000, 1160, 2891 250¢
36 2000, 1160, 891 9500
1
1 1.0 2060, 245,
1 10 2060, 500,
99
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CONF1GS2
CONF 1653
CONF1G54
CONF1GSS
CONF1GSe
CONF1GS7
CONFILSS
ENDCFGS9

DCYLOL
bcyLoe
oCYLOS
oCcYLOd
DCYLOS
vcyLoe
bCYLO?
0CyLo8
DcyLo9g
bcyrLio
bcyL1y
pcyite
ENCINPUT

ENGINE
SMAL . TH,02

SMALTK H2

IWOP 1V 1
ACCYM=02
500s ACCUM=02
ACCUM=H2
500s ACCUM=H2
NUMHEX
HXO0Y
HX03

1
1

PUMPY
PUMP2

THPUMP
TRPUMP 2
TURBA
TURBN

N o

NUMHEO
HSORC
HSORC

N o=



LMSC-A991396

1.2.6,1 LISTING OF DATA TABLES

DATA TABLE -1

RCS=THRUSIER WEIGHT Y 5 )

1116H PRESSURE APS THRUSTER

REGEN, SLOT TYPE CU, CIIAHBER

LUAD REDUNDANT VALVESy RAD, NOZZILE

EXPANSION RATIO SET TO 40 FOR THIS DEMONSTRATION TABLE

Tuo = TF (R) 2 200, S00.
FC (PSIA) 3 100, 300, 500,
THRUST (LB=F) TCA WEIGHT (LBaM)

4 i 2
100, 19,1 300, 29, 600, 40,3
i60u. Sty 1560, 70, 3000, 18,
600U.0 234,0 in000.0 475.0

8 P2
100, 15,9 3100, 20,9 600, 26.8
|QOU¢ 33,5 1500, Wie 3000, 64,
600U, 0 118,0 10000,0 218.0

8 | o 2 v
100. BT 3no, 18.9 600, 23,1
100U, 28.2 1500, 33,9 3000, 49.8
600U, 0 81.0 10000,0 131.0 '
. 8 1 2 o
100, 19,1 304, 29. 600, 40,3
!QOU- Sla 1500 70. 3000, 18,
600U,0 234,0 10000,0 475.0

8 { S 2 ’
100, -|§.9 300. 20.9 6000 ! 26.8
100u, 33,5 1500, Yl . 3000, 64,
600U.0 118,0 10000.0 218,0

8 P2 e
100. s, 300, 18,9 600, ' 2%.1
100U, 28.2 1800, 3.9 3000, 49,8
600U.0 . 81,0 10000,.0 131.0

DATA TABLE -2

HCS=VAC, sP, IHFULSE 3 4 2
FileH PRESSURE APS THRUSTFER
THeORETICAL PERFORMANCE FOR GASEOUS HYDROGEN/GASEOUS OXYGEN
EXPANSION RATIO SET TO 40O FOR THIS DEMONSTRATION TABLE

PROPELLANT TEIIP, 3 169, 250, 540,
MIXIURE. RATIO(0/F)ISP(LBF=SEC/LBM)
9 | 3
l, ' "360, 1.5 392, 2 418,
2.9 435,5 3. 445,.5 3.5 451,
4, usy, S, 4SS, T yu2,
o 9 . ' ‘
i 398. '.S H2S. e ‘0'”.5
2.5 LS, 3, 457.5 3.5 H6l,5
“, 463,5 S, 463.5 Te w48,
. 9 S ]
i ’ ‘429, 1e5 ' H4Te 2o 459,
2.5 46T, kRS 472, 945 YTH,
4, 47y, 5. 470.5 T 452.
100

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

DATA TABLE -3

SPEC.HT/LE OF G2 REMOVED 3 ) 3

SPECIFIC HEAT PER LB, OF 02 WITHDRAWN
(SPEC, HEAT) VS (DENSITY) AT A GIVEN PRESSURE

VENSITY = F (PCT WITHDRAHN,PF/(ZF*TF))
PRESSUKE (PSIA) S 700, 1000, 1500, ~ 2000. 3000,
PLUT LABEL
21 | 3 ,
2,05 235,88 2.241 212,94 2.402 196,04
2,590 179,47 2.811 163,24 -3.285 163.24%
3,527 126,64 4,059 108,76 YeS6T 95,90
5.097 §5.138 T.168 59,8 8.578 50,10
1N, Ly, 18, 33.7 c0, 29,1
254 28.8 3n, 3.5 35, 38.
40, u7.5 4s, 59,5 €0, 75.
60, 115, 70,126 16k,
20 | 3
2,997 °  275.24 3.109 217476 Yokl 194,90
3,764 172,64 4,254 151,02 Al 129,96
54058 1244 7S 7,041 87,87 9,048 6T.80
in. 60, 15 45,8 20, 39,8
25, 37.9 30, 39,6 3S. Hy,.n
40, 53.5 us, 64,9 S0, 80,
60, 119.5 T70.126 166.9
17 - { 3
Y.312 T 233,81 5.061 192,89 5.967 . 159,50
T.047 132.88 8.113 14,61 9,143 101,45
102795 90.65 14,772 64,65 19,854 53.02
25, " Sl T30, St} 38, 55,
40, 62.2 Hsg, 72,5 50, 85,7
60, 121.7 70,126 170,
7 | 3 '
S.6%7 232,12 6,046 214,14 T.022" 179,50
Bel40 152,18 9.n22 136,45 10.150 121.0%
12,6062 97,93 1S.476 82,05 19,617 68,68
25. T 64,7 " 30, 63,2 35, 65.1
uo, 70.9 us, 79.9 50, Q0.8
60, 126 70,126 174,
15 A 3
8,185 228,51 9,205 198,4Y 10.240 175.72
12,818 139,40 14,457 126.25% 164583 113.42
20, 99, 25, © 86, 30, fl.5
35, 82. 40, 86,9 us, 95,6
50, 1074 &0, 137.7 T0.126 1RD.B
DATA TABLE -4
SPEC.HT/LB OF H2 REMOVED 3
"7 SPECIFIC HEAT PER LB, OF H2 WITHDRAWN
(SPEC, HEAT) VS (DEMNSITY) AT A GIVEN PRESSURE
VENSITY = F(PCT,WITHDRAWN,PF/(ZF*TF))
. PRESSURE (PSTA) 5 300. 500, 700, 1000, 1500,
PLOT LASBEL .
15 | |
214 T 999,4) «313 565,51 »389 Yi4.08
07 362, 43 326, o4 296,
5 2TH. e 151, 1.8 fis,
2, 111 2,5 124, %e0 153,
15 | 3 '
218 7 1589,88 420 786,88 b2 410,93
e 73 370. oT6 340, «80 Il6,
BO 29, lo 248, 18 183,
2, 1624 2.5 164, 9,0 (RS,
101
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3.5 217, 4,0 258, 4,365 292.

17 | 3

+213 7 2158,33 318 i542,80 423 194,40
532 901,90 647 674,37 . +879 412,82
$ 98 378, 1.03 360, 1o10 48,
119 313, " 145 256, 2,0 208,5
2.5 2G2. 3,0 217, 3.5 245,
4,0 2E2, 4,365 312,
6 | 3
203 7 3208,73 408 1683,98 + 595 1209,78
B2l 798,49 1.02 571.99 127 425,33
1.36 396, le40 378, 1,50 352,
155 B LY I T 2,0 283.5 2.5 261.5
ENY 265, 3,5 284, 4.0 315,
4, ‘365 42,
18 1 3
294 7 3654,70 Uls 2264,82 Wby 1642,97
JHIS 1285,33 1.023 984,78 | o244 75541
1400 647,35 1,723 505,19 1 AT6 455,42
1,95 422, 2.00 Wiy, 2.05 468,
2,18 391, 2,5 363, 3,0 44,5
% 47,5 4,0 369, 4,365 393,
DATA TABLE -5 .
TEMP, /LB, OF G2 pEMOVED 3 5
" JEMPERATURE (DEG=R) PER LB, OF oa WITHDRAWN
(TEIF,) VS (DENSITY) AT A GIVEM PRESSURE
DENSITY = F(PCT,WITHORAWN,PF/(ZF)TF))
PRESSURE (PSTA 5 700, 1000, 1500, 2000. 3000,
PLOT LABEL

et | 3

2.0%6 1000, 2.241 920, 2.402 860,

2,590 830, 2.811 740, 3.285 640,

3.527 600, 4.059 530, Y.56T 480,

S.097 440, T.168 350, 8.578 320,
10, ?Uq 300' 14,492 280, 18617 2T6.19
25, 276,19 36,171 276,19 H4,345 270,
51,605 295, 60,021 225, 72.252 160,

18 | 3 '

2e917 ) lﬂOO. 3,109 940, I.442 860,

3,784 780, 4,254 700, 4.871 620,

5.0%8 600, 7,041 460, 9.069 390,
10.0U0 370, 14,702 320, 217148 300,
26,9069 255, U160 290, u2,970 2an,
91.612 260, 60.710 225, 72.510 160,

5 1 3

4,312 ~ 1000, 5.061 860, 5.967 THO.

75057 640, Ra113 570, 9,143 520,
10,235 480, 14,772 390, 19.85Y 350,
25.768 330, 34,R78 310, 42,293 295,
S1e 137 270, 60,725 230, 72.926 160,

1% | 3

5¢657 1000, 6.046 940, T.022 82n,

84140 T20, 3,022 660, 104150 600,
12,662 510, . 15.u4T6 4S0, 19.617 400,
264117 360, .94 330, 45.084 3on,
90,769 230, 60. T4 2135, 72.559 165,

12 | 3 :

8.185 ~ 1000, 9.20% 900, 10.240 820,
12.818 680, 14.u89 . 620, 164553 560,
20,909 480, 31.139 390, 41.334 40,
51,263 295, 60,791 2us, 72.618 170,
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DATA TABLE -6

TEMP, /LB. OF H2 FEMOVED 3 6
" 1EMPLRATURE (DEG=R) PER LB, OF ua W1THDRANN
(TEHP) VS (DFNSITY) AT A GIVEM PRESSURE

DENSITY = F(PCT,HITHDRAWN.PF/(IF*TF))
PRESSUKE (pSIA) L) 300. 500, 700. 1000. 1500,
PLOT LABEL
17 V 3
L 260,0 313 180,0 +333 150,0
407 148, 43 130, W46 124,
50 119 « 75 89, 1,00 7845
1.29 ) T3 1e5 69.8 2. 66,
2.5 6443 3, 62. 3.5 58,
4, 5le 4,365 43,5
l6 ' 3
218 T 420,0 420 220,0 642 I50,0
«73 130, «716 127, 80 123.%
,85 : .|2°g e 107.8 te2% 96.5
1eS £7.% 2, 79. 2.5 7343
3, 6853 3.5 62.3 4.0 547
18 | 3
213 7 600,0 «318 400,0 U223 300,0
532 240,0 64T 200,0 899 156,0
«9H 132, 1.03 12845 1,10 123.,0
|02 ’ Ilqc I.?.S “6. "5 lnu.a
2.0 90.5 2.5 80,8 3.0 Tu.2.
3;6 26,5 Ye 58, 4,368 5t
| \
2U3 " 900.0 408 440,0 559 320.0
821 220,0 .02 180,0 1.27 150,0
1e36 1405 1.40 138.0 1,50 131,0
1.5% T 129 - 108, 2.5 CHe
3, 4. 3,9 THo 4 Y, 63,9
4,365 £5.5
18’ \ 3 _
254 " 1100, 415 650,0 " eb1Y 425.0
815 320, 1,023 250,0 | o244 215,0
1,400 190, 1,723 160, 1.876 10,0
1.9 143,0 2.0 139.0 2,05 137.0
2.18 130, T 249 17, DS 101,
86.9 4,0 73.9 H.365 65.

3.5
DATA TABLE -7

RR/ VS PGGyM/RyPAI'BIPCHP S 3 ' 7
* REFERENCE REACTAMT FLOW AT T,I.T.= 2060 DEG R,

(RR) VS (PCT.IPe) AT A GIVFN (PRES OF GG)» (H!XoRATlﬁ) (P-AHBIENT)
pRES, GAS GEN PSIA 3 300, 600, 900,
MIXTURE RAT10 2 5 L3y
AIIBIENT PRESSURE 2 0, 4.7
pLOI RRU '

- 2 I e
(). ; o. .000 7.52
2’ | 2
0y 1,23 100, 8.57
2 i 2 _ .
0, 0. 100, 9,60
2 I e
0, : 3,00 )00, 10,47
2 | ]
0, ’ Oe 100, 6.51
2 | e
0. ; .UH '00. 7."
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DATA TABLE -8
KK v§ PGGsN/RIPANEPCHP

«780

762

VON NON O N
L]

-
-

100,
100,
100, -
100, .
t0o,
100,

5

8.58
9.30
6,42
6.65
8.45
8.70

(RH) HEFERFNCE REACTANT AT T.1, T. & 2060 DEG R
KK == CONVEFSION FACTOR FOR RFFCRENCE REACTANT RR
(KK} Vs (PCT,HIP,) AT A GIVEM (PRES OF GG)(H11X)RATION, (P=AMBIENT)

PRES. GAS GEM PSIA

NIXTURE RATIO

ANBIENT PHESSURE

PLOI KI
a
U,
2
O,y

DATA TABLE -9
Ors ENGINE WEIGHT

ADIABATIC VWALL ENGINE

3 300,
2 5
2 0,
100,
100,
100,
160,
100,
100,
100,
100,
100,
100,
100,
100,

3

EXPANSION RATIO FIXeD AT 40,
REFERENCE = AEROJET PARAMETRIC DATA FOR LIQUID BIPROP, ENGINES, 6-2-69

PC (PS1a)

THRUST (Lé=F)
6

euag,
4500,

&
euo,
4500,
) 6

2u0,
Y4500,

ENG.WGT,

SO SO ac

JY
ST rLoNNNOCNNDW
e = e o

-

LOCKHEED MISSILES & SPACE COMPANY

3 100,
1500,
6000,

1500,
6000,

1560,
6000,

(LB=H)

6
!

250.

104

00,

1,0

4,7
1,078
1+069
1,062
1,055
l.087
1,082
1,067
1,064
1409
1,088
1,068
1,068

500,
42.%
147,40

CANY]
67.8

1446
43.7

900,

3000.
8000,

3000,
8000,

3000,
anofn.

LMSC-A991396

7.5
{86.5

36,8
A8,.5

2l.0
57.0
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DATA TABLE -10

ONs VAC, SP. IHFULSE 3 L] 10
PUMP FED EAGILE
EXPANSION RATIC FIXED AT 40,
PEFERENCE = ALROJET PARAHETRIC DATA FOR L1QUID BIPROP, ENGINES,6-2-69,

PC (FSIA) 3 100, 250, 500,
NIX1URE RATIO(O/F)ISP(LBF=~SEC/LBM)
s 9 ' 3
1.0 T 290,0 .2 296,2 ok 300, 4
tets 300,5 1.8 298,5 2.0 296,0
2.2 292,0 2.4 287,5 2.6 2R2.5
9 | 3
te) T 293,58 is2 302,0 Tk 308,.0
Leb 309,7 1.8 310,58 2.0 08,5
2.2 10650 2.4 301,2 246 - 299,5
9’ |
140 T R297,0 le2 306,5 {4 3i2.8
'.6 3'6.5 'QB 3'8.0 a.n 1'8.5
2.2 315.8 2.4 310,8 2.6 EILY
DATA TABLE -11
HEX HOT GAS FLOW « LO2 S 8 [

HEAT EXCHANGER 1.0T GAS FLOW TO PROVIDE CONDITIONED OXYGEN » HIGI PRESSURE
SCALED FRGI AEROJVET PRESENTATION DATA OF 1/30/70

HOT GAS SIDE COLD GAS SIDE

TIN 2000 R 175 R
youT 700 R AS SHOWN
PIN 1S0=250 PSIA : PARAMETER
PIN COLUL {PSIA) y 250, 450, 650, 1200,
TOUT HOT (R) ) 2 500, " 1000.
TOUt COLD (R) 3 200, 300, 400,
Lo2 FLOW (Lg/SEC) GeGe FLOW (LB/SEC) 0. t4,
2
,005928 ‘0,
ot p 0
JO48 0,
ol 2 0"
,086428 ‘o0,
o U s 0"
,00%928 0,
ol s 0"
.OHU : -0.
oL 2 0
2086428 0,
oL z 0"
2005614 0,
ot 2 6 "
»C45u28 0,
105
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2 0
(081857 "0,
1001837 o
005614 ‘0,
’ 2 -0
1045428 "0,
_ 2 o
«0BIBS7 0,
108182 o
0051 1Y ‘0,
: ) o
041428 "0,
: 2 o
JOTHSTY "0,
107457 o
L0051 1Y ‘0,

2 0
041428 "0,

2 0 -
(0457} ‘o,
. 7! o
00371Y "0,

i o
03142 ‘0,
‘ 33 o
JUSHIN2 "0,
1054142 o
003714 ‘o,

ot o
030142 "0,
103014 o
J0S%IM2 0.

DATA TABLE -12

HEX HOT GAs FLOW = Ltig 5 12
~ HEAY EXCHANGER HOT GAS FLOW TO PROVIDE CONDITIONED HYDROGEN = HIGH PRESSURE
’ SCALED. FROM AEROJET PRESENTATION DATA OF 1/30/70

HOT GAS SIDE ) COL.D GAS SIDE
TiN ‘2000 R S0 R
TOouT 700 R AS SHOWN
PIN 150,200 PSTIA * 250,450 ~ 1200 PSlA
PIN COLD (PSIA) 2 100, 1000,
TOUT HOT (R) 2 500, 1000,
TOUT COLD (R) 3 200, 300, 400,
LH2 FLOW (LB/SEC) GeG. FLOW (LB/SEC) O. 14,
2 - 0
259714 '0.
o 2 Y
Hit4a8 0.
0T 2 0
599285 ‘0,
.’ > o !
e 255T1HY .0!
o 2 0
b1 1428 0,
o 2 0
599285 0,
L 2 0
106
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0255714
2

ol11428
T2

«59928%
’ 2
«255T1Y
' 2
11428
) 2

«59Y28H5

DATA TABLE -13

GAS GENERATUR WEIGHT )
GAS GEMERATGR ASSEMNBLY NEIGhT AS A FUNCTION OF GAS GENERATOR FLOW RATE
GAS GFNERATOR ASSEMBLY WEIGHT CONSIDERS =

TOUT (R) 2 poo, 3000,
PC (PSIA) 5 100, 200.
6,6, FLOW (LB/SEC)GeG.A, WEIGHT (LB)
9 ' 3
00 'I"S. ’ 2. ) 260
S, Y6, b6, 58,6
9,0 17, 1140 161
A P | '
u, 1S, 24 22.4
S, 36, | 6, 42.8
9 [
U, 185, 24 20,1
S, 30.7 6, 37.
9,0 64,0 1.0 BY.0
9 | 3
U, 15, 2, 191
S, 274 bs 32,3
?00 5‘3.5 |'00 72.0 .
» 9 | 3 Tl
0, ' s, 2, 1Te6
Ye 24,13 6, 28,
9.0 42.% 1140 53,0
. o P 3 vl
0, ) BT 2, : 26,
5, Hé, | b, 68.6
9;0 Ii7; 11.0 161,
9 1 3
0, 18, 2, 22.4
S, 36,1 6, H2.8
9,0 73.5 11,0 98,
9 b3
0, 1S, 2e 2041
s. 30.7 6. 37.
?;0 64,0 II-O 84,0
9 3 '
0, 15, 2o 1914
S 274 64 3249
9,0 55.5 1.0 72.0
107
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. BIPROPELLANT POPFET VALVES AND ACTUATORS WITH IGNITER
© ASSEfBLY AND EXCITER 80X ANO CABLE,

2+ HIXTURE RATIO COF 1,1 AND FUEL INLET TEMPERATURE OF 3%0 R.

250,0

300,.0

38.2
718,
179,

30.9
54.9
110,

2645
4T7.6
95.0

24,
40.2
81.0

2l.6
3.4
58.5

38.2
78,
179,

30.9
54.9
110,

2645
H7.6
95.0

a4,
40,2
81,0

LOCKHEED MISSILES & SPACE COMPANY
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9 | 1
Uy AT e 1T.6
5; ?Jh? - By ﬁan
910 42,8 1{.0 43.0

DATA TABLE -14

' NgFER PUIIP WEYIGH s k
LU TRANSPER PUP WEIGHT 8 L OTE wswwa

THIS DATA IS AN APPROXTHATION ONLY AND WILL BE REPLACED

EFFICIENQY 260, 80.

HPSH (PYT) . a0, I

HEAD RISE (PST) 25, 50,

Lo2 Flaw (LBZSEC) PUHP WEIGHT (LB)

6 t 3

u L ) Se 19,

€0 56, 30. 110,
’ 6 P 3

O, S Se 24,

20, 122, 30, 260.
' 6 | 3

v 8. ’ Se 1S

L 56, 30. 110
' 6 t - 3

U, - ‘S, ' 9. 24,

20. 122, 30, 260,
- o L 3

0 -S. : 5. l5.

204 86, 0. 110,
’ & ' 3

O, S, S 24,

20. 122, 30, 260.
’ 6 | 3

(V] ‘S, ' Se 1S,

204 56. 30, 110,
’ 6 [ 3

U, ; B S , 24,

20, . 122, 30. 260,

DATA TABLE -15

LH2  TRANSFER PUMP WEIGHT s - 2
: *hkrwk NOTE *rwxw

THIS DATA IS aN APPROXIMATION ONLY AND WILL BE REPLACED

EFFICIENCY 2 60, 80,
NFSH (PS1) 2 0. 3.
HEAVD RISE (PSI) 25, 50,
Lii2 FLow ‘LE/SEC)aPUNP WEIGHT (L8)
6 \ :
O, ‘8, ’ 5 9.
15, 19,4 20, 26,9
7 ! 3
Uf .Su 5. |qi
15, 33,2 20, - N7,
50,0 160,0
6 ] 1
U, 5! 5. 9
5. 19.4 - 20, 26,9
T
u, ‘S, Be 4o
15, 33.2 20 47,
S0.u 150,0
6 1 T3
v, 5, 5, 9,
108

—-d F

(R

10,
704

10,
70,

10.
70,

10,
70,

{0,
10,

i0,
T0.

10,
T0.

10,
70,

™

10,
50,

10
30,
10,
50,
10.
30,

10,

LMSC-A991396

2.6
.45
88,5

2S.
900.

Y7
2300,

25.
900,

47,
2300,

2%,

900,

Y47,
2300,

eS,
900,

47.
2300,

13.8
120,

23,
80.25
13.8
120,
23,
80.25

3.8
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!So '9.“ 20, 26.9 %0. 120,
AR I A
U. 'S. ’ q. I“. lO. 2’.
!5' 13,2 20, 47. 30, 80,25
S0.0 150,0
[ ! ’ 3
0, 5, Se 9, 10, 13.8
!Sa 19.4 20, 26,9 R0, 120,
1 ! R |
U, S. S. * 'q' '0. 2’0
15 33.2 20, YT, 30, 80.25
SUL0 l1sn.0

DATA TABLE -16
MUTOR WEIGHT =~ 3 8 16

HOTE « BRUSIILESS D=C MOTOR WEIGHT INCLUDES
ELECTROMICS (FIXED SIZE FOR EACH FPOWNER LEVEL)

rROTOR -

STATOR

BEARINGS

SHAFT

. HOUSINGS
HORSEPOVWENR S 1, Se 2S. 100 . 200,
SHAFT SPEED (RPH) MOTUR WEIGHT (LB)
Y ( é ’ ’
2!0 ’03".8 ’ S.O -’038'5 7.5 '0035078
10U +035.28 15.0 +034,.8 20.0 4034,.58
30.0 ’0?“;39 0.0 #03”-25 50,0 003“.20
100.0 +034,20
e i3 _
2,0 +0334.2 5.0 +0327.6 7.5 +0326.05
10.0 +0325,1 - 150 +0324.0 20.0 +0323,5
0.0 +0322.9 40.0 +0322.4 50.0 +0322.1
T 9 1 )
- +C311 1, Se +0399.5 10, +039Yy,
!s- +0391, 20, +0390, 30, +0388.,65
40 +0?88. 50, +0388. f00. ’03880
' 9 4 ) .
- . *03289. ' 5. 001265- 10, 903255.7.
15 +03252,25 20, 403250,7 30, -+03250,
0., +03250, 50, +03250, 100, +03250,
9 i 5 ’
2, +03502, Se 03462, 10, +03440,
'5. ’03”35;5 20 "03”3“0 30, +03“33.
40. 003”32; 50. -003“32. '000 003932.
DATA TABLE -17

VACJAC,DLIA, VS, WEIGHT 2 3 17

VACUUM JACKET WEIGHT AS A FUNCTIOMN OF VACUUM JACKET DIAMETER FOR
ALUMINUN hONEYCCHB,. REF, LMSC A981608.

VIAMETER (IMNCHEs) WEIGHT (LBS)
s ] 3

15,9 ) «396 24,0 . « 3685 30,0 «35%
36,0 « 350 42,0 «360 48,0 2370
6000 .HOO 7200 cqab GQOO .H?B
96.0 0520 !0800 0568 ‘20.0 ob'a .
lad'" 1660 ‘MQcU ‘ '7|S '5600 0762
109
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DATA TABLE -18
PRI = 1IYDKOGEN

3 {
ENERGY DERIVATIVE (PSIA-CU,FT,/BTU) FOR HYDROGEM

{PHI) VS (DENSTY) AT A GIVEN PRESSURE

(DENSETY) = F(PCT.FLUID WITHORAWNGPF/({ZF*TF))

PRESSUKRE (pSIA) 5 200.
R0 (LB/CUFT) PHI (PSIA=CUFT/BTU)
15 (. 3
J0BLY9T 2.028 209797
204 2.494 31
051 3.909 v856
24299 3.971 3.0R8
4.0N7 9,493 4.305
5 | |
082548 2.168 1233
« 23UH |0399 W76
Y 3.905% l o0&
2,329 5,293 3.100
Y. 06% 9.616 T 44349
15 I -3 ’
UTH3 2.122 1232
« 2018 2.143 2611
U589 2.099 7248
4.9630 9,117 “.231
1% | 3 '
O7TH3I 2.03% «0988
«20490 2.201 « 260
wU4SI1T 1.973 o 7367
18787 §.952 3. 1546
4,946 8,944 4.1993
15 | 3
0743 1.931 20927
2278 2.213 «2789
H2T0 2.088 7493
19648 4,943 31912
4,0 IUT 9.010 Ye2447

DATA TABLE -19
TEMP, OF N2 Vs FHO F(P)

3

400,

1.923
3,415
4.017
6.610
10,480

24149
2.9313
".027'
6-8'7
10.48Y

2.(80
2,033
3.740
6.87¢
9.9u3

o~
* ® @ - )
CONNO 0O N ——
O ==~
cO oL o

O~ NN
- [ ] - - L ]
f=—=or
Sono

£

600,

o 143y
«383
14133
3.582
Yelbb

« 1605

«580
1.4n13
I 67
4,498

1578
.322]
143910
3.517
4. 459

o« 1634
« 3024
1e 1753
3,657
bo42)

« 1832
o 3466
10274
3.7608%
Yels1IY

LMSC-A991396

800, 1000,

1912
3.70%
3,909
8.ll16
I1.088

2.063
3425
4.522
Te179
I1.040

24184
I, 945
4,479
7.879
10,716

2¢193
2.123
3.832
8,163
lo.420

24197
2.175
2e919
8.332
10.363

19
TeMPERAIURE OF KITROGEN AS A FUNCTION OF DENSITY AND PRESSURE,
I VS RHO AT GIVEN PRESSURE

" REF =~ THERNO.FRAPS,OF 02 AHD N2 = PART |

(N2)s STEWART,JACOBSEN,NYERS,

DATED 7=3f=72¢ UNIV,0F IDAHO, NASG=12078 FINAL REPT,

PRESSURE 5 100,
i I 3
Ve26U2Y 1000, 0.3255%0
U.43u91 600, 6452374
U1895C° 300. |o0076
te320607 215, le41267
LeT6EMTI 176,382 43465099
50.44270 140, S1e974TY
17 | "3
UsTT7628 1000, 0.27151
1«3031 9 600, 1457750
2.8572¢2  30C, 3.31995
Se.31c6U 215, 5.90023
Y1.23298 190, 48504 3Y
Sy.bu2uz  IuC, 52.13136
1y [

300.

800,
500.
270,
205,
176,882
130,

800,
500,
270,
209.176
170,
130,

110

600,

037226
0.65890
te21T6Y
151513
47.02511

Pollays
2,01333
4,43380

35.37826

49,0479y

800, o000,

700,
400.
230,
195,
160,

700,
400,
230,
2094176
150,
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153854 (000,
2.59834 600,
6.32U7¢ 300,
2T7.95726 230,
46,0601l 170,
s 3
2,03884 {000,
3uSHEY 60G.
32.02719 23G.
Ho. 4Nt 0y 170,
18 .
2.5327¢ 1000,
4.3032Y 600,
120TTHY 300,
33.9360Y 230,
170,

Y6.722006

DATA TABLE -20
HT o XFEF o+ CUEF s =H

1.92725
317019
7.95007
37.27237
49,40493

2.55502
4423447
12432699
38,28876
49.63097

317489
5429619
1Te61068
39,1231 §
49.8484S

LMSC-A991396

800, 2.21038 700,
500, 412812 400,
270, 1036763 250,
210, 42, I THS0 190,
150, 82,3583 130,
800, 2.93297 700,
500, 5.5829¢0 400,
270, 19.38695 250,
210, y2.72110 190,
150, 82.50466 130,
800, J.647(9 700,
S00. Te06:6Y4 400,
270, 26.,07201 250,
210, 43,21232 190,
150, 52.6472¢ 130,

20
"OVERALL HEAT TRANSFER COEFFICIENT FOR H2 ELECTRIC POHFRED HEX AS A
FUNCTION OF HASS VFLOCITY AND FLUID INLET PRESSURE,

Ret s AR=T1=75135,

PKESSURE (PSIA) Y4 147
MASVEL (LB/HR=I!) 3U (BTU/HR=F=5Q, IN)
1 |
.'0 ) .27 .30
075 |02l |l00
24,00 1,97 3.00
$,00 3.09 6.00
i o "3 :
W10 «35 30
715 1435 1400
.00 3.25 6,00
e 1 3
10 ) «H5 «30
«75 | o 145 1.00
2,00 ’ .22 .3000
%00 .42 6.C0
e 1 B ,
W10 - 50 «30
75 | 5% 100
2,00 2.34 3.00
5400 3465 6400

DATA TABLE -21
HT.xFFR.CUEF.-OZ-Fa

100, 500, 1000,

.70 W50 096
bol2 1,50 1.75
2.15 4,00 2.73
3.48

.78 50 1,10
1.53 1450 ! .|085
2.48 4,00 2.87
3,64

.88 oS0 1,20
1,65 1450 1.96
2,61 4,00 7,04
3.82

+99 +50 1430
1.76 1,50 . . 2.08
2.78 4,00 3,22
4.09

"OVERALL HEAT TRANSFER COEFFICIENTS FOR 02 AND N2 ELECTRIC POWERED HEX
AS A FUNCTIOM OF MASS VELOCITY AND FLUID INLET PRESSURE,

ReFe AR Ti=7535

PRESSURE (PSTA) 4 14,7
MASVEL(LB/HR=IN) U (BTU/HR=R=S5Q,IH)

s (. 3
oa .l3 0“
o8 22 10

Z.O .3' ‘000

8,0 57 12.0

2u, lel 25,
15 ] "3

100, 500, 1000,
.07 6 . 195
24 FoY 27
<40 6.0 49
76 1540 935
o3l 30. 1453
111

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

2 .lq oY ‘la 06 .205
!8 0225 1e0 o 249 1ol 0285
2.0 3 %0 42 6.0 oSt
Uiu .595 ‘2.0 ‘78 !6.0 |q6
2Us FolY 25, 1.35 30, ’057
15 | 13
.2 : 175 o4 .22 b <255
'8 027 '00 030 'o“ .3"’
2.0 «38 4.0 495 6.0 060
8.0 .700 1240 .92 1640 foll
ZU' |.3‘5 25- |06|5 30. |088
1S f 3 :
Y i 26 oY o3 6 e 36
o8 .39 {e0 LT {ol4 7
2,0 52 Ye0 67 6.0 «82
b,0 « 56 12.0 t 255 16.0 1.56
2u. 1835 5. 2.19% 30, 24555
DATA TABLE -22
FTU OF 3217347 ST,STEEL 2 3 22

EFFECT OF TENPERATURE ON THE TENSILE STRENGTH OF 321,347 STAINLESS STEEL
REF . SEC,8=LMSC A9816UB9PAGE B, l.|=8

TEMPERATURE (R)
T

ULT.STRENGTH (PST)

] 2
36,7 T 266500, 59.7 251000, 159,7 207000,
2997 173000, 359.7 143000, 459,7 121000,
55Y.7 icso00. 65947 91000, 859,7 75000,
10597 70000, 125947 " 66000, 1459,7 63000,
16hY.7 500C0, 1859,7 32000,

DATA TABLE -23
FTU OF 2219~T87 ALUM, 2 2l
EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF 2219=T87 ALUMINUN
REF. SEC,8=LNSC A9B1608¢PAGE B,].|=8

TEMPERATURE (R)  ULT.STRENGTH (PSI)

16 | 2
36.7 © 84000, 10040 82400, 150.0 76000,
guu.e0 72000, 25C.0 68500, 300,0 67800,
35040 67000 40G.0 66300, 450.0 65000,
50u.0 63860, 55840 62000, 60040 60000,
65U, 56000, 8S59.7 38400, 105947 16600,
12597 6400,
DATA TABLE -24
FTU OF 6061=T6 ALIMINYUM = 2 3 au

EFFECT OF TEMPEFATURE ON THE TENSILE STRENGTH OF 6061=T6 ALUMINUM ALLOY
RLF, MIL RANDBOOK =5

ULT.STRENGTH (pSI)

TEMPERATURE (R)
13 -

i 3
3647 T 63840, 10040 573130, 150.0 53340,
200.0 50610, 25040 u81igu, 300,.0 46830,
35U,0 45696 400.0 Y4940, 40,0 43A48.
S0U.0 42840, 55Ce0 41496, 600.,0 Lots2.
65U,0 8556,
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DATA TABLE -25
FTU OF INCONEL~TI8 2 3 2%
EFFECT UF TEMPEFATURE ON THE TENSILE STRENGTH OF INCONELaTIS8
REF. MIL. HANDBOGK =S,

TENPERATURE (R) ULT.STRENGTH (PS1)

13 | 3
6.7 " 219600, 10640 213660, 150.0 210240,
20U «0 206100« 25040 201240, 300.0 196200, -
35U.0 193140, 400.0 ‘189000, 450,0 185400,
S(JUQO 182160, 850.0 179460, 600,0 '77300.
6500 175140, '

DATA TABLE -26
#TU OF Tl=6AL=HV 2 3 26
LFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF TITANIUN TlegAL=yV
REF e MIL HANDHCOK =S,

TEMPERATUKE (R)  ULT.STRENGTH (PSI)

13 I 3
36,7 T 282320, 10C. 261600, 150, 244480,
20U.0 226880, 250, - 212800, 300, 200960,
3500 190720. 40Ce 181280, 450, 173120,
S0uULD l6§280§ 55Ce 158720, 600, 154240,
£5U,0 i4s600. -

DATA TABLE -27
NEAD COEFFICIENT VS Hs 2 3 21
HEAU COEF, VS NS (SPEC, SPEED)

HEAV COLEF
I i 2
10. ’ .665 80. 0660 90. .6qq
. 100, ‘65 200, «639 400, o619
600, 60 1000, «5TI 2000, +5I8
3U00, H72 5000, «400 6000, ¢ 363
Tu00, 323 g0cn, «281 9800, o192
DATA TABLE -28
ADIABATIC EEF! VS NS 2 3 28

ADIABATIC EFFICIENCY VS Ns (SpEC, SPEED)

AULAB, EFF
20 i 2
70, « 00 80, «03 90, 06
lOO, !08 127, 20 200, 30
250, 37 300, Ny 350, «505
400, «595 500. 635 600, +695
to0, o TH 800, 77 1000, o8|
1500, 845 2000, .86 3000, <875
SU00, © . 887 10000, <893
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'DATA TABLE -29
EFF1C, UUUT,VS INP, D1AN 2 3 29
EFFICIENCY GUOTIENT Vs IMPELLER DIAMETER

EFF- qlidT.
21 | 2
<05 ) 0 +20 .30 *30 o2
n“o .5!5 050 060 070 .695
90 « 755 1,20 .82 1e60 +88
doﬂn 918 2;“0 945 3.20 975
4,00 985 5.0 «988 6.0 e 991
1.0 994 R.0 «997 9.0 + 999
10,0 .9995 11,0 49999 12,0 1,600
DATA TABLE -30
BASt LINE STAGE WT vs DI 2 3 30
BASE LINFE STAGE WEIGHT VS IMpELLER DIAMETER
STAGE WT-
A I | 8
156 40 70 4is 90 oY
1ol 248 |e50 63 2.0 1,02
2.50 t.72 3.5 3.8 S.0 9.0
6,00 |3;80 7.0 20.0 9,0 36,2

DATA TABLE -31

SATURATED STEAN, T.VS P, 2 34
SATURATED WATER VAPOR & SATURATION PRESSURE AND TEMPERATURE TABLE GIVING

TEMPERATURE AS A FUNCTION OF PRESSURE,

PSA I WV (pslA)

TSATWY (DEG,R)
2

21 {

«088%4 T 492,0 12170 500,0 «20 Si3.14
MO $32.86 + 60 Sus,2| .80 554,38
140 S6]1.TH 2,0 586.08 4.0 612,97
Te% 639,94 10,0 653.21 14696 672,00
3040 710,33 SGe0 . T41.01 60,0 752,71
8040 772.03 00,0 787,81 150.0 g8la.u2
200.0 841,79 3ng,0 877.93 400,0 909,59

DATA TABLE -32

SPoHT. OF 0=H COlG,PROD, 13 3 32
0/F RATIO FRON SP, HT. OF OXYGEN AND HYDROGEN COMBUSTION PROPUCTS AS A FUNCTION
OF 1EMPLRATURE = FOR CUNSTANT PRESSURE,

TEHP. - DFGOR U] 7000 '500. 2500. 3500.
OFHA; (RATIO) CPBAR (BTU/LB=R) '
1 3 ’
0,50 ?_ws 1,00 14755 1450 1,420
220U '3!93 2.50 1,038 3.00 0,915
3,5V D.824 4,00 "0.T48 $.00 0.637
6300IZ 0,556 T.00 0.498 8.00 0.442
2 1T
0,50 2,420 1,00 4845 1,50 1,705
2,00 1,270 2,50 1,098 3.00 0.980
3,50 0,892 4,00 0.817 5.00 0.703
6,0V 0,626 7.00 0.56) 8.00 0,52
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U!SU
2,0u
3.5U
6.0u
. I12
U.SU
2,0u
3,50
6,0u

‘DATA TABLE -33

UXYGEN INYERNAL ENERGY

OXYGEN IMNIERNAL ENERGY AS A FUNCTION OF VAPOR PRESSURE ALONG

DENSITY (LB,/CU FT)

VAPUR PRESS™ (PSIA)INT.ENERGY (BTU/LB)
2 :

1.00
2,50
4,00
7,00 .
1.00
2,50
4.00
7.00

3

S 40.

té )
le i -7‘.576 3.
tu, =56,824 20,
60, -“H.BBI 80.
25U, -26.086 . 400,
110U, =0.169 " 1400,
2600, G973
L ] T2
|t ) -7|.996 3.
PR -59.982 - &
YUe 49,484 60
Iou, -13.569 550,
‘800. -H0.66W 30000
L 1.2 '
le - T =T1.594 3.
'U. -Sngé' |60
Hu, =49,41% 60,
10V, =36.901 250
'SOU. =31,.,C50 2600.
: 7 | T2 '
fe T =T .586 EDS
lUe ‘-89,906 166
L1V =49,234 60
.UUO '-39.509 ZSOn
TOUn '-|5.26W 1100,
200U, =104666 2600,
' N | 2 '
le’ T =Tle599 3.
lU '60.000 |6o
YU, =54 4360 200,
1500, =52,714 2600,
DATA TABLE -34
HYDKOGEN INTERNAL EMERGY 3

1994
1.297
0.918
0.658

2,185
1,353
1.023
0.758

So.

«66.661
=54,901
=41.,650
-I6.568

4.516

'66-7'6
.56.820

*45.617
‘q2|7'6
«38.,579%

«66.709
=56,789
=45.518
«33.400
-28,379

-660690
=56.706
-HS.ZﬁH
«27.382
«13.829

-8,579

-660732
56,847
=54,345
51,198

2

1.50
3.00
5.00
8,00

1.50
3,00
5.00
8,00

1

60, 65.

40.
100,
650,
2000,

4
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1,638
1,090
0,798
0.608

1.795
1.207
0,898
0.710

1SOCHORES
70,

63,982
-“80061
=38,920
=4e 23

Sel23

=b4,.068
-55.!89

=44,025
=4i,725

=64 ,0%56
«f55.150
-QZ.Héa
=32.411

=64,027
=55.050
42,137
-|8.§07
-‘2.766

=64,078
«55.222
—53.H|I

HYDKOGEMN INTERMAL ENERGY AS A FUNCTION OF VAPOR PRESSURE ALONG JISOCHORES
DENSITY (LB/CU FT) ‘ |

VAPUR PHRESS (PSIA

23

12022

1265
S0,
87.%
Vi2.5
150,
{BT7.S
“8ou.

|
T=130,455
89,46
«18,76
yle32
59.5
78,8
98, |
560,662

LOCKHEED MISSILES & SPACE COMPANY
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3.00
25
6245
9243
|259
162,5
200,
1000,

éINT ENERGY(BTU/LB) .

=120.53)
bbb, 3|
2.34
49,

65.9
85,1
I04.6
768,689
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7.00
37,5
15,
(00,
1375
175,
500,

oY

=106,738
«40,23
22.11
51,

T2.2
91.8
259.4
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ey | e ’

1.022 “=131,786 3.0 ={24,043 T.0 «{I4,008
12e% ‘-'02.97 25, «8S.48 7.8 710,77
50, =57.48 62.5% =45, 16 75, 33,52
8705 -22;Q7 an. -ll.8§ ||2.5 -lf - e
125. 9,47 - 137,5 19.48 150, 30,07
15541 el 162,5 36,1 175. 39,6
187.5 42.9 200, Yé, ! 240, 57.0

500, glq.gog 800, 197.957  1000. 271,725
au {

1,022 ."120672 3.0 «{26,385 7.0 =| 18,858
1265 =111.66 25, «100,16 37,5 =91,4
500 -83;83 62.5 -77-'2 75. '70092
87.% wb8,1° ino, «59,58 112.5 54,31
125, =49,23 137,5% =ll,28 150, «39,48
i5|07 -?Q; '62;6 -3803 '75. -3709
i87o§ '37;' 200; -3603 aHOQ -3“.2
-%00. ;200258 SUOQ 6,32 1000, 2eB62

I3 ] .

140 ‘=i32.784 - B5e0 «]122,649 10,0 | 15,617
2u,0 =106,153 30.0 -98.897 40.0 =92,69|
. 5“00 ;8703q9 10040 ’ =85,024 200,.,0 ~B3.497
4?5Uo. '-78-572 S00. «T6,946 800, «b6T.869
1000, 624404
BN | 2
140 «~132.,813 3.0 1264757 5.0 »122.TTH
740 «119.626 1060 =i 15,839 15.0 . =l10e613
35,0 -lO?.é?Z 10C.0 -1NB.84¢6 200,0 «]105,896
350, =102.346 500, =99.733 800. «93.689
100U, <89,093

DATA TABLE -35

OXYGEN INIERMAL EMERGY 3 3
OXYGEN INVTERMAL EMERGY AS A FUNCTION OF VAPOR PRESSURE ALONG ISOCHORES
FOR LOW DENSITIES

DEN)ITY (LB/CU FT) s 3 I.O 200 HO.
VAPUR PHESS (PSIA)INT ENERGY(BTU/LB)
5 |

10 T =80, |3“ Be 23.108 10. 46,217

144696 68.52? 20, 93,279
A i : '

{«Q ) '6‘*0“6“ Re -3“.285 ‘0. -'5.199
14,696 18,785 20. 30,938 30. 46,280
YU, ' 61,659 S0. 17,295

13 | S

1e0 " =70,286 5.0 «58,59¢6 100 =49,953
14696 -H3.4|8 20.0 : -36-927 30.0 '260'25
HU.0 ' =la.4k42 50.0 7,469 60.0 0999
TU.0 9,082 80,0 16.858 90.0 244382

10U.0 29,474 |
o | -2

le ) -7|0522 T «66,5(8 Se’ «63,757
U, =59,413 1ée =55.96% 20. - eSY4,|82
YU -Q7¢606 60. '“2!970 80. '3902|a

10U, =35,978 250, =19.604 400 «6,875

S0u. © 04559 700, 16127 1100, 224634

|“0Uc 2?.6'0 2n00. qOoOBl 2600, 49,817
t6 1 2 C

le U =T14876 e «66.661| Se «63,982
V. =59,324 20. 54,90 40, 48,963
bU. ‘4,881 - 80 “41.650 100, =38,920

29V -261086 400, «16.,568 650, =4.123
||OUQ -0¢|6? 'HOO; q¢5'6 2000. 5.“23
260u, 9,973 C
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DATA TABLE ~36

_ OXYGEN VAPOR PRESSURE 3 e 36
UXYGEN VAPOR PRESSURE AS A FUNcT!ON OF INTERNAL ENERGY ALONG ISOCHORES
DERSITY (LB/CU FT) 85 4 50, 60, 65, 70,
16T, ENERGV(BTU/LB)VAPOR PRESS (PSIA)

16 )
wTieSTH c |o »b64661 " Ve =63,983 Se
59,824 104 54901 20, «48,967 0.
4y, 88| 60, =414650 80, ~38.920 100,
«26.,086 250, =164568 400, 4,121 650,

=Uq 169 1100, HeS16 1400, S.421 2000,
Y, 973 2600,

\7 V2 :

’7|0586 o loA -660690 LS '6“.027 5'
=5Y,906 10, =56.706 164 «55,050 20,
eHY9,234% 40, =15 .264 60, w2, 137 80,
«39.509 100, - -274382 250, -18.,507 400,
el%.264 700. wl3.829 1100. wl2.Th6 1400,
=l0.666 20004 =8.579 @ 2600.
: 1y t 2

«T 1,594 . le «66.709 3. b4 ,056 Se
=59,961 10, 564789 164 «55, 183 20,
-QV.H]Q HO. '”ga§|8 600 '“2.“62 80.
=-3Y,901 100, =33.400 250, 32411 650,
«31,080 1500, «26.379 2600,

Iy PR
=T1+996 - le =68.T16 3. «64,068 Se
=hY,982 Qe =56.820 16, «55, 183 . 20,
=4y, 484 40, =HS,617 60, aljy, 028 70,
wh 3,469 100, =42.716 550, «lj|,725 1200,
~40,664 1800, =~38.575 3000,

it | ' 2
=T1.599 ; Jo wbb:.722 3, - wb4,078 Se
«bU e 000 ‘0. "56-8’47 !60 -55-22?. 20.
=S4, 360 40, =54, 345 200, «53,41) 1000,
=52.717 1500, «51,198 2600,

DATA TABLE -37
HYDKOGEN vAPOR PRESSURE 3 e’ 37 .
HYDROGEt VAPOR PRESSURE AS A FUNCTIon OF IN?ERNAL ENERGY ALONG ISOCHORES
DENSITY (LB/CI FT) 5 .5 le0 3.0 We ol
lhT ENFPGY(BTU/LD)VAPOR PRESS (PsxA)

23 ! 2 "
=13u.458% 1.022 =|2G«531 3.0 =|06,738 7.0
—89.“6 '2-5 '6“;3, 25- ““0023 37.5
-18,76 S0« 2.4 62.5% e2ell ’ 75,
yl,92 87-5 49, 92.3 83, . jo0,
5949 1i2,5 65.9 125, T2.2 137.5
78.8 150, 85,1 16245 91.8 115,
9844 187,58 04,6 200, 259,4 500,

SBU.bKZ 80Q, 768.689 1000.

24" 1 4
=131.786 | 022 -124,043 3.0 -{ {4,008 7.0
'l0¢097 '2.% ) -85.‘48 25. ) -7°I77 3705
.57 “'B 50. -H'i. lb 62.5 ; -3’052 - 150
'28."07 870‘5 "‘.58 100 ,"". llZ.'i
9.4/ |2§é 19,48 137.5 30,07 180,
?Qol |§5!|' 360' |620§ 19.6 |75.
429 1675 Méol 200. 57, 240,

Hy.u461 500, !97.957 800, 271.728% 1000,
117

LOCKHEED MISSILES & SPACE COMPANY



24
‘l"cb?g
-"‘06
-83.83
-6Sn|.
-Q9.23
-39,
"10'

=2U,858

1
-| 32,784
'i060i§3

=8¢,349
-76-572
62,404

(I
=|32.813
=1 19.626
«jUY.632

~i0¢, 346
-8‘).()9"

1 2
T Ll.022
1249
50, -
87,9
125,.
151,7
187,85
S00.
1
le
20,
LT
350,
1009,
P2
le
T
35,
150,
1n00,

DATA TABLE -38

OXYOEN VAPOR PRESSURE

"260385
«100.16
-77.'2
=59,58
=44,28
=38,3
36,3
.‘50112

~122.649
~93.897
-85.024
=76.946

a)264757

115,899
~108.,84é
'9907”

v

3.
2S.
62.5
100,
137.5
16245
200.
800,

30,
100.
S00.

LA
100,
$00,

=118,855
-9'.“
-«7G492
«54,31
--’9.“8— )
«37.9
-3”.2
2.862

"1506'7
«92,691
83,497
.67.869

{22,774
«)10.819

=108.895
«97,689

Te
37.5
T5.

LMSC-A991396

0

112.5

150,
175,
240,
1000,

10,
4o,
200,
800,

5e
15,
200,
800.

3 38
UXYOEN VAPOR PRESSURE AS A FUNCTION OF INTERNAL ENERGY ALONG ISOCHORES
FOR LOW DENSITIES

DENSITY 9 vl
1T LENERGY (BTU/LE ) VAPOR PRESS (PS1A)
s | 2
-SU.liﬂ . '.0 210'0%
68,129 14,696 9%.279
8 | 4
bl (HEY : 1.0 =3U 285
18,789 14,696 30.938
614657 40,0 - 77295
13 2 .
eTU.286 ) I.O 5580596
=4d,4)b 16,696 =36.927
-16.442 40.0 =T+469
9.082 TQ.O 16858
29,474 100,0
K] f 2
—7'.528 : lo ‘66'5|8
—59.”'3 ‘0. ‘550965
=47,608 40, »42.970
*=3%.978 100, =19.60Y4
Ue55% 506, 164127
29.610 1400, Y0.08%
I6 | 2 '
«T1.876 ) le «bbebb 1
=5Y,824 10, «5k.90}
iy, 881 604 =4 |+650
26,086 250, »16.568
=Ue 169 1100, H.516
Y.,973 2600,

oM

n
0000 000 OO0

N
[l =3N, own
e o o o . e ®

@ S
oooy

1400,

118

§46. 20,

H4é6.217

'-51399
46,280

49,953
w2b,12%
999
24,382

'63.757
-5“0'52
=39.212
=6.87%
22.6134
49,847

-63.983
=48,961
=38,920
4,121
S.423.

10,

10,
30,

10.0
30,0
60,0
90,0

20,
80,
4aa,
1100,
2600,

40,
100,
650,

2000,

LOCKHEED MISSILES & SPACE COMPANY

40,



* LMSC-A991396

DATA TABLE -39

EKTHALPY OF LO2' 2 2 19
ENTHALPY OF SATURATED LIQUID OXYGEN « REF, NBS TN 384, 7/1/71,
PSAI (PS]A) H Suv L (BTU/LB)

2\ | 3 ) .

#5994 T «73.599 1e102 =71.208 S.061 «64,007
1U.DOY 59,977 204200 «55.096 YOO MY 49,310
624194 -45,093 85.013 =41.650 105.755% «39,018

157926 -33,588 201 .66Y «29.809 253.498 25,852
3'“.36& ‘2'.6”0 1”80270 .'9.'437 “OH.I‘W .'5.937
G666V ~l2.166 SH14521 «9.433 559,968 6,438

S11.947 =-3,028 650.000 =0.253 700.000 Heli Y

DATA TABLE -40

ERTRALPY OF LH2 2 0 6 40
PSAI H SUB L :

S0 | 3

|QoU ’-II‘S.OZ 20-0 «105.06 30.0 =97,32
YUeU "?0,6' s0.0 84,51 60,0 «78,80
7(_]00 ’73.35 80,0 68,06 90,0 «b2,86
IG0.0 -‘57.7'

DATA TABLE -41
ENTRALPY OF HELTUN S D D Yl

ENTHALPY UF HELIUH AS A FUNCTION OF VAPOR PRESSURE ALONG CONSTANT
TEMPERATURE, FREF, NBS REPORT 97620AUG,. 1970

TEMPERATUNE " (R) S 130, 100, 200, 400, 600,
VAPOR PRESS (PSIA) ENTHALPY (BTU/LB)
12 | 2 -

V.0l 43,93 le 43.51 10, 43,29
2u. 43,06 30, 42,82 40, 42,59
SU C 42436 60, 2,13 70, 41.90
8V , Y1.67 90, Yi.45 . 100, 41,23

2 | T2

T T 130.38 I 130,38 10, 13041
2U. 130,44 30. 130,47 40, 130,51
SU. i30.54 60, 130.57 70. . 130,60
8U. 130,63 90. 130,66 100, 130,69

12 | -] :

V.01 T 254 4Y le 254 .45 10, 254,53
FO T 254,61 304 254,69 40, 254,76
SU. 254,84 60. 254,92 70. 255,00
BUe 255,08 90, 255.16 100. ' 25S.24

i2 | e

ve01 T 502,58 le 502.59 10, 502,68
2V, 502,77 30C. 502,87 40, 02496
SUe 503,06 604 503,16 70, 503,25
BU. 507,135 9C. 50344 {100, 5C3.54

] | 2 i ' ‘

Ve0| T 750471 le 750,72 10, 750,81
2Ue 750.91 30. 751.01 4o. - 750.11
SU 750,20 60, 751.30 70, 751,40
BUe 751.50 90, 751 .60 100, 151,69
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DATA TABLE -42.

OXYLEMN ENIHALFY (GAS)

3

3

LMSC-A991396

4y
ENTHALPY OF OXYGE{l GAS AS A FUNCTIOM OF VAPOR PRESSURE FOR SPECIFIED
VDENSITIES. REF. NBS=TN=384sJULY 1971 AND NBS OXYGEN COMPUTER PROGRAM,

DENSITY (LB/CU FY)

s
14,696
HYuen
6
14696
Hu.l)
9
14,696
HYu,.0
TU.0
9
14696
H4u,.0’
Tu.0

9
14.h96
HYU.0
Tu.0

2
356, 146
103,937
TR

-IH.95§
43,431
2

-32,084
114291
45.781

2

-q'a7|7

-II.SIZ
17.183

a
-"“'0.928
-‘906'3

(.673

DATA TABLE -43

HYDROGEN ENTHALFY (GAS)

5 :
" VAPUR PRESS (PSIA)ENTHALPY (BTU/LB)

l‘s

20.0
50.0

20.0
S0.0

2040
5C.0
8C.0

200
5GCe0
8Ce0
2C.0

5040
8040

3

3

«60

51,865
1294235

0.450
S4.171

=21.990
26.360
524173

-3"..6‘2
-1.682
264116

«38,820
-||.029
12,076

1.0 .

30,0

30,0

60.0

30,0
60.0
100,0

30.0
60,0
100,0

30,0
60,0
100.0

1.6

2.0
77,698

27.309
63,633

4,666
40,453
65,269

=22.653
T.943
Yl.214

=28.649
'3000“
26.243

43
ELTHALPY OF HYDRCGEM GAS AS A FUNCTION OF VAPOR PRESSURE FOR SPECIFIED
RFE nBS REPORT 9288 AND 97!!.

5 «05

DENSITIES,

DENSTTY (LB/CU FT)
VAPUR PRESS (PSIA)ENTHALPY (BTU/LB)

10
100
Yu.0
Tu.0
10u,.0
)
15,0
4YuU.0
Tu,l
{0u,0
o0
I%.0
4ue0
TU.0
luu.n
oo
I1%.0
yu,.0
Tu«U
10u,0
Too
1%
YU,
v,
10U,

93. 266
380,721
THT7.701
|!62.92!

2

I4,G00
‘92.852
1614610
230, 2ld

'8006“3
=20,679
40,356
904340
2

=97.193
'60077!
-25.279
6,833

| 2
=-105,468

=80.817
-580097
-38,389

20.0
5C.0
80.0

20.¢
5040
80.0

2040
5Ce0
80.0

2C.
5Ce
8C.

0.
S0
80.

020

185.4
495.624
880.510

us.212
115,055
183,764

-74.984
94y
59,747

.89.093
.H80|87
=|4,324

'99-8q9
‘72-75’
=51.360

120

S0

30.0
60,0
90.0

30.0
60,0
90.0

30.0
60.0
90.0

30.
60,
90,

30,
60,

90,

1.0

2.0

281,128
619,830
1022.595

57.007
138.126
207.222

=43,292
204952
T78.699

=TWe273
-36.GH2
=3.,629

‘89076”
«65,289
'qQ¢7°2
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DATA TABLE -44

A v 2
“Cluaf«‘éﬁ?.ﬁu FACTOR FOR PHITWO IN Ha-oa.Nz LLECTRI( POWEERER HEAT

EXCHANGER, BETA IS A FUNCTION OF CRITICAL PRESSURE RATIO,
REF, AR T71=7535,

P OVER pPC ZGETA
TR ol £ .12 -3
«20 35 40 39 o860 .52
«80 48 1.0 52 1ol 052
1.8 52 2e2 52 2.6 .

DATA TABLE -45

$16GMA=DEL|AP FOR EXELC 3 s
PRESENTS SIGIA-DELTAP AS A runchon OF 1ASS VELOCITY AND HEAT
EXCHANGER LEHGTId,
REF. &K 717535,

HeX=| ENOTH (1) s He 8. 16, 32, 64,

MASVEL (LB/IIR=IN) SIGeDELTAP (PS1)

5 | 3

ol0 o « 000012 20 «+000011 40 «G0O0Y2

«60 +00U9Y «80 «00165 1.00 «0025%
24110 «0098 4.00 «0360 6,00 0075
50“0 .'“ 'ODDO 0200 20000 '78

3u. leb 40.00 2.8 60,00 6.0

5 | 3 :

«l0 i »0000%2 «20 «G0020 40 «00078

60 . «0016% 80 00295 1400 <0045
2,00 o170 400 061 6400 LT
8,00 230 10.00 +350 20,00 130

Ju.00 2.9 40.00 4,7 60,00 100

1S 1 3 '

oo 000098 .20 00037 40 00136
'060 «0030 «80 +005%0 1«00 - «0080
2.00 .0295 4400 1S 6,00 +240
8,00 oMl 10.00 .1 20,00 2.40

3U;20 | 5.2 40.00 8,9 60,00 16,00
o0 ) 000168 20 «00062 40 0024
.60 +005Y +80 .0093 1,00 0140
2.00 « 0540 4.00 020 6.00 43
B} o716 10.00 LEY 20,00 4,30
3U;20 S.2 40.00 14,8 60,00 - 32,0
) | 3

.Ip . +C003 +20 «+Q00113 M40 0043

c6l) .0095 080 -0'65 '.00 |0250
14000 -092 Y.00 " 35 6,00 oTH
8,00 . !.3 10.00 2.0 20,00 Te60
3Uc00 lH.7 "’0000 26!0 60.0“ STOG

DATA TABLE -46
BETA VALURS FOR ti2 3 Y 46

VULUE eXPANSIVITY (BETA) FOR HYDROGEN AS A FUMCTION OF PRESSURE AND
TeMPERAIURE,

REF. = NBS=THe=6|7sAPRIL 1972, NAT.BUR,STANDARDS¢BOULDER,COLORADO,

PRESSURE (PSIA) 5 50.0 100.0 200,0 300.0 400.0
TEMPERATUKE (DEG=R) BETA (PER DEG~R)
13 ! 2

1040 " 0068682 16.0 «0087034 42.0 «0120937

49,406 +0154794 45.406 «0425479 60.0 «0214360

80,0 +0iL015Y 125.0 »0082872 200.0 «0050429
I40,0 0029425 440,0 .0022710 5400 .0018497
TUU G » 0014268 '
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U0
52,07

-60,0°
12540
440.0

.0
88,0
66,0
129.0
440,.0

30.0
60,0
0.0
1¢59.0
Y40, 0

0.0
6U,.0
(5,0

125.0

Y4040

2
0066720
0305221
.0303448
0085774

© 16022692

2
.0G63024
«0595100
.048u820
«0G91577
+0022652

2
,0059902
+0360359
+06R3492
2« 0697206
+0622609

2
+0056750
+0229678
0514045
«0102432
10022563

40.0
£0.072
70,0

20040 _

540,.0

40,0
60.0
70.0
200.0
S40.0

qo.o
64,0
§0.0
200.0
S40.0

40.0
6640
85.0
200,0
54040

«0101009
« 0669217
«0203346

00050846

«00184T76

«0091823
e621 14558
«0336812
+00S 1645
«001843}

« 0084433
« 0856922
« 0282269
« 0052391
+0018386

« 0078461
0428049
« 0273007
+ 0053075
0016339

122

50,0
54,0
80.0

--340.0

700.0

50.0
62.0
90.0
340.0
700,0

S0.0

66.0 -

90.0
340.0
700.,0

50.0
70.0
95.0
340.0
T700.0

LMSC-A991396

0220225
«0492883
«0158545

--«0029435 - - - -

«0014250

0166397
« 1126254
«GISTR4T
0029448
«001421Y

«0137881
1174762
«018906Y4
0029450
«00tu177

«0119866
0600390
«N1B66AI
0029442
001440
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1.3 INPUT DECK SETUP

The Math Model Program has a built-in capability to process either a single system
analysis run or multiple system runs. The multiple system runs can be several runs
of the same system or different systems. Average system run times will vary from
approximately 90 seconds (UNIVAC-1108, Exec 8) for an ACPS run to approximately

180 seconds for a fuel cell analysis.
1.3.1 Single System Deck Setup

| For a single system setup the input deck setup is of the same general form as given
in Fig. 1.2.4-1, where the system definition card continues the phrase, "LAST CARD"
beginning in Field 4.

1.3.2 Multiple System Deck Setup

For a multiple system deck setup several adjustments are made to the input decks.
First, since the Data Tables are only to be read-in once, only the first data deck

will contain the ADD Card calling for Data Table input. Secondly, the System
Definition card in each input deck, except the last one, will omit the phrase, "LAST
CARD'" (Field 4). This phrase must appear in the last deck in order to provide
proper run termination. A typical multi-run deck setup is illustrated in Fig. 1.3.2-1,
showing the card requirements. The illustration assumes the program and Data

Tables are stored in files.
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/ INFUT DATA CARDS [DECK-2)
/ FUEL CELL SUPERCRIT LAST CARD (SYS DEF.C)

/ TABLE ECHO CONTROL CARD (DECK-2)
[ TITLE CARD (DECK._2)
(DECK-2)

/USER I.D. CARD

. Y -
—_
y A

= (DECK-1) 1‘1

/ INPUT DATA CARDS

/ ACPS SUBCRITICAL (SYS . DEF. CARD) -
/@ADD, P TNUMBAG. (DECK-1 —
/TABLE ECHO CONTROL CARD (DECK-1 -
/TITLE CARD - (DECK-1) —
/USER I.D. CARD (DECK-1) L
/ @XQT TCIMMP |
/ @ASG,A TNUMBAG. _r'
- ,
) é@r T,T | 1
/@MAP,SAT MAP, TCIMMP :ﬂl —
/ @PREP TFPF$ rj
/GFREE TCIMM. —
/@COPY,P TCIMM., TPF$. -
fonsc,A TCTMM, -
/ @LID ~ ‘ -
/ eruN m‘
-
A -
o

FIGURE 1.3.2-1 MULTI-SYSTEM DATA DECK
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1.4 MATH MODEL PROGRAM MACHINE REQUIREMENTS

The program as it is currently configured requires in excess of 65,000 words of

core storage for both the instruction and data banks. It is, therefore necessary,

to either chain or overlay the program in order to avoid core overflow and truncation.
Since the machine for which the program is intended is also a UNIVAC 1108 multi-
processor, operating under the EXEC-8 system, the option chosen is the use of a
mapped program segment overlay. A third choice, of course, is to break the

large program into two or three small programs which could each process one or

two of the cryogen system analyses. For specialized analysis which concentrated on,
for example, the life support and fuel cell systems, it would be preferrable to use
only those subprograms required and reduce both core loading requirements and

program run time.

The procedures required for developing a program segment overlay are documented
in the UNIVAC manuals (Reference 1.4-1), describing the COLLECTOR processor.
The discussion giVen in this manual will be limited to the program segment overlay

employed for the Math Model Program.
1.4.1 Segmented Overlay Procedure

The construction of a segmented overlay for a program is accomplished by manipula-
tion of the order in which relocatable elements are collected by the computer operating
system for the production of an executable absolute element. Under the EXEC-8 operating
system, this function is accomplished by the COLLECTOR, a system processor
designed to provide a user with a means of gathering relocatable elements from many
sources (programs) which may then be used in the construction of overlay segments

in order to produce an absolute element ready for execution. Optionally, the
COLLECTOR can be used to produce one relocatable element from a collection of
relocatable elements. The COLLECTOR may be called explicitly by the ATMAP
executive control statement, or, implicitly as a result of the user requesting execution
(ATXQT) of a program which is not in the absolute form. Only absolute elements
procued by the COLLECTOR can be executed.
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The procedure for structuring the overlay segments involved the use of the following

control lstatements and directives:
(1) Setup the Entry Point Table (ATPREP)
(2) Invoke the COLLECTOR with a ATMAP control statement.

(3) Use the SEG directive to define each program segment in its
preselected order.

(4) Use the IN directive to call explicitly the main or subprogram assigned
in each segment.

(5) Use IN directives to call in BLOCK DATA elements where required in
a segment.

(6) Use the END directive to define the end of source language statements
to be processed. )

The SEG directive, or control statement is used to define the relationship and contents
of ségments within a program. The format employed is SEG, NAME 1, NAME 2
where NAME 1 is the name of the segment and must be specified. NAME 2 gives

the names of other segments to which the segment NAME 1 is being related. The
first segment named in the source input is called the main segment and is not

overlayed by other segmerits.
- The IN directive, or control statement, allows the user to include any, or all,
elements from any member of files in his collection specifically in the segment named

by the preceding SEG statement.

The structured collection of source statements which make up the map for the Math

Model Overlay is given in Table 1.4.1-1.
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Table 1.4.1-1

MATH MODEL MAP OVERLAY

@MAP,TAT MAP, TCIMMP
C MAPPING DECK FOR TCIMM PROGRAM
SEG MAIN
IN CONTRL
IN SPHTDA
SEG LVLIA*,(MAIN)
IN INTAB
IN COMPIL
SEG ILVLIB*,LVLIA
IN CRYCON
SEG IVI2A*,(LVLIB)
IN ACCRES
IN LIQRES
IN TANK
IN VENT
SEG LVI2B*, (LVLIB)
IN APUSUB,APUSUP
SEG IVI2C*, (LVLIB)
IN ECISS '
SEG IVI2D¥, (ILVLIB)
IN FUEICL
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When the COLLECTOR precessor is invoked by means of a ATMAP control statement
followed by a set of source statement mappihg instructions, the collector will provide,
as output, the "st'ai'ting addfesses of all subprogréms and common blocks in thér

order defined by the SEG and IN directives. An abbreviated illustration of segment

loading addresses is given in Table 1.4.1-2.
Additionally, the collector presents a graphic representation of the segment MAP

generated giving the quantity of work contained in each segment. The graphic

representation generated for the Math Model Map is presented in Table 1.4.1-3.
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TABLE 1.k4.1-2

LOADING ADDRESSES FOR SEGMENTED OVERLAY

LMSC-A991396

ADDRESS L IMITS 001000 06447 065000 154233
SEGMeE T LAAD TABRLE - 065000 065033

INDTRe T | OAD TABLE 0650381 065732
STARTING . ADDRESS 011161

WORDg N CYMAL 2602¢ 1RANK PB314 NRANK

SEEMINT MAQN 051000 011363 065735 132600
SEOHENT | vy 1A% 611364 021155 132601 1343547 -

FOLLNAS qFaMENY MATN

GMENT V) 1 8% 611364 056084 132601 151310

5l
Ha3 THF gAub STARTINA ADNRESS 4S5 SPEGMENT LV 1A

SIOGMENT ) V) 2A% 056005 063446h 151311 154233

FALLOAS SERMENT LVI IR

SEGMENT 1 V) P9% 056045 062401 151311 152114 .

EORLLOAS SFAMENT LV LR

SEOMINT |V 2C* 056045 064436 '15131i‘]53}gg”"“'

FRLLOWG gFnMENY Lvi IR

SEGMENT V) 2D 656005 064471 151311 153544

FOLLNAS SFRMENT LV 1R
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TARIE 1.4.1-3
COMPUTER DRAWN OVERLAY MAP

DBANK SFGMENTS DRAAN TN SEALF: 400 WORNG NECTMAL PER NDAGH

MATN (18854)

-q-._p--..---.----'---...--...—--.--.--—--u-..-----

LviL1Ax ¢au?)
L;Lgar (70495)
T T vlaax 1o,
C;C;a* {3KR)
el EVLQE# {132u)
E;Egn*:(1161w

t

TRANK: SEGMENTS DRANN TN SCALLE  4g0 “0RNS DECTNAL PER HASH

MAIN (434¢)

LVL1IA¥ (39¢42)
LVLIR¥ (18736)

bdal L nd b 4 L U PO L L Y Ry R Y P R R Y T T T

LV 24% (27494,

LViL2R* (2269

LVipCx (3521

LVLANE (82453

LBl XX F N ]
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1.5 ERROR MESSAGES

The size and relative complexity of the Math Model Program is such that the user
must have some means other than the standard computer disgnostics and error

messages to indicate and flag run problems.

Accordingly, several means of detecting run problems and error causing input values
have been incorporated into the program itself. The two main techniques employed
are out-of-range warning messages and built-in error termination. Troubleshooting
the program is simplified by providing within the more sensitive subprograms, a
built-in diagnostic trace technique which will output and flag intermediate values for

the intermediate calculations not normally shown in the program output.

Normally, if no changes have been made in the subprogram coding, an error will _
usually be the result of an input data error, either as a wrong input value or the
omission of the value. Since the input data decks are sometimes rather large, new

decks should be very closely checked for keypunch errors and card omissions.
1.5.1 Built-In Diagnostic Trace

The built-in diagnostic trace technique consists of a set of diagnostic flag indices, a
subprogram which verifies the flag and sets the "switch' position, and a set of
diagnostic write statements placed in sensitive subprograms. The diagnostic flag

index permits either single or multiple subprogram diagnosis as desired by the user.

1.5.1.1 The Diagnostic Flag. The diagnostic flag for any of the using subprograms
is controlled through the variable "MDTRC" defined in Procedure Definition Processor
CCNTRL. Input values for MDTRC are placed on the System Definition input data card

described in subparagraph 1.2.2.4.

MDTRC may have a value of either zero or one, and is placed in specific system
definition card positions to activate the diagnostic write statements in any of eleven
(11) subprograms. The card columns utilized for MDTRC are as follows:
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(ézligmn MDTRC ( ) = DIAGNOSTIC TRACE SWITCH FOR CRYCHN (OFI = 0)

(70) ~ (1) = 1 Turn on ACCRES

(71) . (2) = 1 Turnon ACQWT

(72) (3) = 1 Turnon APUSUB or APUSUP
(73) (4) = 1 Turnon CMPCAL

(74) (5) = 1 Turnon FUELCL

(75) (6) = 1 Turn on CONSUM

(76) (7) = 1 Turn on ECLSS

(77) (8) = 1 Turnon LIQRES

(78) (9) = 1 Turnon TANK

(79) (10) = 1 Turn on TSIZEI

(80) (11) = 1 Turnon WTACC

MDTRC (1) is Card Column 70,---MDTRC(11) is Card Column 80 of the System

Definition Card.

The values for MDTRC are read in the main driver routine CONTRL and érc stored
in COMM@N/CCNTRL/ for later use in the executive sequencing subroutine CRYCON.

1.5.1.2 Diagnostic Control Subprogram. The flag MDTRC is tested in subroutine
CRYCON as each of the analytical subprograms are sequenced. If MDTRC is not
zero then subroutine CRYCON will turn ON the diagnostic switch for the subprogram

being sequenced. Any other routines or functions called by this subprogram will also

yield diagnostics if equipped to do so. When the diagnostic switch is ON. a function
routine called DIAG is also activated and prints as output the name of the subroutine
being entered and states that a diagnostic trace is in progress. Each time in the sub-
program that a diagnostic write statement is encountered, DIAG is tested and if
“found to be activated the write statement is executed. Upon leaving the subprogram
the function DIAG again states the subprogram name and the fact that the subprogram

has been exited.

An illustration of the diagnostic trace output is given in Fig. 1.5-1 for a short trace
used internally in the APU subprogram. The diagnostic trace was setup to be activated
for an APU supercritical énalysis, to examine the process of looking up ultimate
strength values in Dat Table-22.
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g1

NAME

NEPT 6213
EXT, 30235
ALD, 104

% % 8 %

s

EEEN
THE IN

¥
T

X EEENENR
EGRATED MATH MODEL

AT4307

s 88

¥
L]
¥
L

NN I I I I IR
TEST CASE = SUPERCRYTICAL ApU PROBLEMe MIXRATEO,90

S8NTIAGNOSTIC TRACE®®

FINYAB FNTREND 22 228%
FINTAR FXTTED 2 q
«700000403
«150000¢04
«250000+04
«350000+04
«1000004+04
MIPE  ENTREN 1 4
500000403
LOCAYE ENTRED t { 2284
LOCAYF FXITED 14 1 2 2300 «367000402
MIPF FYXTTED ? . 1
o 115761406
FINTAB ENTRED 22 2283
FINTAR FXTITED 2 4
« 700000403
«150000+04
«250000¢04
«350000404
' «100000¢04
MIPE ENTRED 1 .
) . «500000403
LOCATE ENTRED 1 1 2284
LOCATE EXITED 10 1 2 2300 367000402
MIPE EXITED -d 1
: «115761¢06
FIGURE 1.5-1

2 3
«500000403 0200000403
«100000+04 0500000’03
«250000403 ¢400000403
+300000403 ¢200000
500000403 2000000
2 3
«185970¢04 «266500406
2 1
2 3
«500000403 «200000+03
«100000+04 «300000403
50000403 +300000403
«300000¢03 « 000000
«500000403 +000000
2 3
«185970¢04a «266500406
2 !

DIAGNOSTIC TRACE ILLUSTRATIONS

PAGE 75

DATE 05 FER 73
TIME 10310004
CASF 1

5 & 5% x5

0 0 o
« 000000 «000000
« 000000 «000000
« 000000 «000000
« 000000 « 000000
«000000 «000000

0 0

+320000¢05

0 0

0 0
+000000 «000000
+000000 2000000
000000 « 000000
«000000 000000
«000000 «000000

0 0

+320000405

0 0
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Si_nce the only subprograms having diagnostic write statements within subroutine
APUSUP were subroutines FINTAB, LOCAT and the function MIPE, the table look-up

procedure examination was straightforward.

As noted in Fig. 1.5-1, DIAG caused the notation DIAGNOSTIC TRACE to be printed

as subroutine FINTAB was called in. DIAG noted that FINTAB was entered and Data
Table-22 was found and copied. FINTAB was exited and a summary of the X-array
printed out.. Function MIPE was then entered followed by a call to LOCAT which was
entered to locate the X,Y subtable which bracketed the desired value of 500°R. The
array subtable limits were output and LOCAT was exited. Function MIPE then per-
formed a linear interpolation of the X and Y arrays to obtain an ultimate stress value
of 115761 psi at the desired temperature of 500°R for the stainless steel oxygen
accumulator tank material. MIPE was then exited with the required data. The sequence
was repeated a second time for the hydrogen accumulator and since operating tempera-
ture and material selection was identical to the first accumulator, the answer obtained
was the same as before. In this instance, the diagnostic output was not labeled by
variable name, however, in other subprograms the diagnostic data appears in

variable labeled format.

Diagnostic write statements will be easily recognized in the various subprograms since

they all start with an IF statement, for example:
IF(DIAG(0,6HFLORAT))WRITE(IDT,6020)WDQOTI, etc.

‘which says, if the diagnostic switch is turned ON, write out that FLORAT was entered

and writeout the subroutine input variables starting with flowrate, etc.

1.5.2 Error Diagnostics

In addition to the diagnostic trace for checking out program computation procedures,
there are a number of Error Diagnostics built into the various subprograms which

give a warning if ranges are exceeded, or if things show up out of order. For example,
subroutine CMPCAL ‘computers pressure drops and keeps track of the required system

pressure as the analysis proceeds to work its way toward the supply tanks. If, upon
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arriving at the tank, the subprogram finds the input tank pressure lower than the
required pressure, it will reset the tank pressure equal to the calculated required
pressure and print the following message:

"DIAGNOSTIC* TANK INPUT PRESSURE IS LESS THAN THE REQUIRED
PRESSURE. TANK PRESSURE SET = REQUIRED PRESSURE. TANK
INPUT PRESSURE = ----- . REQUIRED PRESSURE = ----.

Similar messages warn of the failure of data to converge, or the failure of data to

match preset convergence ranges.
1.5.3 Preset Error Terminations

A number of preset error terminations are provided in the program, in order to
prevent the generation of meaning less data and expenditure of costly run time.

Typical conditions causing error terminations are as follows:

Errors in naming the system on the System Definition Card will always abort
the run. The system name must begin with the three alpha character mnemonics
specified in DATA NAMSYS given in subroutine STODTA.

A negative temperature or pressure value will terminate the program in a

number of subprograms.

A temperature or pressure out of preset ranges will terminate the program

in several of the thermodynamic property subprograms.
1.5.4 Errors in Reading Table Data
Subroutine INTAB is provided with a specific set of diagnostip messages in order to
permit rapid isolation of problems in the DATA TABLE input. Usdally the
trouble occurs during table update or replacement, however, simple card juxta-

position can also cause a lot of trouble.

The following is a list of Table Data error messages and the table data cards to

examine:
135 .

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

*ERROR* THE NUMBER OF DIMENSIONS IS WRONG, ND =
(See Gp(d) CARD-1).

*ERROR * ~ THE NUMBER OF POIi\ITS IS WRONG, NP =
(See Gp(d) CARD-3).

*ERROR* THE NUMBER OF DATA POINTS IS WRONG, NV =
(See Gp(d) CARD-5).

*ERROR* THE TABLE TYPE IS WRONG., TYPE =
(See Gp(d) CARD-5).

*DIAGNOSTIC* THE NUMBER OF INTERPOLATION POINTS IS WRONG.
NIP = . NIP IS SET EQUAL TO = .
(See Gp(d) CARD-5).

*ERROR* THE ABOVE TABLE NUMBER IS LESS THAN 0 AND GREATER
THAN 50.
(See Gp(d) CARD-1 (NT)).

*DIAGNOSTIC* THE ABOVE TABLE HAS ALREADY BEEN INPUT. THIS TABLE
: SHALL REPLACE THE PREVIOUS TABLE, (Check table
numbers-NT.)
*ERROR * THE TOTAL SIZE OF THE TABLES HAS EXCEEDED 7000.
- THE REQUIRED SIZE IS . RUN TERMINATED,

Any of the foregoing messages requires action by the user to correct the Table
Data Deck or File. :
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1.6 PROGRAM RESTRICTIONS

Program restrictions for the current version of TCIMM are largely self-imposed by

the range of the data used in cryogenic system evaluation. Array size for many of the
program variables can be conveniently changed by adjustment of the PARAMETER
definition statements found in each of the Procedure Definition Processors which define
the common arrays. The array dimensions as currently defined, however, are adequate

for current system concepts.
1.6.1 Program Analytical Range

The program currently accommodates the use of four cryogen fluids: oxygen, hydrogen,

helium, and nitrogen.

Temperature ranges extend to 800°R for 02, H2, and He and‘to well over 1000°R

for N2. 27

all table data ranges can be extended by simply enlarging the tables.

Pressure ranges extend to 2500 psia for 02, H,, and N2 . In this respect

The configuration table will currently accommodate one hundred components and can
be extended by changing the appropriate PARAMETER statement in PDP-CCNFIG.

1.6.2 Table Data Limits

Current Table Data capacity is limited to 50 tables containing a total of 7000 words.
The number of tables can be changed by altering the value of the NTBN in PDP-CTAB
from 50 to the desired number of tables. The total number of table words can be
changed by alterning the value of MXWRD in PDP-CTABA to the value desired. If
MXWRD is changed, then the "error message' in FORMAT statement 6170 of sub-
routine INTAB should also be changed.
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1.7 TAPE AND DRUM ASSIGNMENTS

For those facilities which have limited or no-mass storage capability in the
' form of FASTRAND or DISC program storage, tape operation will be required
for Program file and Data Table file loading only. The making of the files
on tape will follow whatever local procedures are used compatible with local
machine requirements. The program uses no scratch or intermediate tapes or
drums for data storage, hence, there will be no requirement for mounting

extra tapes.

1.7.1 Data Table Tape Preparation

'Provisidné have been made in the program to produce and use a binary data
table tape, where this is preferred over Data Table Card input, or because

of mass storage limitations.

A Binary data table tape can be produced in the course of a normal program
.'run utilizing existing coding in subroutine INTAB which is controllable
from the input data, "Table Data Echo Control Card" (Ref. Gp(ec) CARD-1,
Sub.sec. 1.2.2.2).

The variables IFT and ¢FT which occupy the first two fields of the Table
Data Echo Control Card are utilized for the tape preparation and tape utiliza-

tiqn functions.
The defined values to be used in the variables are as follows:

IF: IFT = O ‘Table Data Input is from Source Cards,

or Mass Storage.

g

1lor 2 Table Data Input is from Binary Tape
' loaded from Tape Unit-15.
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IFT>2 Table Data Input is from Binary Tape
loaded from Tape Unit IFT. Where IFT

specifies tape unit number (Example:

IFT = 17)
IF: ¢FT =0 No binary data tape is to be made.
gFT = 1 or 2 Binary Data Table Tape will be pro-

duced on Tape Unit -~ 15,

grFT > 2 Binary Data Table Tape will be made
on Tape Unit @FT. Where PFT speci-
fies Tape Unit Number (Example:
gFT = 16)

To make a binary data tape of the Data Tables, the simplest procedure is

as follows:

(a) Assign a blank tape to be loaded in Tape Unit 15, to be reserved.
(b) Set IFT = O in Table Data Echo Control Card.
(c¢) Set ¢FT 1 on Table Data Echo Control Card.
(d) Set NPRT = 1
NPRT2 = 1
(e) Load data Table Cards immediately following Table Data Echo Control
Card.

To print Table Echo Summary

The program will generate a binary data trap and those proceed with the

execution of the run.
1.7.2 Data Table Tape Utilization -

To use the binary data tape produced by the program, the following procedure
applies:
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(a) Assign the Data Table Tape to be read in on Tape Unit 15.

(b) Set IFT = 1 on Teble Data Echo Control Card.

(c) Set #FT = O on Table Data Echo Control Card.

(a) Set NPRT =1 To Print Table Echo Summary
NPRT2 = 1

(e) Omit Data Table Cards from Input Deck.

The program will now load in the Data Tables from Tape and procede to execute

the run.

1.7.3 Drum and Disc Utilization

Where a facility is equipped with Drum and/or Disc file storage hardware,

- both the program and the Data Tables may be conveniently stored as files in
mass storage. Assigning and calling in the files becomes a simple matter

involving only a few control cards.

Detailed procedures for program file'generation as well as DATA file generation

are adequately Qeécribed in the UNIVAC-1108 manuals.
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Section 2
MATH MODEL SAMPLE PROBLEM

In order to illustrate the application of the Math Model Program, a sample problem
for an Attitude Control Propulsion System was assembled and run. The ACPS problem
was chosen because it exercises more of the major subprogré.ms than the other
systems. The sample problem graphically illustrates the conversion of the system
concept schematic and supporting data into a problem data input deck and the analytical

output obtained in the program run.
2.1 THE PROBLEM STATEMENT

The ACPS concept considered was chosen from among similar concepts previously
studied under this contract (Ref. 2.1-1). The concept is illustrated in the schematic
presented in Fig. 2.1-1. The concept is a cold helium pressurized, subcritical
cryogen fluid supplied, bi-propellant gas fed propulsion system. The cryogens are
stored as fluids under low pressure and converted to gasses at high pressure through
the use of high pressure liquid pumps. The high pressure liquids are vaporized in
gas generator fired heat exchangers. The resulting gaseous propellants are then fed
to high pressure accumulators for storage until needed for the engines. Propellant
feed to the engines is through pressure regulations which drop the feed pressure to
the value required for the engines. Oxygen and hydrogen gas at engine feed pressure

and temperature are available to other systems via taps in the engine feed line.

The initial run of the system sample problem will establish the nominal case values
for the ACPS concept and provide the base-line temperatures, pressures, pressure
drops, flow rates, and component and system weights for the specified duty cycle and
performance constraints. Subsequent runs of the sandple case would consider the
effects of perturbing the base-line input data in whatever manner is of interest to the
analyst. The collected series of runs would then provide the basis for wide range

performance and trade-off analysis conclusions and recommendations.
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The sample case run herein presented is the starting point, or, base-line concept

analysis.
2.2 PROBLEM OUTLINE — DATA ACQUISITION

The problem outline will be provided to the analyst in the form of a préliminary study
of some sort which will probably need elaboration. Specifically, the analyst will need

to assure himself that the following data sources are in fact available:

Mission Duty Cycle

Concept Schematic

Engine Concept Details

Tankage Concept Details

Heat Exchanger Requirements

Pump and Turbine Requirements

Gas Generatbr Requirements

Subsystem Constraints

Plumbing Layout and Approximate (at least) Line Lengths

It should not be considered unusual if the analyst finds that the data supplied is not
adequate to build an input data deck and that further source interrogation is required.
Assuming the required sources are available, then the task of assembling the infor-
mation into the input data deck format can be accomplished. The following sub-
paragraphs elaborate on the data reduction aspects of this task.

2.2.1 Sample System Performance and Component Data

2.2.1.1 Duty Cycle. For the ACPS sample problem a twelve burn duty cycle rep-
resentative of the total burn and coast times for a typical orbiter seven day mission
was selected. The duty cycle events and pertinent propellant consumption data
obtained from the referenced study are presented in Table 2.2-1.
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ACP8 DUTY CYCLE
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Duration Mission 0,.-Used H,.-Used
Event Activity (see) Time (min.) flbs) 2(1bs)
1 Coast-1 sS40 sec 0-9.0 - -
2 - Burn-1 4.58 sec 9.0-9.07 50 1k
3 Coast-2 1975 sec 9.07-142. - -
L Burn-2 6.15 sec 142.0-1k2.1 67 19
5 Coast-3 209% sec 142.1-177 - -
6 Burn-3 3.58 177.0-177.06 39 11
7 Coast-U 536 sec 177.05-186 - -
8 Burn-k 38.8 sec 186.0-186.65 423 120
9 Coast-5 2061 sec 186.65-221 - -
10 | Burn-5 7.43 sec 221.0-221.12 81 23
1 Coast-6 593 sec - 221.12-231 - -
12 ‘Burn-6 3.58 sec 231.0-231.06 39 11
13 Coast-T 536 sec 231.06-240. - -
1 Burn-7 66.1 sec 240.0-241.1 720 204
15 Coast-8 Tl sec 241.1-253. - -
16 Burn-8 32.3 sec 253.0-253.54 352 100
17 Coast-9 568 sec 253.54-263. - -
18 Burn-9 104.1 sec. 263.0-264 .74 1135 320
19 Coast-10 1876 sec. 264 . Th-296 - -
20 - Burn-10 31.9 sec 296.0-296.53 - 348 96
21 Coast-11 571,048 sec |  296.53-981k. - -
22 Burn-11 16.16 sec 9814.0-981k .27 176 50
23 Coast-12 9584 sec 9814 .27-9974 - -
24 Burn-12 100 sec 9974 .0-9975.67 1090 310
Total Deliverable 4520 1278
Total Propellant: 5798

M.I.B. degradation:

= 0.90

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

2.2.1.2 Engine Data. The rocket engine characteristics employed in the problem
are given as follows:

Number of Engines 3
Engine Thrust 1750 Ib
Engine IS o 420 sec
Expansion Ratio 40:1
@/F Mixture Ratio 4:1
Propellant Inlet Temp 350°R
Propellant Inlet Pressure 400 psia
Chamber Pressure 250 psia

2.2.1.3 Accumulator Data. The system requires two high pressure éccumulators,

one for each of the propellant gases. The accumulator characteristics employed in

the sample problem are as follows:

Characteristic 02-Accum. H2-Accum.
Accumulator Code ACO1 ACO02
Maximum Diameter (ft) 2,05 5.2
Volume (it°) 2.5 72.5
Nominal Temp (°R) 350. ~ 350.
Nominal Press. (psia) 2000. 2000.
Material Type 5.5. 5.5.
Insulation Type CDAM/T.G, CDAM/T.G.
Insulation Thickness (in.) 2.0 2.0
Est. Heal Leak Rate (Btu/hr) 0.1 0.2
Allowed Pressure Swing (psi) 500. 500.

2.2,.1.4 Heat Exchanger Data. The concept requires two heat exchanger-gas generator

sets for vaporization of the cryogen fluids. The heat exchanger and heat source

characteristics employed in the problem are given as follows:
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Oxygen Hydrogen
Characteristic Side Side
. Heat Exchangers: - o
Heat Exchanger Code HX01 - HX03
Hot Fluid Inlet Temp (CR) 2000. 2000.
Hot Fluid Outlet Temp (°R) 1100. 1028.
Cold Fluid Inlet Temp (°R) 173. 42,
Cold Fluid Outlet Temp (°R) 350. 1350.
Hot Fluid Nominal Pressure (psia) 245, 500.
.Cold Fluid Nominal Pressure (psia) 2000. 2000.
Hot Side Delta-P (psi) 30. 30.
Cold Side Delta-P (psi) 30. 10.
Hot Side Nominal Flow Rate
(Ib/sec) - 0.6 ‘ 2.6
Cold Side Nominal Flow Rate
(Ib/sec) . 12.3 4.3
Heaf Source: |
Type Gas Gen Gas Gen
O/F Mixture Ratio . 1:1 - 1:1
Outlet Temperature (°R) 2060. 2060.
Chamber Pressure (psié) 245. 500.
External Available Energy (Btu) 0. 0.

2.2.1.5 Pump and Turbine Data. @ Two pump and drive turbine sets are required

for the concept being considered. The pump and turbine characteristics employed for

the sample problem are presented as follows:

Oxygen Hydrogen
Characteristic Side Side
Pump: '
Pump Code HPO1 HPO02
Type Turbo-Pump Turbo-Pump
Pump Efficiency (%) 52. 54.
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Oxygen Hydrogen
Characteristic Side Side
Pump: (Cont)
Pump NPSP (psia) 8.7 1.1
Pump Shaft Speed (rpm) 20,000 70,000
Pump Outlet Pressure (psia) 2023, 2023.
Pump Inlet Pressure (psia) 17. 17.
Pump Inlet Temperature (OR) 165. 37.
Pump Drive: — Gas Turbine
Turbine Code GToO1 GTo2
Turbine Mixture Ratio 0.891 0.891
Turbine Inlet Temperature (°R) 2000. 2000.
Turbine Delta-P (psi) 230. - 480.
Turbine Delta-T (°R) 840. 840.
Turbine Efficiency (%) 55. 36.
Turbine Inlet Pressure (psia) 250. 500.

2.2.1.6 Cryogen Supply Tankage Data. One tank is required for each cryogen fluid.

Initially, it is assumed that the tanks are spherical since the program will add cylindrical
sections to the tanks if the fluid volume exceeds that of a sphere having an input

maximum diameter.

The tankage characteristics employed in this problem are as follows:

Characteristic LO2 Tank LH2 Tank
Tank Material 2219-Al 2219-Al
Number of Tanks 1. 1.
Tank Code TKO01 _ TKO02
Acquisition Device Surf Tension Surf Tension
Insulation Type DGM/SN DGM/SN
Pressurization Type Cold He Cold He
Fluid Initial Temp (°R) 165. 37.
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Characteristic Lo, Tank LH, Tank

Tank Initial Pressure (psia) -~ ~ -~ ~-16. - -~ - - 161 - --
Pressurant Gas Temp (°R) 170. 40.
Tank Operating Pressure (psia) 26.7 19.1
Tank Vent Pressure (psia) 31.7 24.1
Estimated Heat Leak (Btu/hr-ft%) 0.1 0.2
Insulation Thickness (in.) 2.0 2.0
Optional Input — Fluid Loaded (ib) (Omit) (Omit)
Initial Percent Ullage - 3.0 3.0
Tank Maximum Diameter (ft) 5.07 5.0
Tank Heat Exchanger Outlet Temp (°R) NA NA
Tank Heat Exchanger Delta-P (psi) NA NA
Tank Circular Pump Delta-P (psi) NA NA
Tank Heat Exchanger — '

Gas Gen Outlet Temp (OR) ‘ » NA , NA

Gas Gen Chamber Pressure (psia) NA NA

Gas Gen Mixture Ratio (©/F) NA NA
Tank Insulation — Layers/Inch (Optional) (Omit) (Omit)

2.2. 1.7 Lines, Controls, and Fittings Data. For the sample problem, all lines,

valves and fittings are stainless steel, and are insulated where necessary with one-
half inch of CDAM/TG insulation having a layer density of thirty layers per inch.

2.2.1.8 System Configuration Data. The remaining data to be assembled quite often

proves to be somewhat time consuming, primarily, because in the concept stage (or,
even in the early design stages) no one seems to know how long the pipes are. There-
fore, one obtains a large set of vehicle drawings and proceeds to obtain approximate
lengths even though they are subject to changes. The task, at hand, is to convert the
system process schematic into a configuration table with a close resemblance to what
"the actual system will look like. This is best accomplished by detailing the data for the
oxidizer side of the system first, followed by the data for the fuel side. The data
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collected should be listed in the order required for data deck input. Considerable
time may be saved by using 80 column keypunch worksheets with appropriately ruled
and labeled columns for data collecting sheets and data card production. The basic
information required for the configuration data table as derived from Fig. 1.2-1

and supporting data is presented in Tables 2.2-2 and 2.2-3. The data table will also
require the use of some of the information developed for the larger components

discussed in previous subsections.
2.3 PROBLEM DATA DECK

The sample problem data previously collected (subsection 2.2) can now be readied for
the creation of an input data deck. Formatting information for the necessary data
cards will be found in subsection 1.2.2 in the card format illustration sheets (1.2.2.1
through 1.2.2.17). The ACPS sample problem data input deck produced from the fore-

going procedure is listed in Table 1.2.5-1,

Input Data Decks for other systems are created in the same general fashion as

employed for the sample problem.
2.4 PROBLEM TABLE DATA REQUIREMENTS

While the data tables currently included in the Math Model Program, are adequate for
the sample and test problems used for program checkout, there is no assurance that
this is so for more advanced systems. Therefore, it is incumbent upon the program
user to examine his system carefully for new table data requirements and make the
necessary table substitutions as needed. The following tables are most likely to

 need either updating or the substitution of a complete new table of data:

Table Number of
Number Descriptive Title Dimensions
1 RCS — Thruster Weight 4
RCS — Vac Sp Impulse 3
9 OMS — Engine Weight 3
10 @MS — Vac Sp Impulse 3
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Table 2.2-2

CONFIGURATION DATA FOR ACPS —OXYGEN SIDE

Item Item Number Number Diameter Length Friction Fluid
I.D. Code Oper Stby (in.) (in.) Factor f (L/D) State
Gas D2-VAP G
Engine | ENG1 3 0 G
Line LNO1 3 0 2.0 110.0 0.0095 — G
Tee FTO1 1 0 0.0095 126.3 G
Line LNO02 1 0 2.0 150.0 0.0095 G
Tap FT02 1 0 0.0095 10.5 G
Line LNO03 1 0 2.0 24.0 0.0095 G.
Valve Ivo1 1 0 0.0095 10.5 G
Line LN04 1 0 2.0 12.0 0. 0095 G
Valve CVvo2 1 0 0.0095 135.0 G
Line LNO05 1 0 2.0 - 40.0 0.0095 G
Tap FT03 1 0 0.0095 10.5 G!
Line LNO06 1 0 2.0 20.0 0.0095 G!
Reg PRO1 1 0 0. 0095 336.8 G
Line LNO7 1 0 2.0 30.0 0.0095 G.
Accum ACO1 1 0 NA G
Line LNO8 1 0 2.0 24.0 0.0095 G-
HEX HXO01 1 0 NA G/L
Gas D2-1LIQ NA L,
Line LNO09 1 0 1.0 12.0 0.0180 L
Valve cvol 1 0 0.0180 65.5 L
Line LN10 1 0 1.0 12,0 0.0180 L
Pump HPO1 1 0 NA L
Line LN11 1 0 1.5 160.0 - 0.0180 L
Valve svol 1 0 0.0180 6.7 L
Line LN12 1 0 2.5 12.0 -0.0180 ’ L
Tap FT04 1 0 0.0180 6.7 L
Line LN13 1 0 2.5 24.0 0.0180 ' L
Tank TKO01 1 0 NA L.

96€T166V-OSIN'T



XNVdWOD 3JOVdS ® SIATISSIW A3ITHMUDO0T

16T

Table 2.2—3

CONFIGURATION DATA FOR ACPS —HYDROGEN SIDE

Item Item Number Number Diameter Length Friction Fluid
I.D, Code Oper Stby (in.) (in.) Factor f (L/D) State
Gas H2-VAP G
Engine ENG1 3 0 : G
Line LN21 3 0 1.75 110.0 0.011 G
Tee FT21 1 0 0.011 109.0 G
Line LN22 1 0 1.75 150.0 0.011 G
Tap FT22 1 0 0.011 9.0 G
Line LN23 1 0 1.75 24.0 0.011 G
Valve vo2 1 0 0.011 9.0 G
Line LN24 1 0 1.75 12.0 0.011 G
Valve Cvo4 1 0 0.011 86.0 G
Line LN25 1 0 1.75 40.0 0.011 G
Tap FT23 1 0 0.011 9.0 G
Line LN26 1 0 1.75 20.0 0.011 G
Reg PRO2 1 0 0.011 336.4 G
Line LN27 1 0 1.75 30.0 0.011 G
Accum ACO02 1 0 G
Line LN28 1 0 1.50 24.0 0.011 G
.HEX HXO03 1 0 G
Gas H2-LIQ . G/L
Line LN29 ‘ -1 0 1.50 12.0 0.011 L
Valve Cvo3 1 0 0.011 9.0 L
Line LN30 1 0 1.50 12.0 0.011 L
Pump HP02 1 0 L
Line LN31 1 0 2.0 120.0 0.018 L
Valve Svo2 1 0 0.018 5.6 L
Line LN32 1 0 2.0 12.0 0.018 L
Tap FT24 1 0 0.018 5.6 L
Line LN33 1 0 2.0 24.0 0.018 L
Tank TKO02 1 0 L
End
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Table Number of
Number Descriptive Title Dimensions

11 - HEX Hgt Gas Flow — LQ)Z- 5

12 HEX Hdt Gas Flow —LH, 5

13 Gas Generator Weight 4

14 L(é2 — Transfer Pump Weight 5

15 LH2 — Transfer Pump Weight 5

16 Motor Weight (Elec) 3

17 Vac Jacket Diameter vs Weight 2

Care should be exercised in constructing the new table to insure using the same number
of dimensions (variables) as in the original table, otherwise, the coding in the sub-
program table-calling sequence will have to be changed for each place the table is
called upon. |
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2.5 PROBLEM DATA OUTPUT

This subsection presents the entire output for the ACPS sample problem. The

output, which follows, is indexed by page number in the header-box top left corner.

This index will be used in describing the several output sections produced in the run.

2.5.1 Output Description

Page 1

Page 2

Pages 3,5

Pages 6, 11

Page 12

Page 13

Pages 14,15

Pages 16, 17

Page 18

Page 19

Table Data Input Summary —
Lists the tables loaded for the program run.

System Input Verification —
Verifies the system name called for on System Definition
Card. '

System Configuration and Duty Cycle Data —
Echo of data in Input Data Deck.

Echo of Major System Component Data —
From Input Data Deck.

Start of Program Calculations:

Computed Engine Parameters —
Characterizes engine weight, propellant consumption
and Isp.

Computed Flowrate Data —
Presents flowrate required for subsystem cryogen consumers
and total flowrate from fluid tanks.

Computed System Configuration Parameters —

Presents computed temperature, pressure, flowrate, flow
condition and weight for each component item in system
configuration,

Computed Heat Exchanger and Gas Generator Characteristic
Parameters — .

Presents summary characteristics and weight data for heat
exchangers and associated gas generators.

Computed Pump and Turbine Characteristics ~
Presents summary characteristics and weight data for pumps,
turbines and turbine gas generators.

Initial Tank Sizing Calculations —
Presents initial tank size and weight data computed on first
estimate basis.
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Pages 20, 32
Pages 33, 45

Page 46

Page 47
Page 48

Page 49

LMSC-A991396

Tank and Vent Parameter Calculations —
Characterizes oxygen tank history conditions for each Coast
and Burn period of mission duty cycle.

Tank and Vent Parameter Calculations —
Characterizes hydrogen tank history conditions for each
Coast and Burn period of mission duty cycle.

Final Tank Sizing Calculations —

Presents final tank size and weight data based upon detailed
calculation of fluid requirements over integrated mission
duty cycle span. :

Accumulator Sizing Calculations —
Presents accumulator sizing and weight data computed in
program.

Tank Propellant Acquisition — Device Computation —
Presents acquisition device computed weight, trapped
propellant weight, and tank residual-propellant weight.

Component Weight Summary and System Weight Summary —
Presents a summary of individual component weights and
corresponding insulation weights. Presents subsystem and
systems weight totals. '

The following pages present the detailed sample problem output.
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NAIE USERS NAME % % % % % & % % % % % % & & %% % % % K % PAGE

}
UEPT 6213 e THE INTEGRATEN HATH MODEL * DATE |7 APR T3
EXT. 3023% W ‘ * TIME (S801840
SLD, 1087 B ATHI07 * CASE I

N R E B R R R R E R R TR I I B I A RN
: ACPS = TEST DEMONSTRATIOMN PROBLEH -

TABLE INPUT SUMMARY
‘TABLE TITLE OF TABLE ' NUMBER OF NUMBER OF ‘ NUMBER OF

‘aaznydon’

I

sFussin

vas

L

ANVAWOD 3D

{3

[

1414 4

NUMBER DIMENSIONS SURTABLES WORDS
I RCS=THRUSTER WEIGHT Y 6 122
2 PRcS=val, SP, IMPULSE 3 3 68
3 SPEC.HT/I.LB OF D2 RENOVED 3 S 206
4 SPEC.HT/LLB OF H2 REMNOVED 3 5 B
5 ‘TEMP, /LA, OF 02 REMOVED 3 5 184
6 TeHP, /LR. OF Hp REMOVED 3 S le2
T RE/ VS PGGy[1/RePAMB,PCHP 5 12 95
8 KK VS PGGyM/RsPAMB.PCHP 5 12 95
9 OIS ENGIHE HEIGHT 3 3 50

JO OnS VAC, SP, IMPULSE 3 3 68
11 HEX HOT 6AS FLOW = 102 5 24 133
f2 EX HOT GAS FLOW « LH2 5 12 T}
{3 GAS GEMERATOR WEIGHT y 10 220
14  Lo2 TRANSFER PUMP WEIGHT 5 8 130
15 LH2 TRAMSFER PUMP WEIGHT 5 8 138
16 HMOTOR WEIGHT 3 .5 120
17 VAC,JAC.PIA, VS WEIGHT 2 i Iy
18  PHI = HYDPROGEN 3 5 1r2
19  TeiP. OF H2 VS RHO F(P) 3 5 180
20 HYXFECR,COEF . =H2 3 Y 106
2! HT XFER.COEF.=02=N2 3 U 138
22 FTU OF 321/347 ST.STEEL 2 | 32
23 FTU OF 2219=-T87 ALUH, 2 { 36
24  FTU OF 6N061«T6 ALUMINUM - 1 30
25 FTU OF INCONEL=-TIB 2 $ 30
26 FTU OF TI~b6Al=4Y 2 ! 0
27 HEADR COLFFICIENT VS NS F 1 Iy
28  ADIABATIC EFF, VS NS .2 1 4y
29 EFFIC, QUOT,VS IMP, DIAM T2 ! 46
30 BASE LINE STAGE WT VS DI. 2 1 28
31 SATURATED STEAM, T,VS P, - t u6
32 Sp.HT, OF o=-H CoMB.PRQD, '3 4 iy
33 OXYGEN INTERWAL ENERGY 3. S 166
34 HYDROGEN INTERMAL ENERGY 3 N S 216
35 OXYGEN INMTERNAL ENERGY 3 5 142
36  OXYGEN VAPOR PRESSURE 3 S 166
37 HYDRNGEN VAPOR PRESSURE 3 5 216
, 38 OXYGEN VAPOR PRFSSURE 3 S (LY
39 ENTHALPY OF LO2 2 f u6
40 FENTUHALPY OF LH2 2 t 24
1  FLTHALPY OF HELIUM 3 5 142
U2 CXYGEN ENTHALPY (GAS) 3 S . LT ]
43 HYDROGE!N ENTHALPY (GAS) 3 5 t22
44  BETA FACTOR ) 2 ! 28
4S  SIGHA«DELTAP FOR HEXELC 3 S 172
y6 BETA VALUES FOR H2 3 s 168

ol -

TOTAL TABLE STORAGE = K024

96€166 V-DSIN'I



MAI'E USERS NAME *# % % % % % % % % % # % % % % % % % & % % PAGE 2

DEFT 6213 i THE INTEGRATED MATH MODEL | * DATE 17 APR 73
EXT, 30235 * * TIHE 15301149
8L, tou * ATY4307 * CASE t

H ok W kR ok kW ok ok ok kK kR kR W w ok Nk KRRk ok kR RNk Rk kK kR
ACPS = TEST DFMONSTRAYION PROBLEM

*%k%  YOU HAVE CALLED FOR THE SYSTEM ACPS bdded

ANVAWOD 3DVdS B S3ITISSIWN A3IIHMNDO

96T

96ET66V-DSIN'



ANVJN_OD A0VvdS ® S3ATISSIN A33HMIDO0T

LST

CaMpP
NAME

GAS
FNGINE
LIE
TEE
LINE
TAT

LIVE

VALVE

LIIE

VALVE
LIiE
TAR

. LINE

RE®
LIGE -
ACCHM
LINE
[SE35:4
GAS
LIE
VAIVE
LINE
FLULP
LIME
VALVE
ILE
TAP

LIGE

TAIIK
GAS .
ENGINE
LIiE
TEH

LINE

TAD
LINE
VA{VE
LIE
VALVE
LINE
TAR
LITE
PEG
LIYE
ACCLIM

coreP
CORE

02=VAP
Eragl
LA
FTal
(o
FTue
LNG3
Ivol
LHOY
v
LHesS
FTCY
LHU6
FROI
LEGT
ACUY
LNG8
X
Ced=L1Q
Lneo
cvo!
LHlo
HiP!
LAt
sVl
L2
FTCy
LML3
TRT
li2=vapP
ENGI
Lral
Frel
Lhp2
Free
L3
Ivie
LH2y
CViy
LH2s
FTe?d
Lraé
PRI2
Lhe?
pCG2

Flineg,
TYPE

!
0
10
21

ty-

3
{0
31
1o
21
Iy
3
10
32
to

NAI'E  USERS NAME

DEPT 6213 *
EXT, 30235 *
BLD, oY *

B2 B BN N BN R BN BN BN

Y TIT)
Kliis, NUItR,  HATRL,
GFEP, STHY, TYPE
| 0 0
3 0 n
3 0 I
| 0 |
| 0 !
! 0 ]
| ¢ !
{ 0 |
| 0 !
{ 0 i
| 0 l
| c 1
i a 1
! 0 |
| 0 |
| 0 |
I, 0 I
| C |
2 0 0
| 0 |
| 0 |
} Q !
] 0 |
| 0 |
! 0 |
| 0 !
| 0 |
1 e 1
] 0 2
o 0 0
3 o 0
3 0 i
{ 0 !
i 0 |
| 0 |
! 0 |
! 0 !
! 0 !
t s} !
{ g t
! 0 !
! 0 |
! C |
| o] {
! (v} !

BE R XK E R R KA RN E R A RN R KRR
THE INTEGRATED MATH MODEL

AT4307

*
*
*
*

I I A R A R E R EE R
ACPS « TEST DEMOHNSTRATIOMN PROBRLEN

SYSTEMN

FLOW FRICTION

COEFICIENT

»00000000
00000000 .
«950000C0-02

T 2950N0N00-02

. 95000N00=02
«9500080%0=02
«95000000=52
+95000000=02
«95003000=-02
+95005000=02
«95000000=02
,9500C0NG0~C2
«95000000~02
9500000002
«950000G0=-02
000920000

«95000000n=02
.00000000

«C20000N20

« 1800CNG0=01
« 18000000-01
«1800CN00~0!
» 00000000

«18000000=01
« 1500000001
« 150000C0=01
« 1800030C0=01
«I15000NCN=C!
«000000CH

«000000CO

.0000G0Co

« 1100000001
11005000=01
« 1 1000000=01}
« 1100000001
«1100G000=01
«110000C0=01

1 1000000~01

Jd1eo00co-nt
« 1 100000001
« 1 1002000=01
« 1 100CD00=~01
1 10NENCO=-01
« 110020060~0)
00000000

CONFIGURATTIION

LINE LENGTH
OR L«QVER=D

L1le
DIAMETER

.00
.00
2.00
.00
2,00
.00
2.00
.00

" 2.00
.00
2,00
.00
2.00
.20
2.00
.00
2.00
.00
.00
1,00
.00
1.00
.00
1,50
.00
2.50

PAGE 3

DATE T APR T3

TINE 15:01tu49
CASE |

LK IR BN BN BE BN R AN

1 2.5 2 8

INSULATION
TYPE

F D D PO F D SO Lf D FOODF IO FfOoOrOrOLfo9OLfreeoLrororsrDIorosroon

INSULATION
THICKNESS

«00
.00
«50
.00
«50
NN
«50
.00
«50
.00
«50
.00
¢S50
«00

: .50
2.00
«50
.00
«00
«50
00
«50
»00
«S0
00
¢S50
«00
]
2.00
.00
.00
2.00
+00
2.00
00
2,00
«00
2.00
.00
2.00
00
2.00
.00
2,00
2,00

NO, LAYEPS
INSULATION

968166 V-OSI'I



ANVAIWOD IDVdHS B SIISSIN AITHUNDOT

86T

- comp

NAME

LIHE
HEYX,
GAS

LINE

VAIVE
LINE
pLIiP
LILE
VALVE
LINE
TAF

LILE
STARK

END

cotip
CorE

Lh28
HXG3
tig=t.1@
Ltz9
vl
.30
HPpe
L3
svie
Lti3e2
FT24
L33
TKC2

FUNC,
TYPE

BAFE USERS NAME % ® % % & % % & & & % % % % & % % % % % % pAGE 4
DFFT 6213 : " THE INTEGRATED MATH MODEL * DATE |7 APR 73
EXT. 30235 « * TIME 15t01850
3l.he 104 * ATu3n? * CASE |

* %k kX kK Kk h %

*dede R
Hulie,  NUNB, MATRL,
CPER., STBY, TYPE
I 0 !
| 0 }
a 0 0
{ 0 1
| 0 |
! 0 I
} 0 !
t 0 |
! 0 '
! 0 !
| 0 f
! 0 !
| 0 2
0 0 0

LI 2K B R 2 B R I R S
ACPS « TEST DEMONSTRATION PROBLEM

SYSTEM

FLOW FRICTION

COEFICIENT

«1100C00N=01
«000000C0
« 00003000
«110000G0=-01
« 1 100G000=01
e 11000000=01
«00000000
« 1800000001
« 12000000=01
«180N00G0O=-0!
« 18005000=01
«1800C0C0-01
« 00000000
«»000000GC0

LIMNE LENGTH
OR tL=UVFR=D

24,460
00
ol

12,00

9,00

12,00

<00
120.00
5660
12,00
£ 060
24,00

LIHE
DIAMETE

1,50
« 00
.00

1.50
»00

1.50

CCONFIGURATION

R

* kK kK hRW

e de ek

INSULATION
TYPE

T EODLOOLFOLOLrO0oOL

INSULATION
THICKNESS

2,00
«N0
00

2,00
«00

2.00
«00

2.00
.00

2.00
«00

2,00

2,00
«00

NO, LAYERS
INSULATTON

96166 V-OSIN'T



ANVAWOOD 3OVdS ® SIATTSSIN A33IHMOO0

66T

UPER,TIME

«HSRQO0OV00+0L
61500000401
+358050000+01
«IEBGODOOSUR
JTh300000+01
«ISH0000N+0
+661C0000+02
¢32300000+02
Llouieuncens
«310CC00NS02
1616030N+02
.1gneoonnaos
+0C0L0N0D

RON=GPERATING

«SHCONN00+03
1797';00004'0'4
« 2034000 +0Y
536000004073
20613000404
«5930500N+03
«53607000403
«T1H000U0403
«B6RONNUNENT
« 1ET6200N+0Y
«5T7i0k8upn+né
s ICEHYTLCC+0yY
=, 10cocoen+0!

*
*
*

hkRRE D U T Y

1'1B=DEGRAD,

90000000400
« 90000000400
« 90000000400
«90N000N0&DD
«90N00500400
90000000400
«90000000400
« 90000000400
«90000C00+00
«90000000400
« 90000000400
« 92000000400
02000000

UNITS OPEP,

Ow WWw wwwwwwww

CcYCLE

ATH307

KR KKK KKK KR KN KR KK KRR KR
ACPS = TEST DEMONSTRATICH PROBLEH

HORSEPOWER

«00060000
«06G00N0000
«0G0OG0000
«0coanona
«066GO00NO0
«0G000000
«0G000000
»0G00NG0ND
« 00000000
«0Go000cCe
«GC000000
«050000C0
«000GO0CO

R KKK KKK KRR R KK KKK R R * Kk PAGE
THE IHTEGRATED MATH MODEL

4

* DATE 17 APR 73
* TIME 15801351

* CASF

D AT A ®dnedn

AMR,PRESSUPF

.00000000
« 00000000
00000000
» 00000000
00000000
«C0C0O0NQ0
»00000000
Q0000000
«Q000a000
+COCO0000
«00000000
+000000G0
« 00000000

Xk k k ® K % ¥ &

POWER=KW

«000n0000
«0000n0G0O0
«00000000
+ 00000000
00000000
«000N0000
«06006000
«06G0ONNOON
«0000n0000
«00Nnnnoon
NuddihiIeleldy)
« 06000000
«0000N000

REPRES,TIME

« 00000000
«QN000000
+N000NNN0O
+ 00000000
00000000
00000000
+00N0N0NO0O
«00000000
00000000
. 000NNAONN
00000000
L00n000NN
00000000

96€T66V-OSIN'1



NAI'E USERS RAME % & % & % & & & & & % & & & % &k & & * & * PAGE 6
LEPT 6213 S 2 THE INTEGRATED HMATH MOQEL * DATE T APR T3
EXT. 302175 * * TILE 1530115
BLD, oY * ATU30? * CASE |

I BB SRR AR 2R 2 20 2N 2 2N B BN 2R RN NE 2R N NE B BE R IE R I BE B I IR IR
ACPS « TEST DENOHNSTRATION PROSBLE!

AhrEAX £ N-G I N E 7 A T A Fhwrkn

3 HUMRER OF ENGINMES
«35000006+03  GAS IKNLET TEMP,
40000000403 GAS INLET PRES,
«17500CG0C+0E  ENGINE THRUST
225000000403 CHANBER FPRES,
wH40000000402 EXPANSIGH RATIC
+40000C0C+01 MIXTURE MATIO

ANVAWOD 3OVdS ® SIATISSIN A3IIHMNDO0N

091

96€T166V-OSIN'T



FMAI'E USCRS MAME % % % % % ®# ®# # # ®* * ® ® % * ®* * * & * * PAGE (4

CEPT 6213 . THE INTEGRATED MATH MODEL * DATE |7 APR T3
CXT, 3023% * * TIME 1530185%
2Lb. ton * ATU307 % CASE |

LK BN BN BN 2N 21 2N Bk BN I BN NS R SR N R R R N N I B I N JEE K JEE BN JEE BN JNE JEE JNE BED IR BRI 1

ACPS = TEST DEHONSTRATIGH PRORLEN

whhkx T A M K D AT A whkkw

NUMBER GPERATING (HOP)
ACQUISITION TYPE
INSULATICHN TYPE
HATERTAL TYPE

2 PRESSURIZATION TYPE

« 165000004013 « 37000000402 INITIAL TEMPERATURE (R)
. 16000000402 . 16000000+02 INITIAL PRESSURE .

« 17000000403 «400G0N00+02 FPRESSURANT GAS TEMP, (R)
« 26760000402 «191000004+02 OFEFATING FRESS, (PSIA)
31700000402 «2UIC0OCN0+02 VENTING FRESSUPE

[aS MAV R\ I
VIV = —

ANVAdWOD 3DVdS ® S3ATISSIN AQ3IFHMND0T

191

«2000006G0+00 «30000000+0GG

HEAT FLUX (BTU/HP=FT%*%*2)

«+2CCC00004+01 .200000G0+0T  INSHLATION THICKNESS
.0CNO0000 « (0000000 INITIAL FLUID LOAC (OPT)
« 32000060401} «306G0C00+01 PERCENT ULLAGE VOLUME
«56660C00401 o 50000000401  MAXINUE DIAMETER (FT)
«QCNO00N0 «GN0O00OO0 HEX OUTLET TEMP., (R)
acoocone «NOC0O0N00 HEX DFLTA PRESS. (PSIA)
-0ongonnn « (10000000 PLNMP DELTA PRESS, (PS!A)Y
00n00060 Looaeoeon GAS GEN OUTLET TEMP (R)
«00n00000 00000000 P SUG C OF GAS GFN (PStIA
Q50en00N0 + 00000000 GAS GEN DIIXTURE PATIO
«00ncoonn +C0000000

KUMBER IHSULATION LAYERS

TAtE WEIGHT=CONFIGURATION OPTION CONSIDERED
NULBER GF TANK SHAPES IN CONFIGURAT]IOHN

96166 V-DSIN'I



NAL'E USEFSNAMF R Rk XX kKK KRR KR kR R NNk PAGF 8
*

CEFT 6213 THE INTEGHKATED HATH MOLEL * DATE |7 APR 73
EXT. 30235 * ® TINE [S10185)
elb, 104 * ATHINT * CASFE |

LR R BN R R R 2R I IR 2R N A N N N IR N R R R B B R R N
ACPS = TEST DENQMNSTRATIoM PRGBLEL

wkkk* A CCUMULATOR D AT A wkwnw

ANVAdWOD 3DOVdS ® SITNSSIN d3IIHMND0T

291

HUNBER OPERATING (NOP)

4 y ILSULATIGH TYPF

| | MATERTIAL TVYPE
«35000000403 +35060000+¢03 GPERATING TENP, (DEG R)
20000000404 .c0000000404 OPERATING PRESS, (PSIA)
« 10GCOC00400 +200C0NN0+00  HEAT FLUX (BTU/HR=FT¥%x2)
«2C0000N040! «20000000C+01  INSULATION THICKNESS
«250000N0+01 « 72500000402 TAHK VOLUME (CU, FT,)
.205G00N0+01 L£20000064+40! HFAXIMII DIAMETER (FT)
50000000403 «S0000000+03  NOLINAL OFFER, DELTA PRES
+0C000000 +00000000 NUNBER IHSULATION LAYERS

966166 V-OSIN'L



ANVdWOD 3DVdS B S3TISSIA G3THMNOO0N

£9T

CXYGER

2¢00,0
11U0.0n
173.0
350.0
c4h,,n
215.0
21:30,0
200040
30,0
30,0
le0

| -
HYPROGE

2000,
1028,¢0
42,0
350,C
500,0
N0,
2010.6
2000,0
30,0
10,0
1.0

LAI'E SERS KAME

CEFT 62173
EXTe 30235
ELL:o 104

Rk kX KRR RN RN KK kKK N R W™K PAGE 9
L THE INTEGPATED MATH MODEL * DAYE |7 APR T3
* * TINE 1520115} .
L ATY307 * CASE 1

R R EEEEEREEEE I I I I A I R RN A N A I
ACPS - TEST DEMOHSTRATION PROBLENM

wRkRR H £ AT

- 2 -

ti  OXYGEl HYDROGE
.0 o0
o0 o0
.C <0
OC .0
«0 o0
o o0
oC «0
C «0
o0 «0
.0 o0
.0 o0

N

EXCHANGER

HUMBER OF HEAT EXCHAMNGERS IHPUT =

OXYGEl

oC
oC
«C
0
o0
C
.0
oG
«0
oG
o0

3 -
HYDROGEN OXYGEN

.0
0
0
o0
«0
o0
o0
«C
00
.0
«0

o 4§ =
HYDROGEN
0 «0
.0 .0
.G .C
.0 .0
oG oC
0 o0
.0 .0
«0 o0
.0 .0
0 .
'G .0

D AT A ®hhnn

-§ - HEAT EXCHANGER NUMRER
OXYGEN HYDROGEN

.0 o0 HEX HOT INLET TFEMP,
.0 «0 HEX HOT OUYLET TEMP,
«0 o0 HEX COLD INLET TENP,
«0 .0 HEX COLD OUTLFT TFMP,
o0 o0 HEX HOT INLET PRES,
o0 «0 HEX HOT OUTLET PRFS,
<0 «0 HEX COLD IMLET PRFS,
«0 «0 HEX COLD OUTLETY PRFES,
«0 «0 HEX HOT SIDE PELTA-P
.0 .0 HEX COLD SIDE DELTA=P
«0 0 HEX GAS GEM, 0/F RATIO

96£166V-OSIN'I



BALLE USERS NAME % ® & % % # ® & & % % ®# % % & % % X % & % PAGE 10

CEFT 6213 * THE INTEGRATED IiATH MOCILL * DATE (7 APR T3
EXTe 20235 * * TINE 1S5:0135)
ELe, 104 * ATHI07 - * CASE {

IR B B R AR B R BRI I R N AR 2R I B R R N R
ACPS = TEST DEMOKSTRATICH PROBLEM

ANVAWOD 3DVdS ® S3ITNUSSIN A33HIDOT

791

r*ukkx H 1 6 H PRES PUMP D AT A kkkwwn

o 11600000404
«82100000400
+ 25000000403

« 11600000404
«89100C00+00
« 50000000403

TURRINE OUT
TURBINE HIX
TURBINE GAS

2 2 TYFE
+52000000400 «EHOOCN00+CN EFFICIENCY
~+87000000401 11000000401 KET + SUCTIGH HEAD
« 20000000405 270000000405 SHAFT SPEED
+2CP30000404 +20270000404 ESTINATED DFLTA PRES.
kkkkk L O W PRES PUNP D AT A kankn
«0CN00000 00000060 putip EFFICIENCY
«0poo000n «C0000000 LET POS. SUCTION HEAD
.Conceono +C0000000 PUNFP PRESSIIRE RISE
+GC000000 « 0000000 PUNP FLOW RATE
®xx*x T URBIMNE D AT A dkwan
«55000000+00 +360C00004+00 TURBINE EFFICIEMCY
« 25000000404 +c0000000+04 TURBINE INLET TEHP,

LET TEMP,
TURF RATIO
GEMNe PSURC

96E£TAR6V-OSIN'T



FAI'F UUSERS FAME * % % % % % % % & % ®* % X % & % % % * * % PAGE 1

LEFT 6213 * THE IKTEGRATED NATH MODEL ® DATE !T APR 73
EXT. 30235 * * TINE 15:01152
#hive Tuy * ATU307 * CASE |

LR B BN IR B RO B AR B R AR 2R B R N AR S B BE BE K BE 2 BE AR 2R B I 2R B IR BN 2R 2N
ACPS « TEST DENOKNSTRATION PRORLEN

kkknk H FoaA T SOUPRCHE D AT A *hkin

NUMBER GF HEAT SOURCES INPUY = !
-] = - - - - - Y - -8 - _HEAT SOURCE NIIMRER
OXYGEN HYNNROGEN OXYGENH 1'YDROGEN OXYGEN  HEYDROGEMN OXYGEH HYDROGEM OXYGEN HYDROGEN
I ] 0 0 o] 8] 0 0 0 0 HEAYT SOURCE TVYPE
1a0 t,0 0 .0 .0 o o o0 0 o0 HEATY SOURCE M1X, RATIO
2060,0 2Ge0,G o0 .0 .0 .0 o0 o0 20 »0 HEAT SOURCE OUTLFT TEMP,
o0 «C «Q o0 .0 «0 0 o0 o0 «0 HEAY SOURCF AVAIL ,ENERGY
24540 500.C oC «0 oC o0 ] oC .0 .0 HEAT SOURCF PRESSLIRE

ANVAWOD 30VdS B S3TISSIW Q33HMD0N

991

96€166V-OSIN'T



ANVAWOD 3OVdS B SIATNSSIN AIFHIDON

991

MAI'E, USEFRS KAME 2 % % % % % % & % % X % %k & & X % N &

LEPT 6213 * THE INTEGRATED {14TH MOREL
EXT. w235 * . '
ELL fOM * ATY30T .

* Kk R Kk x k Kk Kk kK K X Kk Kk * kK k * ok k kKKK R AN KN

* % PAGE 12
* DATE {7 AFR 73
* TIME 15201153
* CAgE '
LN BN BN BN B R B BE A

ACPS « TEST DENONSTRATION PROBLEN

w%x INITIATE PROGRAM AND CHARACTELRIZE CONSUMER PARAMETERS *wx

* COMPUTED ENGINE PARAMFTERS ®

ELGINE TSP

ENGINE WEIGHT = (LBS)

TOTAL. ENGINE FLOW = (LR/SEC)

OME ENGINE OXID,FLOW RATE-{(LB/SEC)
OMF ENGINE FUEL FLCW RATE-(LB/SEC)
THREUST IMFULSE PROPELLAMY WGT,

JUETI2069403
«15837500+01
o 12UBTRE0eN2
09090280440
224975701401
«SI7RUE1T40U

966166 V-OSIN'1



NALE USEFS. NAMNE w % % % & + % % & & * & & * & & & % % * & PAGE 13
CEFT 62173 * THE INTEGRATED MATH MODEL * DATYE )7 APR 77

EXT. 30235 * * TIME 15301153
ELD. 104 * ATH307 * CASE !
IR R AR I R R A AR R N BRI R A AR R R I B B

ACPS « TEST DEHONSTRATION PROBLEM

*kk COMPUTED FLOVRATE DATA #xw

ANVAWOD 3DVdS ¥ SIISSIN Q3a3IHMDO0T

L91

OXIDYZER FUEL

'DOT OX=TURB.=G.G, ,551256=01 .618696<0]
VDOT tiY=TURB,=G,G, «370016+00 JHIS2RI+00
1DOT ECTI: TURR,=GG L2514 1460 JTTIS 1400
VDOT OXY HEY. .=GeGe +300310+00 «IN0I 1000
1'POT HYD HEX.wGoGeo . 132594401 . 13259440}
UDOT BOTH HEX,=G,6 « 162626401 o 162626401

TOTAL FLOYFATE

xR

120417402

«H460098+01

96€T166V-DSN'T



ANVAWOD 30VdS ¥ S3TISSIN G33aHMDO

GAS
El:G
LIn
TEE
LIt
TAP
LIt
73"
LIn
VAL
LIN
TLFE
LXN
REG
LIN
ACC
LIt
= HEX
@
VAL
LIH
LI”
TAP
LIt
VAL
LI
pPLIH

TAR

CODE

02=VAP
glial
LNO Y
FTUt
LYg2
FTu2
LHud
Vol
Loy
cvue
LANUS
FT03
Lhgé
PRUI
LNOT
ACUl
LHU8
MXOH
02-L1G
LNCO
cvol
LMI0
L3
FTOM
Lhi2
svot
Lhg
HPO
TKO |

¢

O

- . — . an o ] e o o o e - - o wm e ) W)

B

OO0 OO0O0OCOOOOO0ONOOOO0ODODOO0D DO DD

MALVE
CEFT
EXT.
ELD.

62!

30235

oY

3

USERS NAME

*

*
»
*
w

*

LA S B B I BN BN SN BE K B N N R B B NN

THE INTEGRATED HATH MODEL

. ATY307

*
*
*

SR B B BRI A RN B R R R K K AR IR IR A R K A IR I R
ACPS - TEST DEMONSTRATION FROBLEM

1s 10X

-l 28
- 27
- 26
-1 25

- 24

S TNCNLE WP -

—— A e G e . e —— e - = A W o G W S g ——

GS

NNV IUONIN = o e e e e e e o == = n == e == = = -

FCOEF

+000000
,000000
.009500
,009500
+£09500
009500
+C09500
+009500
,C0S500
009500
«009500
+N09500
+ 09500
,0095C0
,£09500
.£000C0
+C09500
»G000N00
+£000060
,olgnoc
»01E8000

,CI8000

«CI5000
+C150CN
+015000
2015000
o 018600

+~006000

»0000G0

L./o

« 0000
,0000
1tc.0000
126.30C0
i5¢.0000
1c.5000
24,0000
c.5000
lc.0000
13%.0C00
4C.0000
1c.5c00
2C.0C00
336.8C00
30,0000
.C000
24.0C00
. 0000
«0000
te.,o0non
.0C00
12,0000
2u,0c00
6.6700
12,c000
¢.6700
160.0000
0000
.0o0C

DIAM

« 0000

. 0600
2.0000
2.00006
240000
2.0000
2.0000
2.0006
2.0000
2.0000
2.0600
2.,0000
2.0000
2.0G00
2,0000

0000
2.0000

0000

«00O00
11,0000
1.0006
1.0000
2.5000
2.5000
2.,5000
1.5000
15600
0000
« 0000

ITHICK

+00060
,0CGG
«5GG0
0006
«5000
«NGCO
5000
+O00CH
«50CN
«00CH
«5000
«00C0
«SG00
«0GCO
+S000
2.0C00
5000
<0000
«0CQ0
.80C0
«DCOO
«S5CCN
idd
«QQCG
5000
0000
<5000
000N

2.0C00 .

PRES

«GO
4o00,n0
H00.35
HO0T7.49
Hife06
412.25
4i13.21
Hiu,08
Hlu.53
H25.15
NEfv.TO
H27.51
L2R.29

1750.00
170,20
2000,00
200,14
2022.29
2N22.29
20213,94
2N23.94
2025.58
15,97
15.9%
Is.%y
I5.79
1P.98
I2.98
16,00

PAGE

Iy

DATE 17 APR 79
TIME 15301353

CASE

L T B B B B BN B

TEMP

«00
350,00
350,00
350,0N
350,00
350,00
350,60
350.00
350,00
350.00
350,00
350,00
350.00
350,00
350,00
350,00
350,00
173,00
173.00
173,00
173.00
173.00
165,00
165,00
165,00
165.00
165.00
165,00

165,00

*%% S{MMARY OF ¢CMFUTED SYSTEN CONFIGURATION FARAMETERS ###

wooT

00
9,99
9.99
9,99
9,99

12,0
12,04
12,04
12,04
12,0u
la.ou
12404
12.04
12,04
12,04
12,0u
12,04
12,0u
12,0u
12,04
12,04
12,04
12,0u
12,0qu4
12,04
12.0U
12,04
12,04
12,04

HEIGHT

«000
159,375
4,009
NTEE)
S.466
. 342
.875
6.114
U37
4,406
1.u58
342

. 729
9.630
1.913
.000
1.531
22.655
«000
L3813
9,000
+383
1.093
+H13U
.547
Y,1y2
4,373
73.362
.000

NA(H

«000N00ON
. 0000000
« 1307983
« 12BNAKS
o 1265442
« 1522731
« 15 1BSN9
« ISITURUN
e 151275S
< JUATTINE
ITIELY]
« [USRNAN
s JUSLG S
«NNNNO00
LOIRNU27Y
«0000000
«01882un
«ON0NOON
L0N00NC0
.0Nn0NAN0
«aNONOND
«.00N0NN0
nNnanNNNn
.gn0aang
.N000N00
0000000
s0NNONNN
saoneonn
.0N00000

MFLAG

96€166V-OSIN'1
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ANVJIWOD 3A0VdS ¥ S$377ISSIN A33HMD0T

GAS
ENHG
LIk
TFE
LI
TP
LI
VAL
LI
vaLl
LIk
TAFP
Lt
REG
LIk
ACC
LIn
HEX
GAS
LIk
val
LI
LIt
TAP

. LIk

VAL
LIM
pLtt

TAL -

COLE

H2=VAP
ENG|
L2l
FTei
Ltig2
FT22
Lke3
Ivee
L2y
cvoy
Lhes
FT23
LNg6
PRy2
Lh27
acue
Lh28
HX03
H2=LIG
Lh29
Cvo3l
LK3g
LN33
FT2u
LN
svo2
L3
hPU2
TKU2

FT

O =-C=CC=0O0N-—-CCONOC~-C~-C—-C-=-C=-=CCO00MN

=
—
(=

- o o m e - > o [ G wn oo - e e - e e - en e e 4] ) e

MS

0000 OONDODOODIODDCOOODIODIDDOOO0

HAU'E  USERS NAMF

CEFT 6213 *
EXTs 30235 *
&Ll, tOM L

THE INTEGRATED HATH MODEL

ATH30T

R 20 B 2 BN BNE BN BN BN R JNE BEE BN JNE JNE N BEE NN JNE IR BN

*
*
*

ok A kK Rk Kk K R KR Kk kR K kR KKKk K KKK R RN
ACPS = TEST DENOHSTRATIOMN PROBLEM

**xx SUMARY OF COMPUTED SYSTEN CONFIGURATION PARAMETERS

Is InX

o~ ———— —— ————— . . . ————— —t f—

30
55
32
33
s
35
36
37
38
39
4o
4
b2
43
4y
1S
46
u7
ye
49
50
51

G

[pSR VR VIR VR VR PRV P VR (VR I U VI VR VIR AR \ VI TR TR LR VI UR U U (SRS TN 1

PO NN NN == o e e o o v e e o = = = o e o

GS

FCOFF

+C00000
000000
sClince
011000
2 G11000
011000
sQtloco
Q11000

~«C11000

2011000
CHID0O
clinoo
011con
eCl1000
011000
« 00006000
011000
000000
« 000600
011000

,011000

011000
«013000
« 013600
«018000
018000
018000
000000
000000

L/D

.0000
.0000
116.,0000
109.0000
I15¢.0000
¢.0000
24.0C00
$.0000
12.0000
86,0000
40,0CG0
9.0000
20.0C00
336.4000
30.0000
. 0000
24.0000
.0000
«cooce
12,000
5.0C00
12.0C00
- 24%.0000
5.60600
12.0C00
5.6000
12C.0000
0000
0000

DYAL

«0000
«0000
147500
1« 7500
17500
1.7500
17500
17500
17500
147500
1.7500
17500
17500
17500
17500
. 0000
leS0ONN

<0060

« 0600
1.5000
15000
15006
2.0000
2,0600
2.0000
2.,0000
2.0000

«0000

0600

ITHICK

« 0000
0000
2.0000
+0000
2.0000
000N
2.0000
«00C0
2.0000
+00C0
2.,0000
0000
¢.0000
«0000
2.000N0
2.0060
L0NCn
.00C0
2.0000
000N
2.0000
2.,0000
«0000
2.0000
0600
2.00C0
«0600
2.,0000 .

PRES

.00
Lon.00
Hon. 12
4nl.9?2
4n2.33
ULK IR Y
bou, 24
hek, T4
HnS.12
409,864
Hijeld
Y114.60
Wi2.22
1750.00
{750.24

2000.00
2000,.36
2010, 19
2010.19
2010.21
2010.28
2010.32
'q'q'7
15.26
18,44
18,93
15.77
15.77
16.C0

PAGE

15

DATE 17 APR 73
TINE 15202100

CASE

L R B N N BN I B

o CONTD, w%%

TEMP

00
350,00
350,00
350,00
350,00
350,00
350.00
350400
350,00
350,00
350,00
350400
350,00
350.00
350.00
350,00
350,00

ua.on
Ha2.,00
Yy2.00n
42,00
uz2.,00n
37.00
37,00
37.00
37,00
37.00
37.00
37.00

WDOT WEIGHT

.00
2.50
2,50
2.50
2.50
4Y,6n
4,60
4.60
4,60
u,6n
u.60
4,60
b,6n
4Y.60
4,60
4,60
U,60
Lu,60
Lb.60
U,60
b.6N
Y.60
4.60
4.60
Lb.60
b.60
Ye60
Y,6n
4,60

+000
159,375
3.508
33
4,783
0262
o765
6.121
3813
4.255
1,275
o262
«638
9,392
1e6TH
«000
1.148
61.123
«000
«STH
9,214
STH
«875
o342
437
4.406
4.373
34,569
.000

MACH

«0NN0000
«0000000
+2N09%8Q26
«2NRAUG2
2079167
«3R2878S
«3R215U0D
«IR)KAN2
3813205
RERLYALY:
«3757U3b
«3752932
«374T2358
«0N0NOON
«N938N32
.0000NN0
o 1132123
«NONNNO0
«NNOONOO
.0000N0CO
«NO0NOON
«anoonon
«0000000
«0NONO00
«000000N
+0000000
«0000000
«NNOOOND
«0000000

MFLAG

LR 2R B R JE 3 2 J
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MAFE USERS KAHE W % % & % & ®# # % % & ® % % & % % % % % % PAGE 16

CEFT 6213 ' * THE INTEGRATED HkTH MODEL * DATE 17 APR T3
EXTe 30235 * : * TIME 15302301
BLD. 1oy : b ATYINT * CASE '

R R R R R R R R R R R R R R R E R R E R R R R R R
ACPS = TEST DEhON'TRATION PROBLEN

ANVJWOD 3OVdS ® SITISSIN Q3IHND0M

0L1

*x% SUMMARY OF cONPUTED_HEAT EXCHANGER CHARACTERISTICS ##*w

FOR UNITS HXO1 HX03
HEAT EXCHANGEP CHARACTERISTICS OXYGEN HYDROGEN
COLE FLUID INLET TEMP . 173000403 L420000402
COLD FLUTD OUTLET TEMP 350006403 +350000+03
COLD FLUIN SFECIFIC HEAY 1B5697400 «37383640]
COLD FLUID FLOY RATE 120417402 460098401
HCT FLUID INLET TENP .200G0(0404 200000404
('0T FLUID CUTLET TEMP .11000040u . 102800404
10T FLUIP SPECIFIC HEAT o 185245401 «1R4T09401
{'0T FLUID FLOV RATE .620922400 295072401
COoLP sIPF EFFECTIVEMESS .6688C1=01 + 157303400
[:0T SICE EFFECTIVFMESS J49261 1200 JU964254+00
TOTAL EFFECTIVENESS 689491400 +653728400
HEX SUBULGIT TYPE  *ww SUP=-CRITICAL SUP=CRITICAL
THEPML CONLUCTANCE RATIO . TAYB22400 551711400
16T FLUID FLOV RATE »323065400 101027400
COLD FLUID DELTA = P < 780ULAL0) 71191400
CAPACITY RATIO < 116889400 < 179012=01
[IMMEER OF TRAKSFER UNITS < 715326400 <69 1449400
COMFUTED VALUE OF UA 1S4 13400 JH6450U+03
COMFUTED VALUF OF W/UA (58750102 J6H9ATT=02
VEIGHT OF SUBUNIT 137806402 L418989401

LEX SUBUIIIT TYPE www

THEFREL CONE!'CTANCE RATIO « 790265400 » 1105640
HOT FLUID FLOW RATE « 297075400 +2AUO69+0 |
coLe FLUIC DELTA - P « 1143533402 « 96575940}
CAPACITY RATIO «TO7778=01 «298971 400
t"1MEFER OF TRAMSFER UNITS + 769651400 «B0N9568+00
COMPUTED VALUFE OF UA 12479404 + 183405408
COMFUTED VALUR OF W/UA «582023=-02 ¢371129-02
VEIGHT OF <UBUNIT «B87H61 401 «569331+02
VVEIGHT OF HEAT EXCHANGER « 226552402 611230402

FARALLEL-FLO

PARALLEL=FLO

968166V-OSIN'T



ANVAWOD 3OVdS ® SIUSSIW G3THO0

CTILT

HAI'E USERS NAME * % & % & & % % & & * & % * % * % * ® & % PAGE 17
CEPT 6213 * THE INTEGRATED MATH MODFL * DATFE 17 APR T3
t£YT. 30235 * * TIME (5802201
ELD. 104 *

*ok R R K Rk kW ok Kk kK K KRk kN K kKK KRRk R KRR KRR R kR
ACPS = TEST DEMOMSTRATION PROBL.EN

ATH3IOT

* CASE '

*ak SUEMARY OF COMPUTED HEAT EXCHANGER=GAS GENFRATOR CHARACTERISTICS #ww

GAS CGENERATOR CHARACTERISTICS
GAS GEl:, FLOW RATE = (LBR/SEC)
CAS GEll. PFCPELLANT WGT.=(LBS)
GAS OGELERATOR WEIGHT = (LBS)
VEIGHT GF KEEX~GAS GEN, ASSY,
CUNULATIVE GAS GEH, PROP, UITG,

CUNULATIVE KEAT REQD, = (BTU)
CUNGLATIVE HOT FLUID « (LBS)

OXYGEN
620922400
257484409
136186402
362738402
257484403

«6006G00
«0000G0

HYDROGEN
0295072401
« 122361404
.|6|Ql6002
«T72246+02
« 122361404

«000000
.000000

96E£166V-DSIN'T



KAKE USERS NAME % % % % % % & % % & ® & & & & . % % ®# % * * PAGE I8
TEPT 6213 ’ " THE INTEGRATED MaTH MOCEL * DATE |7 APR T3
E£EXT, 30235 * R * TIME 15:02:02
Ll fOY * ATH3INT? . * CASF |

LR AR AR BB IR 2R X SR B B IR R I 2 2K R AR R A I I S R
ACPS = TEST DEMONSTRATION PROBLEM

“%kke SUNMMARY OF COMPUTED PUMP CHARACTERISTICS FOR THE SYSTEM wen

Ah.lVdNOD 3A0VdS ® SIATSSIN QIFTHMOON

JAN

FUMP. CHARACTERISTICS : OXYGEN HYDROGEN
TEMPERATURE « 165000409 «3700004+02
PRESSURE « 129757402 « 157742402
FLOV RATE 120417402 «UHA009R4+0}
DFLTA=PRESSURE «201261404 o 199454404
£'Pstt AVIALARLE «8700C0+01 « 110000401}

LENSITY OF FLOID

UMBER OF STAGES REQD,

«708162+02

!
218270401

«443309+0]

S
«336251+00

COMFUTED NFSP REGD

COMPUTED PUEP LFF, e T25526+00 e T66TU64+0Q
COMPUTED PUNP VOL. 30617402 « 133186407
COMPUTED PULF WGT. 146742401 «359000+01
COMPUTED PUMP PWR. « 1234994013 «T06864 403
COMPUTED PUIP SPD, «1T7U5804+05 «834961405
SELECTER PUMP OPTION 2 2

wwx SUMMARY OF COMPUTED TURBINE CHARACTERISTICS FOR THE SYSTEM ##w

TURBINE CHARACTERISTICS OXYGEN HYDROGEN
TURRINE ROTOR |IEAM DIAMETER «850669+Q1 - 0274264401
16T, OF PWE., TRANSMISSION ASSY « 137516402 103401402
%GT. OF TUEBIME POTOR 0696344401 «233372400
¥G6T. CF IANIFOLD AND NOZZLE « 339364402 « 140023401
VEIGHT OF IMDHCER .500000+0! «SN0000+01|
YEIGHT GF TURBINE ASSY, «596515402 186073402
#*%%x SUMMARY OF COMPUTED TURBIME GAS GENERATOR CHARACTERISTICS *aw
GAS GEUFRATOR CHARACTERISTICS OXYGEY HYDROGEN
GAS GFEN, FLOW RATE =~ (LB/SEC) «£79073=01 554576400
GAS GEll, PROPFLLANT WGT,.(LRS) « 364534402 2229972403

GAS GEHERATOR VEIGHT = (LRS)

«l22426+02

123712402

96£166 V-OSIN'T



NAI'E USERS NAME W% ® % % % % % % & % ® % & & & % & % % & % PAGF (e

LEFT 6213 " THE INTEGRATED MATH MODEL * DATE (7 APR 73
EXT. 30235 “w * TIME (52022093
L. toy » ATH307 " ® CASE t

LI IS 2R I B IR B IR R AR B N BN BE N B S BE BE B B B B B A A AR
ACPS = TEST DEMOMNSTRATION PRORLEN

*#*% [NITIAL TANK SIZING CALCULATIONS ##w

. ANVdWOD 3DVdS % S3TISSIN A33IHNDOT

gLT

OXYGEN HYDROGEN
NUMEER OF TANKS I !
GATERIAL TYPE 2 2
FLUID %GT, (TOTAL) L5107 13404 L 1aLB2040Y
FLUID VOLULE /TANK « 720333402 39468403
I'6T ADLFD CYL SECT $306852400 T197408402
SIANETER (FT)/TAHK «B0A60N0I «500000+01¢
SURFACE ARCA /TAMK 18551064C2 1388627403
Taliv VOLUIE /7 TAHK LT42612402 L453059403
TANK UGT, (LB) TOT 1426906402 . 102650403
PEAT LEAX ETUJN/FT T475050-02 132305601

966166 V-DOSIN'I



ANVAWOD 3ADVdS ® SITISSIN QIIFHNDON

1ZA!

t**tw*ﬂ{'**PAGE 20

HAILIE USERS NAME #* ® ® & % & & & & & #

CEPT K213 ' hd THE INTEGRATED MATH MQDEL ® DATE (7 APR T?
EXT. 30235 * o * TINE 15302303
3LE, 104 " AT430T - * CASE |

ok Kk k ok kR ok k K KK kXK R R KKK K KK KK R KR KA KRR KR kAR
ACPS -« TEST DEMONSTRATION PRORLEN

E TANK AND VENT PARAMETER CALCULATIONS ##w
wwx INITIAL TANK CONCITIONS ##s
FLUID CONSIDERED =  CXYGEM FLUID TEMPERATURE

= 163.91 TAHK INITIAL PRESSURE = 16,00

¥GT,0F L1¢, PROP, = 5i01,.13 WGT, PROP, VAPOR = o Tht W6T. LIOG., ¢ VAPOR = 101,87
YCT. HELIUM TN VAPGR = «00 TOTAL FLUIDS IN TAHK = ~5101.87 vol. OF LIOUID FLUID = T1,.80
P4RT,PRES,FROP,VAPOR = [6.000 PART,PRES,HELIUM GAS = .000 ULLAGE VOLUME IN TANK = ‘2,46
TaMK VOLUME = The26 EFF. TANK DENSITY = 66,702 EFF. INTERMAL ENERGY = =,56810788402

AARRRARARKKRANKXRAKR COAST NUMBER = | PRESS,.SYS.NO, = O SRXAREARRRNEREA R ARR

**% FRE~ OF HOMVENT CONDITIONS #*w%
FLUID CCHSIDERED = CXYGEN FLUID TEMPERATURE = 163,99 COAST DURATION « SEC, = sS40,
ViT.0F Llu. PPRGCP, = 8101,125 16T, PROP. VAFOR = «THY WGT HELIUII Ih VAPOR = «000
PART ,PRES ,PROP,VAPCE & 16,074 PART,PRES.HELJUM GAS = «000 CURREMT TAMK PRESSURE = 16,074

. EFFJINTERIAL EHERGY H =.56809686407 '

KERXRXAARAR KRN AKX *x®% BIIRN NUMBER = t PPESS 5YS,NO, = 2 KRRRRRARRNARRRAARAAK

*kx COLPUTE ENERGY BALANCE FOR RURE #aw
FLUID COHSIDERED = CXVGEN BURN DURATICH - SEC, = Se FLOWRATE FOR THRUST = §.990 :
THRUST PPUP.RERAINING = L235,065 PROPELLAMT I8 TANK = SH0l.13 EFF. TNTERNAL ENERGY =  «,56809886+02
FFF. TALK ENERCY = -a8672|76+06 ‘TOTAL FLOWRATE = 12,033

**% COHPUTE RESULTING TANK CONDITIONS #w*
PROPELLAMT WITHDRAWY = SS.113 TOTAL FLUIDS IN TANK = S0%,76 PROPELLANT LIG,+VAP, = 5046,76
THRUST PRCPLREIAINING = L189.29 HEW EFF, TAKK DENSITY = 67,9596 PART,PRES,PROP,VAPOR = 16,056
HEM THTEPHAL ENERGY = =.568130TT7+02

**® COMPUTE PRESSURANT NEEDED FOR THIS RURN #w#
TANK LI1C, TEMPERATIPE = 163,97 STORED HFLIUM TEMNP, H] 170,00 NEW TANK ULLAGE vOL, = 3,230
HEW PHOF. LIG. VOLUNKE = T1.03 PROP, LIO. REMAINING = 50u5,78 WGT. oF PROP. VAPOR = «97H2
HELIUM PART,PRFSSUPE = 10.6uY4 TOTAL PRES, *FPV4PHFE® = 16.G56 HoM, OPERATING PRES, = 26,700
HELIUM FLCW  PATE = o 16HL=DOY HEIGHT OF HELIUM USED = «T528=0] HEW TANK PPESSURE = 26,700
TCTal HELIUM CONSUMED = 075

96€166 V-OSIN'L
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SLT

NAIIE USERS NAHME #® ® % % % % # X & ®* X ® x & % % % % & * * PAGE 21

[EPT 6213 * THE INTEGRATED MATH MODEL
LXTe 30235 *
LD, 104 * AT4307

L2 R BN DNE NE L N BRI JNE BN BN BN SNL SN N L BN BNE JNL JNE BN 2N NE N B R B I BN J

* DATE 17 APR 73
* TIME 15:0210%
*

CASE |

ACPS ~ TEST DEMONSTRATION PROBLEN

*h% TANK AND VEMT PARAMETER CALCULATIONS = COHNTD, w#w«»

KRRARARARATRAKALRANE COAST MNUMBER = 2 PRFSS,5YS..HO,

**% PLEe OF NOM=VE!NT CONDITIONS #ww

FLUIP cGHSIDEPED = OXYGEN FLUID TEMPEKATURE = 164,00
WGTLOF L1G. PROP, = S045.781 GT, PROP, VAPOR = +976
PLRTPRES,PROP,VAPOE. = 16,084 PART,PRES,HELIUM GAS = 10,269
EFFL INTEPNLL EHERGY = =, 56R055T]+G2

ARAKRARRKRARRXKRAAAK BURN NUMBER = 2 PRESS,SYS.NO, =
wax CONPUTE EI'ERGY BALAHCE FOR BURN *#w
FLUID CGNSIDERFD = CXYGEN BURM DURATION - SEC, = 6.

- THRUST PRUPGREITAINTNG 2 189,29 PROPELLANT 1l TANK = GO046.76
FFF, TANK ENERGY = ~.28250102+06 ‘

rax COPPUTE RESULTING TAMK COMDITIOHS *aw
PROPELLANT WITHOFAKYM = 74,016 TOTAL FLUIPS IN TAMK = 472,74
THRUST FRUPSREHAINILG = 4127.8% NEW EFF, TALK DENSITY = 66,9629
ECW INTERLAL EHERGY = «,56R06025402

*k% CONPUTE PRESSURANT NEEDED FOR THIS BURM %w%
TANK LIG, TEMPERATURE = 163,97 STORED HELIUM TEMP, = 70,00
NEW FPROP. LIG. VOLUKE = 69,90 PROP. LIG. REMAINING = 49T),4S
HELIUN PART,PRESSURE = 10,639 TOTAL. PRES, #FPV4PHEw =  23,R|7
HELIUN FLCY  RATE = ,3955-02 WEIGHT OF HELIUM USED =  ,2432=0|
TiTAL HELIUM CANSULED = .100

Q FARKAANARRNANRRAN AN

COAST DURATION = SEC.

HGT.HELIUN IMN VAPOR

X * k kK Kk N ¥ K W

CURREMNT TANK PRESSURE =

2 ARKRANRRAARN AN AR A kN

FILOWRPATE FOR THRUST
EFF. TNTERNAL ENERGY
TOTAL FLOVWRATE

PROPELLANT LIG,+VAP,
PAPT.PRES.PROP.VAPOR

HEW TaNK ULLAGE VOL,
WGT. ofF PROP. VAPOR
NOH, OPERATING PRES,

NEW TANK PRESSURE

7975.
«075
26,353

9,990
-, 56805571402
12,035

4a72,7u
16,061

4,275
1.2898
26,700
26.700

96€T66V-DSIN'I
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NA'E USERS MNAME % % & % % % % % % % & & % ® ®* # ®* ®* & % & PAGE 22
DEPT 6213 R THE INTEGRATED MATH MODEL * DATE IT APR T3
EXT. 30235 * * TIME 15302103
L, 104 " ATH30? * CASE !

LR N BN R JEE BNE N JNT JNE BN BN BN BEL JNE NN JNE JEE SEE JNE BN JEECJNE 2R R NEE BN NELCIEEZEE JEE RN TR R EE NET RN RN )
ACPS = TEST DEMOMSTRATION PROBLEM

*ak TANK AND VENT PARAMETER CALCULATIONS = CONTD, www

ARAARKAKKAARA KRN ARRF COAST NUMRER = 3 PRESS,SYS.NO, = 2 RRARNRRRARKARRRARARA

®X® PPEa OF NON=VEMT COMDITIONS *%%

FLUID CORSIDERED = OXVGEM FLUID TEMPERATURE = 163,98 COAST DURATION = SEC. = 2094,
VGTLOF LIG. PROP, = 4971.450 VGT. PROP, VAFOR . = 1.290 WGTLHELIUM IN VAPOR = . 100
FART PPCS,PHCPVAFOP =  16.069 PARTPRES HELIUM GAS = 10,2063 CURRENT TAMK PRESSURE = 26,332
FFFLINTERIAL EMERPGY = «,66807924+02
ARk kRFh kAR RARRRRRAK DIRN NUMBER = 3 PRESSSYSoNO, = 2 RARRARRARKAKARRAAANR

rxx CONFUTE CHERGY BALANCE FOR BURN #ww

FLUID COMSILERED = CXYCE RURN DURATIOM = SEC, = Y. FLOWRATE FOR THRUST - 9.990
. ToRPUST FRUPLREHAINIRG = Y4127.85 PROPELLANT 1 TAMNK = L4o72,Tu EFF, INTERNA{. ENERGY = “, 56807924402

FEF, TALK ENERGY = =, 8N05587+064 TOTAL FLOWRATE = 12,035

KE® COMPUTE RESULTING TANK CONDITIONS ##=
PROPELLART wlTHORAW: = 43,086 TOTAL FLUIDS IN TANK = 4029,65 PROPELLANT L10,+VAP, = 4929,65
THRUST FpRCOP.REITAINING = 4032.09 HEW EFF. TAKK DENSITY = 66.3827 PAPT.PRES.PROP.VAPOR = 16,055
NEM IRTERLAL EHERGY = «,56810ulf+d2

¥** COUPUTE PRESSURANT NEEDED FOR THIS DURN #ww
TelK LIG, TEMPERATURE = 163,97 STORED HWELIUM TEWP, = 170,00 NEW TANK ULLAGE VOL, = 4,886
YEM pROp. LIQs VOLINIE = 69.38 prROP. LIO. REMAINING = 4O28,.18 WGT. OF PROP, VAPOR = . 1,473%
HELIUN PAFTL.PRESSURE = 10,645 TGTAL PRES, *PPV4PHE¥ = 25,035 HOM, OPERATING PRES, = 26,700
HELIUN FLOW  RATE = .399n-02 WEIGHT OF HELIUM USED = = 26.700

TOTalL HELIUR CONSULED

«(U28=01 MEW TANK PRESSURE
Y .

96€166V-DSIN'T
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ferT 6213 e THE INTEGRATED NATH MODEL
EXT. 30235 %
BLL. 104 d : ATY307

* DATE 17 APR T3
* TIME 15302104
* CASE !

P I B I R R R IR 2 B N R T KRR R R R IR N
ACPS = TEST DEHONSTRATION PRORLEN

*k® TANK AND VENT PARAMETFER (ALCULATIONS =~ CONTD, *#*%

EXRKRARRAARRARRARKRY COAST MUMBER = 4 PRESS,SYS,NO. =

®*% [RE- OR NOM=VENT CONDITIONS W

FLUID CONSIDERFDL = OXYGEM FLUID TEMPERATURE = 163,97
LGTLOF LIG, PROP, = 4923.18) wGT., PROP. VAFOR = leUTY
PART,PRES ,PROP,VAPOR = 16,053 PART,PRES.HELIUM GAS = tU.268
EFF IMTERIAL EHEROY = =,56809925402

kRRXAAAXAARRLAARAARE BIIRN NUMBER = U PRESS.SYS.NO, =

rxw COFPLTE ENERGY BALANCE FOR BURMN %ww
FL.UID CGHSIDERED = OXYGEM RURN OURATION - SEC, = 39,
TiRUST PRUPGRENAINTNG = 4092.09 PROPELLANT [N TANK = U4929.65
EFF, TALK ENERGY = =.25365855+06

wkx COHPUTE RESULTIMG TANK CONDITICMNS #wx
PEOPELLANT WITHORAMN = 466,961 TOTAL FLUIDS IN TANK = U44i32,69
THRUST PROPGREIAINING = 3T0U.HT MEW EFF, TARK PENSITY = 60,0846
HEM INTERIIAL EHERGY = ~.56839786+02

*x® CCLFUTE PRESSURAKT HEEDED FOR THIS BURMN www
TalK LIG, TEMPERATURE = 163,82 STOPED HELIUM TEHP, = 170,00
MW pPOp, LIQ, VOL!KIE = 62.75 PROP. LIN. REMAINING = U459,25
HELIUM PART.PRESSUPEL ‘= 10.782 TOTAL PRES, *PPV4PHE* = 20.270
HELTOA TLOW  RATE = LHN72-02 "WEIGHT OF HELIUM USED = 1580400
ToTAL HELIUM ConSUNED = . 272

P RRRRRRNRNARRRARRNAAR

COAST DURATION « SEC, =
WGT.HELIUM IN VAPOR =
CURRENT TAMK PRESSURE =

2 RAhAAARANRRRNANR AN TAR

FLOWRATE FOR THRUST
EFF. INTERMAL ENERGY
TOTAL FLOWRATE

s un

PROPELLANT L1Q,+VAP,
PART.PRES,PROP.VAPOR

fntn

NEW TatlK ULLAGE VOL,
H6T, OF PROP, VAPOR
tiot, OPERATING PRES,
NEW TAMK PRESSURE

536,
i1y
264326

9.990
=,56809925+02

12,038

4462,69
15.918

1,516
3. H458
26,700
26,700

96€166V-OSIN'L
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NAIIE USERS NAHF

DEFT 6213
EXT. 30235
BLD. 1oy

*
*

ATY307

* N E Nk kKRR KRR KX R KK R NN R PAGE 24
THE INTEGRATED !IATH MOQEL

* DATE |7 APR 73
* TIME |Stp210Y4
* CASE t

ACPS = TEST DEMONSTRATION PROSLEM

BT L LY T ——— COAST NUMBER = §

*hx DRFe OF NON=YVENT COMDITIONS k¥

FILUID CONHSIDEREL =
HGTWOF L1, PROb,
FLRT,PRES,PROP, VAP
EFF . INTERIIAL EMNERGY

OKYGEN FLUID TEMPERATURE

= HL59,24% HWGT. PROP. VAPOR

= 15,939 PART.PRES,HELIUM GAS
s =.56837552+02

ARkRFARALAARERRXRAR* QRN HUMBER = §

xxx CONLPUTT EHERGY BALAMCE FOR BURN xww

FLUID COMSIDERED -
THRUST PROPGREIIAINTNG
FEFF. TANK EMERGY

¢

XYGEN

ITNHT

AURN DURATION - SEC,
PROPELLANT M TANK

~. 24858964404

®AN CONPUTE RTSHLTING TARNK CONDITIOQNS wkw

PROPELLANT WITHpRAY
THRUST prOP«REIAINING
NEW O INTERNAL FLERGY

whx O

TANK LIG, TEMPERATIIRE

NEW PROp., L1IQe VOLINIE

HEL TN PART PRESSURE
HELTUN FI.OW  RATE
TOTAL HELIUM CONSUILID

2

FUTE PRESSURANT NEEDED FOR THIS BURM #w#

39 421 TOTAL FLUIDS IN TAMK
3635.2Y HEW EFF, TAKK DENSITY
=s 56842927402

163,81
61,438
10,788

.HOH?"O?.
302

STORED HELIUN TEMP,
pPROP, LIG. REMAINING
TOTAL PRES, *PPV4PHF*
WETIGHT OF HELIUN USED

PRESS,SYS.NO, =

PRESS.SYS.NO, =

i

163,84
3,450
13.392

Te
U462.69

4373,27
589.890u

170,00
4369,45

25.273

+3003=01

*xk TANK AND VENT PARAMETER CALCULATIONS = ¢ONTp, %n%

O RRARRANKNANRANRAR N AR

COAST DURATION - SEC,
WGT.HELIUN IM VAPOPR
CURRENT TAMK PRESSUPRE

2 AERRRRANNARNRN KRR N NN

FLOWRATE FOR THRUST
EFF. INTERNAL ENERGY
TOTAL FLOWRATE

PROPELLANT LIQ,+VAP,
PART«PRES.PROP.VAPOR

HEY TANK ULLAGE voL,
WGT, OF ppOp, VAPOR
HOM, OPERATIMG PRES,
NEV TAMK PRESSURE

2061 .
272
26,332

9,990
-, 56837592402
12,035

4373, 27
15,912

12,780
3.8229
26,700
26.700
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tePT 6213 * THE INTEGRATED MATH MODEL
EXT. 30235 *
8Lb. 104 * ATH30Y

LR SN IR BN R BN BN B N B B N BN BN SN BN BN R BN BN BN N BN JNE N NNE BNE BNE BNE TNE ZEE JNE ZEE IR BN ANE JER B

* DATE 17 APR 73
* TIME )1S:02304
* CASFE |

ACPS « TEST DEMONSTRATIOM PROBLEN

*xk TANK AND VENT PARAMETER ZALCULATIONS = COHNTD, w#w

 RRARRRNRRKRRKARKRANE COAST MNUMBER = 6 PRESS,5YS.NO, =

*** PRE= OR MON=VEMT CONDITIONS *wx
FLUID COMSIDERFD = CXYGEN FLUID TEMPERATIRE = 163,81
45T, 0F LIe PROP, = 4369,449 ¥§T, PROP. VAPOR = 3.824
PART PRES,PROP,VAPDR = 15,916 PART.PRES.HELIUM GAS =  10.39%
EFFLINTERIIAL EMERGY = «,56842283402

RRARIAKARKIRARNKRKRY FIRN NUMBER = 6 PRESS,SYSNO, =

wkw COLFUTE EHERGY 3ALANCE FOR BURM *ax
FI.UID CONSIDERLD = OXYGEN BURM DURATION « SEC, = Yy,
TiIRUST PROPLRELAINTNG = 3630,24 PROPELLANT IH TANK = 4373.27
EFF, TANK ENERGY = ~.246148TS+06

*k® COLPUTE RESULTING TANK CONDITIGMS *ax’
PROPELLAHT WITHDRAVN = 43 086 TOTAL FLUIDS IMN TAHK = 4330,!9
THRUST PROP.RENAINING =  3524.47 MEW EFF. TANK DENSITY = 58,3103
MEW INTERIAL FHERGY = «,56844824402

k% COPUTE PRESSURANT HEEDED FOR THIS BURH #ww
TAHK LIQ. TEMPERATIIRE = 163.80 STORED HELIUM TElip, = 170.00
NEW PROP, L1Q, VOLIEE = 60,87 PPOP, LIQ., REMAINING = U4326,18
HELIUM PART.PRESSURE = 10,797 TOTAlL PRES, *FPV4+PHE* = 25,824
HELIUM FLOH  RATE = M101=02 WEIGHT OF HELIUI1 USED = . lys8=01
ToTaL HELIUM €ONSUBED = 317

e KRRARAARARRARANANARL

COAST DURATION = SEC, =
WGT,HELIUM IM VAPOR =
CURRENT TAMK PRESSURF =

2 RNAKANRAERRA N AR AR AN,

FLPWRATE FOR THRUSTY
EFF. INTERMNAL FNERGY
TOTAL FLOWRATE

PROPELLANT L10G,4VaAP,
PART.PRES.PPOP.VAPOR

NEW TANK ULLAGE volL,
WY, OF PROP, VAPOR
tioM, OPERATING PRES,
HEW TANK PRESSURE

5913,
«302
26,313

9,990
=, 568422R3402
12,035

4330,19
15,903

13,391
44,0038
26.700
26,700

96€166V-OSIN'T
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EFEPT 6213 * THE INTEGRATED MATH MODEL * DATE (T APR T3
EXT. 30238 W * TIME 1St02504
el.l. 104 hd AT430T * CASE t

LA B L A A R A A R R R R R I N EEEEEREE ]
ACPS = TEST DEMONSTRAYION PRORLEM

*x%® TANK AND VENT PARAMETER CALCULATIONS = ¢ONTpD, *ww

HRR AR KA A AR COAST MUMBRER = 7 PRESSSYS.MO. = 2 AARRAREANRAIRERAARAS

®k% FRE~ (R NANVENT CONDITIONS *#%

FLUID CONSIDERFD = OXYGEHN FLUID TEMPERATURE = 163.80 COAST DURATION = SEC, = 536,
HWOT.NF LIg, PROP, = 43264183 wGT, PROP, VAPOR = 4,004 WGT.HELIUM IN VAPOR = « 7 :
PART PRES,PROP,VAPOR = 15.906 PART,PRES,HELIUM GAS = 10,404 CURRENT TANK PRESSURE = 26,310
EFF,INTERIIAL EMERGY = =eH6B4H236+IP
KAKNRAN K kA kAR Rk Ahxhk BIJRN MUMBER = 7 PRESS,SYS.NO, = D RRKARNRAARKARAN AR A RAN
wkx COHPITE EHNERGY BALANCE FOR BURN %#wn
FIUID COMSIDERFD = NXYaEh RURH DURATION - SEC, = 66. FLOWRATE FOR THRUST H 9,990
. THRUST PROPGREEHAINTIRG T 3594447 PROPELLANT N TANK = 4330.19 EFF. INTERMA[. ENERGY = «,568u4N234&¢02
E¥F, TANK ENERGY = = 20112651406 TOTAL FLOWRATE 12,035
®kx COHPUTE RESULTIMG TAMK CONDITIOQNS wax
PROPELLANT wITHDRAMN = 795,519 TOTAL FLUIDS IN TAMK = 13534,67 PROPELLANT LIQ,+VAP, = 13I534,67
TiIIRUST FROPGRENAINING = 2934,12 MNEW EFF, TANK DENSITY = 47,5978 PART.PRES.PROP.VAPOR = 15,752
MEW INTEKHAL EMERGY = =e56301096432
xxx COMPUTE PRESSURANT NEEDED FOR THIS BURMN *#%
TAHE LIG, TEMPERATINE = 163,63 STORED HELIUM TEMP, = 170,00 NEW TANK ULLAGE VOL, = 4,656
NTW PROP. LIQ. VOLINE = U9,61 prope LIG. PEMAINING = 3527.36 WGT. oF PROP. VAPOR = 7.3072
BELIUN PART PRESSURE = 10,948 .TOTAL PRES, #PPV4PHE® = 21396 NO#t, OPERATING PRES, = 26,700
FEELTWT FLOW RATE = 5202 WEIGHT OF HELIUM USED = Y400 NEH TANK PRESSURE H 26,700
= Q‘;ql .

TOTAL HELIUM COHSULED

966T66V-DSN'IT
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CEFT 6213 * THE INTEGRATED MATH MODEL * DATE |7 APR T3
EXT. 30235 ” * TIME 15802105
BLD. 104 e AT4307 * CASE t

Kk N R R kK RNk R R Rk Kk RN KRR K KA KRR KR KR KKK AR KR
ACPS « TEST DEMONSTRATION PROBLEM

*ak TAHK AND VENT PARAMETER CALCULATIONS « CONTD, #w®

ARERRAKARKRNARRRRRRR COAST NUMRER = 8 PRESS,5YS. MO, = D RRRRARRARINARAANRRAR

*x% PRE= OR NON=VENT CONDITIONS *##*

FLUID CONSIDERED = OXYGEN FLUID TEMPERATURE = 163.68 COAST DURATION « SEC, = T4,
W3T,0F LIO. PRNP, = 3527.344 WGT, PROP, VAFOR = T.325 HeT.HELIUN IN VAPOR = <591
FART ,PPES,PROP,VAPOR = 15.793 PART,PRES.HELTI!IY GAS = 104541 CURRENT TAMK PRESSURE = 26,334
EFFLINTEPLAL EHERGY = =,56930137+402

KRR ARKARARRAARRY BIIRN HUMBER = 8 PRESS.SYS NO, = 2 AAARANARKRARKAXRANRR

wax COHPUTE ENERGY BALANCE FOR BURN #*ax
FLUID CONSIDERED = OXYCEN RURN DURATION = SEC, = 32. . FLOWRATE FOR THRUST = 9,990
THRUST PROPLRELHAINTIHG = 293412 PROPELI.LANT [N TANK s 3I534,67 EFF. INTERMA| ENERGY = =,56900137+02
EFF. TANK EMNERGY = -« 17910453406 ‘TOTAL FLOWRATE = 12,038

®k® CONFUTE RISULTING TANK CONDITIONS #ww 5
FROPELLANT WITHDPaWN = 388,733 TOTAL FLUIDS IN TaNK = 745,94 PROPELLANT LIN,+VAP, = 3I45,94
THHRUST FROPLREIAINING = 2611.43 NEW EFF, TARK DENSITY = 42,363t PART,PRES.PROP4VAPOR = 15,902
HeEW IATERMAL EMERGY = «,56932047+02

*xx COIPLUTE PPESSURANT MEEDED FOR THIS BURH #ww
TANK LIQ, TEMPERATHRE = 163,80 STORED MELIUM TEMP, = 170,00 MEU TAMK ULLAGE VOL, = 30,124
NEW pROP, LIQ, VOLUNE = Yy 1y PROP. LIG. REMAINING = 3136493 W6T. OF PROP. VAPOR = 9.0060
dELTUN PARTL.PRESSURE = 10,798 TOTAL PRES, *PPV4PHE® = 24,536 MOM, OPERATIMG PRES, = 26,700
HELIUM FLOW  RATE = «31752=02 WEIGHT OF HELIUM USED = 1212400 MEW TANK PRESSURE = 264,700
TOTAL HELIUM CONSUHED = 712

96€166V-OSIN'T
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R R KRR R KRR AR RN RN R PAGE 28
CEPT 6213 * THE INTEGRATED MATH MODEL * DATE {7 APR T3
EXT. 302135 » * TIME 1St02305
gLO, 10y * AT43OT ‘* CASE !

R R R R R R R R R R R N T T
ACPS = TEST DEMONSTRATION PROBLEM

*xk TAMK AND VENT PARAMETER CALCULATIONS = CONTD, *#*

KRARRRKKKRRRRRRAAREE COAST NUMBRER = 9 PRESS,SYS,.HO,
*k* PRE= OR NONVEMT CONDITIONS %#x

ELULD CONSIDERED = CXYGEN FLUID TEMPERATURE

- '63082

LGT,OF LIC, PROP, = 3136.918 WGT. PROP, VAPOR = 9.007
FART PRES,PROP,VAPGE = (5,92y PART,PRES,HELIUM GAS = 10,406
EFF,INTERIAL FHERGY = =,6693) 190407

ARk RAKAKkkA*XR*hA*E QRN MUMBER = 9 PRESS.SYS.NO, =

wxx CONPUTE ENERGY BALANCE FOR BURN #xx
FLUID CONSIDERFD = OXYGEN BURN DURATION « SEC, = 104,
T.RUST FUHOPWRE{IAINTNG = 2611443 PROPELLANT [h TANK = 3145.94
EFF., TANK ENERGY = =, 10821124406

%% COIPUTE RECSULTING TANK CONDITIQNS #as )
PROPELLAPT WITHORAMVi = 1252 ,8%2 TOTAL FLUIDS IM TANK = 1893,08
THRUST prOpSREVAINING = [57].uy4 MEW EFF. TANK DENSITY = 25,4922
HEVi INTURNAL FHERGY = ~57161386407

wh® CORPLTE PRESSURANT NEEDED FOR THIS BURN #ww
Tallk LIQ, TEMPERATURE = 162,19 STORED HELIUNM TENP, = 170,00
KEW PROP. LIGs VOLUIE = 24,32 PROPe LIa. REMAINING = 1879.91
RELIUM PART,PRESSURE = 12,192 TOTAL PRES, ®*PPV4PHE® = 20,982
HILIUM FLOW  PATE = «SUY9=02 HETIGHT OF HELIUM USED = 25673400
TOTAL HELIUM CONSUMED = 1,280

~MEVW TAMNK PRESSURE

D RARKAARKRRARNRAAR R AN

COAST DURATION « SEC. =
WGT,HELIUN IM VAPOR =
CURRENT TANK PRESSURE =

2 ARARKRRARRANAAR AR NAN

FLOWRATE FOR THRUST
EFF. INTERMAL ENERGY
TOTAL FLOVWRATE

PROPELLANT L10,+VAP,
PART.PRES.pPROP.VAPOR

NEW TaAMNK ULLAGE VOL,
W6T, oF PROP. VAPOR
NOit. OPERAYING PRES,

. 568,
oTi2
26,330

9,990
=+.56931100+02
12,038 ‘

18¢3,08
14,508

47,937
13,1767
26,700
26,700

96€166V-OSIN'I
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MNARE  USERS NAME w & & &
CEPT 6213 *
EXT, 30235 *

)

RLD. 104

ATH3I07
I B R AR IR A R A R A IR I R A B A A AR A AN 2K BN I A I A

* %k k kX R kN kK KRR AR K PAGE 29
THE INTEGRATED MATH MODEL

* DATE |7 APR T3
* TIME 15802305
* CASE |

ACPS = TEST DEMOMSTRATION PRORLEM

*w#x TANK ANO VENT PARAMETER CALCULATIOMS = CONTD, #ww

RRARRARAARRARRRAANAEY COAST NUMBER = 10 PRES% ,SYS,.NO,

*** PRE= OR NOMVENT CONMDITIONS *#%

FLUID ¢OISIDERED =

OXYGEN FLUID TEMPERATURE = 162,38
WiGT.OF LI&. PROP, = 1379.78¢C WGT, PROP,. VAPOR = 13.302
FART,PRES.PROP,VAPOR = 14,660 PART,PRES.HELIUM GAS =  1{.646
EFF, INTERIIAL ENERGY = =,57156679+02
kRkkkkkhkhhhhhkrhnrr BIIRN NUMBER = {0 PRESS.SYS.NO, =

wkx COMPUTE ENERGY BALAMCE FOR BURN #wx
FLUID CONSIDERFD = OXYGEN PURN DURATION = SEC, = 12,
TURUST PROPLREHAINING = I5T1.4y4 PROPELLANT IN TANK = 1893,08
EFF, IANK ENERGY = =, 86250527408

| w%® CONPUTE RFSULTING TANK CONDITIONS #ww

PROPELLANT WITHORAWN = 383,919 TOTAL FLUIDS IN TAMK = 15G9,16
THRUST PPUP.REHAINING = |252.75 MEW EFF. TANK DEMSITY = 20,3224
NEW INTERIIAL EHERGY = «,87151208402

*kx CONPUTE PRESSURANT MEEDED FOR THIS BURN %%w
TANK LIQ, TEMPERATIURE = 162,00 ~ STORED HELTUM TEMP, = 170,00
NEW PROP. LIG, VALUHE = 20.92 PROP. LIO. FEMALHING =  1494,65
MELIUM PAFT.PRESSURE = 12.359 TOTAl. PRES. #PPV4PHE® =  DL.791
FELIUM FLOW  RATE = «5102<02 WEIGHT OF HELIUM USED = e 1628400
TaTar HELIUM CONSULED = o442 .

= D ARRRNARARRRNIRNARRANRR

COAST DURATION « SEC, =
WGT,HELIUM IN VAPOR =
CURRENT TANK PRESSURE =

e KRARRARRAARANARARKAAR

FLOWRATE FOR THRUST
EFF., INTERMAL FNERGY
TOTAL FLOVRATE

PROPELLANT LIG,+VAP,
PART.PRES,PROP+VAPOR

HEW TANK ULLAGE VOL,
WGT. OF PROP. VAPQR
NOi1, OPERATING PRES,
HEYW TANK PRESSURE

1876,
1,280
26,306

9,990
*,57156679+02
12,0135

1509,16
15,350

53, 344
14,5152
26,700
26,700

96€166V-DOSIN'I
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LEPT 6213 * THE INTEGRATED MATH MODEL * DATE |7 APR 73
EXT. 30235 * * TIME 1S5t02106
slbe o4 * ATL307 * CASE 1

AL EE B AR SRR SR IR 2N IR 2R 2N BN SR AR 2B IR 2R N BN BUNE NE AR BE B R IR I 2R BE B RE R AR IR I
ACPS « TEST DENONSTRATION PROBLEN

*kk TAMNK AND VENT PARAMETER CALCULATIONS = cONTD, Www

HRAKKAKKNKRRERK KR RRN COAST HUMBER = (| PRESS.SYS. 10, & 2 *AARKARARRNARRRAA KAk
*®%* PRE= OF NON=VENT CONDITJIONS **%

FLUID CONSIDERED = CXYGEN FLUID TEMPERATURE

= 165,93 COAST DURATION = SEc., = STI048,
WaT.O0F LIG. PROP, = 1491,.378¢ WGT, PROP, VAPOR = 17.788 WGT.HELIUM TN VAPOR = f.uy2
PART,PPES,PROP,VAPOR = 17.914 PART ,PRES,HELIUM GAS = §2.055 CURRENT TAMK PRESSURE = 29,969
EFF L INTERHAL ENEFRGY = 55353647402 .
*nkkhhkkkkhkkkkrkrrdr BIIPN HUMBER = || PRESS,SyS.NO, = D ARRAARARRARRKARRARAK

*xx COMPUTE EMERGY BALANCE FOR BURHN #*xx
FLUID CONSICERFD = OXYGEM BURN DURATION - SEC, = 16, FLOWRATE FOR THRUST = §,990
THRUST PRUOPWREMAINING = 1252.79% PROPELLANT Iy TANK = I509,.16 FFF. INTERMAL ENERGY = =,8535836uU7+N2
EFF, TANK ENERSY = e 72687199405 TOTAL FLOWRATE = 12,035

waw COMPUTE RISULTING TANK CONDITIGHNS #ww
FROPELLAET WITHOFANY = |o4,u87 TOTAL FLUIDS In TAHK = 1314,68 PROPELLANT L1G,+VAP, = 134 68
THRUST (HOPRENAINING = 1031.31 HEW EFF. TANK DENSITY = 17,7034 PART,PRES,PROP.VAPOR = 16,731
Lievw TATERDAL EHERGY = 55229029407

**w COIPUTE PRESSURANT NEEDED FOR THIS BURN #%%
Talik LI1G, TEMPERATURE = 16,79 STOREND HELIUM TEMP, = 170,00 NEW TANK VLLAGE VOL, = 55,961
HEW PROP. L1Q, VGLIFE = 18,30 PROP. LIQ. REMAINING = 1297,1S W6T. OF PROP. VAPOR = 17.527
HELIUM PARTPRESSUNE = 11.406 TOTAL PRES, *PPV+PHE* = 264137 t0M, OPERATIMG PRES, = 26,700
BELIUM FLOW  HATE = L0000 WEIGHT OF HELIUM USED = 0000 MEW TAMK PRESSURE = 23,137
TOTAL HELIUM CONSUNED = Y-

966166 V-OSIN'L
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CEMT 6213 *
EXT. 30235 *
BLO. 104 *

ATH3INTY
R B R B A B R AR 2R B BE K R B AR B B BEIE K BRI N R IR RN L 2R 2R R )

ACPS = TEST DEMONSTRATION PROBLEM

THE INTEGRATED MATH MOCEL

* DATE I7 APR 73
* TIME 15302106
* CASE |

wh% TANK AND VENT PARAMETER CALCULATIONS = CONTD, #n#*

HANRRRRAARRIRANARRARY COAST MUMBER = |2

RAX PRE=~ OF NON=VERT COMDITIONS W%

FLUID COMSIDERFD =
WGTW.0F LIG, PROP,
PART ,PRES ,PROP,VAPOR
EFF. INTERNAL EiILROY

0

XYGEM FLUID TEMPERATURE
1297.085 WGT, PROP, VAPOR
16,798 PART,PRES.HEL.TUM GAS
«.55254397+02

KARFREEXRKRRRRRKRAK®N CHRN HUMBER = |2

*xx CONPITE EIERGY BALANCE FOR BURN #%x

ELUID CONSIDERFD =
THRUST PROPRENAINTNG
EFF, TANK ENERGY

"nnoc

KYGEMN BURN DURATION - SEC,
j091.31 PROPELLANT [N TANK
49861426404

*4x COHPUTE RESULTING TANK COMDITIOQHS %

FROPELLANT WITHDRAUY
THRUST pROP.REMAINILG
HEW INTERNAL EHERGY

**% COMPUTE PRESSURAKT NEEDED FOR THIS BURHN #*#w

TANK LIQ, TEMPERATUAE
HEEW O FROP, LIQ, VOLUGIE
HELTUN FART . PRESSURL
eIV FLov RATE
TOTAL HELIUM CONSULED

203,508 TOTAL FLUIDS IN TaMK

92.28 HEW EFF. TANK DENSITY
- HU8T7C217402

162.28 STOPED HELIGM yEMP,
le27 PROP, L10. REMAINIMG
12,120 ~  TOTAL PRES, *PPV4PHE®
L4943=02- WEIGHT OF HELIUM USED

1.937

PRESS,SYS.HNO, =

164477
17.592
I1.410

PRESS.SYS.NO,

100,
314,68

TNk
U970

170,00
91.02
23.197

+ 4943400

2 RRRNNANARKRAANN AR A AN

COAST DURATION « SEc, = 9584,
W6T.HFLIUM 1N VAPOR = LY
CURNENT TANK PRESSURE = 28,208

2 AKARARKNARARARRRKRAR

FLOVRATE FOR THRUSTY = 9,990
EFF, INTERMAL ENERGY = «,56254397+02
TOTAL FLOWRATE = 12,018
PROPELLANT L!G,#VAP. H 111,17
PART.PRES.PROP.VAPOR = 14,580
MEW TAMK yLLAGE yOL, = T72.986
WGY, OF PROP, VAPOR = 20,1%22
NOM, NDPERATIMNG PRES, = 26.700
NEW TANK PRESSURE H 26,700

966166 V-OSIN'T
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MAI'E USEFS NAME % % % % % ® & % % & %# * % &# ¥ % « * *« & » PAGE

32
TEPT 6213 e THE INTEGRATED MATH MODEL * DATE |7 APR T3
EXTe 30235 * * TIME 15:02106
BLD. 104 * ATU3DT * CASE !

LR L B B R BN 2R R A IR Bk BN 2R S B R BN 2 2N IR N Y

LR I K RN I I
ACPS « TEST DENONSTRATIOM PRORLEM

**% TANK AND VENT PARAMETFER CALCULATIOMS =~ (cONTD, *w%

FRARKNRRARARRRRNRARR  FIMAL ENGIME SHUTDOWN PROPELLANT TAMK CONDITIONS  WhARRARAAARNAAARERNN

wEN COMPLUTE FINAL TANK CONDITIONS *aw

FLUID COMSIDERED « OXVGEM FLUID TEMPERATURE = 163.01 COAST DURATION - SEC, = 300,
VGT,OF L1, PROP, = 9n,226 UGT, PROP, VAPOR = 2G.92 WGT HELIUN It VAPOR = 1.937
PART PRES,PROP,VAPGR = 15,206 PART,PRES,HELIUM GAS = [}.,622 CURRENT TAMK PRESSURE = 26,828
EFF INTEMBAL EPLERGY = «,44B57358¢02 .

FINAL TAMK TEME. = 163,012 TOTAL VENTED GAS WGT, = .000 W6T. OF GAS RESIDUALS = 22.879
L6T, OF LIA,RESIDUALS = 90,226
*x** COUPUTE PRESSURIZATION SYSTEM WEIGHT *kw
. TOTAL HELIUM GAS REGWD = 1.937 WGT ,PRESSURANT SYSTEM = 42,905

966166 V-DSIN'T
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HAI'E USERS NAME ® % & % % % & & % & * & & ® & % * ® & * ® PAGE 33

CEPT 6213 Rl THE INTEGRATED MATH MODEL * DATE T APR 73
EXTe 30235 - * * TIME 5102806
BLD, 0% * ATH30T * CASE |

RN I IR 2R K B IE B AR B A BE B R NE R R B OE B BRTECNR BUNE SR IR R 2R 2R A B AR B BN
ACPS = TEST DEMONSTRATION PRORLEHM

wak TANK AND VENT PARAMETER CALCULATIONS #*#%
*xx INITIAL TANK CONDITIONS #ww
FLUID CONSIDERED - HYCROGEN FLUID TEMPERATURE

= 37.05 TANK INITIAL PRESSURE = 16,00
WGT,0F L1Q, PRGOP, = 1948,20 WGT, PROP, VAFNR = 1,204 WGT, 116, ¢ VAPOR = 1949,40
VigT. AELIUN IN VAPOR = .00 TOTAL FLUIDS IN TANK = 19459,40 VOi. OF LIQUID FLUID = 439,63
"PART PRES,PROP,VAPOR = 16.700 PART.PRES. HELIUM GAS = 000 ULLLAGE VOLUME IN TANK = 13,43
Tatk VOLUWIE = 453,06 EFF, TANK DENSITY = 4.303 EFF. INTERMAL ENERGY = =,1{041192+n3
KRARRRAAARRARRRXIREN ~OLST NUMBER = | PRIESS,SYS . MO, = 0 **tt***_*n*-w*****t*

nxx PRE« O MNON=VENT CONDITIONS *w*
FLUID CONSIDERED =  HYRRGGE!N FLUID TEMPERATURE = 37.95% COAST DURATION - SEC, = S40.
¥3T,0F LI, PROP, = loysa,037 uGT, PROP, VAPOR s 1.365% WGT HEL.IUM TH VAPOR = .000
FART.PRCS,PROP.VAPOR = 18,365 PART.PRESHELIUM GAS = .000 CURRENT TANK pRESSUKE = 18,365
EFFLINTEFMAL ERERGY = =.11040295403

ANARNFAARRAARRRRANAX BUIRN NUIMBER = 1 PRESS,SYS NO, = 2 RANRRRKRANRRARARRAARNK

RN COUPLITE EMERGY BALANCE FOR BURN #%
FLUID CONSIDERFED - _HYPROGERH RURN DURATION = SEC, = 5. FLOURATE FOR THRUST = 2.498
THRUST FRCOP,RENAINING = [066.76 FROPELLANT IHN TANK = 1943,.,20 EFF, INTERMAL ENERGY = =,1[040295+09
EFF. TAnx ENERGY = 21299417406 ' TOTAL FLOWRATE z 4,561

xkx COHPUTE RESULTING TANK CONDITIONS ®uw
PEOPELLAnT WITHDRAYN = 20,860 TOTAL FLUIDS IN TAHNK = 928,51 PROPELLANT LIQ, VAP, = 128,51
THRUST prCOP.RENAINING = 1055.32 MEW EFF, TANK DENSITY =  U4,2566 PART«PRES.PROP.VAPOR = 17.366
NEM INTERNAL EHERGY = «.11044483+4093

. CONPUTT PRESSURART NEEDED FOR THIS BURM *#w
Tatk LIG, TEMPERATI'RE = 37,538 STORED HWELIUM TENP, = 40,00 NEH TAMK ULLAGE VOL, = 16,385
HEW pROp, LIGe VOLIKIE = 436,67 PROp. LIas REMAINING = 1926493 WGT. OF pPROp. VAPOR = 1.5824
HELIUM FART.PRESSURE = 1734 TOTAL PRES, *PPV4PHE® = 17.366 NOM, OPERATI!NG PRES, = 19.100
HELTIM FLOW  RATE = LSTTT=0) WEIGHT OF HELIUM USED =  ,2646+00 HEW TANK PRESSURE = 19.100
TOTAL HCLIUM CONSULED = 0265

966166 V-OSIN'T
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NAIIE USERS NAME % % % % % % & & % % ® % & & ®* % ®# * * ® * PAGF N

CETT 6213 : LA THE INTEGRATED [ATH MODF.L
EXT. 30235 ) *
BLD. TOM w ATY4307

LA IR I A R R R A N N R E R R E R E R E R

* DATE (7 APR 73
* TINE (53028106
* CASE !

ACPS » TEST DEMONSTRATION PROBLEN

wh® TANK AND VENT PARAMETER CALCULATIONS = CONTD, #ww

WRERRRKIAKKARKAKRARAY COAST NUMBER = 2 PRESS,SYS.HO, =

P

k% PRE= OR NONeVENT COMDITIONS #*%#

FL.UID COHSIDERFD = HYCRAGE! FLUID TEMPERATURE = 33.56
YGT,OF LL1t,e PROP, = 1926.778 W6T, PROP. VAPOR = 734
PART,PRES,PROP,VAPOR = {9,267 PART,PRES,HELIUM GAS = 1.671
FFFJINTERPAL EHERGY = =, 1103i090+03
RARRARARKRR Ak kkk®, BUKN NUMBER = 2 PRESS.SYS.NO, =

*xx COMPUTE EMERGY SALANCE FOR BURN %%
FLUID CONSIDERED =  HYDROGEH PURN DURATIOM - SEC, <= 6.
THRUST FPROPRENMAINING = 1055,32 PROPELLANT 1IN TaANK s le2g,5!
EFF, TANK ENERGY = =,205768%8+06

**x COHPLTE ROSIILTING TANK CONDITIONS **f )
PEOPELLANT WITHDRAUN = 28,069 TOTAL FLUIDS IN TAMK = 1600,44
THRUST FROPLREMAINTNG = 1039.96 HEW EFF, TAMK DENSITY = L.1947
NIW INTERMAL EHERGY = w1 1037879403

*hx COHMPUTE PPESSUEANT MEEDED FOR THIS BURN #ww
TANK LIG, TEMPERATURE = 37.69 STOPED HELIUM TEMP, = 40,00
tHew PROP, LIQ, VOLUME = 430,58 PROP, LIO. REMAINING = |898.24
HeLiuvm panT,PRESSURE = 1424 TOTAL PRES., *FPV4PHE* = 16,867
HELIUM FLOW  RATE = o5k 1=02 WEIGHT OF HELIUM USED =  ,3365=01
TOoTAL HELIUM COASUnEDd = «298 .

P RARARKAAARRARRAANARRNE

COAST DURATION < SEC,

L 2R 2N BN BNE BN BN BN BN

WGT.HELIU TN VAPOR =

CURRENT TANK PRESSURE

2 RRAKRRRRRRAAANKARARAN

FLOWRATE FOR THRUST
EFF. THTERMAL ENERGY
TOTAL FLOVIRATE

PROPELLANT L18,4VAP,
PART.PRES.PROP.VAPOR

HEW TAHK ULLAGE VoL,
W6T. OF PROP, VAPOR
NOM, OPERATIMG PRES,
NEV TANK PRESSURE

nan nny

7975,
0265
2C.938

24498
- 11031090403

4.564

1900, 44
17.676

22,481
2.2068
19,100
19,100
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PAI'E USERS NAME W % % % % % % % % & % % % % % % % & & % % PAGE 35

CEPT 6213 d THE INTEGRATED HMATH MODEL * DATE I7 APR 73
EXT, 30235 e * TIME 15102107
ELD, tOU4 " ATu307 * CASE '

LR IR IR R R 2 R IR R B R BRI AR AR IR TR B R IR A IR A )
ACPS - TEST DEMONSTRATION PROBLEMN

*%* TANK AND VENT PARAMETER CALCULATIONS = COHTD, %%%

HARKRAKARRARARR*RRRY COAST HNUMBER = 3 PRESS,SYS NO, = 2 RAARRRNRAEARRRARRNNE

*k® PRE= OR [IOMN=VENT COMDITIONS #xx

FLUID CONSIDERED =  HYDRCGEWN FLUID TEMPERATURE = 37.84 COAST DURATION « SEC, = 2094,
W3T.OF LIG. PROP, = |€93,193 WGT, PROP. VAPOR = 2250 WY HELTIUM 1IN VAPOR = 298
PART PRES,PROP,VAPOR = 13,059 PART.PRES.HELI!IM GAS = 1e347 CURRENT TAMK PRESSURE = 19,406
EFF INTERNAL EMERGY = =.[1034311403

ARRRREARAKARA AR RRAR BUhN NUMBER = 3 PRESS,SYS.NO, = 'g RRRARREAARERRRRRRAAS

rxx CONFUTE EMERGY BALANCE FOR RURN #aw

FLUID CONSIDERED =  HYQDRGGEN RURN DURATION « SEC, = Yo FLOWRATE FOR THRUST = 2.498
THRUST PRUP,REMAIMING = 1039,94 PROPELLANT IH TANK = 1900.4y EFF, INTERNAL ENERGY = «,11034311403
EFF. TANK ENERGY = =,20795540+06 TOTA{. FLOWRATE = 4,564

' %% COMPUTE RESULTING TANK CONDITIONS *aw,
PROPELLANT WITHpRaW = 16,339 TOTAL FLUIDS IN TANK = 1884,10 PROPELLANT LIG,4VAP, = 1884 10
TARUST FROP.REMAINING = 031,02 NEW EFF. TANK DEHSITY = 4,586 "PART.PRES.PROP,VAPOR = 17,334
MEW INTERDAL ENERGY = =, 11037366403 _ :

®xx COMPUTE PPESSURAKT MNEEDED FOR THIS BURN #aw

TANK LIG, TEMPERATURE = 37,57 STOFED HELIUM TEMP, = 40,00 HEW TAMK ULLAGF VoL, = 26,718
HEW PROPe L1@e VOLUKE = 426,34 PROPe LIG. REMATHING = 188},53 WGT. OF PROP. VAPOR =  2.5757
BZLIUN PALT,PRESSURE = 1.766 TOTAL PRES, *PPV4PHEw =  |8,460 = NOM, OPERATING PRES, = 19,100
FELIUM FLOW  RATE = .3943=01 WEIGHT OF HELIUM USED = 412400 MEM TAMK PRESSURE = 19,100
TOTAL HELIUM CONSUPED = o439 A

0D 30VdS ® SIUSSIN QIIHND0TT

ANVdW
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KAIIE USERS NAME * % % % % % %X & % & % % % ® ®* * & ® % % & PAGE T
LEPT 6213 “* THE INT EGRATED MATH MODEL » DATE 17 APR 73
EXT. 30235 . * * TIME 15302107
L0, 104 n ATY307 * CASE t

PRI I SR B B NN B R N AR NN N R B I A
ACPS = TEST DEMONSTRATION PROBLEM

fhk TANK AND VENT PARAMETER CALCULATIONS » CONTD, %#%

RAXRRAR KA AR R A kA REA*X COAST NUMBER = Y PRESS,SYS.t0, = 2 RARARARKARRRRANRRAANR
#*% PRE~ GF NON~VENT COHDITIONS *w*
FLUID CONSIDERED =  HYDROGEI! FLUID TEMPERATURE

= 3T.61 COAST DURATION « SEC, = 536,
wWGT,.,OF Liw, PROP, = (881,512 HGT, FROP., VAPOR = 2591 HGTJHELIUM IN VAPORP = wU39
PART ,PRES,PROP,VAPOR = 17449 PART,PRES.HELIUM GAS = [+660 CURRENT TAMK PRESSURE = 19,110
EFFJINTEHIIAL ENERGY = = 1 1036445403 )

KXRAIXARKKRARKRA*RNA BRN NUMBER = y PRESS,SYS . NO, = 2 RARRRRAKNKARRAAKRANRR

*xx COMFUTT E(IERGY BALANCE FOR BURN-***
FLUID CONSIDERED = BYDROCGED RURN DURATIOM - SEC, = 39. FLOWRATE FOR THRUST s 2.498
THRUST FROP REIAINING = 10731 ,02 PROPELLANT IN TANK = Iggy,. !0 EFF, INTERMAL. FNERGY = w, b 1034HUS+0Y
RFF. TANK EMNERGY = =, 18852080406 TOTAL. FLOWRATE ] H.,564

wxx COMPUTE RESILTING TANK CONDITIONS ®**
PROPELLANT WITHDRAUN = 177,087 TOTAL FLUIDS IN TANK = 1707,02 PROPELLANT L1G,+VAP, = 707,02
TIIRUST pROP.REITATINING = 934,12 NEW EFF. TANK DEMNSITY = 3.767R PART.PRES.PROP.VAPOR = 14,841
HEM TNTERNAL FHERGY = e | 1067308403

wkx COMPUTE PRESSURANT NEEDED FOR THIS BURN ##%
Tatik LIG, TEMPERATURE = 36,57 STORED HELIUM TEMP, = 40,00 NEW TANK ULLAGE VOL, = 7C,609
NeY proPe LIQe VOLUINLE = 382,45 " PROP. LIN. REMAIMING = 1701,11 WGT. nF PROP. VAPOR = 5,9096
PEZLIUM PART,PRESSURE = 4,259 TOTAl. PRES, #PPV4PHEX = 15,452 NOM, OPERATING PRES, = 19,100
HEZLIUM FLOW  RATF = W6182=01 WEIGHT OF HELIUM USED = 02360401 NEW TAMK PRESSURE - = 19,100
ToTal. HELIUM CONSUIED = 2,799 .

96€166V-DSIN'I
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HANE USEPS NAME % % & & % & % & % & & % % & & & & % & & & PAGE 37
CEPT 6213 w THE INTEGRATED HATH MODEL * DATE 17 APR T3
£XT. 30235 » * TIME 15102407
glb, 10y " ATH307 * CASE |

SR AR AR AR L AR IR IR R AL B N AN BE BE E 2R NEE SRR 2R BE BE KRR 2% K R AR B NN I
ACPS = TEST DEMONSTRATION PROBLEH

*a% TAHK AND VENT PARAMETEF CALCULATIONS = CONTD, w#®

ARRARNRARAANNERARAAHY COAST MNUMBER = 5 PRESS,.SYS. !0, = 2 RARARKARRRRARARARNAN

*k* PPE= OR MON=VENT CONDITIONS #%x%

FLUID CONSIDERED =  HYpROGEM FLUID TEMPERATURE = 36462 COAST DURATION « Sgc. = 2061,
H3TLOF LIG. PROP, = 1701,064 WGT, PROP. VAPOR = 5.953 WGTLHELIUNM 1IN VAPOR = 2799
PART,PRES ,PROP ,VAPOR = 14,962 PART,PRES.HELIUM GAS = 3.899 CURRENT TANK PRESSURE = 18.860
EFFJINTERHAL EHEROY = = 11063358+072
ARARRRKKARRRARRAAR®* BIRN NUMBER = s PRESS.SYS.NO, = 2 RKRRRRRARERRARKRAKKRR

*xx COIPUTE ELIERGY BALANCE FOR BURN »aw
FLUID CONSIDERFD = HY{:ROGEHN RURMN DURATION « SEC, = 7. FLGHRATE FOR THRUST s 2,498
THRUST PROPJREMAINING = 934.12 PROPELLANT IN TANK = 1707.02 EFF, INTERMAL ENERGY = =, 11063398407
EFF. TANK ENERGY .2 =, 18513058406 ‘ TOTAL FLOWRATE = H.564

**® COHPLTE ROSULTIMNG TANK CONDITIONS ##w ]
PROPELLANT WITIHIDRAMUYN = 33,911t TOTAL FLUIDS IN TAHK = (673,11 PROPELLANT LIG,+vAP, = 167311
THRUST PRCPREIIAINING = 915,56 MEW EFF. TANK DENSITY = 3.6929 PART.PRES.PRNP.VAPOR = 14,818
HEM INTERNAL ENERGY .= =,110650856+403

®xx CONPUTE PRESSURANT NEEDED FOR THIS DURM #*#a
TAMNK LIQ, TEMPERATURE = 36,96 STORED HELIUM TENP, = 410,00 MNeW TaMK ULLAGE VOL, = 78,406
MEW PROP. LIGe VOLINIE = 3IT7%.65 PROP, LIQe REMAINING = 1666455 WG6T. OF PROP., VAPOR =  6.5528
HZLIVM PART,PRESSURE = 4,282 TOTAL PRES. *PPV4PHEX = 16,323 HoN, OPERATING PRES, = 19,100
HELIUM FLOW RATE = «U390=( | WEIGHT OF HELIUM USED = 03262400 HEW TANK PRESSURE s 19.100
TOTAL HELIUM COMNSUIIED = 3,125 ’ ’
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NAME USEES MAME & % % % & ® # & & & * & % & & & & * & * % pAGE 38

DEPT 6213 * THE INTEGRATED MATH MODEL
£XT, 30235  *
BLD4 104 * ATY307

SN 2N N R SN L BNE L BN N B BN B SN BRI BN I BN K SR B BECIET B TR NN IR SR IR TR N

« DATE 17 APR 73
* TINE 15102107
* CASE !

ACPS -« TEST DEMONSTRATION PROBLEM

*k% TANK AND VENT PARAMETER CALCULATIONS « CONTD, *%#

HRAXRRKKRRHINRXRARRN COAST NUMBER = 6 PRESS,SYS,HNO,

"% PRE-~ OR NON=VEMNT CONDITIONS #*%%

FLUID COMNSIDERED = HYpROGEN FLUID TEMPERATURE = 36,57
WaT.0F LIGe PROP, = 1666.543 WGT. PROP. VAPOR = 6,562
FART,PRES,PROP,VAPCGR = 144844 PARTPRES.HELIUM GAS = 3.91%
EFF.INTERNAL ENERGY H] ~e 11063939401
*xkxRIRAhkkhkkhkkkhx 3N NUMBER = 6 ’ pREss;sYs.NO. =

wxw CORPUTE E(IERGY BALAMCE FOR BURN *%¥
FLI'ID CONSIDERFD = HYDRQGEM RURN DURATION « SEC, = 4,
THRUST FROPSREINAINING = 915.56 PROPELLANT [M TANK = 167311
E£FF. TANK ENERAGY = e {8331533¢06

wax COMPUTE RESHLTIMNG TANK CONDITIONS #n
FROPELLANT WITHORAYW = 16,339 TOTAL FLUIDS IN TANK = 14686,77
THRUST PRQOPREIIAINING = 936.6¢2 NEW EFF, TANK DPENSITY = 3.6568
NEVW INTERLAL EMERGY = we [ 1O6UHEHT403

*rx COMPUTE PPESSUPART NEEDED FOR THIS BURN www
TaANK L10, TEMPERATURE = 36,54 STORED HELIUN TENP, = 10,00
NZW prOp, L1Q, VOLNME = 370.86 PROP, LIO. REMAINIMNG = (1649,92
hel1Un PART,PRESSURZ = Y4327 TOTAL PRES, RFPV4PHE* = 16,504
HoLIUM FLOW  RATE = S 178=01 HWEIGHT OF HELIUM USED = « 1854400
ToTAL HELIUM ConSupeEDd = 3,301 .

" PROPELLANT L1A,4VAP,

D RRRAKARARANRNNRARANL

COAST DURATION « SEc, =
WGT . HELIUM 1IN VAPOR =
CURRENT TAMK PRESSURE =

2 RhARRAARKARIAARA AR RR

FLOWRATE FOR THRUST
EFF, INTERNAL ENERGY
ToTal, FLOURATE

dun

PART<PRES,PROP.VAPOP

NEW TANK ULLAGE VOL,
HGY. OF PROP, VAPOR
NOM, OPERATIMNG PRES,
MEY TANK PRESSURE

Uy

5913.
3,125
18,756

2,408
2, | 10679939407
q.sb”

1656 ,77
14,773

82,200
6.8510
19,100
19,100
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NAIIE USERS NAME % #* % # % # % % % & % £ %k % % % % *® & ® ® PAGE 39

GEPT 6213 * THE IMTEGRATED MATH MODEL * DATE 17 APR T3
EXTe 30238 R * TIME (5t02t07
SLbe 04 * ATY3NT % CASE !

I RN RN I NI I N I IR N I NI A I B N
ACPS = TEST DEMONSTRATION PROSLEM

*A%® TAMK AND VENT PARAMETER CALCULATIOMS =~ CONTD, ##%

AXRKRRKRAKKRRAKRAARRY COAST HUMBER = 7 PRESS,.S5YS.H0, = D NARRARRARARRNAN KRR R

"% PRE= OR NON=VERT CONDITIONS A#w%

FLUID CONSIDERED = HYDPROGEN FLUID TEMPERATURE = 36,55 COAST DURATION « SEC, = $36.
\'67,0F LIG, PROP, = (649.9C¢ W6Y, PROP, VAPOR = 6.85%8 WGT.HELIUN I VAPOR = 3.311
PART,PRES,PROP,VAPNE = 14,791 PARTPRES HELIUM GAS = 3,953 CURRENT TAMK PRESSURE = 18,744
CFFL,INTERLAL FRHERGY = -~ 11063599403
Kk ARREARREAAXKARAREL SIRN HUMBER = 7 PRESS,.SYS.NO, = 2 ARARARRRRRARAARAARNK

*ax CONPUTE ENHERGY BALANCE FOR BURN #ww
FLUID CCNSIDERED = HYLRGGE!! BURN DURATIOH « SEC, = 66, FLOWPATE FOR THRUST = 2,498
THRUST FRUP,RENAINLIG = 204.62 FROPELLANT IN TANK = 1656677 EFF, INTERMAL ENERGY = «, 11063599403
FFF, TAnk ENERGY = =, 15012108406 TOTAL FLOWRATE = Y564

wrx CONPUTE RESULTING TANK CONDITIONS waw .
PROPELLANT WITHDRANN = "30t,686 TOTAL FLUIDS IN TANK = 1355 08 PROPELLANT L10,4VAP, = 355,08
THRUST prOP.REIAINING = TH1.53 NEW EFF, TANK DENSITY = 2.9910 PART.PRES.PROP.VAPOR = 13.513
HEW INTERIIAL EHEROGY = e ] ICTB3I94403 _

*kx COMPUTE PRESSURANT MEEDFD FOR THIS BURM #ww% ‘
TaMK LIQ, TEMPERATHRE = 36,00 STORED HELIUM TEMP, = 'qo,oo- NeW TANK ULLAGE VOL, = 152,365
LEW PRoPe. LIQ, VOLIMIE = 300,69 PROP. L1AQ. REMAINIMNG = 1343,37 HWGT. OF PROP. VAPOR = 11,7113
HELIUM PART,PRESSURE = 5.587 TOTAL PRES, #*PPV4PHE% = 15.613 _NOM, OPERATIMNG PRES, = 19,100
HELIUM FLOW  RATE = «6976=01 WEIGHT OF HELIUM USED = H61 140! NEY TANK PPESSURE = 19.100
TOTAL HELIUM CONSUHED = T.922 .
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NALIE  USERS [AME
DEPT 6213 :
EXT. 302735

ELD. oy

"
e
B
R J

Kok Xk kKK R kN AKX KK kR Kk kK X PAGE 4o
THE INTEGRATED MATH MODEL * DATE |7 APR T3
* TIME 15102108

ATY307 * CASE !

L2 SO BN DNE L NN JNK N BNL N N R BN L N R JNE BN BNR NE JNN 2N BN BN R B 2R SN JNE JNC 2N BN R IR NI

ACPS « TEST DEHONSTRATION PRORLEM

*%% TAHNK ANp VENT PARAMETER CALCULATIONS = cOMTD, W##%

AARKRARKRRARA KA KA AX* COAST NUMBER = 8 PRESS.SYS.HNO, = 2 hkhkhkRARRAREARRA KA Ak

*%* PRE= OR NON-VENT CONDITIONS *x#

LUID COMSIDERED =  HYDPOGENM FLUID TEMPERATURE = 36,09 COAST DURATIOM - SEC, =
WaT.OF LIu, PROP, = 134,198 HWGT, PROP. VAPOR = {l.882 WGT.HELIUM IMN VAPOR =
FART ,PRES,PROP ,VAPOR = 13,730 PART,PRES,HELIUM GAS = Se0ul CURRENT TA!K PRESSURE =
EFFLINTERN AL ENERGY = =, 1 107668T7+03

ARARRRAR KRR AR kRA*R% BIIRN NUMBER = 8 PRESS.5YS.NO, 2= 2 NRRhRRAAARTNR RN RRN K
*xx COHPUTE EHEPGY BALAMCE FOR BURN wxw
FLUID COMSIDERED = .HY[ROGE!! - BURN DURATIOMN « SEC, = 32, FLOWRATE FOR THRUST =
THRUST PROP,RENAINING = 741,53 PROPELLAMT [N TANK = 1355,08 EFF, INTERMAL ENERGY =
EFF. TAtIK ENERGY = e 13372769406 TOTAL FLOWRATE =

*&x COHMPUTE RESULTING TANK COHDITIOQONS %%

PROPLLLAMT WITHDRALY

NEW INTEKIAL ENERGY ~. 11073291403

= 147,420 TOTAL FLUINS IN TAMK = 1207,66 PROPELLANT L10,+4VAP,
THRUST PROP.REIMAINING = 660,86 NEW EFF. TAMK DENSITY =

2.6656 PART.PRES.PROP.VAPOR

*xx CONPUTE PRESSURAKT NEEDED FOR THIS BURN #w#

TANK LIQ., TEMPERATURE = 35.76 sTopED HELIUN TENP, = 40.00 HEW TANK ULLAGE voL, =
ey PROP, LIG, VOLIYNIE = 266.7T5 PROP, LIN, REMAINING = 1193,84 WY, OF PROP, VAPOP =
HELIUM PARTPRESSURE = 6,109 TOTAL. PRES, *PPVePHE® = 17.075 Hoit, OPERATING PRES, =
HELTUM FLOW  RATE s «8258«=0) - WEIGHT OF HELIUM USED = 2667401 HEV TAMK PPRESSURE =
TOTAL HELIUM CRuSUIED = 10.58¢ :

LD
Ta.922
18,771

20498
. 11076687403
4,564

1207,66
12.99]

186,312
t3.8188
19,100
19,100

96€T66V-OSIN'I
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1411 §

LEW INTERIIAL EHERGY

rrER CONPUTE PRESSURANT NEEDED FOR THIS BURN ®aw

TaNK LIG, TEMPERATURE
NEW PROp, LIGe VOLUGE
VELIUM PART,,PRESSURE
HELIUM FLUW  RATE
THTAL HELIUM COMSUPED

KAIIE USERS NAME % & % % % # & & % & % % & & & & & % & & % PAGE 41

CEFT 6213 " THE INTEGRATED HATH MODEL
EXT. 30235 %
sLO, fou " - ATY307

L B B B AN AN R AN N BN NN B A N A R AR BN NE AR B R R B0 NS BN NN K BE B K K B K BE B B 3

* DATE 17 APR 73
* TIME 15202208
* CASE |

ACPS « TLST DEHONSTRATION PROBIEHN

wx% TANK AMD VENT PARAMETER CALCULATIONS = CONTD, ##*

= [ 1009992403

34,83 STOPED HELIUN TENP,
158435 PROP. LIGs KEMAINING

8.028 TOTAL PRES. *FPV4PHE®
«1096400 - WEIGHT OF HELIUM USED
22,001

RARRRRRRKNARRRRKAARE COAST NUMBER = 9 PRESS.SYS.NO,.

*k® PREw OR MNON=VENT CONDIT!ONS * Kk
FIUID CONSIDERED =  HYQROGE!! FLUID TEMPERATURE = 35,82
VGTL.OF L12, PRGP, = 1193.713 WGT., PROP. VAFOR = 13,947
PART ,PRES,PROPVAPOF = f3.124 PART,PRESHELIUM GAS = S.u469
EFF.INTERIAL FIERGY = ~e 1 10T1T768+03

ARKAERARKRRR KR Rhdkk®* ZRN HUMBER = 9 PRESS.SYS.NO, =

wrx COUIPUTE EMNERGY BALAHCE FOR BURN w»ww
FLUID CONSIDERED = HYCROGEH RURH DURATION -« SEC, = 10,
TIRUST PROPLRENAINILG = 660,86 PROPELLANT N TANK: s 1207.66
"EFF, TANK ENERGY = =,8N652389408%

*k%x CORPUTE RESULTING TANK CONDITIONS #wx%
PROPELLANT WITHDPAVYN = Q?S.IZZ TOTAL FLUINS IN TANK = 732,54
THRUST PROPSREITAINING = Lon,86 - MEW EFF, TANK DENSITY = |.6169

40,00
713.62
14,433
SlIU1402

COAST DURATION = SECe =
WGT.HELIUM IN VAPOR =
CURRENT TANK PRESSURE =

2 NRKANRARRARRREANRNRN

FLOWRATE FOR THRUST
EFF, tNTERNAL ENERGY
TOTAL FLOWRATF

wnn

PROPELLANT L16,+VAP,
PART.PRES.PROP+VAPOR

NEW TANK ULLAGE VOL,
WGT, OF PROP. VAPOR
HOM, OPERATING PRES,
NEY TAMK PRESSURE

= 2 ARARRRNANANRRNNARNAAR

568,
10,589
18,593

2.498
=o 11071768403

4,564

732,54
11.072

294,714
18,978
19,100
19,100

96€T66V-OSIN'T
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KAI'E  USERS NAME

CEPT 6213
EXTe 30235
BLD, 1Oy

* ok Kk k k ok KKk R kKX * LR B B B B BN BN BN BE R R BE BN BE B

KR E K K KR NN KRk N R RN KK Rk PAGE 42

* THE INTEGRATED MATH MODEL * DATE 17 APR T3
) * TIME {S302109
v ATu307 *

CASE i

ACPS = TEST DEMONSTRATION PROBLEN

ARRKRKKARRARARNK kAR COAST NUMBER = (0

®*k% PRE~ OR NON=VENT COMDITIONS *w%

FLUID CONSIDERED =
HGTLOF Liu, PRAOP,
PART,PRES.PROP,VAPOR
EFF INTERNAL ENlERGY

HY

CROGEN
712,672
11,689

FLUID TEMPERATURE
HGT, PROP. VAPOR
PART.PRES,HELIUM GAS

=. 11001698403

*RARRKAAAKRRRAARRARR BURN UMBER = 10

*kx CONPUTE EfERGY BALANCE FOR BURN #wa%

FLUID CONSIDERED .

THRUST PROP REHAINING =

EFF. TANK ENERGY

HYDROGE!N

400,86

BURM DURATION « SEC,
PROPELLANT IHN TANK

=o 64112928405

*aw COUPLTE RESULTING TANK CONDITIGNS #wx

PROPELLAHT WITHORAUY
THRUST PROPREINAINTING
HIW INTERNAL RHERGY

**x COMPUTE PRESSURANT HEEDED FOR THIS BURN #%w

TaMk LIQ, TEMPERATURE
hEW pprOp. LIQe VCOLUMNE
HEZLTUM PART PRESSUPE
HELTIUM FLOW  RATE

ToTAL HELIUM .COHNSURED

145,594
321.19

34,98
125.60

T.726
."79"'0!
23,529

TOTAL FLUIDS IN TAMNK
MEW EFF. TANK DENSITY

- 10923182403

STORED HELIUM TENP,
PROP. LIQ. REMAINING
TOTAL PRES. *PPV4PHE®

-HEIGHT OF HELIUM USED

PRESS,.SVYS. MO,

PRESS,.SYS.NO, s

35.14
19,866
7.050

32.
732.54

566,94
1,2958

40,00
565,41
17.689

«15283+01

*%k TANK AND VENT PARAMETEAR CALCULATIONS « CONTD, #wx

2 RERRRXRNNARRANRANANN

COAST DURATION = SEC. =

WGT.HELIUM IH VAPOR

CURRENT TANK PRESSURE

LR BN SN B B SR R B ]

e RAXRRRARAARNARAANRANAN

FLOURATE FOR THRUST
EFF, INTERNAL ENERGY
ToTAL FLOYRATE

PROPELLANT L16,4VAP,
PART.PRES.PROP,VAPOR

HEY TAHK ULLAGE VOL,
W6T. OF PROP. VAPOR
oM, OPERATING PRES,
NEW TANK PRESSURE

1876,
22,001
18,739

Y
!

98
0014984093
K64

2e
- |
b

566,94
11e374

327,458
21,5356
19,100
19.100

96€T66V-OSIN'T
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. EFFJINTERIIAL ENERGY

L6l

" PROPELLANT WITHpRALY

* XA AR AN
RARX CPEm

FLUID COMSIDERED = Y
HGT.OF Llu. PROP,

PiRT.PPES,PROP,VAPOR =
EFF. INTERNAL ENERGY =

rAx FOST

TANK VENT PHESSURE
HGT.VAPOR IN TANK
FART (FRES.PROP , VAPGR

RRRKRAK
xxx COVF
FLUID CONSIDERED = HY
TAHRUST PRUP REIAINING =
EFF. TArK ENERGY =
rex COIIP

TARUST PROPREIAINING
HEW TATERIAL EHERGY

*x® COMP

TANK LIG, TEMPERATURE
e prOp, LIQ, VOLMMIE
HELIUM PART  PRESSURE
HeLIHN FLOW RATE
TOTAL MELIUM coNSULED

MANE USERS NAIME % % % * % & & % % & * ®# & % & & % % % & % PAGE 43
DEFT 6213 " THE. INTEGRATED MATH MODEL * DATE |17 APR 73
EXT. 30235 * * TIME 15102309
gli>e 104 * ATY3I0T * CASE t

A I A A A I A R N R RN R N EE R
ACPS = TEST DEMONSTRATION PROBLEMN

*ak TANK AND VENT PARAMETER CALCULATIONS = CONTD, wwx

AhERRRRRAARAY COAST NUMBER = {1 PRESS.SYS MO, = 2 RARANRRARARINNARNENN
OF NON=VEMT COMDITIONS *#%
GROGEN FLUID TEMPERATURE = 43,03 COAST DURATION = SEC. =
£22,176 ¥GT. PROP. VAPOR = 64,768 WGT.HELIUM TN VAPOR =
37.502 PART.PRES,HELIUM GAS =  £.313 CURRENT TANK PPESSURE =
- 77723276402 :
VENT CONDITIONS #aw
24,10 HGT VENTED FLUIDS = 64,91 HGT.OF L1Q,IN TANK =
36,853 HGT.HELIUM IN vapOR = 13,105 TOTAL FLUIDS IN TANK =
19.762 PART.PRES.HMELIUM GAS = 4,338 VENTED TAHK PRESSURE =
=\ 04977942402 '
RRFRAFRAKARRE BURN MHUMBER = |1 PRESS.SYS.NO, = 2 KRARRKARANRNARRKANNS
UTE EVERGY BALANCE FOR BURM %#x
DROGEI . RURN DURATION « SEC, = 16. FLOWRATE FOR THRUST =
21,19 PROPELLAMT IN TANK = L$5,.18 EFF, INTERNAL ENERGY =
= 45225773405 TOTAL FLOWRATE =
UTE RESILTING TANK CONDITIONS
62,225 TOTAL FLUIDS IN TANK = 462,91 PROPELLANT L1G,4VAP, =
280.83 MEW EFF, TANK DENSITY = 11,0370 PART.PRES,PROP.VAPOR =
~e93651651402 : p
UTE PRESSURANT MEEDED FOR THIS BURN #%#
33,89 STORED WELIUM TEMP, = 40,00 NEW TANK ULLAGE VOL, =
98.61 PROP, LIQ. REMAINING = 430,36 WGT. OF PROP, VAPOR =
3,862 TOTAL PRES, *FPV4PHE® = 24,201 NOM, OPERATING PRES, =
<0000 WEIGHT OF HELIUM USED =  .0000 NEW TANK PRESSURE =
23.529

571048,
23.529
us.816

495,18
S4S, Ik
244100

2,498
«.94977942+02
3.851

469,81
2C.339

354 452
19,4450
19,100
24,201

96£T66V-DSIN'I
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861

"FLUID CONSIPERED =

KALE  USERS NAME

CEPT 6213 : * THE INTEGRATED MATH MOREL
tXTe 30235 w

BLD. 104 * ATHIOTY

W R R KK KRR R RN KR KR KA KN PAGE Yy
* DATE IT APR 73

* TIME 15302109
* CASE t

R R R R R I N NN N N R R R R R E R R R R R
ACPS « TEST DEMONSTRATION PROBLEMN

RRRARKARKKARNERARRARY COAST NUMBER = |2

®%*% FRE= OR MNON=VENT CONDITIONS *»%

FLUID CONSIDERFD =
HGT,0F L1a, PROP,
PART,PRES,PROP,VAROR
EFF,INTERNAL EHERGY

*%x pOST

T4MK VENT PRESSURE
HGTWVAPOR 1IN TANK
P&RT,PRES,PROP,VAPGR
YIFLINTERNAL ENERGY

HRARKERRRRNRA KKK *RAY DURN MUMBER = |2

HYLPOGEN

429.512
20.813

= 24,10
= 39.484
= 20,317

FLUID TEMPERATURE
GT, PRGP. VAPOR
PART,PRES HELIUM GAS

~e12990993+402

VONT COHDITIONS #ww

WGT VENTED FLUIDS
WGT HELIUM IN VApOR =
PARTPRES.HEL.IUM GAS

~+93436532+02

®xx CONPUTE EMERGY BALANCE FOR BURN #®ww

T-RUST PRCPRENAINING
EEF, TANK ENERGY

HYDROGENM

= 280.83

RURH! DURATION - SEC.
PROPELLANT [N TANK

= «e 19783530404

*eR COHPUTE PRESULTING TANK CONDITIOHS *#w

PROPELLANT WITHORAMY

CTURUST pROP.REMAINING

HoW THTERPAL ENERGY

*kx COIPUTE PRESSURANT HEEDED FOR THIS BURM %%

TaMK LIQ, TEMPERATURE
HEW pROp, L1Gs VOLIE
HELIUM PARTPRESSURE
HELIUM FLOW  RATE
TOTAL HELIUM COMSUIIED

381,47y
31.07

37,67
.88
2,888
0000
23.529

TOTAL FLUIDS IN TaANK
MEW EFF, TAKNK DENSITY

«.119986179+02

STORED HELIUHM TEMP,
TOTAL PRES., *PPV4PHE®
WEIGHT OF HELIUM USED

PRESS,SYS.MNO, =

unnn

.-
-

nn

unn

nnnn

39,03
4G.298
3.875

1,40
12.654
3,783

PRESSOSYSCNO. -

100,
428,93

De
d
0 O

40,00

“3.%6
20.512
+0000

*h% TAMK AND VENT PARAﬁeTER CALCULATIONS = cOMNTD, *#%®

2 RERARRANNRRRRAARR AR

UGT, HELIUM 1N VAPOR

CURRENT TAMK PRESSURE

WGT OF LIG,IN TANK
TOTAL FLUIDS IN TANK
VENTED TANK PRESSURE

COAST DURATION « SEC, =

2 RARNRRARRRAAANARARNAR

FLOWRATE FOR THRUST
EFF. INTERNAL ENERGY
TOTAL FLOWRATE

PROPELLANT L1Q,+VAP,
PART.PRES.PROP.VAPOR

NEW TaNK ULLAGE VoL,
W6T, OF PROP. VAPOR
NOM, OPERATIMG PRES,
NEW TAMK PRESSURE

nun

9584,
13.10%
24.688

423,93
4§1,07
24,100

2.498
=2 93436532+02
3.815

86,94
17.623

443,180
43,3789
16,100
20.512

96€166V~OSINT
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RERRARKRKRKRRAAKAKR

NAIIE  USERS NAME

CoPT 6213
EXT. 30235
ELD, 104

AR RXK R KRN
* THE INTEGR
*
*

LA R A5 IR R B SRR B
ATED MATH MOGEL

i ATY307
AL A R BE AR IR R 2R B E B IR SR 2R E R 2K B BE 2SR R NE SR IR R BE RN BE AR R UK )

ACPS « TEST DEMONSTRATION PROBLEM

* PAGE 4s

* DATE 17 APR 73
* TINE 15t02109
* CASE )

*k TANK AND VENT PARAMETER CALCULATIONS = COHTD, wex

FINAL ENGINE SHUTDOWMN PROPELLANT TAMK CONDITIONS Whkamakakakdhknkhhnd

whw COMPUTE FINAL TARNK CONDITIONS *#%

FLUID COMSIDERED =  HY
!GTLOF LIu. PROP.

PART ,PPES ,PROP , VAPOR
EFF,INTEPHAL ENERGY

1 un

FINAL TAMNK TEMNP.
WGT, OF LIG,RESIDUALS

OROAGEN

FLUID TEMPERATURE

143,508 WGT, PROP. VAFOR
17.649 PARTPRES.HELIUM GAS
~.498THL29+02

37,684 TOTAL VENTE[Q GAS WGT,.
u3,.50%

*xx CONPUTE PRESSURIZATION SYSTEM LEIGHT w#w

' TOTAL HELIUM GAS RFaD =

23,529

WGT,PRESSURANT SYSTEM

37,68
43,436
2.639

56,304

75.294

COAST DURATION « SEC, = 300,
HWGTLHELIUM IH VAPOR = 12.654

CURRENT TAMNK PRESSURE = 20,537
WGT. OF GAS RESIDUALS = 56,090

966166 V-OSIN'T



NAI'E USERS NAME % # & % % % & ® % % & % & & & * % & & * % PAGE u6

CEPT 6213 * THE INTEGRATED MATH MODIL * DATE |7 APR 79
EXT. 30235 S * TINE |S5102210
BLD. JOM , A ' ATH307 * CASE |

LA B B B L R SR L N N BE B AU AR R 2R N 2R 2K 2K SXTER BN I BE 2K R A IR IR IR AR 2K AR B I R R
ACPS = TEST DEHONSTRATION PROBLEM

Wk EINAL TANK SIZING CALCULATIONS %aw

ANVAWOD 30VvdS ¥ S3ISSIN A3IHNOON

002

OXYGEM HYDROGEN

NUMBER OF TAMNKS | [

NATERIAL TYPE 2 2

IMSINATION TYPE 2 ] 2

FLUIO “6T. (TOTAL) «SU30CR+0Y » 225820404
FLUID VOLUFE /TAMK «T66T85+02 509397403
6T ADDED CYL SECT «SHUYIYH00 234124402
DIAIETER (FT)/TANK 506600401 500000401
SURFACE AREA /TAHNK «892918402 LUU6301 403
TANKE, VOLUME 7/ TANK « 790500 +02 +825181+0%3
TANE Y6T. (LBY TOT JHU8UTHe02 «221240403
INsilL, THICKMFSS 200000401 200000401
INSUL, WT (L.B) TOT « 364606202 + 182240403

96€T66V-OSIN'T



NAIIE USERS KAME % % % ® % % % ® R % ®# ®# X % # & % * % * % PAGE 47

CEPT 6213 : " THE INTEGRATED MATH MODEL * DATE |7 APR 793
EXT. 30235 Cn * TINE 15:02¢10
LD, 104 * ATHIO0T7 * CASE '

IR TR B NIRRT I N R U A IR 2R A I RN U R 2 BE 2R B BECNE 2 2N R K K 2N
ACPS = TEST DEMONSTRATION PROALEM

whk ACCIMULATOR SIZING CALCULATIONS wkw

ANVAWOD 39vdS % SAUSSIN AIIHNDO0T

10g

LUMBER OF TANKS
['"ATERIAL TYPE
IHSIHLATION TYRE
['6T ADDF{ CYL SECT
DIAMETER (FT)/TANK
CURFACE. ARCA /TAMK
TAME VOLUNE / TANK
TANIL VGT, (L3) TOT
INSHL, THICKMESS

INsiLe VT (L3) TOT

GAS RESIDUALS WHT,

OXYGEMN

|
!
Yy

.«000000

¢ 1683589401
«890794+01
« 250000401
«347921 02
«200000401

124117401

«683188+02

HYDROGEN

'

|

y
.000000
«51734440
,840832402
.725000402
. 100850404
.20000040]
117156402
.695175402

96€T66V-DSIN'T
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MAI'E  USERS NAME w
DEPT 6213 i
EXT. 302135 "
3LD. 104 *

FRR K K R K KA R KR AR AR R KKK R KK KKK AR KR KRR R KRR
ACPS = TEST DEMONSTRATION PROBLEN

*

*

* %
THE

*
1

" %
NTEGP

* Kk k h k h h kX Rk PAGE ‘48
ATED MATH MODEL

ATHIOT

* DATE 17 APR 71
* TIME (S102:10
* CASFE |

*x% TANK PROPELLANT ACQUISITION DEVICE COMPUTATION®®%

- TYPE. ACR, CEVICE
PEVICE WT, (LRS)
TRAPPED DY DEVICE
LESID, FEOPELLANT

OXYGEN

SURF TENSION
« 190053402
112225403
902258402

HYDROGEN

SURF TENSION
«7519814+02
+H3ISOUGeN2
2435049402

96€T66V-OSIN'1



COMPONENT

LINE
TLE
L.INE
TAP
LINE
VALVE
LINE
VALVE
LINE
TAP
LINE
REG
LINE
ACCUM
LIME
HENX
LINE
VALVE
LLINE
PLUMP
LINE
VALVE
LIME
TAP
LIME
TANK .

ANYdWOD 3Dvds ?KSB'“SSIW d33HND0T
€02

‘@ FIN

NAU'E  USERS KAME & % % *
TEPT 6213 i
EXT. 30235 C»
SLGa. 104 »*
LK B I B BN IR

* kk NN
THE INTEG

. IR BN BN B R B

* kR KR XN RN R R R PAGE

RATED HMATH MODEL * DATE
* TIME
- ATY307 * CASE

49
17 AP
15802

!

R 73
ti0

I I A A A A A A R R
ACPS « TEST DEMONSTRATION PROBLEHN

*x% COMPONENT YEIGHT SUMMARY wh#

ese OXIDYZER 444

COMPOMENT INSULATION
CloE : WY, (LBS) WT. (LBS)
. Ly 4,009 +188
FTO! 1433 .000
‘LN S.466 256
FTo2 o342 +200
LG + 875 041
Ivoi 6,314 «000
LEOu JU37 N2
ne 4,406 . +«D00
FT03 , 342 .000
Li0é 729 L
PRO| 2,630 000
L7 1,913 -+ 051
ACD| I, 792 | o241
LMO3 S 1,531 04!
HXO I 22,655 .000
Li09 « 383 01l
vl 2,000 .000
LE1O 0383 01
HFO | 73,362 «000
LT 4,373 213
Sval Yy iu2 «000
INIF JE4T .925
FTou ekl «N00
LHE o7 1,093 +050
Tt 613,853 36,461

#xx COMPORENT WEIGHT

CONSUMER WEIGHT = LBS
OXIDYZER SYSTEM T, =LBS
OXID INSULATION WT = {BS
FHEL SYSTEN YT, = LBS
FUEL INSULATION WT = LBS
TOTAL SYSTEM UT. = LBS

COMPONENT

LINE
TEE
LINE
TAP
LINE
VALVE
LINE
VALVE
LIMNE
TAP
LTHE
REG
LIHE
ACCin
LINE
HEX
LINE
VALYE
LINE
PUNP.
LINE
VALVE
LINE
TAP
LINE
TAHK -

SUMMARY TOTALS waw

« 159375403
253000403
387139402
« 1U5622+4CY
« 198969403
«210628404

o0 FL‘F-L s

CODE

LN2}
Fr21
LN22
Fr22
LN23
1vVoR
LN2Y
CVveoYy
LM2s
FT23
LN26
PRG2
LN2T
ACO2
LH28
HX03
LN29
cvn3
LN30
HPO2
LN
SV02
LN32
FTay
LN33
TKO2

COMPONENT
WT, (LBS)

3,508
«IN
4,783
0262

« 765
6,121
«3R3
4,255
1,275
262
«638
Q9,392
1.6TH
100”496
1,148
61,123
157"
9,214
«STH
IY,569
4,373
b.406
JU37
<342
«875
29%6.438

INSIILATION
WT, (LRS)

«920
<000
«25Y4
000
«20)
000
100
«NOD
« W
«N00
o 167
000
«251
1716
182
« 000
009'
000
.09
«000
t.00u
000
.IOQ
000
219
182,240

96166 V-OSIN'T



1.0

1.4-1

2.

1-1
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Section 3
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External Pressurization Systems for Cryogenic Storage System,
AR-71-7535, Design Reference Manual, AiResearch Mig Co.,
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UNIVAC 1100 Series Systems, Manual UP-4144 (Rev 2), Section 10.2 —
COLLECTOR Processor, Sperry-Rang Corporation.

"Shuttle Cryogenic Supply System Optimization Study, ' Interim Report,
Volume II, Section 9, ACPS; Contract NAS 9-11330, LMSC—SS-1109,
15 Dec 1971 '
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