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FOREWORD

LMSC-A991396

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, Cryogenicé 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
Volumes II, OI, and IV
Volume V A-1and V A-2

Volume V B-1, V B-2, V B-3, and -

V B-4
Volume VI

The LMSC Staff participants are as follows:

Study Manager

Subsystem Evaluations

Integrated Systems
Component Analyses

Executive Summary
Technical Report
Math Model — Users Manual

Math Model — Programmers
Manual

Appendices

L. L. Morgan

C. J. Rudey

D. P. Burkholder
C. F. Merlet

W. H. Brewington
H. L. Jensen

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

INTRODUCTION TO THE CRYOGENIC INTEGRATED MATH
MODEL PROGRAM (TCIMM)

1.1 PROGRAM DESCRIPTION

The Integrated Math Model for Cryogenic Systems is 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. Basically, the
program logic structure pursues an orderly progression path through any given system

in much the same fashion as is employed for manual systems analysis.

The system configuration schematic is converted to an alpha-numeric formatted con-
figuration data table input starting with the cryogen consumer and identifying all
components, such as lines, fittings, valves, etc., each in its proper order and ending
with the cryogen supply source assembly. Then, for each of the éonstituent component
assemblies, such as gas generators, turbo machinery, heat exchangers, accumulabors,
etc., the performance requirements are assembled in input data tabulations. Systems
operating constraints and duty cycle definitions are further added as input data coded

to the configuration operating sequence. Characteristic performance data over the range
of temperatures, pressures and flow rates of interest for each of the functional component
~ assemblies, is input to the program or table lookup data arrays to be called as needed

in the analysis sequences. The use of table lookup data combined with closed-form
solution analysis, where needed, permits the rapid computation of the desired parameters

as the analysis proceeds through the system configuration.

The program will size the system to fit the operating demands and constraints and
produces as output the c&mponeht and system hardware size and weight, propellant )
(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
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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 cur-
rently under study in the national space program. The mathematical techniques built
into the program provides the capability for in-depth analysis (combined with rapid prob-
lem solution) for the production of a larger quantity of soundly based trade-study data
than normally would be obtained in hand calculations. Program flexibility in accommo-
dating advanced systems resides in its modular type programming which permits pro-
gram growth with simple addition of new subroutines 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.
1.2 PROGRAM STRUCTURE

The Integrated Math Model for Cryogenic Systems consists essentially of three major
sections as illustrated in Figure 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.
1.2.1 Program Input Data Logic

Of necessity, the program requires a rather large data bank capable of providing charac-
teristic 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.
The first type consists of the ""semi-permanent' data tables which the program employs

to compute performance, weight, property, and other characteristics as a function of

up to four variables per run.

1-2
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PROGRAM INDUT

SYSTEM(S) CONFIGURATION

INPUT PARAMETFRS (FACH SYSTEM)

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

PROGRAM COMPUTATION

MASS TRANSFER -~ ENERGY REQUIREMENTS ~ FLUID

STATE DETERMINATION - THERMODYNAMIC PROCESSES -
RESIDUALS - FLUID FLOW COMPUTATIONS ~ HEAT TRANSFER - -
SIZING CAILCULATIONS - WEIGHT DETERMINATIONS -~

- FOR -

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

PROGRAM OUTPUT

OUTPUT FORMAS - HARD COPY

- PIOT COPY

- TAPE GENERATION
DRUM STORAGE
PARAMETRIC RECYCLE - DATA RETRIEVAL

FIGURE 1.2-1 MAJOR PROGRAM STRUCTURE
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The table data bank contains the necessary component performance characterization
data for the system configurations to be considered, as well as the required cryogen

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, the dependent
variables, and the independent variables — in order of use. The tabulated array data is
carefully ordered such that curve fitting routines can extrapolate data points with good
acéuracy and speed. The prepared data array is punched into data card decks and veri-
fied for correctness. The procedure is illustrated in Figure 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 man-
agement set of subroutines is employed to retrieve any particulaf table and extract the
required information with remarkably high speed and accuracy. Additionally, 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 7000 words.

The second type of input data is "'variable' and contains the variable input parameters
which may be perturbated for parametric system studies. Thes_e 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 sys-

tem computed data output as a means of input verification.

The general program input data requirements by type of data and source is illustrated

in Figure 1,2-3.

1-4
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1.2.2 PROGRAM COMPUTATION LOGIC

In order for the Integrated Math Model to accommodate 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, accumulators, and "cryogen-
consumer'' components can be specified as a system configuration point.

(2) The "cryogen-consumer' component may be any of the components being
supplied with cryogenic fluids.

(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 prbgram, an
examination of the six basic individual cryogen system concepts reveals a marked
similarity and commonality of components by kind. Table 1.2-1 illustrates adequately
the fact that there 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 spans, thus further reducing the quantity of data to

be manipulated.
1.3 C@MM@N DESCRIPTION

The program makes use of a number of defined common storage blocks in order to
provide for the relatively large amount of data input, storage énd transfer which
occurs in the various subprog‘ramsA. ‘These COMMG@N blocks are defined only once in
F@RTRAN PRECEDURE DEFINITIGN PRPCESS@RS (PDP's) and thereafter are trans-
ferred to any using subprogram by the use of the FGRTRAN INCLUDE statement. The
form of the FGRTRAN procedure employed is described in the following paragraph.

"FORTRAN PROCEDURE. A FORTRAN procedure contains FORTRAN source
language that is to be included in a compilation by use of the FORTRAN
INCLUDE statement. Athena FORTRAN V includes the COMPILER statement
which allows the searching of other files for the procedure(s). The form of

the statement is: COMPILER (LIB = FN1, FN2,...., FNN) where FN1 is of
standard file-name form QUAL*FILE1/KEY1/KEY2. This causes FN1,...,FNN
to be searched after the file containing the source input and before the library.

If no definition is found in the search of these files, the compiler gives an

error indication.
1-7
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The FORTRAN procedure has the form:
@PDP, LFI EL

AA* PROC ENTRY point must begin in column 1.

b
(FORTRAN statements)

END -,END statement must begin in column 2.

An entry will be made in the program-file FORTRAN procedure table for the
label AA.

The PDP's employed in the program together with the data of latest up-

date are listed in Figure 1.3-1. An example of the F¢RTRAN PR¢CEDURE TABLE
in which the compiler has specified the LINK and L¢CATI¢N for the PCP's

is illustrated in Fig. 1.3-2.

The PCP will contain, usually, PARAMETER statements, declaration statements
for REAL or INTEGER variable names, COMMPN definitions and LABELS, LOGICAL
statements, DIMENSIﬁN and EQUIVALENCE statements, and, quite often a series
of COMMENT cards which may conveniently define the variable set listed in
the labeled CPMMPN. An example of a program PDP is given in Fig. 1.3-3.

LOCKHEED MISSILES & SPACE COMPANY
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635TIT*TPFS ELEMENT TABLE

D NAME VERSION TYPE DATE
"CACCUM FOR PROC 13 MAR 73
.CAPU FOR PROC 13 MAR T3
"CCNF 1G FOR PROC 13 MAR T3
CCNTRL FOR PROC i3 MAR 73
cocycL FOR PROC 13 MAR T3
CENG ‘FOR PROC 13 -MAR 73
CFLRAT FOR PROC t3 MAR T3
CFLUID FOR PROC 13 MAR 713
CHEX FOR PROC 13 MAR T
CHTX FOR -PROC I3 MAR T3
.CHSORC FOR PROC {3 MAR 713
"CIOUNT FOR PROC 13 MAR 73
CKEYS FOR '‘PROC 193 MAR 73
CMATRL FOR PROC 19 MAR 73
CMOTOR FOR PROC 13 MAR 73
‘"CONST FOR PROC 13 MAR T3
‘CPAGE ‘FOR PROC t3 MAR 73
.CPUMP ‘FOR PROC 13 MAR 73
‘CSYSWT FOR ‘PROC 3 MAR 73
‘CTAB FOR ‘PROC I3 MAR 73
.CTABA FOR PROC 13 MAR 73
CTANK : FOR PROC 13 MAR 73
‘CTURBN FOR PRAOC 13 MAR T3
pUMMY FOR PROC 13 MAR 73
SPUMP FOR ‘PROC 13 MAR 73
“TABLOK FOR ‘PROC I3 MAR 73
‘'TANKWT FOR PROC 3 MAR T3
CECLSS FOR PROC 28 MAR 73
'CFUEL FOR -PROC 28 MAR 73
CNAMES -FOR ‘PROC 28 MAR 73

Figure 1.3-1 Table of Fortran Procedure Definition Processors
1-10
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FORTRAN PROCEDURE TABLE

D NAME
CACCUM
CCNTRL
CENG
.CFUEL
CHTX
CMATRL
CONST
CSYSHWT
CTANK
SPUMP

D NAME
CAPU
cDCYCL
CFLRAT
CHEX
CIOUNT
CMOTOR
CPAGE
CTAB
CTURBN
TABLOK

D NAME
CCNF 16
CECLSS
CFLUID
CHSORC
CKEYS
CNAMES
cpPumMe
CTABA
DUMMY
TANKWT

Figure 1.3-2

LOCATION

50178

53174
5374
1725138
BuTH
55386
55918
'K56758
K7262
58242

LOCATION

50570
5345y
5401y
54126
55218
565862

5597y

56926
57794
58298

LOCATION
51970
172006
54098
5485y
55358
162906
56198
57206
58158
58326

LMSC-A991396

LINK

266
10
Y
16
19
22
25

LINK

LINK
3
265

i
13
262
18
21

27

Fortran Procedure Tables
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END

PARAMETEF LFC = 12+ LFD = 2
FEAL MRFC

corMolN JCIFUEL/ SKCFC o MRFC o POWYOT. WRFORP

NS> NS Wy ~-

SFVTFCy FCWGT o+ PRFCOP

corMoN /CVFHEL/ WRF

v VOCONS, WHCOMNS,
PrUiAXs OFCTOT. QDTFC 4 TF21IMN « TF210U, TFOFC o
TFHEC o PFOFC 9 PFHFC o CTOTR o OEXCESe HWI21MXe
DQAMINy TKOMAXy TKHNAX, QMXTKO o OMXTKHe WDTCFO.
WOTCFEHs WOCHP o WHCHMP o POUMAX o DELTCPs WRRSRV,
VORSRVy WHRSRV,e OLFEAKOe GLEAKH o WVHO o WVHH .
VIOVENT s WHVEMTs SPWTL1 o SPUT2 o NFCOP o NFCSTR

(LFC) ¢y WDTFCO(LFQ) sWUDTFCHILFC) WDOTMX(LFD) o

OAVATL(LFC)Y g HOTF2 1 (LFC)Y o PRFCMMN(LED) s TFCNOM(LED) o
TEOPWE(LFC) s TKH2WD(LFC) o PCHDOR2 (LFC) o PCWNH2(LFC)
RHOTOZ(LFC) ¢ RHOTH2 (LFC) 4 DOLOWE (LFC)+DOGDWH (LFC) .
TKO (LFC) ¢ TKH (LFC)sHTKO (LFC)aHTKH (LFC)o
CIOBTRILFCYyQIHDTR(LFC)I o WDNTIFO(LFC) #WiDTIFH(LFC)
Q20D TRILFC) g Q2HDTRILFC) s HDT2FO(LFC) t WDTPFH(LFC)
CSRVFC(LFC) g CSBVFHILFQ) 9 FHIFO2 (LFC) o PHIFH2(LFC)

N = 42PN LTC WY -

WORFP (LFC)y WHRFP(LFC)

b detek

kkkKk*x

FIGURE 1,3-3 FORTRAN PROCEDURE DEFINITION PROCESSOR CFUEL

QSIIMRE (LFC) ¢ DOANET(LLFC) s RHOFIL (LFD) o RHOFIMN(LFDN)»
WTRES (LFD) o VOLTNK(LFD)Y+AREATK(LFD).OLKO
QLVH (LFC)«VRTOTL(LFD)e DTATK (LFN)eDTAVY (LFD).
WCIRCF{LFD) ¢ RHOFTUSLFT) s WTPVY (LFD)$WTVY

(LFC) o

(LFD).
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1.4 PROGRAM OPERATIONAL SEQUENCE

The program capability for accommodating & number of different kinds of

systems analysis, derives from the use of built-in sequencing indices. The
indices are stored as data statements in subroutine SEbDTA, and are readily
available to & programmer or knowledgeable program-user for restructuring,

if necessary. The indices are used by the various system analysis subprogrms
to direct the analysis from one set of procedural steps to the next in a
preprogrammed menner, The details of the program operational sequence for
the various systems to be analyzed are explained in the following subpara-

graphs,

1.4.1 PROGRAM INITTATION AND CONTROL
Program initiation is accomplished through by the driver subroutine CQNTRL.

This subroutine initializes the data storage subroutines and reads the first
card of the input data deck for the user's name and program title. Follow-
ing 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 cauées an "echo" printout of the selected table numbers to be printed
for visual reference. A typical "echo" print is illustrated in Table 1.k4-1.
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.
CONTRI, then reads in the name and type of system to be-evaluated. This is
followed by a call to subroutine CﬂMPIL which reads into core the cryogen
system input data deck containing the system duty cycle, configuration

sequence, and pertinent system and component parametric information.

1-13
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DATA TABLE SELECTION "ECHO"

LMSC-A991396

TABLE 1l,L~-1

TITIE OF TARLF

RCS=TI'RUSTER WEIGHT
RCS5=-VAC, SP, IMPULSE
SPEC.IIT/1,E OF 02 RENDVED
SPEC,.I:T/1.8 OF H2 PEHOVED
TEI'Pe /L0, OF 02 RENOVED
Tciwve /LD, OF H2 RENOVED
RE,/ NS PGGeIV/RePAMBPLHP
KK VS PGOGyM/RyPANBFCLP
oS ELGINE V'EIGHT

orls VAC, SP, INhPULSE

VEX HCT GAS FLOW = 102
HEX HCT GAS FLOW « LH2
GAS GE?E?ATOP WETGHT

.62 ANSFER PUMNP WEIGHT
Li2 TiAusFFP punp wylGHT
1OTOR HMEICHT
VAC,JAC,DIA VS HEIGHT
PHY = UYWPOQFH

TENP. OF [i2 VS RHO F(F)
HTeXFERCCEF o =H2
liT..V.FF.R.CC'EF.-02-N?

FTU OF 321/347 ST.STEEL
FTU OF 2219-T87 ALUH,
FTU OF 6n61=T6 ALUMINUN
FTU OF THCONFL=T18

FTU OF Ti=6Al=uV

HEAD COZFFICIENT VS NS
ADTASATIC EFF, VS NS
CFFYC, Q10T VS IMP, DIAM
BASE LLIME STAGE ¢T VS DI
SATURAYED STLAN, T,VS P,

Sitet.Te OF O=H ColB,pPRCD,.

OXYGEL THTERHAL ENERGY
HYRRGGEN INTIRNAL ENERGY
OXYGEr, IMTERLAL ENERGY
OXYGEN VAPOP PRESSURE
HYDROCES VAPOR PRESSIIRE
OXYGT VYAPOR PRESSURE
ECTHALFY OF (.02
ELTHALPY OF LH2
ENTUALEY QF HELTON
OXYAGE, EHTHALPY (GAS)
HYEDGEY ENTHALPY (GAS)
PETA FACTOR
SIGLATZ|.TAP FOR HEXELC
BETA VALIES FOR H2

NUMOER OF HUHBER OF NUMBER OF
DINEHSTONS SURTABLES WORNS

t2e
48
2ns
| RY
| RY
fap
a5
Q5
&0
68 -
133
71
2°n
130
13a
120

— 0\

NMA= AN AN NN e e emema e LN NDOO0ONIT SISV OOAANNTANDO
o ]
ol

216
fue
U6
24
1u2
QR
122
28
172
led

TOTAL TADLE STORAGE =  §02u4

RS PRRIRINY TR VIRV IIIW WY TF TY VY P TR YR VR VE VI PRSTRIUCRNCY TR JC IV I JURVRT I I TR U
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Subroutine CANTRL next calls subroutine CRYCPN to process the calculations
required for the system being considered. Completion of the required cal-
culations causes program control to return from CRYCAN TO CANTRL. Subroutine
CONTRL 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;éNTRL calls EXIT and temi-
nates the run.

Brief flow-charts for CPNTRL, C@MPIL, and CRYCON are presented in Figure
1.k-1, -2, and -3. '

1.4.2 Program Sequencing Subroutine. The mechanism for controlling the

analysis 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, I) which defines the order in which

the major analytical subroutines will be cailed. This set of indices are used in

CRYCON for sequencing purposes.

1.4.2.1 Program Calculations Sequence. The initiation of specific system calcula-
tions occurs in Subroutine CRYC@N. 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 preprogrammed set of data statements
KSUBC (SYSNUM, I). The branching index JKM (see Fig 1.4-3). then can assume
the value of each stored sequencing index in a given KSUBC data statement as CRYCON
“eycles through its "I" -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 entercd by the user in the system run data deck (see Section 1,5). The KSUBC

data statements are physically located in Subroutine STODTA and are available through- - -

labeled common CCNTRL via an INCLUDE statement.

1-15
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TGLLNGD
summoIqng I0y jreyd mold I-%°1 "8

C PROGRAM CONTRL )

¢

.AND SET DATE

INITIALIZE DATA
STORAGE ROUTINES

CALL STPDTA

'CALL @TUNIT

CALL DATE
NCASE = 1
INTGSY = 1

g

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

NO

COLLECT DATA TABLES
AND STORE DATA ARRAYS

—~ CHECK ARRAY AND
ECHf TABLE  SUMMARY

é

READ (5001)
NSYS, NI, NC.RIT,
INTGR, MDTRC

SCRIT = 1

IF
NSYS = NAMSYS,

YES

IF
NCRIT =NSPC

YES

< TABLE
_-| -DATA
s R DRUM
< FILE
~

TABLE DATA
DECK FILE

WRITE (6000) NSYS | > CALL EXIT

SCRIT = 2

[INTGSY = 1

2 |

INTGSY =

INTGSY = 2

NO
@ALL EXIT }
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(peyrdwrs) TIaW@ED
oUINOIqNS 10J 3IBYD MO[T Z-%°T "Sig

SUBR@UTINE
COMPIL

SYSNUM
1 = ACPS

y

INCLUDE
REQUIRED
LABELED
C@MMEN
BL@CKS

%

= APU

ECLSS
FUEL CELL
@MS

G W W N
non

STORE DATA IN
PACKED ARRAY

READ CONFIGURATION
TABLE ~ ECHO DATA,
TEST FOR ERRORS AND

L .| READ DUTY CYCLE
DATA — ECHO DATA, .
<}—— SET ARRAY INDICES

Jz

<}___<G¢T¢ (111, 112, 120, 130, 111), SYSNUM>

111 READ ENGINE C@NSUMER DATA — ECHO DATA

112 READ NEW CONSUMER DATA — ECHO DATA >

120 READ LIFE SUPPORT CONSUMER DATA — ECHO DATA —

130 READ FUEL CELL CONSUMER DATA — ECHO DATA >

v

READ TANK PARAMETER DATA — ECHO DATA

v |
([ DY 2000 JSIM =1, 5]}:3_ ___________ -

v

IF (INBLK (SYNSUM, JSIM, SCRIT) = 0) YES

< GO TO 2000

<7N0

—

1100 READ ACCUMULATOR DATA — ECHO DATA >

>

1200 READ HEAT EXCHANGER DATA -~ ECHO ﬁATA

1300 READ PUMP, TURBINE, LOW PRESSURE -
PUMP DATA — ECHO DATA

|

l

|

|

(

‘ |
,~<)——<GO TO (1100, 1200, 1300, 1400, 1500), JSIM > |
|

|

|

|

|

|

!

|

|

!

1400 READ HEAT SOURCE-DATA— ECHO-DATA oy -

1500 READ M@TOR DATA — ECHO DATA .-

q 2000
'C@NTINUE

(rerom )
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(T 3001Q)

N@DXYD suynoxqng I0j 3y mojd ¢-%'1 "Sig

SUBROUTINE
CRYC@N

V

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

T IF

SYSNUM =2

F

D061=1,2

KSUBC (2, I+1) = JAPUS (SCRIT, I)

IF SYSNUM = APU,
RESET KSUBC FOR APU
ACCORDING TO VALUE
OF SCRIT.

SETS VALUE OF JKM

6 CONTINUE
—> 10. I=1
K=0
r—---1: LREPT =0
20. JKM = KSUBC (SYNSUM, I)

R

%mm

ACCORDING TO PREPROGRAMMED
ANALYSIS SEQUENCE INDEX FOR SYSTEM
UNDER CONSIDERATION.

TURNS "ON'" DIAGNOSTIC ROUTINE

JP = DIAG (-1, 6H CRYCON) |

50,

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

SLAVE BRANCHING FUNCTION
WHICH SEQUENCES ANALYSES
SUBROUTINES ACCORDING TO
PREPROGRAMMED INDEX

100 CALL ACCRES

e

—>{ 200 CALL ACQWT

1

—{>{ 300

GO TO (310, 350), SCRIT |[—— >

310 CALL APUSUB

-

350 CALL APUSUP

]——(>J

-‘{>'l 400 CALL CMPCAL

FROM
SHEET 2

—{>{ 450 CALL FUELCL j—_—_—_{>
—{>{500 CALL C@NSUM >
=550 CALL ECLSS — " T T T T T
—{>] 600 CALL LIQRES | ————
—> 700 CALL TANK —
—{>>{ 800 K =K+1

=

IF (SYSNUM =2) K =2 <

| ¢

> CALL T SIZE (k) [——— >

’ ©

[

W

©

[=2]

TO SHEET 2
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(z 190ug)
sunoIqNg I0j 3IBYD MO[ g-%°T "SI

N@OXYD

FROM TO FROM , FROM
SHEET 1 SHEET 1
[ ] \
All B KCJ D) E)
N Y ! N
[ARY
t-rl
|
)
!
| 900 CALL WTACC >
|
' | 1000 CONTINUE
' > _ —{
]
!
]
H
! 2000 CONTINUE < }—
I
|
|
: - INDEX WHICH PERMITS
l _ IF + APU-SUPERCRITICAL ANALYSES
O S K- (LREPT) - TO BE RECYCLED IF ¢/F RATIO
A = 0, + . CHOSEN IS TOO LOW — PROGRAM
' | AUTOMATICALLY RECYCLES.
: !
e e e e e | —— e — - ——— 4
TURNS "OFF'* DIAGNOSTIC R@GUTINE
" JP 1 DIAG (-2, 6HCRYCQ@N) \
I=1I+1 ]
\/
- +
- g
l 0

>GALL OTPWSM ><)—
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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.

The index "LREPT" is employed, by éBYC¢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 valués.
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 sequéntial execution of CRYCON can vary is explained

in the subsections which follow.

1.h.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 CRYC®N.
The values assigned to SYSNUM, SCRIT, and KSUBC (SYSNUM, I} would be:

SYSNUM = 1 (For ACPS)
SCRIT =1 (Subcritical System)

KSUBC (1, T) : (KSUBC for ACPS)

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

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

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

analysis.
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Referring to the CRYC®N Flow Chart (Fig. 1.4-3), note that statement 10 sets

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

values defined in the dala statement body. Thus JKM = 6 in the first loop pass.
Statement 50 is a "computed" GO TO statement which in this instance literally says

GO. TO the JKM (6th) value within the parénthesis, or GO TO Statement 500,
which calls subroutine CONSUM. Thus, the order of subprogram execution, in
sequence, by subroutine CRYC®ON for a reaction control system analysis would be

as shown in the table below:

Table 1.4-2

CRYC@N EXECUTION SEQUENCE FOR ACPS ANAI_..YSIS :

Loop JKM GP TY Subprogram

Pass_ : Value Statement Called
1 6 500 CONSUM
2 4 | 400 CMPCAL
3 10 §00 ' TSIZEL(1)
4 700 TANK
5 600 - LIQRES
6 100 ACCRES
7 10 800 TSIZEL@®)
8 11 900 ' WTACC
9 2 -~ 200 ACQWT

1-26
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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,L4-l4,

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

two operating system types are possible; a subcritical cryogen fluid supply subsystem
and a supercritical cryogen fluid supply subsystem. -

It is therefore necessary to pfovide 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. k- 3). The DO6 loop will reverse
the second and third values of the data stored as KSUBC(2,1) depending upon the value
assigned to SCRIT. JAPUS (SCRIT, I) is the variable accomplishing the switch in
value, The data statemenis defining JAPUS are stored in subroutine STODTA,

Subcritical Analysis: For an APU system requiring a subcritical eryogen 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 nvreprogrammed data statement stored in core is
KSUBC@2ZIN)I =1,9)/6 3 4 10 11 2 0 0 0/ which is actually the sequence for a
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(1 199yS) sis[euy wajsAg
SINO-SdDV 10 }a1eyD MO[J [eIdUdD) #F'T "SI

[ CONTRL \

CALL |

INTAB

!>C INTAB )

{_READS IN TABLE DATA.
STYRES ARRAYS

AND ARRAY ADDRESSES
CHECKS ARRAY AND
ECHOS TABLE SUMMARY

CONTRL

C RETURN )

CALL )
C@MPIL /

>( comr )

PERFORMS ALL READING OF INPUT
DATA, ARRANGES DATA STORAGE
ARRAYS ACCORDING TO INPUT TYPE,
KIND AND QUANTITY. PACKS COM-
PONENT DATA FOR CONFIGURATION
ANALYSIS SEQUENCE,

CONTRL
CALL )

/L RETURNj

CRYCON /

{>C‘ CRYCON )

SETS SEQUENCE LOOP INDEX

GETS PROPER PREPROGRAMMED
SEQUENCE INDICES (KSUBC).

CALLS APPROPRIATE SUBPROGRAMS
ACCORDING TO SERVICE REQUIRED.

|
/ CRYCON \

CALL
CONSUM,

¥C¢NTINUE )

— v . — — —— — — — — oe— a— e eus e

|
DO THE SYSTEM CALCULATIONS FOR !

ALL COMPONENT ASSEMBLIES DEFINED :
| IN THE SPECIFIED SYSTEM i

CRYCON

COMPUTES CONSUMER TOTAL WEIGHT
AND CRYOGEN WEIGHT CONSUMED, TO
DUTY CYCLE CONSTRAINTS

CFEQ%:T )
( FLQ)RAT)

COMPUTES FLOW RATES OF OXYGEN
AND HYDROGEN FOR DOWNSTREAM
CONSUMPTION IN GAS GENERATORS

T T “”’("RET‘URN‘?‘ T T e

CONSUM

CONTINUED
ON SHEET 2

\ RETURN )
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(2 3994g) stsA[euy waysAs
SINO-Sd DV 10§ 318D MOl [eI9UeD % °'T "Sid

CONTINUED FROM SHEET-1

CRYCON

CALL )
CMPCAL_/

!>C CMPCAL )

*COMPUTES PRESSURE DROP IN LINES,
FITTINGS, VALVES FOR LIQUIDS
AND GASES.

*COMPUTES WEIGHT AND FLOW RATES
FOR GAS GENERATORS.

*CALLS LWEGHT FOR LINE WEIGHTS.

*CALLS CFTW FOR VALVES, CONTROLS
AND FITTINGS.

*COMPUTES TURBINE WEIGHT.

*CALLS HEATEX FOR HEAT EXCHANGER
WEIGHT AND SIZING.

*CALLS PUMP FOR PUMP WEIGHT AND
SIZING.

*COMPUTES MOTOR WEIGHT FOR
SPECIFIED PUMP REQUIREMENT.

*CALLS COMFL® FOR COMPRESSIBLE
FLOW CALCULATIONS.

*CALLS FINTAB FOR TABLE DATA REQ'D
BY INDIVIDUAL CALCULATIONS.

/ CRYC(DN \

C RETURN )

\ CALL
TSIZEI L

{>C TSIZEI )

COMPUTES INITIAL TANK SIZE FOR
TANK SUBROUTINE

{ RETURNJ

TANK

>(TANK )

AND TANK PRESSURE HISTORY

*COMPUTES TANK VOLUME AND SURFACE
AREA

*CALLS PRESS FOR PRESSURIZATION
CALCULATIONS

*COMPUTES WEIGHT OF VENTED
GAS

*COMPUTES ULLAGE GAS WEIGHT

*COMPUTES GAS RESIDUALS WEIGHT
AND VOLUME

*COMPUTES TOTAL ENERGY OF TANK AT
OPERATING PRESSURES

*COMPUTES WEIGHT OF PRESSURANT

-~ -}|-—GAS-REQUIRED. —

*COMPUTES WEIGHT OF PRESSURANT
SYSTEM(S)

*COMPUTES TANK PRESSURE AND WEIGHT

CRYC@N

1RETURN D

CALL |}
TSIZEI

7

CONTINUED
ON SHEET-3

-1

- DCTSIZEI D

" COMPUTES FINAL TANK SIZE FOR
TANK SUBROUTINE

—QRETURN )
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(¢ 1004g)
SIO-Sd OV 10 1xeyD MO[J [81ouUsd H-3H/1 'S

I—— CONTINUED FROM SHEET-2

/ CRYC@N \

CALL
LIQRES

)

[>( LIQRES 7

COMPUTES WEIGHT OF LIQUID RESIDUALS
FOR SYSTEM

‘C RETURN )

J\>( ACCRES j

COMPUTES ACCUMULATOR RESIDUAL
GAS WEIGHT FOR SPECIFIED DUTY
CYCLE

/ CRYC@N \

CALL
WTACC

( RETURN )

= wracc )

*CALLS SGEOM TO COMPUTE THE
ACCUMULATOR VOLUME

*COMPUTES THE ACCUMULATOR
WEIGHT

{ RETURN )

ﬁ'>( ACQWT )

COMPUTES ACQUISITION DEVICE
WEIGHT FOR SPECIFIED TYPE OF
DEVICE

CRYC@N

CALL

OTPWSM

—C RETURN 7 '

4>C OTPWSM )

PROCESSES OUTPUT OF COMPUTED SYSTEM WGT.
DATA IN SPECIFIED FORMAT.

PRODUCES TABULAR LISTING OF ALL
COMPONENT WEIGHTS AND SUMMARY OF
SYSTEM WEIGHT.

l
V

{ RETURN )
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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

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

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

i
i

and the reversed data statement becomes:

KSUBC(@2,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 1.4-3 -
CRYCON EXECUTION SEQUENCE FOR AN APU SUBCRITICAL SYSTEM ANALYSIS

Loop JKM GP TO 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
6 200 , ACQWT
7 2200 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 onec)-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, 1)

ASsuming, for example, that the supercritical case is run as the second case in a multi-
case run (not necessarily so) the preprogrammed data statement in core would still be,
KSUBC@, ), 1=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(2,I), 1 =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 1.4-k4

CRYCON 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 CRYCON calls subroutine ®TPWSM to output the
component and system weight summary, and then return program execution to
subroutine CONTRL.

1.h.2.4 Life Supporf 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 unique

- 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 variahle 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 insteéd, 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 bhecame a fairly large self-contained sub~

- program, designated as subroutine ECLSS. Hence, 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 (éYSNUM, 1)
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), I1=1,9)/7, 0, 0, 0, 0, 0, 0, O, 0/. And the order of subprogram exec-
ution by subroutine CRYCON is as shown in the following table:

. Table 1.k-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.

1.4%.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 erergy transfer requirements of the input

performance and duty cycle constraints.
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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, subroﬁtine CRYCON has the values assigned, via input
data, for SYSNUM, SCRIT and KSUBC (SYSNUM, I), as follows:

SYSNUM = 4

SCRIT =2
and KSUBC 4,I)

The preprogrammed data statement stored in cofe for fuel cell system analysis is,
(KSUBC@4,1),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 1.4-6

CRYC@N EXECUTION SEQUENCE FOR A FUEL
CELL SYSTEM ANALYSIS '

Loop JKM Go T 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, cutputs the
' weight summaries and returns to CONTRL for a new case, or termination of the

program.

1.4,2.6  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-
wige, with the principa! 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
SCRIT

1
[34]

i
'—l

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 1.4-2 , and the subsequent remarks following that table.
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1.5 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 ségments of input data to be read are generally divided into
two groups; (1) input data common to all system analyses and (2) input data gpecific to
a given system analysis, Neccessarily a variety of read statement formats must be

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

In general, a data input deck, for any system to be anzlyzed, will be made up of 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-TFile card

(e) System Definition Card

(f) Confliguration Definition Data Cards

(g8) Duty Cycle Definition Data Cards

(h) Consumer Characterization Data Cards

(i) Fluid Storage Tanks Chéracterization and Configuration Data Cards

(j) Fluid Accumulator Characterization Data Card

(k) Heat Exchanger Characterization Data Cards

(1) Pump and Turbine Characterization Data Cards

(m) Heat Source Characterization Data Cards

(n) Motor Characterization Data Cards
Cards (a), (b). and (e) are read direct]jby 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.
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1.5 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,

1.5.1.1 User I.D. and Case Title Cards.

Gp(a) Cardd
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() - Card-l

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.

1.5.1.2 Table Data Input Cards.

Gp(c) - Card-l
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 A .
= 2, Print All Tables with no page eject - Table Dump
NPRT2 = Control for Table Summary
NPRT = 1 > Print Brief Table Summary
~ NPRTZ =1 '
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Gp(d) - Caxd-1 (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 fo be read in at this time, then the Gp(d) cards will be

the actual table data card sets as described in detail in Subscction 1.5.6;

Alternate Table Deck Input: (N-sets)

Gp(d) Card-1

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
1P — 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 addiiional variable and its values for
Table Data Subsets.
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LABV - Varijable Label
NP ~ Number of Values to be used (is also number of data subsets)

TAB — Value, Value , *'“Vvalue
zZ 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 = Nurilber 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 suh-set in the Table Set.

Gp(d) Card—G

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.
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For coefficients; coefficients are arranged in order of power and NV coefficients
2 , - : -
are read. (For example: CIX + Cz)x + C3 = 0; Input as Cl’.CZ’ C3 and NV = 3)

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

scts required for the program.

1.5.1.3 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

variabies which are read are:

NSYS ~ First three le_tters- of system name
N1 = Additional six alpha spaces for rest of system name
NCRIT - First three letters of subcritical or super—critfbal
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.
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1.5.1.4 System Configurstion 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 funétions
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 tie
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
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 7 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 paralliel; 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 .
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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

ITHICK — insulation thickness (Real Number) for system component item under

consideration

NBAR -— Number (Real)'of insulation layers per inch'of thickness for

component itemn heing considered

CODE — 8ix alpha character code name for component item under consideration.
(i.e., PS0Z, 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
1.5.5. The very last card in the configuration data set must have END entered
in the 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.)
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1.9.1.5 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

PgI — Minimum Impulse Bit Degradation

NEOP — Nurnber of Consumers Operating (Engines, Fuel Cells, etc.)

HP -— Horsepower-Average Value In Interval

PAMB -— Ambient Pressure -Avex:age Value In Interval

PKW - Poxyex; (KW)-Average Vaiue 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 missio:

span considered.

There must be a duty cycle end-card consisting of a negative number (i.e., -1)' in the

DCYCLE (i+1) field
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1.5.1.6 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.

1.5.1.6 1 Engine Consumer Data Cards: (ACPS or OMS).

Gp(h-1) Card-1

The engine consumer data card 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

PSUBC "= Engine Combustion Chamber Pressure

EXPRAT — Engine Nozzle Expansion Ratio

MIXRAT -~ Engine Oxidizer to Fuel Mixturs Ratio (Real Number)

The single card is usually marked by placing the term ENG in card columns 78-80.
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1,5.1.6.2 APU Consumer Data Cards. The APU Consumer input data rcquires 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 wmber of APUs operating

HPR - Horsepoﬁfer Rating of a single APU (Assumes all are identical)

FMR . -~ Oxidizer to Fuel Mixture Ratio of Gas Genqrator .Drivir“lg APU ﬁ.’urbine
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

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

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
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TDGGY - = Discharge temperature of gas generator for oxidizer conditioning

heat exchanger

TVH — Temperature of residual vapor in fuel storage tank
VO -~ 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
PFQP - Final ox'idizer tank pressure
'I'FH —~ Final fuel tank temperature
TFO — Final oxidizer tank temperature
TG — Exit gas temperature from supplemental gas generator
DELPCP ~ Pressure rise (Delta-P) in tank circulating pump
TENV - Em'ilionmental temperature around APU system
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1.5.1.6.3 Lifc 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 (P2 = Oxygen, N2 = Nitrogen)

MDAYS - intéger number of days in mission

NCREW = Integer number of crewmen on poérd spacecraft

NRPRES — Integer number of cabin or airlock prepre?ssurization planned for missi

NDARES ~ Integer number of days of reserve fluids requir}ed

¢'2~'FN¢M - Metaboljc oxygen requirement (lb_s. per rﬁan—day)

GLKRAT — Spacecraft atmosphere leakage rate; (Ibs. per day)

TLSNGM — Nominal temperature of gases supplied for life support (1) = ¢2;
v'(z) = N2

RHOBEG —~ Loading density at stored life support fluids (1) = Q)Z; (2) = N2

TKFTEM — Final fluid tank temperatures

(1) = B,; () = N2

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

TENVR = Environment temperature around life support fluid storage tanks
CABV{JL — Cabin (or airlock) volume
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LINDIA

HTRFIX

PLSNOM

HTRDIA

‘HTRLNG

PSET1

PSET?2

LMSC-A991396

Fluid line diameter entering fluid conditioning heat exchanger
(1) = 92; (2) = N2 '

Heater rating (BTU/HR-sq. in. ret. temp.)

. (1) For heaters in conditioning heat exchanger

(2) For fluid tank heaters

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

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

Fluid tank heater length
(1) = 92; (2) = N2

Lower pressure limit setting for @2 storage tank

"Lower pressure limit setting for N2 storage tank

1.5.1.6.4 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

MRF¥C
SRCFC

QDTFC

Oxygen to hydrogen reactant mixture ratio for fuel cell

Specific reactant consumption (lbs/KWH & rated power output)

Fuel cell heat reiection rate {BTU/KWH ¢ rated power output)
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SPWTFC

TFCNOM

TF21IN
TF21¢U
TFPFC
TFHFC
PFOFC
PFHFC

RHOFIL

WOVENT
WHVENT
DELTCP
TENV

PR FC§§P

POWNAM

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 temperatufe
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 temperature around fuel cell system

Fuel cell operating pressure

Nominal fuel cell operating power level

1-54

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

Gp(h-4) Card-2

NFCOP — Integer number of fuel cells operating

NFCSTB = Integer number of fuel qells on sLaﬁdby

PI-JSETI — Lower lil:llit pressure setting for @2 reactant tank
PLSET2 — Lower limit pressure setting for H2 reactaﬁt tank
VJANUL — . Vacuum jacket annulus spacing (inches)

(1) = 02; (2) = H2
TKMXDI T Maximum tank pressure vellel diameter permitted
(design constraint - inches)

(1) = 92; (2) = H2

Gp(h-4) Card-3

FCV¢LT. -~ Nominal fuel cell voltage

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

PRGTIM — 'Nominal fuel cell purge time (duration each purge)
(1) = §2; (2) = H2 - "

PRGINT — Purge interval in ampere hours
(1) = 92; (2) = B2
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1.5.1.7 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 uscd
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 hulkhead, 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
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.

1.5.1.7.1 YFluid Tank Characterization DATA CARDS. The variables which characterize
the fluid tank conditions and constraints are as follows:

Gp(i-1) Cards 1-4

NQ)P - Numberl of tanks operating on line (same ﬂuid)
SATYPE - — Fluid aqquisiti.on device type
SITYPE -~ Tankage insulation type
SMTYPE — Tank construction material type
SPTYPE - Tank pressurization system type
SITEMP —Tank initial fluid temperature
SIPRES — Tank initial pressure-
SPGTEM - Prgssurant gas temperature (inlet condition)
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SOPRES — Tank operating pressure

SVPRES — Tank vent pressure setting

'SHFLUX ~ ~ Heat leak flux into tank (BTU/HR-Sq. Ft.) (Optional)

SITHIK — Tank insulation thickness (inches)

FLDLYD — Wgt. of fluid loaded into tank (optional)

SULGIC — Percent ullage (initial value for tank)

SMDIAM - — Maximum tank diameter (ft.)

SHQ)TEM —~ — Tank conditioning heat ekchanger cold fluid outlet temperature
SHDELP -~ Tank conditioning heat exchanger cold fluid pressure drop (psi):
SPDELP -7 Tank cirpulating pump pressure rise (psi)_

SG@TEM ~ Tank _conditioning heat exchanger gas-generator outlet temperature
SGGPC ~— Tank conditioning heat exchanger gas-generator chamber bressure

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

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

(multilayei' insulation only)

Two sets of the above cards are read; the first set contains the data for the qxrid'izer
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.
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1.5.1.7.2 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

NOSHAP

- — Integer number specifying tank geometry option

— Integer number specifying number of tank shape cards to follow

Option Definitions

If IWOP =1
If IWPP =2
If IWQP =3

Subprogram will compute tank volume for a spherical tank.

If diametef 'of spherical tank exceeds vélue of SMDIAM, subprogram
will add a eylindrical 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.

Subprograms will compute all parameters for a "Specific
General Tank Configuration" - to be specified on input cards

¢

following this card.

Subprograms will compute all parameters fdr 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, IWOP < 2, and NOSHAP =0, the IWPP = 1 Option is executed automatically, and
there are no tank shape cards following the option card. If, IWPP=2, then NASHAP

must specify the number of tank shapes involved and that many ''shape cards" will

have to be present following the Tank Option Card.
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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
XD — — Shape "X" dimension (see notes)

YD - = Shape "Y' dimensijon (see notes)

ZD -- 7 Shape "Z" dimension (see notes)
Notes: Variable Specifications

JTKTYP

1]

1, for cylinder

= 2, frustrum of cone

= 3, hemi-ellipsoid

= 4, eylinder plus hemi-ellipsoid

= -2, inverted frustrum of cone )

= -3, inverted hemi-ellipsoid (bulkhead)

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

= -2, fuel at common bulkhgzad

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

1-59

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

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.)

One card is necessary for each tank segment shape and the order of input is

from the tank '"Bottom!' to the tank '"Top'.

1.5.1.8 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 dat
The branching function permitting the reading of data specified in this and the following
subsectio'ns is controlled by preprogrammed data statements called "INBILK", defined as
DATA ((INBLK(SYSNUM, I, J), I =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 dath; 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 separatels

The variables for the oxidizer accumulator are entered first, followed by the variables for

the fuel fluid accumulator.
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Gp(j) Cards 1-3

NAQP ~ Integer value for number of accumulators operating for one fluid
AI’;‘YPE -~ Accumulator insulation type

AMTYPE — Accumulator structural material type

ATEMP — Operating temperature for accuinu]ator

APRES — Operating pressure fér accumulator

AHFLUX ~ Heat leak rate in.to accumulator (Btu/hr ~ft2)
AITHIK — accumulator insulation: thickness (inches)

AVOL -~ Accumulator volume (cu. ft.)

ADIAM -~ Accumulator ma_ximu.m diameter (ft.)

ANDELP - 1_31‘éssure drop swing éllowed 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.

1.5.1.9 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 7
liquid fed OMS system. And, (as described in subsection 1.5. 1.8) if INBLK (SYSNUM, 2,d) =1,

then heat exchangers are required and input data cards must be present, otherwise they are

deleted.
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Heat exchangers in 2 two fluid system usually occur in pairs, except for the case wiere a
single supplementary heat exchanger might be required to make up for a potential energy
deficiency resulting.from a limited heat source capability. For purposecs 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 ecach 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 fiuid
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 d

stream of the cryvogen consumer.
The variables empleyed 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)
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HEXCIT = Cold fluid inlet temperature (OR)

HEXCAT  — Cold fluid outlet temperature CR)

HEXHIP - 'Hot fluid inlet pressure (psia)

HEXH@P  — Hot fluid outlet pressure (psia)

HEXCIP — Cold fluid inlet pressure (psia)

BEXCHP — Cold fluid outlet pressure (psia)

HXHDLP ~ Hot fluid pressure drop (psi)

IIXCDLP ~ Cold fluid pressure drop (psi)

HXMRAT — Heat exchanger gas generator @/F mixture ratio
HXCODE — Heat exchanger identification code symbol

Two cards are required for each pair of exchangers; oxidizer unit first followed by fuel

side unit, when data is to be input.

1.5.1.10 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.
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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 (psi)
PSSPED — Pump speed (rpm)

EPDELP — Estimated pump pressure rise (psi)

Gp (1) Cards 3-4

TPEFF — Transfer pump efficiency

"1“ PNPSH — Transfer pump net positive suction head (psi)
TPDELP  — Transfer pump pressure rise (psi)

TPWDPT  — Transfer pump flow rate: (Ib/sec)

Gp (1) Cards 5-6

TEFTF ' .~ Turbine efficiency

TITEMP — Turbine inlet teméerature (c.R)

TPTEMP  — Turbine outlet temperature (°R)
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TMRAT®  — Turbine gas generator 9/ F mixture ratio

TGGPC — Exhaust pressure of turbine gas generator (psia)

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

need only be nominal.

1.5.1.11 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-
re(juirement 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 fer 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
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 scts 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:
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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 hcat 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)
HSPRIES — 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.

1.5.1.12 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
considered in this program, the requirement for using electric motor data has been

embedded in the preprogrammed-stored INBLK data. If, for any speéified 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.
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The variable employed for input at the electric motor data are as follows:

Gp (n) Card-1

MTYPE -~ Integer value for motor type

MEFTF — Motor efficiency

MSS -~ Motor speed (rpm)

PDNSTY — Power density ?f battery driving electric ﬁmtors

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

input deck.
1.5.2 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 C¢NTRQ§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 various subprograms.
Included also as aids in program data setup are several tables which define and explain
important variables that occur repeatedly. Table 1.5.2-1 presents the variable

names employed for control, branching and switching purposes. Table 1.5.2-2
presents the configuration variable names and definition. Following the tables are

the data sheets which present the input data card formats.
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Table 1.5.2-1

VARIABLE NAMES EMPLOYED FOR CONTROL, BRANCHING,

System Identification:

AND SWITCHING PURPOSES

(Subroutine CONTRL)

Variable Alpha Variable Integer

Read Input Equivalent Value System Defined

NSYS ACP NAMSYS 1 Attitude Conirol Propulsion
System (ACFS)

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 Mancuvering System (PMS)

Control Variables:

Control
Variable

SYSNUM

SCRIT

it

nou

(Subroutine CONTRL)

Integer . .
Value Description
1 Controls Selection of Subprograms for ACP3
2 Controls Sclection of Subprograms for APU
3 Controls Selection of Subprograms for ECLSS
4 Controls Selection of Subprograms for IFFuel
' Cell
5 Controls Selection of Subprograms for OMS
1 Specifies Subcritical Fluid Supply
2 Specifies Supercritical Fluid Supply
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Table 1.5.2-1 (Cont'd)

3. Branching and Switching Variables:

MDTRC - Diagnostic Trace Switch, Read in by Subroutine CONTRL, Used by CRYCON.
Defined in PDP -CCNTRL,

MDTRC () = Diagnostic Trace Switch for CI’YC(Z)N (OFF = 0)
(1) = 1 Turn on ACCRES
2) = 1 Turnon ACQWT
3) = 1 Turn on APUSUB or APUSUP
4) = 1 Turn on CMPCAL
(5) = 1 Turn on FUELCL
6) = 1 Turn on CONSUM
(7) = 1 Turnon ECLSS
(8) = 1 Turn on LIQRES
9) = 1 Turn on TANK
(10) = 1 Turn on TSIZEI
(11) = 1 Turn on WTACC

MDTRC(1) is Card Column 70 ———MDTRC(ll) is Card Column 80 of the System
Specification Caxrd

INBLK — Controls input data selection in subroutine CPMPIL via preprogrammed
set of switches.

{, i —ree——... System Specification

INBLK (SYSNUM, I, SGRIT) Input Selection Index

\ Fluid Subsystem Type

DATA STATEMENT DEFINITION:

DATA (INBLK(1,I,J),I = 1,5),J = 1,2)/1,1,1,1,0, 1,1,0,1,0/

DATA ((INBLK(2,I,J),I = 1,5),J = 1,2)/1,1,1,1,1, 1,1,0,1,0/

DATA (INBLK(3,I,J),I = 1,5),J = 1,2)/0,0,0,0,0, 0,1,0,0,0/

DATA ((INBLK(4,I,J),I = 1,5),J = 1,2)/0,1,0,1,0, 0,1,1,0,1/

DATA ((INBLK(5,I,d),I = 1,5),J = 1,2)/0,0,0,0,0, 0,0,1,0,0/
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Table 1.5.2-1 (Cont'd)

For:

, Read Accumulator Data — IfINBLK = 1
, Read lleat Exchanger Data — If INBLK
, Read Pump Data — If INBLK =1

i
(o

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

o O DD

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

e System Specification

i o e o - Subprogram Index

KSUBC (SYSNUM, )

DATA STATEMENT DEFINITION:

DATA (KSUBC(1,I), I = 1, NBRSR) /6,4,10,9,8,1,10,11,2/
DATA (KSUBC(2,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(4,1), I = 1, NBRSR) /5,4,0,0,0,0,0,0,0/
DATA (KSUBC(5,1), 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®ON, values
defined in subroutine ST@DTA.

. Fluid Subsystem Type

e e e e
{
1
'

. Subprogram Reordecring Index

et s emme mmemee e e

4 I
JAPUS (SCRIT, I)

DATA STATEMENT DEFINITION:

DATA JAPUS(1,1), JAPUS (1,2)
DATA JAPUS(2,1), JADUS (2,2)
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Table 1.5.2-2

CONFIGURATION VARIABLE NAMES AND DEFINITIONS
(Used by Subroutine CMPIL, CMPCAL and LSSCMP)

1. Defined Configuration Names:

Integer

Defined Input Variable Component
Variable Alpha Equivalent Value Item

CFUNCT GAS FNAME 1 FLUID

CFUNCT ENGINE FNAME 2 ENGINE
CFUNCT LINE FNAME 3 LINE

CFUNCT CONTRL FNAME 4 CONTRAL
CIFUNCT FITTING FNAME 5 FITTING
CFUNCT TAP  FNAME 6 FLUID TAP
CFUNCT TEE FNAME 7 TEE
CFUNCT ELBOW FNAME 8 ELBOW
CFUNCT VALVE FNAME 9 VALVE
CFUNCT - REG FNAME 10 REGULATOR
CFUNCT ACCUM FNAME 11 ACCUMULATOR
CFUNCT TANK  FNAME 12 TANK

CFUNCT PUMP  FNAME 13 PUMP

CFUNCT HEX FNAME 14 HEAT EXCHANGER
CFUNCT TRBINE FNAME 15 TURBINE
CFUNCT F-CELL TFNAME 16 FUEL CELL
CFUNCT EC/LSS FNAME 17 LIFE SUPPORT
CFUNCT END FNAME 18 END OF TABLE
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Table 1.5.2-2 (Cont'd)

2, Configuraticn Variable Definitions:

CONIIGURATION FUNCTION CODE AND TYPE.

CFUNCT OXYGEN

= 1, GAS CFTYPE-1 = 2 = HYDROGEN
CFUKCT = 2, ENGINE CFTYPE-1 = HI-PRESSURE 2 = LO-PRESSURE
CFUNCT = 3, LINE  CFIYPE = 10A FIXED NUMBER
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 CON'i'R:
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, ete.)

LDV = 10 FOR USE IN LINE ONLY
= 20 FOR 4-WAY TEE '
= 30 FOR 3-WAY TEE
CFTYPE = 1 FOR TEE
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CFUNCT = 6, TAP

CFUNCT = 7, TEE

CFUNCT = 8, ELBOW

CFUNCT = 9, VALVE

LMSC-A991396

Table 1.5.2-2 (Cont'd)

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

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 F'OR 4~-WAY TEE
30 FOR 3~WAY TEE
USES TWO DIGIT INDEX AS FOLLOWS,

1i

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
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Table 1.5.2-2 (Cont'd)

CFUNCT = .10, REGULATOR USES TWO DIGIT INDEX AS FOLLOWS,

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

= 20 FOR MEDIUM WEIGiI'T CONTROI.
= 30 FOR HEAVY WEIGHT CONTROL
= 40 FOR E¥XTRA HEAVY WEIGHT CONT

CFTYPE = 1 FOR REGULATOR
CFUNCT = 11, ACCUM NO OPTIONS
CFUNCT = 12, TANK (SEE TANK ROUTINE)
CFUNCT = 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
CFUNCT = 14, HEX CFTYPE = 1 FOR HI-PRESSURE
= 2 'OR LO-PRESSURE

CFUNCT = 15, TURBINE NO OPTIONS

CFUNCT = 16, FUEL CELL  NO OPTIONS

CIFUNCT = 17, ECILSS NO OPTIONS
CFUNCT = 18, END NO OPTIONS
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Table 1.5.2-2 (Cont'd)
CMTYPE — CONFIGURATION MATERIAL TYPE

CMTYPE = 1, 321/347 STAINLESS STEEL
= 2, 2219-T87 ALUMINUM ALLOY
= 3, 6061-T6 ALUMINUM ALLOY
4, INCONEL-718 ALLOY
5, TITANIUM Ti-6Al1-4V ALLOY
= 6, CRES VACUUM JACKETED LINE
7, 2219 VACUUM JACKETED LINE

CITYPE — CONTIGURATION INSULATION TYPE
CITYPE = 1, DOUBLE ALUMINUM MYLAR/SILK NET

2, DOUBLE GOLD MYLAR/SILK NET
.3, DOUBLE ALUMINUM MYLAR/TISSUL GLASS

T

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
i _ . . 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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0

-
- o
Yo =
-
-
-
-

CARD TYPE - Gp(d) CARD-1

CARD FUNCTION - TABLE DATA FILE - ADD CARD
READ BY - SUBROUTIUE INTAB |
CARD FORMAT - QADD,P FILNAM

REF. - UNIVAC-1108 MANUAL

V @ADD, P FILNAM

00000C000CO00000050000000000600000000000CC00000C0000000D00000000000000005000000000¢0

P22 400 1Y et RN NERESRE RN MDA AN LA SUBR B LEIRLNN BN ERBREPRARND DR IR
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FORM LM3C 3828-3

LMSC-A991396

Frerered b l oore LOCKHEED MISSILES & SPACE COMPANY. INc. |1 °9¢ '™ ™™™
Checked by: Dote Title : . Model
| ALTEREATE TABLE DAT: INPUT
Approved by: | Dote -TABLE DATA DECKS- Repors No.
1 L] 5. 2 L J 3
CARD TYPE - cp( ¢) CARD-1
CARD FUNCTION- - TABLE DATA DECK ECHO CONTROL CARD
READ BY - SUBROUTIIT INTAB
CARD FORMAT - (515)
el & %
o
E(&|E|E|Z2
anuuunnnnnLonnuouaonaonunnoannuoouounnouooanonuonnunuuuuono&onnnunnuunn 2000090
LR IR ICAEY TR AR AN DI AU BTG LRI I S RSB TINE SR N AT B TR SRR B R TH  RTRE R L N R R TR S TR R R N T A F TGN R R L R IR TR R T T My ”
CARD TYPE - G,(d) CARD-1
CARD FUKCTION - TABLE T.D. AND CONTROL CARD
READ BY - SUBROUTINE INTAB '
CARD FORMAT - (4AL, kIC)

TITLE ‘) Wb | N¢ | IP NT
nnonuninnnunnununouoouu%?uuunouununnnuunuuunonuu:nonooounuuunnnononoonnunun LR
tr1ey sy l‘ N2 a0 0NN ""17?!)’.’%3! NP/ BNAD LGB LGUR S RVUNBUENIHSOROUBHEQE NN RN 3

CARD TYPE - Gp(a) carp-2
CARD FUNCTION - TABLE CO/MENT CARD
CARD FORMAT - (1341, A2)
- COMMENT —~

006000000000C000C000000D000000000000000000D0006000000000C0000000000000000000000G000

1216 S 1 1 I NG ANTINESALANMRRUANERANOEHUGHEOHANN DU UIBRCERESHUBRIRDND BN Y NE

CARD TYPE - Gp(d) CARD-3
CARD FUNCTION - TABLE SUBSET VARIABLE CARD
CARD FORMAT - (3AL, IT7, 5E10.0)
LABV NP TAB TAB TAB TAB TAB

0G0000000C0003000C(30C000C000000000C/500000C0CC{3030000000(00060000006(000C0000GG[000¢C

IR R EREGE RURRUR FISE IR S I RE I I B I LN 8 T A 5 L IEH A N SETIES LR N TR TSR PR T AR R U N A (N MY L ELTIS CRTNC A I AL B RUNER BRI XA

~
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‘ORM LM3C 3828-3

LMSC-~A991396

Prepored by: Ln"" LOCKHEED MISSILES & SPACE COMPANY. INC, | °%¢ ™™ '™
Checked by: Date Title Model
( ALTERIATE TABLE DATA INPUT
Approved by: lDah - TABLE DATA DICKS - Report No.
- l [ 5. 2- 4

CARD TYPE - cp( d) CARD-4

CARD FUNCTION - TABLE PLOT CONTROL CARD

READ BY - SUBROUTINE INTAB

CARD FORMAT - (3AL, 3AL, 2E12.0)

LABX LABY XMIN XMAX
luuuouuouuuonouoonnunnnuunnnnnunouuunooounnnnénouuooonuunuoouoooonnnnunnuunnn 6
LI A R B N R N NI PR TR TN R T SR IR R I R R R R R R R R R R AN R G R SR T W ETRE AR TER R TR R S A RTINS LR R

CARD TYPE - ¢_(a) carD-5

CARD FUNCTION - LE SUBSET DATA CARD

CARD FORMAT - (31C)
NV |TYPE | NIP'
pooogooneco000copoO00000C0000C000000000CE0d0000000C0000000000000CR000 geogo0s
T3 e s s ey s 0l an N Ns B NN ENURBNEDB QAR BGORENY DU NAYIIVUQOREHUADRN TR TN

%

600000000009

LR IR IR TR 2N SR IR B IR - L

HoopLO0000D0S0

RIS IR

AN NIATIANASN

H00000000000900000000000

raRpanipyrtedgadaena

ao0e006000D0

TATRE AT I AONE A A N e

CARD TYPE - ¢_(4a) cArD-6 . .
CARD FUNCTION - TABLE DATA CARD (POLY NOMIAL COEFFICIENTS)
CARD FORMAT - {CE12.0)
XTAB XTAB XTAB XTAB XTAB XTAB

coopo00000080

LR RS PR TR LA LR TE I IS L)

AR R

CARD TYPE
CARD FUNCTION
CARD FORMAT

- Gp(d) CARD-6

- TABLE DATA CARD (DISCRETE DATA)

- (6E12.0)

pooooegopo0cC

LI I BN B B B TR N

XTAB

PRTIHRCIN B

{TAB

IG006CB00000[330660030G00

BE

XTAB

jeace00000000¢

i QB GH S

XTAB

teoo6c000€E00

EE N R N B R A

XTAB

pogo0o0dcot0e0Ra00COOUEN

AN TN TNTIC R UL Nt Rl

BRIEISREFELY)

”,
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FORM LMSC 3628-3

LMSC-A991396

P by: emp. Pem.
repored by ID°” LOCKHEED MISSILES & SPACE company. Inc. | 2% "™ "
h by: i . e e
Chocked by 1°°" Title  SYSTI: DEFINTTION Model
NFUT CARD
Approved by: lDem 1 ¢ Report No.
1.5.2.5
CARD TYPE - Gp(e) CARD-1

CARD FUNCTION SYSTEM DEFINITION- CARD

READ BY SUBROUTINE C@NTRL

CARD FORMAT

(A3, A6, 3X, A3, 14X, A3, 37X, 11T1)

NSYS
NI
NCRIT

:

eoogjoo 0051000000000000 opcojeoeon000000D000000000G000000000 0t

R R I R R R R R R N R N R R e R N R R R R Y

~ THIS IS A BLANK SPACE -

GO TO NEXT PAGE

0oooorge

To0300003€C0000C000000€C000000000000000000000000000000010 po00000D

R R R R R R I IR LR TR LR T RCE LI b N R TR i IR A N HE T S E LR R L N ST M ST Sl Rt L L L R IR ”
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FORM LMSC 3628-3

LMSC-A993196

Prepared by: Dore LOCKHEED MISSILES & SPACE COMPANY. INc, | °9° ™™ ™™
Checked by: Date Torlo Model
I CONFIGURATION DEFINITION
Approved by: IDo'o ‘ DATA CARDS Report No.
1,5,2.6
CARD TYPE - Gp(f) CARD-1

CARD FUNCTION

CONFIGURATION DATA CARD
READ BY

SUBROUTINE C@MPTL
CARD FORMAT

(a6, 14, 315, 3F5.0, 15,
2F5.0, SX, A6)

& N\ .

BDBHUDOOGBDDDUDODUBDDO0000000050000300003000030000&00000[1000 0000001000000000009 4

CFUNCT
CFTYPE
CN@PER
CNSTBY
CMTYPE
DIAM
CITYPE
ITHICK

LD

(RN I G R O TR SRR R e AR T S T R R I ) S K S s R R R R N S A R R R R R A

CARD TYPE - Gp(f) CARD-2

CARD FUNCTION - - CONFIGURATION DATA END CARD
READ BY - SUBROUTINE C@:PIL

FORMAT - (86, 14, 315, 3F5.0, I5,

2F5.0, A6)

/a0

IPT USHD- -

DCOBCOPEOCOcac{sa0coRGa00(000LCad00n000CR000CJ00GO0PI0CORO0CRPO0OCGOG0000000G%¢2%
AR B oo

&
[ S RS I N FRCEN B A-JuL cEnenbrunepcoseflcenisvsurliyasayrL oo sloonsainn - M R 3
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LMSC-A991396

Prepored by: |°°'° LOCKHEED MISSILES & SPACE COMPANY. INC. | 1°9¢ '™ ™™
Checked by: Dote Title - Model
| _ DUTY CYCLE DEFINITION
Approved by: IDoh DATA CARD Report No.
1.5.2.7
CARD TYPE - Gp(g) CARD-1

CARD FUI_\IC’I‘IOH DUTY CYCLE DATA CARD

READ BY - SUBROUTINE C@PIL
CARD FORMAT - FYRMAT (3F10.0, I5, 3F10.0, F7.0)
DCYCLE ICYCLE PSI a | EP PAMP PKW =
(1) (T+1) = 3
E ~

00500000000000000000000000000050IlIJ000IJDﬂ0Bﬂﬂll0OllﬂEOBIJDDﬂﬂﬂbﬁﬂDﬂDUOUUOUDOPDDDODU
3

P23 e8P 8B RUNABUANARININBRLINNEUBURHIRNAQQLQ BN NNNBRHAORONGIEDRB RN NI ENRNRHN

CARD TYPE - Gp(g) CARD-1
CARD FUNCTION - DUTY CYCLE DATA END CARD
READ BY - SUBROUTINE C@MPIL
CARD FORMAT - - (3F10.0, IS, 3F10.0, FT7.0)
/f‘
KOT NOT :
—usep > 1 USED >

D0O0DOCO00G[0002000000OODDOO00CPO00COB000000C/OGOC000000[3000000000DO0D00O0OPRIO0DTEY

trsasscas i an e rr AR NHRE UANCECOMER e H NP UNU P LI R R ER[GE SR TR RN Y

FORM LMSC 3328-3
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FORM LMC J62R-Y

LMSC-A991396

Prepared by: lDo'e LOCKHEED MISSILES & SPACE COMPANY. INC. Page 'm"l 'em
Checked by: Dote Title Model
[ ENGINE CONSU'ER DATA CARDS
Approved by. lDon ' ' Report No. 2 8
1.5.2.

CARD TYPE - Gp(h-l) CARD-1

CARD FUNCTION - ENGINE CONSUMER INPUT DATA CARD

READ BY - SUBROUTINE C@MPIL

CARD FORMAT 2 (15, 6F10.0)

s g s
GITEMP GIPRES THRUST PSUBC EXPRAT MIXRAT

00000P00COOOO00P0000000000(0000C000DOCOO0OCO0RPOO0OD0COOOOIEO000000D0D0O00000000D0CDOND

iy st ta ynpuuup s nuuan el RN EBUEEININGOQGUGRORONRTUUBBIN UL N OGO BU NN TN RIENNK

L~

o - — THIS CARD NOT — - >
USED

p0DO0000COCO00B0030GD0050000000000000000030006C000000000000600000000000000000£00005
ne

IR R R N R R Ry e D R R R R L L AL LR DA U U R R AR
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FORM LMST 3628-3

LMSC-A991396

Prepored by: lD‘“' LOCKHLED MISSILES & SPACE COMPANY. Inc. | F95° 'm'.'l e
Checked by: Date Title Medel
L AFU COiSUMIR DATA CARDS
Approved by: Date Report No._
| 1.5.2.9
CARD TYPE - cp(h-z) CAFD-1
CARD FUNCTICH - APU CONSUMER INPUT DATA CARD - APU BASIC
DATA
RFAD BY - SUBROUTIKE c;‘ PIL
/ PORMAT . (I5, 5%, 57i0.0)

HFR FMR GG TIT TD
saoodojoopoRjoocoo00D0COlOOCOOCOCO[BO00GOB0O0CCENO0O0000000J00000000003000C0000000000000 )
l]lltillll,nllllul&lil'll!!:{!Hlillh!i!';l!l::'Illl)unl[]l)l“l llll!ll)ﬂllul‘nh‘:!!iﬂ)‘\iﬁ)ll“lﬂll)llllu(‘.li(lﬂll:vl:llll!\li”llu

CARD TYPE (n-2) CARD-2 '
CARD FUNCTION A§U CONSUMER INFUT DATA CARD-APU SUBCRITICAL
DATA
FORMAT - (7710.0)
MRGGCH | MRGGCY TDGGH TDGGH - TVH ™g TENV
IIUMBOMUBIlﬂﬂounMMMI!MMMniMDMMBDMODMUMMDMMnDMT-DDDMMDMMMMD J
|tllillllx,unuun)uu-l:-.'.:nn:)nﬂﬂnun:.:lnuuhlnvnn:s‘nunuunuul:s:'.l',xsnlnuunuuunuunuuunnnnuunuuuu
CARD TYPE - Gp(h-2) CARD-3
CARD FUNCTION - APU CONSUMER INPUT DATA CARD - APU SUPERCRITI-
CARD FORMAT - (7TF10.0) CAL DATA
FMRG PFH PFg TFH TR TG DELFCP
DDBMDMDDDMDMMDDDDDMMDMIDL‘MMDMJDODDDMMDDDMOMDDDDDDMMMDDMMDDD
1130 S E YU Uty N SEANEDRNANBYIRRP QNG E el M SRR R BE RS S T IN nA
TENV ~ NOT >
USED
oeoocococu’tl:uunouacanuoaaouccanaconacst nouunoocn1ooeuouaecunuooounot cncuocu n
‘.‘".‘i‘lx RERNIC I IR MR T I B9 RS I IR S SIS TP LIS LIGAF IR S N TSP A L I ARV TR PRI TIF N R A RV S R S I X T BN R :,_—\
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LMSC-A991396

Pvcpcved by: iDom LOCKHEED MISSILES & SPACE COMPANY. INC. Poge  Tempy peom.
h : i
Chacked by: IDuM Title LIFE SUPPORT CONSU.ER DATA C Model
Approved by: Dote Report No.
l ; 1.5.2.10
CARD TYPE - Gy {h-3) CARD-1
CARD FUNCTION - LIFE SUPPORT IifPUT DATA CARDS
READ BY - SUBROUTINE C§MPIL
FORMAT - (415, SF10.0/(TF10.0)

glp | &
HENE-
518 | €

TLSNOM (2)
RHABEG(1)

GLKRAT
TLSNgM( 1)

MDAYS
NCREW

-
-a
- o
- e
-
O
o

poopoooopoodopooooooodopoCooco0ODpOOOOOCOO000000D000/000000000C000000000
1

$h NI L RNEBRT AN NSRRI ROPRUBGRLGUR UMW HNYIERIOUBEONRN NN R

/€ A w % w
S = QS &
2 - £ 2 . 2
) ¢ [a% =
< e & i a
lé & 2] o

DBDBBODDDD0000000000000D!}UﬂﬂnﬂbﬂﬂﬂDDEDBDDDDUBDUBUEDﬂUDDDDDUBDDDDBDDQUDBBDBUHDD 0

LR S S S I AR A I TR RV I R ERTIE I N I BTSRRI LR PR VLR PR T B TR LT (H D RUNCR TR U LR N HEHG TRV ST R LY DY TR N RS TR R TR R ]

CARD TYPE - Gp(h-3) CARD-2
CARD FUNCTION - LIFE SUPPORT INFUT DATA
CARD FORMAT - (7F10.0/5F10.0)
//\ ~~~ —~~ ~— Ll Lo} ~~
- & - 8 = & s)
= g 5 5 = & g
: 5 | B ] 8| & | B
= I a,
MMMM-MMMUOMMLMUMMMBOMMMM 00000C0COCRC0000060000C0CC000CCI00000000
[ IR R T L T N AR N TR R SR ST I I SRPa DR R F S H I IR SNSRI B E I B UG B NG R R M SRR TR R R LN SR R IR ER A AR R I ORI R (PR (R LN}

HTRLNG(2)
|
]

HTRDIA(2)
HTRLNG(1)

B 3

ooooocooocjaeococoegcioooocdoacnjoooco0o0cooppooo0ooORREO00000000000000000000000 oot
LIS PR n Lunrany

12304 70 ERLCEYNTRNNTE RTIE: WA BLSASIE IS B B ull TN I EI A LI5S N TR TR A L AW STV PRI I L RTINS I I D N S TR Y I S0 L (LR L I B R B B

ORM LMSC 3828-)

1-85



FORM LMSC 3628-3

LMSC-A991396

Prepored by: ID"" LOCKHEED MISSILES & SPACE COMPANY. Inc. |T0%¢ "™ ™™
Checked by: Date TYitle Model
1 FUEL CELL COISUIZR DATA
Approved bLy: Date CARDS - Report No.
| _ 1,5.2.11
CARD TYPE - Gp(h-h) CARD-1

CARD FUNCTION - FUEL CELL IIPUT DATA CARDS

READ BY - SUBROUTINE C@iPIL
CARD FORMAT - (1077.0)
= ~ =

eleg |BE| €15 | 8| 81¢ :
E| 2|8 | 2| 8|8 |E|E|E

[©»] wm E E & &
god0000poOOOCOOOpPO0O00O0DOOO00O00[DOO0O00pOOOCOOPOAOOQOCPODOOOD{OODODOCI0000000P00CO00OD
tlr1as s st nnunubhuwnungrpRlnsrra st ey srapuss Gk rant s csphunrnsnnn

/

RAPFIL(1)
REPFIL(2)

PRFC@P
PHWNEM

£ EIEE s

poooocofoooncoopeoococfoooacociooooocopboooooojpoo00DOpooOcoOpOODODOj000C00BDOOBOOO0NN

13 e sl snpnuussunoanpuunnaaBr LB RSN BUPANRRRRHOKEBOBH Y I

DELTCP

CARD TYPE - G (n-4) CARD-2
CARD FUNCTION - r«gEL CELL INPUT DATA
CARD FORMAT - (215, 6F10.0)

-

5
E

ppeoopp00GoR000000CGOlD0000000CED000DC0000R000000B0CR0000D00CCD000C00000;000G0000C
Rt I

FTryesfsr oy ayes s lsgl MIPNM RTINS R I O TR IN TRENT S RN TR MRV LR SR TR IS e S MY T T O LA B L 01 LT D T T 10 H I I

NFCgP
PLSETI
PISET2
VJANUL(1)
VIJANUL(2)
TKMXDI(1)
TKMDI(2)

CARD TYPEZ - G_(n-4) CARD-3
CARD FUNCTION - CELL INPUT DATA
CARD FORMAT - (7F10.0)
~~ ~~ ~~ ~~ € P
- & sl & £ S
& g ] g 5 | & &
s 2 2 3 & G =]
= &) © L‘::i o [ &)
& £ & & & & &
poooooococ{oBoa00000Ojs00000000CiD0000O0CE00pPO0OC0CODDOOOC}P000C0COCCiZ00C000DOClCG000CCCRD
ERF IS B SR A B B LAY EUERHE PRTINTIR! WINPT ITINCI S M B I EulAlS I Tt ! BN R I B A T L P TR I AN I LA S N S S L B s N AU N S R X
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FORM LMSC 3628-3

LMSC-A991396

Prepared by: ]Dm LOCKHEED MISSILES & SPACE COMPANY. INC. | °%¢ hw, e
Checked by: Date Title Model
l TANK CHARACTERIZATION
Approved by: lDou INPUT DATA Repert No.2 12
CARD TYPE - P(i -1) CARD-1
CARD FUNCTION - "ANK CHARACTFRIZATION INPUT DATA CARDS
READ BY - SUBROUTINE C@MPIL
CARD FORMAT - (515)
B |8 & E

a| E|E | &

-4 w0 [$3] (5] w
lnonoooooouuuonnonnuouououooaonuounooooooolnunounonnnannooouoouunnnnuna 0000
LI R RIS TR B T YRR TR IRURIRIRT] IR R SR A R R A R TR R IR R R I I R I R R R Y R TR T O S N R R UG AN NN <

CARD TYPE - Gp(1-1) CARD-2
CARD FUNCTION - TANK DATA
CARD FORMAT - (8F10.0)

%

SITEMP

SIPRES

SPGTEM

s%

E

goo00000000

LI B U B S0 O O

opo00000000

6000000000

IO RIS LR R

ooo00000000

nnnnnrnn

PGBDUUBUEG

:

oeoo0go000¢0

N RIS BRI NIRRT EERN B R TR LR R TR L RN H

:

peoopoeo0n

FLDL@D

sto0000000

$1 62 83 64 £ &5 67 8 6% 0

nnnrBvIraneE

CARD TYPE
CARD FUNCTION
CARD FORMAT

GX§1-1) CARD-3
K DATA
- (8r10.0)

SULGPC

po00G60000¢8

t1)ev b iy

SMDIAM

pooooogogt

SHPTEM

9600000000

HENU TR W LR I |

SHDELP

1000000000

NN

RN MBI

SPDELP

1000000008

QEHO IO RN RN

SGPTEM

00000000020

LR R R

SGGFC

SGMRAT

0000000000

HUA YL TNIE AR N

I nma e

CARD TYPE

CARD FUNCTION

CARD FORMAT

- Gp(i-1) CARD-L

- TANK DATA

- (F10.0)

%

SNBAR

BOCCOODO0E

LR 2N BRI S I e

LI SRR IR AL R I

.000000000000009&00000000600000008000000000000000000006000

aunonuo

TN ME B NI FUG RN R A TR HE R TR RS TR K AR LN A PR R TR U I B i R

T0 SETS OF

THE AROVE CARDS ARE REQUIRFD
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FOIM LMSC 36428-3

LMSC-A991396

P . . emp.  Pes
repored by: ID"" LOCKHEED MISSILES & SPACE COMPANY. INC. Page ! pl e
Checked by: Dote Title Model
I - TANK GEO-ETRY INPUT DATA CARDS
Approved by: |Duu ‘ Report No.
1.5.2.13
CARD TYPE -

Gpl( 1-2) CARD-5
** CARD FUNCTION - TANK GEOMETRY OPTION CARD

READ BY SUBROUTINE C@MPIL
CARD FORMAT - (215)

/

- NOT

pooopaejoooo0foooDOBCODOCPOCOOOO00O00/O00O00O000CONORO0RO000OPOO0CDO0O0DOPOOOOOOO0OPODO00O00DOY

CE sl P s s NNREREINEFRNYRERANGP MG ROBRNNUNNRIABRpOBMBBRBNN

inMnuisnnary
CARD TYPE ] - Gp(1-3) - CARD-6
CARD FUNCTION - TANK SEGMENT SHAPE CARD
CARD FORMAT - (215, TF10.0)

Nor

R g8 ]

0000'0DDIIﬂD0000000000000090000010DU000000000000.00000‘90000000BUBBBUDUBDUUUBUDDBHDCIU
tavesfiona

1 1 Il‘lull'llllilll‘l INANBBRINAR RN NN G RAUsKeRraBus Yy ElogsuBbBBRRORIIRIDUNEN Y

200000000000000000000000000000000000000000080000000000¢

R R AR BN ER R EREEAE N R B R RS R UM S  RUN TR MO R A O S VA TR R SR TR LR T ST N L T T () A TN R el B I R PR

WOT A CARD
0o0bocod ﬂﬂD000I]Dﬂ0UI]D9ﬂﬂU00ﬂDDD00000000000000000000‘009UGUDUUU 00000000
[ N N L R R U e e L LR L R R R e N N L L LR et Sl
S
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FORM LMSC J828-)

LMSC-~A991396

Prepored by: ID"" LOCKHEED MISSILES & SPACE COMPANY. INC. |'°%° Mp'l e
Checked by: Date Title . Model
| , ACCUMUTLATOR CHARACTERIZATION
Approved by: Dote INFUT DATA CARDS Report No.
| 1,5.2.14
CARD TYPE - cp( J) CARD-1
CARD FUIICTION - ACCUMULATOR DATA INFUT CARDS
READ BY - SUBROUTINE C@MPIL
CARD FORMAT - (315)
o | E] B
g 8¢
= <
§00000DD00POOO0O0Q000000000000000000000000000000000000C0DD0000000000D000D00 nnnnn
(IR ERREERE BRI R IR NV IRIRTRIRTRIR MR RIRINE B R B RTE SIS R N RN IRE X1 HNMBUIRIODOUBU OB NN NN T
CARD TYPE - Gp(J) CARD-2
CARD FUNCTION - ACCUMULATOR DATA
CARD FORMAT - {F10.0)

%

LR IS IERE N B I N (INTAS RTINS I R UL IR (RN (LR RERIN R BRI N1 TR RTG R R LT UR S SR R TR U TRV NN G VIR TR NI R IR R TR R R TR B

AITHIK
AVYL

CARD TYFE - GP(J) CARD-3
CARD FURCTION - ACCUMULATOR DATA
CARD FORMAT " - (10.0)
é
D-MOOMMDMMIJ00000000000000000000lJHMMMDDI]MI]GODOODMOMDMMDDB MDM
[ I IR I N O R NI NIRRT I Bt NIRRT BN T I i e B L T R W Lt R U N O A T R LR N S N N R PR TR TR A AT R I A (IR B LI PR e S

NOTE: TWO SETS OF THE ABOVE CARDS ARE NEFDED IF ACCUMULATOR DATA IS
REQUIRED.

I~

UODDDOGE 400000DOUG0900000000000000&0000000000900000000000000

rEIRECEE B B SRS I LIS I L B IOV TR did R I LI T B GREBIBINNCNCUREI RN EY PNUSECUBNPRNe R hURB R DT
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A991396

Prepored by: |°°'° LOCKHEED MISSILES & SPACE COMPANY. inc. |T°%¢ ' ™™
Checked by: Date Title Model
I HEAT EXCHANGFR CHARACTERIZATTION
Approved by: ID°" DATA INTUT CARDS Report No.
1.5.2.15

I‘Ieat Exchanger Data Input (when required) will always be in pairs. Use
dummy blenk card if one heat exchanger does not exist. Oxidizer sigde
unit will be entered first followed by fuel side unit.

CARD TYPE - Gp(k) CARD-1

CARD FUNCTION - HFAT EXCHANGER DATA INPUT CARDS

READ BY - SUBROUTINE CgMPIL

CARD FORMAT - (15)
po0o0copoooOoOOOOOODOOODO000000000D0O00CO0O0O0CO0000000000C00000000C0000 20000000
T3 sl T I U N GRENNBENIREANERIREE P NN QA ARUNYRYBNNINANREUBEUEN DN DTGy

CARD TYFE - Gp(k) CARD-2

CARD FUNCTION . - HEAT EXCHANGER DATA

CARD FORAT - (11F6.0, 6X,A8) (OXIDIZER SIDE)

/

Elslelslelelalelalaly 8
= [ O el s+ [&] | &) e 8 E%
sl Ela|8 (8|5 |6|B|E|E|¢ :

goooopiioooooPaLoecopOOOROLDOCOR000000{000000(000008000000/000000(2000000000800{20000C16¢
s K

[ 2SN N T BN B BOSTIEH \SRTN IS A [ IO T ST RIDR H: Bbv it XML RN 0600 I8 L RLATHIE N ME T T HIV R LY YRR UR VR ER T S VIR cH RSN TR T H SV S SN HRY RIS St ] N R
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Prepared by: 410°" LOCKHEED MISSILES & SPACE COMPANY. INC. |09 ™ ™™
Checked by: Date Title - : Model
i . PUMP AND TURBIWE CHARACTERIZATION
Approved by: lDan DATA INPUT CARDS Report No. 6
1.5.2.1

Pump and turbine input daste (when required) will elways be input in pairs.
Six cards (3 pair sets) are elways reauired. Non-pertinent variables will
be left as blanks. If no data are required, then all cards are omitted from
input data deck.

CARD TYPE

6,(1) CARD-1-2 _
CARD FUNCTION - PUMP AND TURBINE INFUT DATA CARDS

READ BY

SUBROUTINE C$MPIL 1. OXIDIZER SIDE
2. FUEL SIDE

CARD FORMAT (15, 4F10.0)

/

g | g 2 3 g
] [9]

E a, 5 g E
uounoauoonnnonndoounnnnnnuoooouunuuuonoaneonﬁauouoonnnnnouonnnoonuooonooenn g6e
trra e v st N EN NN EREDESENNNR LRI QQUBH TN UNNNUNBYNDBOROCROGONETIN NN NNGE NG

CARD TYPE - Gp(1) CARDS 3-4
CARD FUNCTION - TRANSFER PUMP DATA 3. OXIDIZER SIDE
CARD FORMAT - (4F10.0) . 4, FUEL SIDE

%

ElE R E

g g
[
pGooooo0000jdco0000000jE000000B0CI000000000CpPOO0COOO0000000COB00O00000D02C0CC00000 600
IR A I BN RN TR LI TN L S DT IR M (R I AR LS TR TR I IR HS L IR L IS S A M TR R T L N TR R B R VR TR ) R T I RS R S M A S PR I T 3 I IR AL B SRR 4
CARD TYPE - G,(1) CARDS 5-6 5. OXIDIZER SIDE
CARD FULCTION - TURBINE DATA . 6. FUEL SIDE
CARD FORMAT - (5F10.0) ‘

/

TEFT

00000000!0300000000'051‘000000000300!00000D0l!0000DDOJﬂUDﬂﬂDﬂODOﬁDOﬂﬂOﬂﬂﬂDDDOU ;bo
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g 2
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TYTEMP

_TITEMP

FORM LVAC 3028-3
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Prepored by: |°°'° LOCKHEED MISSILES & SPACE COMPANY. INC. | °9° 'NI fe
Checkod by: ‘0"' . Tile  HEAT SOURCE CHARACTERIZATION Model
DATA INFUT CARDS
Approved by: ) lDon Report No. 2
1.5.2.1

" Heat source data input (when required) will always be in sets of two cards,
one each for oxidizer and fuel sides of system. Use durzy (blank) card
when one unit does not exist. _Oxidizer'side unit will be entered first
followed by fuel side unit. ’

HEAT SOURCE INFUT DATA CARDS

CARD TYFE = Gp(m) CARD-1
CARD FUNCTION - HEAT SOURCE DATA
READ BY - SUBROUTINE C@MPIL

CARD FORMAT - (15)

,
%

googolooobo00000p00000000000C00000000000000R0C0000000000000000000D000000 000006

T2 e s I B BN NN TANR PN UBNBYINAOCOUGEORNANUINE SN OO DBRUNRN DRI HEK2
CARD TYPE - Gp(m) CARD-2
CARD FUNCTION - HEAT SOURCE DATA
CARD FORMAT - (15,5%X, 4LF10.0) ' (OXIDIZER SIDE)

/

= ]
[a M
& g E g 2
121 B B 12 B
goo0gojaody 03006000000500005\1005&0\!5000633“0““000“&&00“000NHHH!OONININIMNREG LE]
[ A Y IR I I ) :11':!ll':1!|I'Il‘..I'ﬂ:'lei.'i’f.'!ﬂ'.l’i.'ﬂll?':lﬂ:’i!?ll!"l:l.’l!l:lél'lll"!f\l‘.25!\1535!”!'5“‘!l!i:i!ﬁll!:““Vll‘-?!.’!lll':'['?:l 2
CARD TYPE - ¢, (m) CARD-2
CARD FUTCTION - HYAT SOURCE DATA .
CARD FORMAT - (I5, 5X, 4F10.0) (FUEL SIDE)
= B =
& B : E
£ & & z
a B 2 2 .
pooocooCNs00Co0COO0OY00CCOCCOOE000CC0O000[30C0000000/0000000R00000GO0000000000C(™JL5
1)) s vy Z.“)ll"‘l1l‘ll|.'."H:Z:lf::lf':l.‘f::'L‘I!l‘l)il.:'ll!?l‘ Dyl l-l'l'l’y'."'..".Ivi::‘.!':!'\‘I.’hi.“inl‘:ii!fﬂl"':l'ﬂ'?ll';’i“\\
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Prepared by: |D°" LOCKHEED MISSILES & SPACE COMPANY. INC. | °9¢ '™ ™™
Checked by: Date Title Model
l MOTOR CHARACTERIZATION
Approved by: |Dc'o . DATA INPUT CARD Report No.
1.5.2.18

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

need to be expanded. When adding variables, take care to insure proper dimen-

sioning is accormplished in the appropriate PDP.

MOTOR INPUT DATA CARD

CARD TYPE

CARD FUNCTION

READ BY

CARD FORMAT

1

- Gp(n) CARD-1

- MOTOR INFUT DATA

- SUBROUTINE C@MPIL

- (15, 5X, 3F10.0)

7 &

: 2 2 | B
poooojooooRpogoQooo00000000C000CGO0000O0O00D[0000000000000000000C000000080000¢0 609
(BRI IR R R AR NIRRT R Pt unnnnxnlnlna~»unu):1:1:1:nu:uuuuuuunan:uuuunusluuullnuuuuuuur:nnr:unnn >
0000GFG0 4 91.ECEMDDEOUDOIMGINDBDDMDOOOBDDHOODOBD00000000000000 Ny !000000
1} SN B IR B BV | NMOPARSPANBIPUURDIEIIUICCCGUEGEEHUNRESEDUANY NECREUBOEBONRNDN N Tl
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1. 5. 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. 2.2 ., and graphically outlined in Fig.
i,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. 1.5-1) is presented in graphic form in Figure 1.5 3-1 and rebresents
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 g specific flow
"element diagram which is described in detail in the referenced (Ref. 1.5-1).

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 straight-edge and fits the

curve to extend the graphic function. But a computer table look-up program will only

see the first or last value in the curve point data array and (if programmed) stales 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 ahalysis. For the example

it was determined that the range for the independent variable (mass velocity) should be

0.1 to 6.0 lbs/hr-sq.in. The resulting points taken from the curve are given in the

following table.
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Figure 1.5,3-1 Hydrogen Electrical Heater Heat Transfer Performance
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Table 1.5.3-1

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
(Ib/hr-sq. in.) (psia) (psia) (psia) (psia)
0.10 .21 .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 2.09 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 1.5.3~1 into the table data card format then consists
of assigning the program variable names and values in the order illustrated in

Fig. 1.5.3-2.

Taking the variables as they appear for each of the table cards shown in Figure 1.5.3-2,

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) (Tzble will not be plotted)
NT = 20 (Table I.D. number)
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Prepared by: Dete LOCKHEED MISSILES & SPACE COMPANY. INc. |P°%° ™™ ™™
hecked by: o i del
Checked br |° " T PABLE DATA INPUT CARD FORMAT Mede
Approved by: IMM . Figure 1'5'3—2 Report No.
CARD TYPE - Gp(d) CARD-1
CARD FUNCTION - TABLE IDEATIFICATION AND CONTROL CARD
TITLE ND NC|{ IP| nNT

(L26) (16)| (16)] (16)] (16)
000006000000000000000000(000000
CARD TYPE

CARD FUNCTION

pooooojo0000cCH000800

THUNLREIMERE G

DUUDDODDOUDbOﬂOUODDOﬂUBﬂ 2060

USROS LNUBUUMRONOOUBEOREIN NN R

Gp(d) CARD-2
TABLE COMMENT CARD

/

COMMENT e
(1346,42) _
$0000000000000000000000000000000000008000000000000000000000000000000000000006000080

PR R I NN NN RNNRINARIBHBUNRDUBLEININQAQAGNUBgu RN RRNUERTNBRUQARNULGEDURIRNIDUNRERDA A

- Gp(d) CARD-3
- TABLIE SUBSET VARIABIE CARD

CARD FUNCTION

// LABV KNP - TAB, TABo TAB3 TAB), TABNP \\\

(346) (a7) (E10.0){ (E10.0) (£10.0) | (E10.0) (F10.0) '
000000000C0000000D00j300000/2c00000000{900000000D00000O00B00/DO0000DNO{E000000000(200DS
Tttt ity ununusuenulsn AN NRVUBPII NGO Uso RN NOUEgUBRDROUBHTODAIN DRI Y

CARD TYPE °

- ¢..(@) CARD-k
CARD FUNCTION

- TRBLE DATA PLOT CONTROL CARD

/ LABX LABY XMIN

(346) (346) (E12.0)

eoo0po000000O0O000ODC(000000000O000O0D0000[000C0000000000R0000000D0j000000000000000 00
[ EEN NN EINRTY IR CRTEI R R E R R RIRIRLE SR 1 R L RO R XN

G NAUVSYEVEHODUBBREORNTI NN TS

XMAX
(E12.0)

CARD TYPE

- Gp(a) CARD-5
CARD FUNCTION

- TABLE SUBSET DATA CARD

TYPE | NIP

NV
(16) | (16) | (26)

000000(000CO0DRO0OO00OCOPNO00O0CO000C0000000000000800000000000000000000-0
1238 sty v sy

epogoooe
FANRBNNAENDBIRNBUBKEFINGOQGUSGU IR UBUBUYIVENREUBEOUODRD D

" - ¢.(d) cARD-6
- TRBLE DATA CARD (DISCRETE DATA)

CARD TYFE
CARD FUNCTION

XTAB . YTAB XTAB YTAB XTAB * YTAB
(E12.0 (E12.0) (E12.0) (E12.0) (E12.0) (E12.0)
800000000000

gjeoccongsooci000000000000j0000000C0000(000000000000/000000000050j300D00NS0
tireseitrnnfaunsosnannnafsasrEEnEnuEstars e duodan
4

IR R TRURTRERTR N ARG TN LR R R IR

sununnun
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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 1.5.3-1, the

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

LABV = Pressure (psia) (Third variable)

NP = 4 (Four pressure values)
TAB; = 14.7 (First value)
TAB2 = 100 _ (Second value)

TAB3 = 500 " (Third value)
TAB 4 = 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 subtébles 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

NIP = 3 (Use 3 points for interpolation since curve is
somewhat parabolic)

I

(Discrete data points from curve)

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
YTAB? = 0.70
XTAB3 = 0.50
YTAB3 = 0.96

The completeq Table 20 is illustrated as a card listing in Tablé 1.5.3-2.
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Table 1.5, 3-2

HEAT TRANSFER PERFORMANCE DATA FOR HYDROGEN
DATA TABLE NUMBER 20 '

HTWXFER CAFF o =H2 3 4 20

OVERALL HyAT TRANSFUR COCFFTCTENT FOR HMp ELECTRIC POWERED HEX AS A
FUNCTTON pF MASS VELOCTTY AND FLUTD INLET PRESSURE,
REF. ARLTY=7535,

PRESSURE (PSTA) Ty T {Ne7

PV [P,

100,

MASVEL (LB HR=IN) U (RTU/HR=R=5Q,TN)

!10 .27 030 070 .50 '96

.75 ll?‘ 1'00 19“2 1.50 1.75 4
2ol 1e97 3000 P35 4400 2,73 ..
500 3,009 Ga00 3045

i1 | 3 , -

75 | ¢35 100 1e53 1,50 - 1.85
2alil 2.09 3000 Ce/B de00 - 2.87
Se00 3,25 . 5400 Bebl

| 1 3 ' ' .

Olu .”S ’ 030 988 .50 ' ’.20

75 1,45 cee 3e00 L 1e65 L L 1450 0 . L 1,96
2e00 2.722 3.09 : el 4400 : 3.04
500 3.2 ba0 3e.82 .

3 . . SR . A .

210 250 *30 «99 ) 130

75 155 ' 1000 f1e76 1.5%50 2.08
2e010 2434 o 30()0 e ?07“ e - “.00 [ 3.22 ..
Se00 3.65 bant 0 Uan9
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1.5.4 Use of Program Files and Data Files

..

In the use of the Math Model Program as an operational 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.

1.5.4.1 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 mamtamed on a master tape which takes
quite awhile to read into core. It is considerably more convement fo 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 settmg up a mass- storage f11e and usmg it

are generally as follows:

Qreating a Program File

~Assume that the mnemomc TCIMM is used as the program file name, then the file creat1onv

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

RUN N
© varies with facility opérating 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, , TD4 (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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@ CPPrY TPF$. , TCIMM. (Creates program file)
@ TIC TCIMM., ,TCIMM. TAPE. (Makes tape label)

@ COPPHUT 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 FiIe

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.,TYPF$ (Copy file to user free of core)
@ FREE TCIMM. : (Free file to storage)

(Reference Figure 1.5.4-1)

1.5.4.2 Data Table File. Similarly, for the DATA TABLES which currently require
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 operating procedures
LID CARD

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 EOF
(Reference Figure 1.5.4-1)
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Z@FIN

Vo
L
’
11 .

A

/ DATA DECK — INPUT DATA CARDS
/ DATA DECK —SYSTEM DE FINITION
/ ADD,P TNUMBAG.
/ DATA DECK — TABLE ECHO-CONTROL H
/ DATA DECK — TITLE CARD A
/ DATA DECK — USER I.D. CARD j
/@XQT TCIMMP )

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

/@MAP,SAI MAP, TCIMMP . |

/@PREP TPFS. s
/GTREE TCIMM. .

/@COPY P TCIMM. , TPF$. —
/@ASG,A TCIMM, -

/@LiD )
/@ RUN —

FIG. 1.5.4-1 TCIMM RUN DECK SET UP TO USE PROGRAM
FILE AND DATA TABLE FILE
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1.5.4.3 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 advantageous to place 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 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 pfocedure 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 thé run XQT card, insert these cards:

@ ASG, A ACPSDATA.
@ASG,T TACPSDATA.
@DATA,L.  ACPSDATA.,TACPSDATA.
-3,3 ,
10 1 0

(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, wil_l 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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1.5.5 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. ‘

1.5.6 Data Table Deck List

The Data Tables currently employed in the program were set up to permit development
and checkout of the subprogramé 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 s'ame number of variables, arranged in the same order

as used in the original table.

As an aid to future us.ers 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 MAME

. 10
€420
Acres
Gas 1
ENGINE 0
LvE 10
Tec 21
LyVE 10
TaP 31
LINE 10
Valve 33
L INE 10
VALVE . 2%
LINE 10
Tev 34
LINE 10
RgU 32
LInNE 10
AcCun 0
LINE 10
hgX )
GaS 1
LINE 10
VALVE 3
LINE 10
PuMP 21
LINE 10
ValvE ey
LINE Lo
Tab 34
LINE 10
TanK 0
Gas 2
ENLINE 0
LINE 10
Tgt 3
LiNE 10
Ta? 3
LINE 10
Valve 3
LINE 10
VaLve 21
LINE 10
147 31
[ INE 10
REG 32
LyNE 10
AecCun 0
LINE 10
HEX 1
645 2
LiNe. e
Valve 51
LivE 10

6213 10
1 1
TNUMBAG,
SUBCRITICAL
1 0
3 0
3 0
TR
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
2 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
t 0
1 0
1 0

1

3 0
3 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
! 0
1 0
1 0
1 0
1 0
1 0
1 0
2

K 9
1 0
1 0

TABLE 1,5.5-1

ACPS INPUT DATA DECK LISTING

4 30238

ACPS = TEST DEMONSYRATION PROByEM

LAST CARD

1.0095 110,

1.009512643

1.009515040
1.0095 1045
1.,0099 2440
1,009% 1045
1,0095 1240
1009513540
1:0095 4040
1,009% 10.5
140095 2040
1,0095336.8
10095 3040
1

10095 2440
1 .

1.0180 1240
1.0180
140180 1240
1

1.018014040
100150 6467

10150 1240
1.0150 6,67
1.0150 2440
2

1 (01t 110,
1 011 109,
1 .0otl 150.
1 0011 q.
1 0011 2“.
1 <011 9,
1 .01t 32,
f 011 86,
1 +081 40,
1 011 9
1 011 20,
1 011336,4
1 <0481 30,
i

1 .01t 24,
i .

1 W01t 2,
1 .01 9
1 .01t 12,

1.0
15
2.5
245

175
175
1.75
1475
175
175
1475
1450

150

150

1-107

5

o5
o5
«5
5
240
o5
*5
o5
o5
o5

20

20
240
290
20
20
20
24¢0

.20

2e¢0

240

240

30.

3pe

30

30
300

3qe

oo
300

3pe

30..
3pe

300

.30.

3p0
30
3pe

30

30

30

30.
30e
300

3o

30

Q2=VAP
ENG}
LNOd
F101
LNO2
Fro2
LNO3
1vot
Lno4
cvoe
LNOS
F103
LNOS
PRO1
thoz
ACO1
Lno8

HX0}

ge=L18
LNO9
cvol
LNLO
HPO1
LNIY
Svol
LN12
F104
LN13
TKOL
H2=VAP
ENGY -
Lheyg
F121
LN22
F1ee
LN23
Ivoe
Lhad
cvoy
LNES
F123
Ln2e
PRQ2
LN2T
ACO2

- LN28

HX03
H2=L10
Lxe9
cvo3
Ln30

LOCKHEED MISSILES & SPACE COMPANY
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CONFIG
CONFIG
CONFIG
CAnFLlG
CUNFIG
CUnt IG
CONF1G
CONFIG
Cong G
CONFIGLO
CONFIGSL
CUNF1GI2
COKFIGL3
CONFIGid
CONFIGES
CONFIGLG
CONFIGY?
CUNFIL1S
CONFIG19
CONFIG20
CUNFIG2E
CUONFIGR2
CONFIG2S
CONFIG24
CUNFIG2S
CONFIG2S
CONFIG27
CONF1G28
CUNFIGE29
CONF1G30
CUONMFIG31
COnNFIG32
CONF1G33
CONFIG3Y
CONF1G3S
CONF1G36
CONF1G37
COANFIG38
CONFIG39
CONFIGUO
CONFIGUY
CONFlGU2
CONF1643
CUNF1GUY
CONFIGAS
COKFIGYS
CONFIGYY
CONF1G;UB
CUNF1Gd9
CUNF1GS50
CONF1GS1

VBN L NN -



" TABLE 1.5.5-1

HPo2
LN31
S§voe
LN32
F124
Lh33
Tko2

" h

ACPS INPUT DATA DECK LISTING (CONTD)
Pymp 21 1 0 1
LINE - 10 1 0 § «018 120, 2,0 4 240 3pe
- VALVE 21 b 0 1 +018 Seb
LINE 10 1 0 1 4018 12, 2.0 4 240 3p»
TaP 3t 1 0 1. 4018 546
LINE 10 3 0 1 «018 24, 2,0 & 2+0 3gp,
TaNk 0 ] 0 2 4 240 3pe
Env
4,58 sS40, 9 3
6,15 719175, 9 3
3,58 2094, 9 3
38.80 536. .9 3
7.43 2061, 9 3
3.58 $93, 9 3
66,10 536, 9 3
32,35¢ 214, ] 3
!03.l0 B S68, 9 ! 3
31.90 1876, 9 3
16,16 571048, 9 3
109,00 9564, 9 3
-ll
3 350« 400, 1750, 250, d0.
1 b 2 2 2 .
16Se 16, - 170, 267 3167 .2
3, 5:066
1 1t 2 2 2
37, 164 40, 1941 24,41 3
Se
1 0
1 '] 1
350, 2000, Tt 2, 245 2.05
1 a1 ' - ,
350, 2000, 2 2, 7245 5,20
1
2000, t1oo., 1173, 350, 245, 215, 2030, 2000, 30, 300
2000, 1028, 42, 350, 500, 470, 2010, .2000, -30’ 10,
2 .52 Be7 20000, 20273, '
2 «54 1el 70000, 2023,
1) 2000, 1160, <891 250,
o 36 2000, 1160, 891 5004
1 .
1 140 2060, aus,
i 1¢0 2060, 500,
1-108
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24

500

500,
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CONF1G6S2
CONFIGSY
CONFIGSY
CONF16SS
CONFIGS6
CONF1GS7
CONFIGSS8
ENDCFGS9

DCYLOY
OCYLO2
0CYLO3
DCYLO4
PCYLOS
bCeyLoe
bCYLO?
0CYLO08
DCYLO9
pCcYLio
pcyLty
ocytie
ENDINPUTY

ENGINE

SMAL.TK,02

SMAL,TK,H2

IWoP v g

ACCUM=02
ACCUM=02

ACCUM=H2
ACCUM=H2

NUMREX
kX0 1
HX03 1

PUNMPY
PUMP2

TRPUNMP {
TRPUMP 2

TURBA
TURBN

N =

NUMMSD
HSOKC
HSORC

N e
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1.5.6,1 LISTING OF THE DATA TABLES

DATA TABLE -1

KCS~THRUS 1ER WEIGHT M 5 |

HIGH PRESSURE APS THHUSTER

FEGEN, SLOT TYFE CU, CHAMRER

GUAD REDUINPANT VALVES, RaD, MOZILE .

EXPANSION RATIO SET TO 4O FOR THIS DEMONSTRATION TABLE

To = TF (R) 2 200, © 500, -
EC (PSIA) 3 100, 300, 500,
THRUST (LB=F) TCA WEIGHT (LB=M)
S { 2 :
100, 19,1 300, 29, 600, 40,3
IQOU- S4e 1500. 70, 3000, 118,
6QOUQU' 2?”,0 IDOO0.0 475.0
8 | e
!QO. 15,9 300! 20.9 ~ 600, 26,8
100V, 33.5 1500, Yi. 3000, ’ 64,
bOOU.O |!8.0 10000,0 218,0
8 { TR '
]QO. 15, 300, i18.9 600, ' 23.1
100U, 28,2 1560, 33.9 3000, 49,8
6QUUo0 3!.0 10000,0 131.0 '
8 [ 72 SrRR e
!Qﬂc . |?-l ' 300, 29, 600, 40,93
!QOU- 59.‘ 1500. 70. 3000, {t8,
600U,0 34,0 ip0C0,0 475.0
- 8 ) "o VN
'00. -|5.9 300. 20.9 600; ” 2608
100v, 13,5 1500, Wi, . 3000, 64,
600U.0 1ig,0 10000,0 2i8,0
. 8 ot S
10U. 15, 300, (8,9 600, 23.1
ioou, cd.2 I1500. T 33.9 3000, 49,8

DATA TABLE -2

KUS=VAC, sP, IMFULSE 3 Y 2

H16H PRESSURE APS THRUSTER

THEURETICAL PERFORMANCE FOR GASEOUS HYDROGEN/GASEOUS OXYGEM
EXPANSION RATIO SET TO 40 FOR THIS DEMONSTRATION TABLE

PROPELLARY TEIP, 3 169, 250, S40,.
HIXIURE RATIO(O/F)ISP(LBF-SEC/L.BM)

9 I "3
1. ’ "360, 1.5 392. e 418,
Z;s H?g;g 3; Hys5.95 3.5 NSI.
Ye ysy, Se 4S5, Te 4y2,
9 A | ’

b . '3¢8, S L 425. Qe - 441,95
2.5 usq, -3, 457.5 3.5 U61,.5
q; Hbi;% s. 463.5 Te quao

¢ 9 P oty ¢

te ’ 429, 145 ' 447, 2. ys9,

2.5 G67, 3. 472, : 3.5 4714,

Y, . YTy, S. 70,9 Te yse.
1-109
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DATA TABLE ~-3.

SPEC.HT/LY OF C2 PEMOVED = 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 (PSJTA) S 700, 1000, 1500, 2000. 3000,
PLOT LABEL ’ .
23 I 3 .

" 240% 235,88 2.241 212,94 2.402 196,04
2,590 179.47 2,811 163,24 3.28%5 163,24
3.527 126,64 4,059 108,76 HeS6T 95.90
5.097 85,138 T 168 59.81 8.578 50,10

10, uY, i5, 33.7 z0, 29.1
25, 28.8 30, 3145 35, 38,
40, 47,5 45, 59.5 €0, 5.
60, 115, 70,126 164,
20 ! 3
2.97 T 235,24 3,109 217,76 Jehi2 194.90
3,784 172464 4,254 151,02 Y.E71 129,96
5,058 ‘2"’075 \ 700“” 87087 . 90068 67080
in, 60, 15 45,8 20, 39,5
25, 37.9 30, 39,6 35, HY R
40, 53,5 4%, 6449 50, 80,
b0, 119.5 10,126 16649
17 | 3
Mo312 233,81 . 5.061 192,89 5.967 159,50
T.047 132,88 8.113 118,61 9.143 1ol 4%
10.23% 90.65 4,772 64,65 19.854 53.02
FL I " 30, St.d 38, 554
4o, 62,2 45, 72,5 50, 85.7
60, 121.7 70,126 170,
17 | 3
Se6%7 ° 232,12 6.046 214, 1Yy Te022 - 179,50
8140 152,18 9.n22 136,45 10.150 121,05
12.662 * 87,93 - 1S.u476 82,05 v 19617 68,68
25. T 6HT " 30, 63,2 35. 65¢3
40, 7049 4s, 79.9 S0, 90.8
60, 126, 70.126- 174, o
15 A 3 _ ' ' _
B,185 ~ 228,51 9.20% 198,84y 10,240 175.72
12,848 139,40 14,487 .126.,2% 16,553 113.42
20, " 99, 25. 86, 30, 8.5
35, 82. uo, 86,9 us, 95,6
50, - 1074 60, 137.7 70,126 1RD.B
DATA TABLE -4
SPEC.HT/LYB OF H2 REMOVED 3
‘. SPECIFIC HEAT PER LB, OF H2 WITHDRAWN
(SPEC, HEAT) VS (DEMSITY) AT A GIVEN PRESSURE
DENSITY = F(PCT,WITHCRAWN,PF/(ZF¥TF))

PRESSURE (PSyA) 300, 500, 700, 1000, 1500,

PLOT LABEL '
513 ‘-

21N 999,41 «313 565,51 383 414,05
07 362, U3 326, e4é 296,

o5 T2, Tl I50, 1eS 119,
2, N 2.5 124, 3,0 153,
15 ]

0218 ) '589086 0"’20 786088 0(’“2 "|0.93
« 73 370, 076 U0, «80 316,
1) 293, e 245, 1.5 {83,
2, f62. 2.5 164, 1.0 188,

1-110
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3.9
7
213
532
98
iel9
2¢5°
HoU
6
« 2073
Rl
136
1¢45
3.0
H.365
tg
204
815
tab00
1,85
2,18
3¢5

21T
3

2158,33
9G1.,9¢
376,

313,
2524
282,

3
3208,73
798,49

396,
IR
265,
2,

3
3654, T0
1285433
617,35
k22,

1914,
347.5

DATA TABLE -5

TEMP. /LB. OF G2 PEMOVED Y
"7 1EMPLRATURE (DEG-R) PER LB, OF 02 WITHDRAWN

4.0

. 318
6uT

1403
145
3,0

44365

408
.02
!oqn
2,0
3,5

415
fe023
1723

2+00

245

U0

3

2586'

1542,80
674,137
360,
256,
217,
312,

1683,98
571,99
378 [ ]
283.5%
284,

2264.82
984,78
505,19

LIL D

3613,
369,

(TENF,) VS (DENSITY) AT A GIVEM PRESSURE

DENSITY =

PRESSUKRE (pSTA

PLOT LABEL

et
2.05%6
2.590
3.527
51097
IU,RU?

5657
84140
12,662
264117

“0.769.

fe

B,IUS
‘Zgals
20,909
91,2063

3
!0000
800,
600,
! qu.
300,
276,19
255,
3
(00C,
'780;
6009
370,
295;
260,
3
1000,
“6LQ,
430,
330,
270,
3
1000,
720,
510
360,
230,
3
1000,
680,
430,
295,

700,

2o241
2,811
4,059
7.168
4,492
364171
60,027

3. 109
4,254
7,041
14,702
34, 160
60,710

5,061

Byil3
4,772
34,878
60.725

6.046
9,022
15,476
34.9(4
€04 T4

9.205
14,489
31.139

. 60,791

F(PCT ,WITHDRAHN+PF/(ZF)TF))

{000,

920,
T40,
530,
350,
280,
276,19
225,

940,
700,
460,
320,
290,
225,

860,
570,
390,
310,
230,

940,
660,
450,
310,
4235. .

900,

620,
390,
245,

1-111

4,36%

423
«A19
i.10
2.0
3.5

o595
1.27
1.50
2.5
4,0

NGYL

[ o241}

I«876
2.05

3.0

b,365

1500,

2.402
3.285
4507
8.578
18,617
Y4348
12.252

EXL AN
Y.871
9.069
21719
42.970
T2.510

5967
9.143
19.85Y4
42,293
72.926

T.022
0.150
19.617
45.084
720559

10.240
164553
Ul.334
72.618

LMSC-A991396

292

194,40
412,82
348,
208,5
2us,

1209,78
425,33
152,
26[ .5
315,

1642,97
755, 4
455,42
468,
44,5
393,

2000,

860,
640,
480,
320,
eTh. |9
270,
160,

860,
620,
390,
300,
280,
160,

740,
520,
350,
298,
160,

820,
600,
qon'
300,
165,

820,

560,
lo,
170,

LOCKHEED MISSILES & SPACE COMPANY
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DATA TABLE -6

TEMP, /LB, OF H2 PEMOVED ~ 3 4 6
7 VENPLRATURE (DEG=R) PER LB, OF H2 WITHDRAWN

(TEiP) VS (DFNSITY) AT A GIVEN PRESSURE
LENSITY = F(PCT,HITHDRAWN,PF/(2ZF¥TF))

PRESSUKE (PSIA) s 300, 500, 700, 1000,
PLOT LAWEL ’
17 ] 3 ‘ :

214 T 260,0 «317 180,0 ¢ 333 1S0,0
J0° 148, 43 130, T 124,
50 iis, 75 89, 1,00 78.5 -
1e2% 73 {¢5 69.8 2, 66,
2.5 64,3 3, 62. 1.5 58,
4, S1e 4,365 43.5
& { 3 '

218 ° 420,0 420 220,0 642 150,0
«13 130, 76 127, «80 te3.5

+8Y T 120, fe 107.8 1e2% 95,5
1.5 87.5 2 T9. 2.5 7.3
3. 68,3 . 6243 4.0 54.7
4,365 48.5
18 | 3 '

213 7 600.0 318 400,0 423 300,0

$532 240,0 64T 200,0 099 150,.0
+9H 132, 103 128.5 t.l0 S 123.0
1.2 9. Y- 116, 105" 04,8
2.0 80.5 2.5 £0.8 3,0 4.2
3.5 6645 Y, 58, 4,365 51,
16 ( 3

«2U3 §60,0 408 440,0 656 320.0

621 220,0 le02 180,0 te27 150,0

136 140.5 1e40 138.0 1.50 131,0 °
1e5% T 129 T2, 108, 2.5 W 4
3, Euel 3,9 TUeh 4, 63,9
4,365 ’ 5.5 _

1877 i 3

254 1100, N 650,0 b1y 425,0

«815 “320, 1.023 250,0 fo2ub 215,0
t.u00 190, 1,723 160, 1.876 {56.0

1,96 j43.0 2.0 139.0 2.05 137.0

2,18 130, T 2.5 17, 3. 101,
3.5 §6.9 4,0 73.9 4,365 65,

DATA TABLE -7

RR/ VS PGGyHM/pyPAIR}PCHP 5 3 7
" REFEHENCE REACTAMT FLOW AT T.I.T.= 2060 DEG R,

(RR) VS (PCT.1'Pe) AT A GIVEHN (PRESJOF GG)y (MIX.RATID} s (P=allBIENT)
HIXIURE RAT10 2 o5 1,0
ANBIENT PRESSURE 2 0, 14,7
PLOT RRI

T2 2
0, ) c. 100, Te52
2 l 2
0, : je23 100, 8:57
2 i - :
0, " 0 100, 9460
g. ! %.00 100, 10T
2 | e
0, ) G 100, 657
2 | o .
0, N o84 100, 713

1-112
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DATA TABLE -8

KK VS PGGoli/pePANE4PCHP
REFERENCE REACTANT AT T41,T, = 204D DEG R

k¥, == CONVEFSION FACTOR FOR REFERENCE REACTANY RR
{KK) V5 (FCT,HIP,) AT A GIVEM (PRES OF GG) o (MIX4,RATIO)  (P=~AMBIENT)

(RR)

0780

162

MvONRN MO NONY
L]

PRES« GAS GEN PSIA 3
HIXTUHE RAYIO 2
ALBIENT PRESSURE 2
PLOE K ’
) 2 | 2

0. i {+078

2 ] 2

U, 1,037

r- | '

0. ) 1.062

2 { 2

0, ° |003‘>

2 | F

0, i 1.087

2 | 2

Gg ) .08

2 i 2

0, o 1,067

2 ! 2

o, ' |ELLEL]

2 $

ng ) !009

a { 2

ng ) |0052

2 {

0, ) 1068

2 | 2

0, lsOYT

DATA TABLE ~9

oMs ENGINE GEIGHT
ADIARATLIC W
EXPANSTION RATIO FIXED AT 40,
REFERENCE = AERODJET PARANETRIC DATA FOR LIQUID BIPROP, ENGINES, 6m2=60,

PC (P51A)

THRUST
- S & -
2ul,
4500,

) &
2u0,
4Sul,

) 6
2Ul.
4500,

(Ly=F)

ALL EHOINE

3

) —
ooV

L 3

oc

(]
=

LOCKHEED MISSILES & SPACE COMPANY

ENG.HGT,

100,
!oo;'
100,
100, .
100,
100,

S

300,
5
t 0,
(00,
100, *
!oo.
160,
100,
100,
“100,
100,
100,
_ too,
100,
100,

I

100,
(LB=l1})

1500,
6000,

1500,
6600,

t5co,
606G,

y

8.58
9.30
6el42
6,65
8.45
8.70

600,

'.0

14,7

250,

1-113

1.078
1,069
1,062
1,055
1,087
1,082
1,067

14064

1.09

1.088
1,068
1.068

500,

42,5

187.,0

2ok
67,8

4.6
43.7

900,

3000,

8000,

3000.
A000.

3000,
anon,

LMSC-A991396

175
18645

36,0
8R.5

2l.0
57.0
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DATA TABLE -10

ons vAC. sP, IIFULSE 3 Y4 10

PUnP FED ENGILE

EXPANSION RATIC FIXED AT 40,

PEFERENCE = ALROJET PARAIGETRIC DATA FOR LIQU!D BI1PROP, ENGINES,h=2~69,

PC (FSIA) 3 Ic0, 250, 500,
MIXIURE RATIO(O/F)ISP(LBF=-SEC/L.BM)
a 9 | T3 ;
1.0 ©260.0 1.2 296,2 folt 3004
';b 30”05 '08 298?5 ZaO 296.0
2.2 292,0 2.4 287,5 2.6 2R2,5
9 | 3
1.0 T 293,5 ) 302,0 el 08,0
16 309.7 {.8 310.5 - 2.0 308,5
2.2 306;?0 2.4 301,2 246 299,5
9 i
1o} ©2§7.0 l,a 306,5 (. 3i2.8
1.6 306,45 1.8 318,0 2.0 118,5
2.2 315.8 244 310.8 2eb 34,1
DATA TABLE -11
HEX MOT GAS FLOV = LO2 5 8 1

HEAT EXCHANGLE [.0T GAS FLOW TO PROVIDE CONDITIONED OXYGEH « HIGH PRESSURE
SCALED FRCIY AEROVET PRESENTATION DATA OF {/30/70

HOT GAS SIDE CoLD GAS SIDE
TIN 2000 R . 115 R
Tout "T00 R . AS SHOWN
PIN {S0=-250 PSTA ' PARAMETER
PIN COLD (PS1A) - 4 20, ys0, - 650, 1200,
ToUtl HOT (R) 2 500, 1000.
TOUI COLD (R) 3 2c¢o, 300, 400,
LQE FLOW (LB/SECQ) G.Ga FL.LOW™ (LB/SEC) 0. 14,
2 0 .
+00%928 "0,
o 2 o
NAT I 0,
ot 2 o
»0B6Y2B o,
LA 3 0"
»00%928 (VIR
ot > o
LT ] N,
L > 0"
+UBHYZ2E 0.
e 2 0
G086 1LY "0,
't ' o
fCHnga .01
1-114
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2
8IBST ‘0,
ot 2" .
+ 0096 1Y
) 2

Q

(=]
‘e

OUBY2A
‘v 2
1081 HST
) 2
0091 1Y
: 2
041428
’ 2
WOTuUST |
L 5
005 TIY
H

O O 0O o o
‘e ‘. - ‘. ‘.

(041428
2
(074571

Q
.

2
0037 1Y

Iy
030142
’ 2
OB 1H2

o o
‘e iy .

e

2
003714
2

1030142
g
<054 142

®

o
.

DATA TABLE ~12

FEX HOT GAS FLOW = LHR2 5 8 12
. HEAY EXCHAMGER HOT GAS FLOW TO PROVIDE CONDITIONED HYDROGEN = HIGH PRESSURE
SCALED FROM AEROJET PRESENTATION DATA OF 1/30/70

HOT GAS SI1DE . COLD GAS SIDE
TIN 2000 R 50 R
ToUuT A 700 R AS SHOYHN
PIN 190,200 PSTA ¢ 250,450 -~ 1200 PSIA
PIN COLD (PSIA) 2 o0, 1000,
TOUT HOT (PR) 2 500, 1000,
TGUI COLD (R) 3 2c0, 300. 400,
+1H2 FLOW (LB/SEC) G.G. FLOW (LB/SEC) 0. 14,
2 0 .
32557‘H '0!
' 2 o
411428 0.
o 2 0
0599285 0,
o 2 0
02557 1Y "0, .
KL 2 0
DQ‘|q28 a'
o H] 0
+ 539 28RS 0.
a 2 0
1-115
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02549714 0,
2 0
ol 1428 0,
2 ° 0
599285 ‘0.
o 2 o "
025571 ‘0,
- 5 0
g"illqze 0. BN
. 5 c
«599285 ‘O.

DATA TABLE -13

6GLS GEMERATUR' HEXGHT 7 13
GAS GEMERATGR ASSEMBLY HEIGFT AS A FUNCTION OF GAS GENERATOR FLOW RATE
GAS GENERATOR ASSEMBLY WEJIGHT CONSIDERS =

i. BIPRGPELLANT PCPFET VALVES AND ACTUATORS HITH IGNITER
© ASSENBLY AND EXCITER BOX AND CABLE.

2« HIXTURE RATIO cF 1.1 AND FUEL INLET TEMPERATURE oF 350 R.

TOUT (R) 2 igoo, 3000,
PC (PSIA) 5 100, 200, 250,0 300.0° 500,
G,Gs FLOW (LB/SEC)G,GuA, WEIGHT (LB)
9 | 3
O, : ~l‘$. ’ 2. © 26, - ‘ic 3802
S 46,1 6, . 5846 Te 78.
9.0 17, (1.0 161, 12. 179,
9 R PN :
Uc .|50 ) . 2. 22'“ q. 30.9
5, 36,1 6. 42.8 T, 54,9
9;0 V 7:3.5 ||o__0 98. 12, 110,
9 | 3 ’
0, ' 1%, 2, - 20.1 Y, 2645
S 30.7 T b, 37. T. . ¥7.6
9;0 6440 11,0 84.0 i2e 95.0
9 { 3 '
u, “15. . @ 19.1 He 24,
Se 2T 4 6, 32.3 Te 4o.2
9;0 ‘5‘3.5 1.0 T72.0 - 12 8i.0
. 9 i 3 o :
0, ' 15, 2, 17.6 Ye 2l.b
S 24473 6. 28, T 334
9,0 H2.5 1t.0 53.0 12, 58,5
1 9 | 3 - )
U, ) 5. 2. 26. Y. . 38.2
5. Hé, | b, 58.6 Te 78,
9.0 ii7,. 1.0 161, (24 {79,
? 9 R e
U, 1%, r: 22.4 Y, 3049
Se 36,1 &, 2.8 Te S4.9
9,0 73.5 11,0 98, 12, 1o,
9 3
U. .|So ’ Z. 200' qo ?6'9
S, 30.7 b, 37. Te 4766
9,0 64,0 f1.0 - 84,0 12 95.0
e 9 AR 1Y
U, s, e (9.4 Y, 24
Se 27.4 6, 32.3 T, 40.2
"_);0 5545 110 72.0 120 81.0
1-116
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9 ! t
U, 5. t 17.6 Yo 2leb
'5', ZHJ ’ b. aso 7. “Oq
9,0 42,% 110 . 8%.0 (2, 88,5
DATA TABLE -14
L.G2 YRANSYER FULP WEIGHY ] a L]
. whwww HOTE wweww
THIS DATA IS AN APPROXIFIATION OHLY AND WILL BE REPLACED
EFFECIENCY 260, 4.
HpSh (PY1) e Ve
HEAD RISE (PS1) HLW 50,
Lo2 FlLow (LB/SEC) PUNP WEIGHT (LB)
6 1 3 '
] ‘S, : S. ’ 15, 10, 25,
290 Sb. 300 "o. ’ 70. QOO.
6 1 3
O, Y ' S 24, 10, 47,
20 122, 30. 260. 70, - 2300,
6 ! 3 .
v "5 ' B 15. 10, 25,
20, Sbe 30, t10. 70, 900,
6 1 3 -
D, ‘s, ' Se 24, 10, 47.
20 122, 30. : 260. 70, . 2300,
0 ‘S, ’ "5, 5. " 10, 25,
20. %6, 30, 110, 70, 900,
e S _
U S0 . so el |0. "‘7.
20. 122, 30, 260, 70, - 2300,
B | "3 :
U ‘S ' e IS, 10, . 85,
20. Sb. 30. £i0, ‘70, 900,
) 6 i3
U, A ' Se 2. . 10, 47,
20 . le2, 30, 260, 704 2300,
DATA TABLE -15
LH2 TRANSHER PUAP WEIGHT 5 2 19
- khkkkk PHOTE *ivkxw
THIS DATA IS AN APPROXIMATION ONLY AND WILL BE REPLACED
EFFICIENCY 2 60, 80,
HFSH (PSI) 2 0, - 3,
HEAD RISE (PSI) 25, ‘50,
LHi2 FLow (LB/SEC) -PUNP WEIGHT (LB)
6 b 3
U, 5, . Se 9, (0, 3.8
15, 19.4 20, 26,9 50, lao.
7 ! 3
(l)‘; g; 2 g. t4,. 10, 23,
o . D 47, .
co.0 (600 30, 80.2%
6 [ 3
Ve : S -5 S 9 ’ 10, -~ “17.8
15, 19.4 20, 2649 50, 120,
1 ! 3 :
Us S, S 4. 10, 23,
15, 33,2 20. 47, . 30, 80.25
50.u {50,0
6 ! 3
U, 5 5e 9. 10, 13.8

1-117
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15
.u.
15,
5040
0,
16,
v,

150
UV

19.Y

! B )
s,
3%.2
150,0
| 3

Yo
1944

TR
L,
3.2
186.0

DATA TABLE -16
NUTOR HEIGHT

3

26,9

'
H7.

26,9

14,
Y47,

8

50,
10,
30,
10,
50,

10,
30,

16

LMSC-A991396

tao0.
23,
80.25
13.8
120,

23,
80.25

POTE = BRUSIILESS DeC MOTOR WEIGHT IHCLUDES
ELECTKOMNICS (FIXED SI1ZE FOR EACH POWER LEVEL)

ROTOR

STATOR

BEARIHGS

SHAFT

HOUSINGS
HORSEPOVER S 1, Se
SHAFT SPEED (RPI) MOTUR WEIGHT (LB)

10 I é )
2. +0311.8 ‘G0 .4038,5
i0.0 +035.28 15.0 4C34.8
30.0 +034,.139 40.0 +034,25
‘00.0 ’03“;20
: 12 [ I
200 ’033”02 ’ 5.0 +0327-6
1.V +0325.1 - 15.0 40324,0
0.0 . +0322.9 Up.0 +0322.4
anU fGi&Z.U 80.0 ~§0322.0
o s i " 6
2o ’ ’03"'1 5. +0399.5
15 +0391., 20, 40390,
40 +03846, 50 +01388,
’ 9 I 4 '

2! ’03339. ’ ‘ 5. f0326‘;o
15, +032%2,25 20, 4032507
"00. ’032%0. SUI +0"l?.50.
o 9 i "8 .
F- V +03%02, Se 03462,
19 +03435,5 20. #0334,
QU +03432, . S0, 03432,

DATA TABLE -17

VACWJAC. DL, v, WEIGHT

3

25,

20,0
50,0

T8
20,0
0.0
ioo,0

10,
30,
100,

(0,
0.
100,

10,
30,
{00,

100, . 200,

+035,78
+034,58
+034,20

+0326.05
+0323.5
+0322.1
-40322,0

+039Y4,
+0388,.,6%
+01388,

+03255,7
**032500
+03250,

+03440,
-+034373,
+03432,

2 17
VACUUM JACKET WEIGHT AS A FUNCTION OF VACUUM JACKET DIAMETER FOR
ALUMINUN RGNEYCCHR,

DIANETEY

()
1v.9
36,0
60.0
G608

13c¢40

REF ,

{INCHES) WEIGHT (LBS)
i 3 .

396
o350
JHOOU
o520
«660

24,0
2.0
720
100
Y440

r

LISC A981608.

1-118.

0365
«360
T

+568
TS

30,0
48,0
84,0
{20.0
15640

0355
» 370
U78
618 .
o762
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DATA TABLE -18

PF11 = tlYDOGEN 3 Y
ENERGY DCRIVATIVE (PSIA-(U.FT./BTU)

(PHI) VS (DEKSTY) AT A GIVEH PRESSURE

(DENSITY) = F(PCToFLUIO WITHORAWNPF/(2F#TF))

PRESSUKE (PSIA) S 200, H00,
RHO (LB/CU=FT) PHI(PSIA-CUFT/BTU)
1S | 3 :
JRU9T T 2.028 009797 1.923
e 2009 UL o3t 3.41%
oS 3.909 e 656 4,017
24299 3,071 3.0h8 6.610
4,007 9.193 4.305 10,480
15 | "3 '
«8¢88 ° 2.168 e {233 2149
e 23UN ],39? 1476 2:.93)
o THU 3,908 1.061 4.271
2.329 5,293 3,100 6,817
Yo DEY 9.616 Yo349 10,484
s i 13 o
0THY T 2.122 1232 2.{80
« 20148 2,143 o261 2,033
L5489 2.C099 « 9248 3,740
2,3077 5.51t 3.098 6.878
1.9630 9. 411 H.231 9.943
5 { 3 ’
D7THI T 2.035 «0988 24129
«2090 2.201 «260 2,174
Us17 1.973 #7367 2.519
1.9463 8,94y G,1993 9.696
5 ( 3
OTH3 T 1,93 #0927 2,040
«2278 2.213 +2789 2.21%
4270 2.088 e 7493 2.219
t « 9648 ,q.‘?‘ﬁ 3.4912 7.04Y4
Y7 9.010 He2H4T 9.69|
DATA TABLE -19
TEMP, OF N2 Vs FHO F(P) . 3 5

» |8
FOR HYDROGEN

600,

o 1YY
+ 383
te133
3.582
Helibt

o 160K
«580

f.un3
3467
4498

o 1578
322
13910
3517
4,459

163y

« 3024
11753
36572
CheN21

« 1832
o 3464
1.0274
3,7605
H.H5tY

. LMSC-A991396

800, 1000,

fe912
3.703
3,900
8,116
{1,088

2,083
E P A
y,522
T.179
It.040

2. 184
14945
4,479
7.879
104716

20193
2,123
3,832
8.163
i10.420

2,197
2,175
2,919
8.3132
10.363

© TEWMPERAIURE OF HITROGEN AS A FUNCTION OF DENSITY AHD PRESSURE,
T VS PHO AT GIVEN PRESSURE

" REF = TRERNO,FRAPS,OF 02 AMD M2 « PART |

(N2)¢ STEWART,JACOBSEHNMYERS,

DATED 7-3[«72¢ UNIV,OF IDAHO, HNASG=(20T78 FINAL REPT,

PRESSURE : s 100,
RHO (LB/CUFT) TE{IP (DFE.G=R)
R A ] 3 :
U602y T 1000, 0.32550
U39t 600G, Ge5237H
U«BIYED 3C0. 10076
16320607 215, leii267
teT8MTI '76.382 q3!6q099
Su.u427u0 140, S1.9747Y
17 | T3
VeT7626 " 1000, 0.97151
14303519 ) 6000 '057750
2.85732 300, 331995
9e3)26U 215, 5.90023
41,2390 190, 45,5043y
Su.bl24ye  uc, 52.131%6
) | I |

300,

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

80U,
500,
270,
209.176
170,
130,

1-119

600,

0.,37226
0.65840
l.2|7()’4
151513
H7.02511

Chehp2us
2.01313
4.43380

35.37826
49,0479y

800, 1000,

700,
400,
230.
195,
160,

700,
400,
230,
209,176
150,
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153854 1000,
2.59834 600,
6,320T¢ 300,
27.95726 230,
Ue,06UIL {70,
15 - P 3
2.,03884 {000,
$.HBUEY éa¢.
v.0ut66 300,
3¢.0271% 236,
4o 4N 10% 170,
1s [ |
2.5327t “1000,°
4,3032Y 600, B
12.07THY 3no,
34.2360Y  230.
170,

464722006

DATA TABLE '-20
HT e XFERCUEF 4 =H2

192725
317019
T.95007
37.27237

49,4049

2.55502
423447
12432699
38.2R876
49.63097

3. 17489
5.20619
17461068
39,1231 |
49,84845

800,
500,
270,
210,
150,

800,
500,
270.
210,
i150,

800.
500,
270,
210.
150,

2.21038
G.i128]12
10.36763
42,17850
52.35R3]

2.93297
S.58290
l 9 [} 38()95
Y2.72110
5250466

3.64719
T.06:64
26.07201
43,21232
52.64729

- LMSC-A991396

700.
400,
250,
190.
130,

700,
UOO.
250,
190,
130,

700.
400.
250,
190,
130,

L] 20
TOVERALL HEAT TRANSFER COEFFICIENT FOR H2 ELECTRIC POWERED HEX AS A
FUNCTION GF [HASS VELOCITY AND.fLUXD INLET PRESSURE.

REF, AR=T1=7535,

PKESSURE (PSIA) 4 . 14.7
MASVEL (LB/HR=IL) U (BTU/HR—F-SO IN)
i 3
10 27 -0 30
L le21 1.00
2,00 1,97 3.00
$.00 3.09 6.00
it t "3 :
l'n i .35 .30
75 135 100
2.00 2.09 3.C0
.00 3.2% 640D
e N I :
10 ) U5 «30
«75 ] +HS 1.00
2,00 2.22 3.00
%00 3.u2 6.00
e ! 3 A
¢ «50 «30
75 §.59 1.00
2.00 2.34 3.00
500 30@5 6400

DATA TABLE -21
HT,. XFER«CUEF »=02a{!2

100,

« 70
le42
2.35
3. 45

.78
153
2.48
3,64

«88
1465
2.61
3.82

«99
1e76
2.78
4.09

500.

) .qg
1.50
4,00

) .so
1,50
4.00

«50
1450
4,00 -

.50
.50
4,00

1000.

96
179
2.73

2\
OVERALL PEAT TRANSFER COEFF!(IENTS FOR 02 AND H2 ELECTRIC POWERED HEX
AS A FUKCTION OF MASS VELOCITY AHO FLUID INLET PRESSURE.

ReF. AR 7!-7535
PRESSURE (PSIA) Y 1447 t0Q,
HASVEL(LB/HE~IN) U (BTU/HRe«R=5Q,[HN)

5 . 3
2 o 13 o o7
08 022 |00 .2“
2.0 31 4.0 40
8,0 '057 '200 076
2U. iel 2%, 131

19 i 3
1-120 7

£

500,

)
l.“
6.0
16.0
30.

1000.

e 195
v 27
U9
09135
153

LOCKHEED MISSILES & SPACE COMPANY



«2 L ot
.8 ,225 1o
2.0 I Y.C )
8.0 +59% t2.0
2U. L 25,
19 P .3
2 . 175 oY
o8 .27 140
2.0 «38 4,0
5.0 + 700 12.0
2U. : 1.3% 2%.
15 ! 3 "
2 : 26 oY
B «39 fe0
2.0 52 Y40
4.0 56 12.0
2Us 1.83% 25,
DATA TABLE -22
Fru OF 32i/347 sT.STEEL 2

3
EFFECT OF TEMPERATURE ON THE TENSILE
REF, SEC,8-LNSC A9816U8)PAGE E,1,1=8

TEMPERATURE (R)  ULTCSTRENGTH (PS])

T I 2
36,7 266500, 59,7
T 2597 173000, 359.7
559,7 68000, 659.7
105947 70000, 12597
165y 47 500C0. 1859,7
DATA TABLE -23
FTU OF 2219~-T87 ALUM, 2 3

EFFECT OF TEMPERATURE OM THE TENSILE
KEF, SEC,8=LHSC A981608FAGE Bylal=8

TEMPERATURE (R)  ULT.STRENGTH (PSI)
TEMPERAT

LMSC-A991396

«{8 ) « 205
o 245 14 «28%
42 6.0 51
« 78 16,0 096
1e35 30, [57
22 ob « 255
«30 folt 34
2495 6.0 “e60
92 16.0 L]
1.615 30, [.68
31 N 036 .
T3 lok 47
67 6.0 - 82
1255 16,0 1.56
2.19% 30. 24555

a2
STRENGTR OF 321 /347 STAINLESS STEEL

251000, 159,7 207000,
143000, 459,7 121000,
91000, 59,7 75000,
" 66000, 1459,7 63000,
32000,

23
STRENGTH OF 2219=TBT ALUMINUN

| 2
3647 © 94000, 100.0
2uu.0 72000, 25C.0
?SUOO 670005 40GC.0
SOu«D 63060, 55040
LU %8000; 859.7
12597 6400,

82400, 150.0 76000,
68500, 300.0 67800,
66300, 450,0 65000,
62060, 600,0 60000,
38400,  1059.7 16600,

DATA TABLE -24
FTu OF 6061~T6 ALI'HINUM 2 3
LFFECT OF TENPEFATURE ON THE TENSILE
RLF, MIL PANDBGOK =y

TENPERATURE (R) ULT«STRENGTH (pSI)

a4
STRENGTH OF 6061=T6 ALUMINUN ALLOY

13 I 3
36.7 ) 638“0, 100.0
20U.0 50610 250.0
35U 0 q56953 40040
5000 QEBQO! 85C.U
65040 1E656,

57330,
481384,
44940,
41496,

1-121

150.0
300.0
450,0
600,0

53340,
468130,
HU3IRUB,
o152,
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DATA TABLE -25

FTu OF ILCONEL-718 2 3 25

EFFECT UF TENFEFATURE on THE TENSILE STRENGTH Or -INCONFL=718
REF. N1l HANDBOCK =5, » '

TEMPERATURE (R) ULT«STREMGTH (PSY)

I | 3 ' .

36.7 T 219600, t0G.0 213660, 19040 210240,
20u.n 206100« 250.0 201240, 300,0 196200.
35040 1931un, 400.0 189000, 450,0 185400,
SUU.O .l82l609 550.0 179460, 600,0 177300,
€50,0 175140, ‘

DATA TABLE -26

FTU OF TI=6AL=4V
LFFECT OF TENMPERATURE
REF« HMIL HANDHCOK =S,

TEMPERATUKRE (R) ULT.
i3 { 3
36,7 T 28E320.
20u.0 2268804
3%U.0 |90720g
S0u.n 165220,
E5U,0 i45600.

DATA TABLE -27
HEAD CGLFF ICIEHT Vs iis
HEAU COEF, VS NS

HEAD COEF
15 | 2
10, ’ 665
too, '65
600, «60
Tu00, 323

DATA TABLE -28
ADIABATIC EFF, VS NS

4 3
Ol THE TENSILE STRENGTH

STRENGTH (PS1)
10C, 261600,
250, 212800,
40C, 181280,
55GC. 18720,
S
(SPEC, SPEED)
80, «660
200, 6139
1000, e5T1
5000, 400
80cn, «281
2 3

ADIABATIC EFFICIENCY VS NS (SpEC, SPEED)

26
OF TITANIUN TlwgAleyV

ADIAB, EFF
20 | e
70, ) «00
100, W08
250, 37
NDO, 0555
100, o TH
1500, « 845
Quon, . 847

g0, «03
127, + 26
300, oY
500, 635
€00, 17

2000, «86
10000, «893
"1-122

(S0, 244480,
300, 200960,
W50, - ¥73120,
600, 154240,
a7
S0, s 655
400, «619
20000 .518
6000, 363
9800, o192
28
90, «06
200, 30
350, «505
6040, o685
toaan, «81
3000, 875
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'DATA TABLE -29

LMSC-A991396

EFF1C. UUUT,VS 1KP. DIAN 2 3 29
EFFICIENCY GUOTIENT Vs IMPELLER DFAMETER
EFF. qllUT.
- 21 I 2 :
<05 : o0 .20 «30 +30 M2
o4O 515 +50 o860 ¢70 0695
90 195 1.20 82 .60 + 88
2.00 918 2.u0 «94S 3.20 0975
K00 .985 5.0 +988 6.0 «99 %
1.0 .99 8.0 . 997 9.0 .999
10,0 19995 tie0 «9999 12,0 1,600
DATA TABLE -30
BAst LINE STAGE WT VS DI 2 3 30
BASE LINE STAGE WEIGHT VS IMpELLER DIAMETER
STAGE hTo
S T ! 2
Y ol0 ' 70 415 o0 N
1410 T I.50 +63 2.0 1,02
6400 13,80 7.0 20,0 9.0 36,2

DATA TABLE -31 ‘
SATURATED STEAIL, T.VS P, 2 3
SATURATLD HATER VAPOR . SATURATION PRESSURE
TEMPERATURE AS A FUNCTION OF PRESSURE.

31
AND TEMPERATURE TABLE GIVING

PSAIHY (PSIA) TSATHWY (DLGLR)

2t | 2

08894 © 492,0 2170 500.0 «20 513,14
O T L 532,86 «60 S45.21 «80 554,38
1.0 R61.TH 2,0 586,08 4.0 612,97
TeH 639,94 10,0 653.21 14.696 672,00
30.0 710433 50.0 . T41.0! 60,0 752,71
£0.0 172.03 00,0 787.81 {50.0 8l8.42
2000 841,79 300,0 877.133 400.0 909,59

DATA TABLE ~32

SPeHTe UF O=H CEIIBPROD, 3 3 32
0/F RATIO FEOU SP,HT, OF OXYGEN AND HYCROGEN COMBUSTION PRODUCTS AS A FUNCTION
UF 1EMPLRATURE = FOR CONSTANT PRESSURE.

TEMP. = DEG.R Y 7¢0, " 1500, 2500, 1500,
OFraT (RATIO) CPBAR (BTU/LB=R)
F: I 3 '
U,5U 2,335 1,00 1.755 1.50 f.420
2,0u 1193 2,56 1,035 3,00 0.915
3,5V 0,824 4,0C 0,748 5.00 0,637
6,00 0,556 700 0,495 8.00 0.442
12 | 3
0,50 2,420 I.0C {4845 1.50 1.705
- Z:OU l~.?.~70 - 2-50 - l 1098 -~ 3..00- . 00980 .
3,50 0,392 . 4,00 0.817 5.00 0.703
6,00 0.626 7.00 0.561 8.00 0.512
1-123
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Yo

i2
V.50
2.0u
- 3450
6,00
R ¥
U.SU
2,00
3.5U
6,0u0

‘DATA TABLE -33

OXYGEH INJERNAL ERERGY

OXYGEHN INIERNAL EHERGY- AS A FUNCTION OF VApPGR PRESSURE-ALONG
b

3
2.585
1,398
0.995
0,747

3
2.8¢5
1,540
l.102
0.810

DENSITY (LB,/CU FT)

VAPUR PRESS® (PSIA)INT.EMERGY(BTU/LB)

[K)
le
1V,
60.
25U,
tiou,

260U,
oot
be’
tu,
YU,
150U,

2

T «T1e576

-59,824
=44,8819
-260086
“00'69
$.973
-
~71.596
-59.982

“49, 484
-43,569
-q0.66q
.2
=T1.594
-SQQqél
“49,415
-35.901
-3!6650
2
=Tie586
'-59,906
=49,234
“39.809

‘o if, 264 7

~10.666

2
‘7':599
’600000
-5t ,360
‘q207|q

DATA TABLE -34
HYDROGEN JHTEﬁHAL'ENERGY

1.0C
2,50
4,00

7,00

1.00
2,50
4,00
7.00

9 40.

3.
20,
8C.

400,

" 1400,

3.
© 1&e

60
550,
3000,

e
iSe
6G.
250.
2600,

3.
1ée
60,
250.
1100,
2600,

3.
164
200,
2600,

1994
1.217
0.918
0.658

2.18%
1,353
1.0213
0.758

S0.

- 066.66'

-5“.90]
=41,650
=16.568

#.516

) -66l7'6

«56.820

«45.617
‘q2o7‘6
-38,57%

. =66,709

«56,789
=45,.,518
«33.400
-28,.379

’660690
=56.706
-q5.26H
«27.382
-{3.829

|.50
1.00
5.00
8.00

1.50
3,00
5.00
8,00

M
60,

Se
4o.
ioa,
650,
2000,

‘80579

=66.722
«56.847
=54, 345
=51.198

2

3Y

LMSC-A991396

1.638
1.090
0.798
0.608

1.79%
1,207
0,898
0.710

1S0CHORES
70.

63,982
48,963
«38,920
-H.la?
5423

64,068
55,189

44,025
-41.729

«64,056
«58,150
wl2,462
32411

wbl,027
«55.050
2. 137
«|8,507
wl2.766

«64,078
=55.222
53,411

HYDHOGEN INTERNAL ENERGY AS A FUNCTION OF VAPOR PRESSURE ALONG ISOCHORES
DENSITY (LB/CU FT) ' :

VAPUR PRESS’

23
1,022

1269

50

87+%
1i2.5
160,
{79
"BOU.

“= 130,455

~69,46
-'a!7§
4l.32
59.5
7¢,8
q5a|

580,662

LOCKHEED MISSILES & SPACE COMPANY
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(PSTAJINT ENERGY(BTU/LB) .
2
3.00

25,

6245
92.3

125,

16245

200,

1000,

«0

=120.531

'6“.3'
2434
49,
65.9
85,1
f04.6 -

768.68%

1-124

3.0

T.00
37.5

75,
100,

137.5
175,

500,

4,0 a4

«106.738
«40,23
22411
CE

T2.2
9.8
259.4



- LMSC-A991396

Y { e '

1.022 “=131.786 3,0 =124,043 7,0 =|14%,008
129 012,97 2Se’ «85,48 37.5 =T70,77
50 . “;7,“8 62.5% «45, (6 TS =33.52
BTeY «22.47 in0, wi],BS 11265 -l
1259, 9,47 - 137,5% 19,48 I50. 30,07 -
{991 3. 162,5% 36,1 175, 39.6
187.5 42.9 200. 46,1 240. 57,0

QOUé !l?ogél 5000 '970957 1000, 2Tl.72%
4 i

1.022 “wl32.,672 3.0 «126,385 7.0 ={18,855
{2eY «l1l.66 254 «100.,16 37.5 =9i,.Y
‘)0. -83.83 6245 «T7.12 75. 70,92
87¢% .bs b ’ODO «59,58 - j112.5% w54,31
|25? -Hq ?3 |31;5 elily 28 150, 39,48
i51.7 -39, - 162,95 «38,.3 175, «37.9
87«5 -37.| 200, w36.3 240, =342
500, ;20.258 8004 =6,132 1000, 2.862

13 | ' )
1.0 --|?2078“ - 9.0 -lZZ.éq9 '0 g -|'506'7
2U.0 106,153 3040 38,897 40,0 =92,691
. 500 «87.349 100.0 =85,024 200.0 «83.497
35U '-780572 500, -7609q6 800, wbT 869
100U -=62.404
13 J 2
. 1.0 ‘=1324813 3.0 126,757 S.0 “|22,7TTH
7.0 ~119.626 10.0 ~115.839 5,0 110,613
35,0 -169.632 10C.0 ~108,84%6 200,0 -105,896
350, - ~{02.346 500, *99,7133 800, -33,689
0oy, «89,093
DATA TABLE -35
OXYLEH IN(ERNAL EMERGY 3

3 15
OXYOEN INTERMAl ENFERGY AS A FUNCTION OF VAPOR PRESSURE ALONG ISOCHORES
FOR LOW DtNSlTIFS

DENSITY (LB/CU FT) 5 o »3 1.0 20, 40,
VAPUR PRESS™ (PS]A)INT, ENERGY(BTU/LB) -
) ! 2

140 " «504(34 S 23,105 10, 46,217

190690 66,129 20, 93.279
8 | 2 .

1.0 . -6H.Q64 Qe -3“.285 |0. -50390
4696 164785 20 30,938 36. 46,280
wu. 614659 50. 17.295

i3 | 2

teD T =70.286 5.0 «58,596 10.0 -4G,653
144690 43,418 20,0 T ®36,927 30.0 «26,12%
HU.0 =ldeYle 5000 ‘70”69 60,0 'QQQ
70,0 9.082 80,0 16,658 20,0 24,382

oV, 0 29,474
18 { - :

LY T eTieR22 3. «66,518 Se 63,757
'Ul DSQ.Hla |6c .350965 200 ~5H.l$2
YU, .L‘-{qéos 60' .L‘21970 80. -39.?.‘2

_ 10U ~35.978 2500 --|9-60q 400, «6,875
S0U. 0559 ~ 700, 16,127 I'1o0. 22463
140U, 29.610 2000. 4o.081 2600. 49,8(7

16 ] .2

bo .a -7].576 30 ‘66066' 5' .63'°82
fu. =59.324 20. «54.901 40, 4,963
6U. ‘mlily 881 80 o4 |.650 t00. «38,620

2%V, =2640806 400, -16,568 650, =4e123
1oL, «0.169 tyng, 4,516 2000, 5.423
260U, 9.973 C

1-125

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

DATA TABLE -36

OXYGEN VAPOR PRESSURE 3 2 36

OXYGEH VAPOR PRESSURE AS A FUNCTION OF INTERNAL ENERGY ALONG ISOCHORES
DkHSlTV {eB/7CU FT) S 40, 50. 60, 65. T0.
lﬂT EnEPGV(BTU/LB)VAPUR PRESS (PSXA)

16 [ :
wTi.576 - I. wbbe 661 i 63,982 Qe
-59.884 1. w94 e9010 20. «48,967 40,
44,881 60, =l]4650 . 80, «38,920 100,
=26,086 250 =}6+568 H400. wlie 23 650,

U, 69 11G0. 4516 1400, S.421 2000,

Y.973 2600, :
17 { S 2 C

’7| Ssb T |.. -660690 . 30 ) -6q0027 5.
«59,906 10, ~ «56.706 16. «55,050 20«
o9 ,234 4O, . «li5 264 60, w2, (37 €0,
«39,509 - 100, - «274382 250, «{8,507 400,
=|h.26% 700 «}3.629 1100, wl2eT1b0 1400,
~l0.6b66 2000. =8.579 2600,

: ty 12 : :

71,594 ) 1o =«664709 3. wbl, 056 Se
'59'96‘ '0. -560789 !60 . -ss.‘qo 20.
49,49 40, 45,518 60, - eY2,462 80,
~39,901 100, «33.400 250, «32.4101 650,

Y - '

-7..‘)96 ° l.. -6607|6 3. -6‘0.063 5.
=59 ,9R2 10, «56.820 16, =55, 189 . - 20,
4y, 484 40. - wliSe617 60. wlfly, 028 70.
43,469 {00, «H2.T716 550, oh].725 1200,
~HU.66@ 1800, - =3B5TH 3000.
it t - 2 )

«T71.599 h le wb6.722 3. =-64,078 e
«bL, 000 10, «5&48U7 16, «55,222 20«
=54,360 40, 544345 200, 53,411 1000.
-5¢TIT 1500, «w51+198 2600, .

DATA TABLE -37 _
HYDrOGEN VAPOR PRESSURE 3 2’ B § { ,
HYDROGE VAPOR PRESSURE AS A FUNCTION OF INTERNAL ENERGY ALONG 1SOCHORES
DENSITY (LB/(“ FT) . S 5 {.0 3.0 . He
IEY ENERGY(ETU/LB)VAPOR PRESS (PSXA)

23 | 2 ’
=13U.45% ’ 1.022 =126.531 3.0 ~106.,738 7.0
89,46 1245 afhle 3} 25. «40,23 37,5
-{8,76 5G. Q.34 6245 22411 7%
4.2 87.5 49, 92.3 53, 100,
99e% (12,5 65.9 125, T2.2 (37.5
T8t isG, 85. | 162.5% 91.8 17%,.
96t 187,5 14,6 200, 259,4 500,

58U.662 8Ga. 768.689 1000,

24” ] 2 o
-134.786 ) 1.022 «124,043 3.0 «}j4,008 7.0
«lGc.q7 1245 «85.48 2S. «70,77 7.5
«57.48° 554 w5, 16 62.% . =33, 52 75
-Zerq., 87'5 -ll.'SB '00. -'. lla.s
Your 1es, 19.43 137.5 30.07 150,
GQey- 67,5 Y.l 200, 57. 240,

11,461 560, 1974957 800, 271.72% 1000,
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FL | 2
“132,672 - 1.022  =126.185 3. ~118.855 7.0
-'|‘06 ‘2.5 =100.16 .t 25, w0f,.4 37.%
'83.83 3 50. ‘77.'2 62.5 '-70.92 750
-05.1 - 87.% =59,58 . 100. =S4,31¢ tt2.5
~49.23 125, 44,28 {37.5 ~39,48 {50,
-39, 151,7 ~38,3 (62,5 ° ~37,9 175,
3741 - 187,58 =36,73 200, «34,2 240,
~2U,858 S00. Tebe132 800, 2.862 1000,
3 ] - '
-!32.789 i} !o -l22.6H9 Se -'|§-6'7 |0|
«|00641573 20, -33,897 30. =92.691 40,
=Br.344 " 850, -85.024 100. «83,497 200,
ﬂ750572 3%0. -76.9“6 5000 '670869 800'
62,404 1060, ) ' -
i3 | 2 . .
-§322.813 ’ 'o‘ . =1 2864757 3. wl22+TTH Se
{19,626 Te =115.,839 10. «110.613 1S,
-!091612 315, «{08.8Ub 100, «{05,894 200,
«j0ds 406 150, «99,731 500, «93.689 800.
«BYy 0973 tooo,

DATA TABLE -38

OrYGEH VAPGR PrUSSURE 3 3 18
UXYUEN VAFOR PRESSURE AS A FUHCTIOH OF INTERNAL EHNERGY ALONG 1SOCHORES
FOR LOW DENSITIES

DENSITY S Wl ] le6 . 20. 40,
117, HIH‘GY(BTU/LG)VAPOR PRESS (PS1A)}
5 | 2
«SU, 1 34U : 1.0 23.108 5.0 6,217 '0.
6829 i4.696 93.279 20,0
8 { 2
‘6“0“6“ : ‘.U -3“.285 S.O '-chqq ‘09
18,78% 14.696 3G.938 20.0 46,280 30.
60.657 40,0 77.295 80.0
I? . " .t 2 '. .
UTU.ZRb : I.O -580896 500 ~H9.9§3 '000
~H3.4ib 19,696 =364927 20.0 26,125 0.0
64442 M0.0 ’ -70q69 §50.0 QQQQ' 6000
90082 76,0 |608§8 80,0 2“.382 90,0
29,474 100,0
8 | -
-7'l528 ) ‘. -66.5|8 30 .630797 5.
99413 i6. ~5%5.96% 16. =S4, 152 20,
"*7.608 “0. .“‘2.970 60, “3902'0’. BO.
=3%.,978 100, =19.60Y4 250, 6,875 400,
UeS%% 500, i&e 127 700. 22.634 1100,
29 6!0 140G, H4G.081 2000, 49,817 2600,
16 P2
«T1,876 ° [N ’ "6(‘066' 3. -6309852 SO
~5Y 824 10 «SL.901] 20, «48,961 H3.
Yy uh| 6C . 4| 650 80, - «38,920 100,
~26.086 253G, =16.568 400, =4,123 650,

=L, 169 11006, . Y4.516 1400.. S 423 2000,
V973 2000, .
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DATA TABLE -39

eHLveAlLPY OF LO2

ENTHALPY OF SATUPATED LIqulD OXYGEN , =
t SUB L (bTU/LB)

PSAI (PS1A)
-1
«69Y
Ju. 00y
62,194
151.926
34262
G66,31Y
1,911

DATA TABLE -40

EFTPALPY UF LH2'

PSAt
10
fC.U
40.U.
70.0
tCo.0

DATA TABLE -41
EfTRALPY OF HELTUN _
EHNTHALPY UF HELIUN AS A FUNCTION OF VAPOR PRESSURE ALONG CONSTANT

- TEMPERATUKE,
TEMPERATURE ™ (K)
VAPUK PRESS (PSIA) ENTHALPY (BTU/LB)

12
u.01l
2us
SUs
Bue. )
KF-
Uit
2uUs
Su,
80U,
12
U.01
2u.
Su.
BUe
i2
u.01
2u,
Su.
8U,
12
U.Ol
2u,
SU,
bu,

2

3
“73.599 1.102
=59,977 . 20200
=45,093 85.013
-33,588 201664
=21 ,640 34C+270
=lc.166 511521
'30028 6%00000
H SuB L
{ 3
=115,02 2090
~90,61 50,0
’73;35 80.0
-57!7'
3

a .

.7|1208
«5%5.096
=l 1,650
.290809
-|9.H27
=9,4133

~0.253

-.05.06

~8Y4.5}
68,06

3.

FEF, NDS REPORT 9T7629AUG.19T0

2
13.%3
43.06
42436
H!a67

e

130,38
130.44
{3C.54
!39.63

e

254, 4Y
254,41
254,84
255,08
e
502,58
502,77
563,06
503.35
-]
750,71
750.91
750,20
751450

30.

1.
30.
60,
90.

e
30.
60.
90,

P
30,
60+
90,

le
3c.
60,
9c,

1o
30.
60,
90,

100,

43.51
y2.62
42.13
.45

t30.138
130.47
130.57
130.66

254.45
25469
25%4.92
255.16

502.59
502.87
503,16
503,44

750,72
751.01
751.30
751.60
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B 1)
REF. NBS TN 384s 7/1/71,

5,061
0,434
105,755
253%.498
Y0k, 159
559,968
700.000

40

30.0
60.0
90.0

200,

10,
40.
T0.
100,

10.
4o0.
T0.

100,

10,
0.
70,
100.

(0. -
40,
10,
100,

10,
4o.
70,
{00,

LMSC-A991396

.6“1007
49,310
=39,018
.250893
-‘§oq37
-6.“38
HeliY

«97,32
«78,80
-62086

400, 600,

43,29
42,59
Ul.90
H1.23

130,41
130,51
130.60
130,69

254,593
254.76
255,00
255,24

502.68
502496
§03.25
S03.54

750.8)
750411
751.40
751469

LOCKHEED MISSILES & SPACE COMPANY



DATA TABLE -42

OXYGuLti ERIHALFY (GAS)

42

LMSC-A991396

3 3
tHTHALPY OF OXYGEIl GAS AS A& FUNCTION OF VAPOR PRESSURE FOR SPECIFIED
UENSITIES. REF, nbs-T~-3aq,uULv 1971 AND NBS OXYGEN COMPUTER PROGRAM,

DENSITY (LB/CH FT)

S
4,696
Yu.N
6
14,6906
HU.0

9
44696
YU.0
U0
9
14.696
U0
Tu.0
]
14696
HYuU.0
iy

2
35,146
103.937

2 -
-l".?‘SB
43,431

2
~32.084
11,291
45,781

2
‘q|.7‘7
-“08‘2
17,183

2
-44,528
-19,513

G673

DATA TABLE -43

HYDKUGEH ENTHALFY (GAS)

5
VAPUKR PHESS (PSIA)ENTHALPY (BTU/LB)

.C 5

2040
5040

2006
SCe0

20.0
SCe0
8C.0

20.3
5C«0
8C.0

2t.0

S0.0
80.0

3

60
51.865
1294 215

0 450
S4elTH

«21.990

264360

524173,

=34.612
-l.682
264116

=-38,820C
9".029
12.076

1.0

30.0

30,0

60.0

30,0
60.0
160.0

30.0
60.0
100,0

30.0
60.0
§100.0

16

2.0
77,698

27.309
63,633

=666
4n,u453
65.269

22,653
Te943
Wi,21M

=28.,649
3,004
264243

43
ENTHALPY OF BYDRCGEM GAS AS A runcrxou OF VAPOR PRESSURE FOR SPECIFIED
RFE-IuS REPORT 9288 AND 9711,

U@”hITILSQ

DENSITY (LB/CU FT)

VAPUR Pn£>s (PSIA)ENTHALPY (BTU/LB)

{0
10,0
Yu.o
Tu,0

10v.0
Y]
'5'0
Yu.0
U.0
IOU.O
N {0
[9.0
Bu.t
V.0
10U,0
T
150
you,o
Tu.U
10U, 0
T oo
i%e
KU,
TuU.
10U,

!

2
93.266
380,721
-TH7.701
t162,921

2
34,600
©9z.852
161,610
230,212

2

-'“8006Q3

20,679
40,356
90,340

| 2
«97,193

=60.77!
-25.279
6.833

2

‘=105,468

~80.817
~58.097
~35,389

5

«05

2C.0
5Ce0
80.0

20.C
50.0
80.0

26.0
50,0
80.0

2C«
5Ce
8G.

0.
S0
80.

20

185.4
495.624
880.510

.

-485.212
1154055
183.76Y4

74,984
.94y
59.747

-89.,093
-q8.|87
14324

=99,.849
=72.753
=51.360
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«50

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

28(.128
619,830
16224595

57.007
138.126
207.222

=43,292
204952
78,699

744273
=36.542
-3,629

-89,76M4
«65,289
44,792
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DATA TABLE -44

: 4y

HETA FACTUR 2 . : :
gzukn%(TlON FACTOR FOR PHITHO IN H2=02-N2 ELECTRIC POWERER HEAT
EXCHALGER, FETA IS A FUNCTION OF CRITICAL PRESSURE RATIO,

REF . AK»?I-7535.

P OVER PC ~ BETA
o : .%a ol .33 W2 033
.20 V35 40 .39 .60 iy
80 L8 1.0 .52 1.4, 52
1.8 52 ' 2e2 52 2.6 52

DATA TALLE -45

S16ra=DELIAP Flp ['EXELC 3 Y 45
PRESTHTS SIGLA-DELTAP AS A FUNCTIOH OF HASS VELOCITY AND HEAT
EXCHANGER LEIGTi,
KEF. AR T1=7535,

HEX={ ELGTH (1) 5 Y 8. 16, 32, 64,
HASVEL (LB/HR=IN) SIG-DELTAP (PSI)
s 1 3
ol0 . 000032 20 «00011 40 60042
60 00094 «80 + 00165 100 «6025
2.0 <0095 4.00 «0360 6.00 « 075
bo“O .'l‘ |0-00 -200 20.00 l78
v, 1,6 © Y40.00 2.8 60,00 6¢0
s { "3 '
10 ) .0000%2 «20 «+60020 N0 00078
60 «0016% <80 «00295 1,00 « 0045
2,00 .Cl70 Y.00 061 6.00 o 140
N 230 1C.CO +35C 20.00 [«30
3u.00 2.9 40.00 4.7 60.00 100
s ! 3 ' :
.10 ) .000098 20 00037 MO 00136
«60 «0030 «80 «0050 1.00 © +0080
2.00 . <0295 4.00 Y I 1 6.00 v240
.00 WUt 10.00 64 20,00 - 2,40
3u:20 \ S.g 40.00 8.5 60.00 16,00
40 00Ul65 20 «00062 40 « 0024
_obﬂ «Q0NY «80 <0093 1,00 . +0140
2.00 G540 4.00 20 6.00 o3
8,00 76 10.00 12 20.00 q.30
3u;20 | 9,2 4C.00 4.8 60,00 32,0
3
elN +C003 o 20 «00113 U0 + 0043
b « 0095 <80 +0165 1.00 v0250
'iouﬂ .C()d Y4.00 839 6,00 o TH
8.00 1e3 10.00 2.0 20.00 T.60
30,00 4,7 40.00 2640 60.00 ST.6
. DATA TABLE ~46
BE Y4 VALUES FOp 12 3 Y us

VOLUNE EXPANSIVITY (KETA) FOR HYDROGEN AS A FUNCTION OF PRESSURE AHND
TeHPERAITURE,
Ref, = KBL-TH=6|ToAPRIL 1972, NAT (BUR.STANDARDS y BOULDER, COLORADO,

FrESGURE (PSTA) 5 850.0 100.0 200,0 30040 400.0
TEMFERATUHE(UEG-ﬁ) BETA (PER CEGeR)
i3 § pd
0.0 ’ 50665682 36,0 +0087034 42.0 0120937
Y5406 ,0|€H79H HS,MOé 0425479 60.0 « 0214360
pL. D ,UihOlSH 1250 0082072 200.0 0650429
3eu§ﬂ ,OCE?HQS 440.0 0022710 S8%0.0 006184597
Tun,. G 0014268
' 1-130
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15
3U.N
92,072
6U.0’
1240
Y40.0
15
30,0
S8.0
66.0
12540
15
00
60.0
TU.0
1e%.0
U40,0
15
3U.0
6U.0
15,0
125,0
H40,.0

2
. 0066720
.0305221
20303443
«0GB5TTY
.6022692
2
CCHI02Y
6595100
.nysta2n
0091577
+GC22652
2
,0055902
«G3603%9
J0E6R3Y92
, 0697206
+0622609
2
+0054750
0222678
«N5 14055
«0102432
«0C22563

40.0

£0.072

7040
2c0.0
540.0

40,0
60.0
70.0
2oc,0
S40.0

4G.0

64,0

60,0
2ah,
S4Q0.0

40.0
66.0
5.0
200,0
540,0

'.010§009

« 0669217
« 0203346
« 0085846
«+0018476

«009182)
o621 4SS
« 0336912
« 0051648
« 001843

«0084433
«0856922
«02R2269
« 00521391
+00183E6

20078461
«0428049
« 0273007
«+ 0053075
«0018339

1-131

50,0
4.0

80.0 '

340.0
700,0

50.0
62.0
90.0
34060
700.0

50.0

66.0

90.0
34040
700.0

S00
70.0
95.10
340.0
7000

LMSC-A991396

0220225
«0492883
« 0158545
« 00294135
0014260

« 0166397
o 1 12525Y4
«O15T84T
«0029448
«001IH2(1H

0137881
H1THTER2
«CIBGO6Y
« 0029450
0014177

«0119866
«0600390
0186681
C < (029442
«0014140
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1.6 INPUT DECK SETUP

The Math Model Program has a built-in capabilif:y to process'either a single system
apalysis 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
approximatedy 90 seconds (UNIVAC-1108, Exec 8) for an ACPS run to approximately

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

For a single system setup the input deck setup is of the same general form as givén
in Fig. 1.5.4-1, where the system definition card continues the phrase, "LAST CARD"
beginning in Field 4.

1.6.2 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. 1.6,2-1,
showing the card requirements. The illustration assumes the program and Data

Tables are stored in files.
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/ @FIN

2
£ i
/ INPUT DATA CARDS (DECK-2) il
/FUEL, CELL SUPERCRIT LAST CARD (SYS DEF.C) | [t I
/ TABLE ECHO CONTROL CARD (DECK-2) Al
/ TITLE CARD ‘ (DECK-2) l;f?i g
/USER I.D. CARD (DECK-2) ii ;J—
= , il
/- - 14
/ INPUT DATA CARDS (DECK-1) ‘W
/ ACPS SUBCRITICAL (SYS.DFF.CARD) —
/@ADD, P TNUMBACG. (DECK-1) —
/TABLE ECHO CONTROL CARD (DECK~-1 .
/TITLE CARD (DECK-1) —
/USER I.D. CARD (DECK-1) LL
"/ @XQT TCIMMP W
/ @ASG,A THUMBAG. —
/ @PRT,T =
/@MAP,SAT MAP, TCIMMP - —

/ @PREP TPF$ —

/@FREE TCTMM.
/@COPY,P TCIMM., TPF§. —

/GASG,A TCIMM.
/ @LID .
/ erun - - )

FIGURE 1.6.2-1 MULTI-SYSTEM DATA DECK
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1.7 MATH MODEL PROGRAM MACHINE REQUIREMENTS

The progfam 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 coui'se, 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 1.7 -1), describing the COLLECTOR processor.
The discﬁssion given in this manual will be limited to the program segment overlay
employed for the Math Model Program. ‘

1.7.1 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 construcfion 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 @IAP A
executive control statement, or, implicitly as a result of the user requesting execution
(@xQT) 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 statements and directives: 4
(1) Setup the Entry Point Table (@PREP)
(2) Invoke the COLLECTOR with a @AP  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 6f source language statements
to be processed.

The SEG direétive, or control statement is used to define the relationship and contents
of segments 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 segments.
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 1.7.1-1. :
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‘Table 1.7..1-1

MATH MODEL MAP OVERLAY

@VAP,IAT MAP, TCIMMP
c MAPPING DECK FOR TCIMM PROGRAM
SEG MAIN
IN CONTRL
IN SPHTDA
SEG LVLIA¥,(MAIN)
IN INTAB
IN COMPIL
SEG LVLIB*,LVLIA
IN CRYCON
SEG LVI2A*,(IVLIB)
IN ACCRES '
IN LIGRES
IN TANK
IN VENT _
SEG IVI2B*, (IVLIB)
' IN APUSUB,APUSUP
SEG IVI2C*, (LVLIB)
IN ECISS
SEG LVI2D¥*, (IVLIB)
IN FUELCL
END . \

1-136

LOCKHEED MISSILES & SPACE. COMPANY



LMSC-A991396 |,

When the COLLECTOR precessor is invoked by means of a @MAP - control statement
followed by a set of source statement mapping instructions', the collector will provide,
as output, the starting addresses of all subprograms and common blocks in the

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

loading addreggceg is given in Table 1.7.1-2.

Additionally, the collector presents a graphic repi‘esentatiqn 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 1.7.1-3.
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TABLE 1.7.1-2

LOADING ADDRESSES FOR SEGMENTED OVERLAY

ADDRF &S LIMITS 001000 064471  obS00g 154233
SEGMrHT LAAD TARLE T T 065000 065033
INDTRrCY LNAD TABLE 4 065038y 65732
STARTING APDRFSS 081761

WORDS DLCTMAL 2642¢ IBANK 28314 NRANK

CSUGHENT wAyN - 001000 011363 065733 132600

SLOHINT vy 1A% 011364 021155 - {32601 136317
FOLLNWS gFGMENY MATN .

SUGMENT Vi {Bx 611364 056004 132601 151310
(K4S THE sAuE STARTING ADDRESS a5 SFGMENT LVItA

SLGHENT |V PAK 056505 063416 151311 150233
}»ﬂ}_[zﬂﬂ?s SFOMENT LVELR )

SEGMENT (v pa%  oGkodn u6Pd01 o {51311 152414 -
CHOLLOAS TSFRMENT LVEAR

COSEORENTTIVI 20T T T T ph604s 064836 T 51311153765
panﬂﬂs sERMENTYT LVIIR

SEGHENT vy 2hx ' GHhooy 0644718 151311 §53%44
HOLLOSS SERMENT LVILER
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TABLE 1.7.1-3
COMPUTER DRAWN OVERIAY MAP

DRANK S[ERMENTS DRAAN TN SCALES

100 WORDS NECTMAL PER NASH -

MATY (1RASH)

-E'-,-:---%.-"‘..lﬂ-l.--.-..On.---‘n--‘_--.-nﬂ---.--'

LVLiAs ¢Ba7)
LVL1B« (7195)

LyLoA*® (1491

LVL2a¥* (388)

-t

LyLacx (1324

i

TRANK SEGMENTS DRAWN TN SCALES

400

WORNS NECIMAL PER DASH.

Srem ™

LvL2p* (1161

1

MAIN (434¢)

O-G-‘--uq-. o

| LVL 1A% (3942)

TVITE% T16736)

. LVL2A% (2794) |

L L L.

LvViL2B* (2269

LVL2C* (33219

S LVLan® (3263y. . .
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1.8 PROGRAM RESTRICTIONS

Prograin 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 variabhles 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.
1.8.1 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, Hz, and He and to well over 1000°R
for N2' Pressure ranges extend to 2500 psia for 02, H2’ and N2 . In this respect
all table data ranges can be extended by simply enlarging the tables.

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

1.8.2 Table Data Limits

Current Table Data capacity is limited to 50 tabies 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 tableé. 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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1,843 TAPE AND DRUM ASSIGNMENTS

For thosg facilities which have limited or no mass storage capability in the
form of FASTRAND or DISC program-étorage, tape operation will be required
for Program file and Data Table file loading only. The making of the files
on tape wilil Tollow 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.
1.8.4 Data Table Tape Preparation

Provisions have béen 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 6f a normal program
run utilizing existing coding in subroutine INTAB which is controllable

from the input data, "Table Data Echo Control Card" (Ref. Gp(c) CARD-1,
Sub.sec. 1,5.2.2).

The variables IFT and ¢FT which occupy the first two fields of the Table

Date Echo Control Card are utilized for the tape prepération and tape utiliza-

tion functions.

The defined values to be used in the variables -are as follows:

IF: TIFT =0 Table Data Input is from Source Cards,
' or Mass Stofage.
IFT = 1 or 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)

H
3

No binary data tape is to be made.

¢FT 1 or 2 Binary Data Table Tape will be pro-
.duced on Tape Unit - 15.
gFT > 2 _ Binary Data Table Tape will be made
on Tape Unit @FT. Where @FT 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 & blank tape to be loaded in Tape Unit 15, to be reserved.
(b) Set IFT = 0 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.
1.8.5 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 Table Data Echo Comtrol Card.

(¢) Set @FT = O on Table Data Echo Control Card. _

(d) Set NPRT =1 To Print Table Echo Summary
NPRT2 = 1 J ’

(e) Omit Data Table Cards from Input Deck.

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

the run.

1.8.6 Drum and Disc Utilization

Where a facility is equipped with Drum a.n'd/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 described in the UNIVAC-1108 manuals.
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1.8.7 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 éubprog’rams, 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 subp;'ogram 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 bmissions.
'1.8.7.!; ‘Built-in Diagnostic Trace

The built-in diagnostic trace fechnique 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. -

1.8.7.2 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 1.5.2.4, o

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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Card

Column ~MDTRC () = 'DIAGNOSTIC TRACE 'SWITCH FOR CRYCON (OFAF = 0)
(70) . (1) = 1 Turn on ACCRES
(71) . (2) = 1 Turnon ACQWT '
(72) (3) = 1 Turn on APUSUB or APUSUP
- (73) (4) = 1 Turnon CMPCAL
(74) (5) = 1 Turnon FUELCL
(75) (6) = 1 Turnon CONSUM
(76) (7) = 1 Turnon ECLSS
(77) (8) = 1 Turn on 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 are stored
in COMM@N/CCNTRL/ for later use in the executive sequencing subroutine CRYCPN.

1.8.7.3 Diagnostic Control Subprogrém. The flag MDTRC is tested in subroutine
CRYCON as each of the analytical subprograms are sequenced. If MDTRC is not
zero then subroutine CRYC®N 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 subprogfam

- has been exited. . - .- " .

An illustration of the diagnostic trace output is given in Fig.1.8-1" for a short trace
used internally in the APU subprogram. The diagnostic trace was setup to be activated
for an APU supercritical analysis, to examine the process of looking up ultimate _
strength values in Data Table 22. ‘
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TEST CASE = SUPERCRYTICAL APU PROBLEMe MIXRATS0,90
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FINTAR FXITED 2 ' 4
« 700000403
«150000404
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+«350000+04
o 100000404
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: 500000403
LOCATE ENTRED i | 1 2284
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Since the only subprograms having diagnostic write statements within subroutine
APUSUP were subroutines FINTAB,' L¢C_AT and the function MIPE, the table look-up

procedure examination was straightforward.

As noted in Fig. 1.8-1, 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 LACAT which was
entered to locate the X,Y subtable which bracketed the desired value of 500°R. The
array subtable limits were output and LPCAT 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 identica} 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(0,6HFLARAT))WRITE(IAT, 6020)WDQTI, 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.

1.8.8 Error Diagnostics

In addition io 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.
1.8.9 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
sp_ecified in DATA NAMSYS given in subroutine ST@DTA.

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 prog'ram

in several of the thermodynamic prdperty subprograms.
1.8.10 Errors in Reading Table Data
Subroutine INTAB is provided with a specific set of diagnostic messages in order to
permit rapid isolation of problems in the DATA TABLE input. Usually 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:
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*ERROR* THE NUMBER OF DIMENSIONS IS WRONG ND =
(See Gp(d) CARD-1).

*ERROR* THE NUMBER OF POINTS 1S WRONG NP =
(See Gp(d) CARD-3). ‘

*ERROR* THE NUMBER OF DATA POINTS IS WRONG., NV =
: (See Gni(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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1.9 SUBROUTINE DESCRIPTIONS

This subsection of the manual contains descriptions of the major subroutines employéd

in Program TCIMM. The program currently contains one hundred and twenty-six (126)
subroutines and function subprograms in addition to thirty (30) FORTRAN Pi'ocedure
Definition Processors (PDP's). Of the one hundred and twenty-six subprograms, sixty-
eight are required for computing fluid thermodynamics properties for Oxygen, Hydrogen, '
Helium and Nitrogen in either the liquid or gaseous states over the range of temperature
and pressure covered by the cryogen systems considered. These five, only the more
important major subprogram and a selection of the supporting subprograms have been
inéluded in this manual. The descriptions are arranged alphabetically by subroutine or

function name.

1.9.1 Breakdown of Subprogram Description

SUBPROGRAM DESCRIPTION
Each subprogram is described and defined using the following format:

Description

Description briefly describes the subprogram.,

MATHEMATICAL MODEL FOR SUBPROGRAM |

Indicates whether a math model is supplied for the subprogram.

H

CALLING SEQUENCE

Calling Sequence will contain a description of the manner in which the subprogram:is

called, its calling arguments and pertinent comments regardiﬁg data transfer.
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SIGNIFICANT VARIABLES
Significant Variables will contain the following elements:

Name Type 1/0 - Dimension Description

Name is the name of the significant variable in the subprogram.
Type indicates the type of the variable; I — integer, R - real, or L — logical.

I/0 indicates if the variable is input (I) to the routine through the calling sequence,
output (O) from this routine through the calling sequence, or I/O if both; (C) indicates
that the variable is computed, and (D) indicates that the variable is derived from a data

statement.

SUBPROGRAMS REFERENCED IN THIS SUBPROGRAM

Name Type Reference

Name is the name of the subprogram
Type includes the elements S for subroutine, and F for function.

Reference is the page number where the referenced subprogram description can be
found.

SUBPROGRAMS REFERENCING THIS SUBPROGRAM

Name Type Reference

The elements of Subprograms Referencing this Subprogram will be categorized as
described under Subprograms Referenced in this Subprogram.

LISTING REFERENCE PAGE

The page number of the Appendix-B Listing where the subprogram may be found.

FLOW CHART

Flpw Chart references the figure number of the applicable flow chart. Appendix A
illustrates and explains the flow chart symbols.
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The subprogram descriptions follow.
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FUNCTIPN AFUNC

For a description of AFUNC see the writeup for "TKGE®M. " Page B-299
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SUBROUTINE APUFL®

DESCRIPTION

The subroutine provides the starting point for APU subcritical and supercritical system
analysis. The computation of pertinent APU parameters common to both subecritical

and super-critical systems is accomplished including the following:

(@) % APU Power - Each Duty Cycle Point

(b) Propellant Temperature at APU Gas Generator Inlet

(c) Coefficients for Reference Propellant Flow Rate

(d) Reference Propellant Flow Rate (lbs/min)

(e) Propellant Flow Rate for Each Time Interval and Total Duty Cycle
(f) APU Exhaust Temperature during Each Time Interval

(8) Specific Heat of Combustion Products through Duty Cycle Intervals.

Input data to APUFL® is read-in by Subroutine C@MPIL and stored in the Procedure
Definition Processors, CAPU and CDCYCL, under labeled common statements
/CIAPU/, /CVAPU/. Output data from APUFL® is stored in the following labeled
common statements; /CIAPU/, /CVAPU/ and /CENG/. Selected parametric values
are output with appropriate titles in the analysis printout.

APUFL@ Mathematical Model

The equations, mathematical procedures, and necéssary tables and constants required

are presented in Appendix C.

CALLING SEQUENCE

APUFLQ is initiated by a simple call from Subroutine CRYC@N with no calling variables.
Data transfer to APUFL® is accomplished through INCLUDE statements as shown ip the
subroutine listing. Upon completion of its computations APUFL@ returns sequential

program control to subroutine CRYC@N.

SIGNIFICANT VARIABLES

Significant variables processed in APUFL(@ are as follows:
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DIMENSION DESCRIPTION

NAME TYPE, _1/p

NAPU I I 1 Number of APU's

HPR R I 1 Rated HP of APU

TOTHPR R s} 1 HPR*NAPU

PCTHE R B 25 %P Demand sach Cycls

TIT R I 1 Turbine Inlet Temp

TPF R (2] 1 " Prop Temp into APU-G.G.

FMR R I 1 Fuel Mixture Ratio — APU

PGG R I 1 Gas Gen. Op. Pressure

PAMB R I 30 Ambient Pressure

WD R v 20 Total (92+H2) Flow Each Cycle
TIPWT R s} 1 ' Total (¥2+H2) for APU Turbine
WDOTJ R () 20, 2 Flow Rate — Each Fluid (lb/sec)
WDOTI R () 20, 2 Max. Flow Rate - Each Fluid (Ib/sec)
WDRH R o 20 Nom. Flow Rate - H2 (Ib/min)
WDRO R 4 20 Nom. Flow Rate - 02 (lbs/min)
WDT R [2) 20 Total Propellant Including Pressure
TE R [9) 20 Turbine Exhaust Temperature

D R ) 20 Heat in Turbine Exhaust

HP R I 30 H.P. Required each Interval
SUBPROGRAMS REFERENCED IN APUFL® 4

NAME TYPE PURPOSE REFERENCE
FINTAB S Table Lockup Page B-T747
MIPE F Table Data Extraction Page B-221
CSUBPI S Cacl. Cp. for Exhaust Products Page B-91
OPAPUF S Output Specific Values to Printer Page B-234
CRYCON S Sequential Control of Analysis . Page B-85

LISTING REFERENCE PAGE
~ The APUFL listing will be found in Appendix B, Page 5

FLOW CHART )
A flow chart for APUFLY is presented In Figure 1.9-1.
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SUBROUTINE APUSUB

DESCRIPTION:

The subroutine contains the equations and computational techniques required
to perform an APU sub-critical system analysis. The subroutine accomplishes
the commitation of pertinent cub-eritical cyetem paremetere required for

the analysis and presents the calculated vdlues in formatted ocutput. The follow-

ing are the principal computations conteined in the subroutine.

(a) Sizes the heat exchangers between the accumilators and the APU gas generator.
(b) Establishes temperatures of exhaust gases from H2 and 02 conditioning gas
generators. ’

(c) 8Sizes the H2 and 02 heat exchangers between the pumps and accumilators .

(d) Computes the total weight of 02 and H2 needed to operate the conditioning gas
- generators. o

(e) Cumputes the volume of the 02 and H2 étorage tanks.

(f) Computes the Weight of the 02 and H2 storage tank.

(g) Computes the weight of the O2 and H2 accumulator residual fluids.

System component weights and pressure drops for the max-flow conditions are calculated
separately by subroutine CMPCAL,

Input data to APUSUB has previously been read-in by subroutine CMPIL. This data,
along with the values generated by subroutines APUFLY and FIPRAT, are stored in
labeled CPMMPN assigned storage defined by a set of Procedure Définition Processor

elements. The labeled commons used for data transfer are:

coMMgN / CACCUM/
c¢MMpN / CIAPU/
cgmvMgn / cvaru/
cgmvgn / coeycr/
Vc'¢w¢1—\r / cﬁn\rc/
CgMMgN / DPUMP/

CgMMPN / CTANK/
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The equations, mathematical procedures, necessary tables, and constants required

are presented in Appendix C.

CALLING SEQUENCE

APUSUB is initiated by a simple call from subroutine CRYCON with no calling

variables.

Data transfer to APUSUB is accomplished through INCLUDE statements as

shown in the subroutine listing. Upon complefion of the APUSUB computations, se-

guential control is returned to subroutine CRYCON.

SIGNIFICANT VARTIABLES

Significant variables processed in APUSUB are as follows:

NAME

QUEDPT
QLEDLT
WDG
WDJ
TGGCH
TGGCP
QSHDBT
QT@D4T
WGGH

wwwwmwwwwwwwwwwww‘g
=

I

AN S S S S S S SR R S S S S S SR S N

DIMENSION DESCRIPTION
20 Ho-HEX QD@T for APU-G.G. Feed
20 flo-HEX QDOT for APU-G.G. Feed
20 Hot Gas Flowrate for H2-HEX-APU
20 Hot Gas Flowrate for @2-HEX-APU
G.G. Exhaust Temp for H2-Cond. HEX
G.G. Exhaust Temp for #2-Cond. HEX
20 Ho-HEX QD@T for H2 Conditioning
20. fo-HEX QDPT for @2 Conditioning
20 Total H2 Flowrate for Conditioning Fluids
20 Total @2 Flowrate for Conditioning Fluids
1 Total H2 Wgt For Conditioning Fluids
1 Total @2 Wgt for Conditioning Fluids
1 Volume of @2 Storage Tank
1 Volume of H2 Storage Tank
1 Surface Area @2 Storage Tank
1 Surface Area H2 Storage Tank
2 Total Fluid Wgt by Species
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NAME | WPE I/§  DIMENSION | DESCRIPTION

WPTTP R g 1 Total #2 in Storage Tank

WPTTH R ) 1 Total H2 in Storage Tank

WSRH R ) 1 Wgt of Residual H2 in Tank

SR R a4 1 Vgt Residuel #2 in Accurmletor
WRSAH R g 1 Wgt Residual H2 in Accumulator
WRSA# R ) 1 Wgt. Residual @2 in Accumulator
TAH R I 1 H2 Accumlator Temp

TAP R I 1 g2 Accumlator Temp

TSTH R I 1 Temp of Stored H2

ST R I 1 Temp at Stored @2

PSTH R I 1 Pressure of Stored H2

PSTY. R I 1 Pressure of Stored @2

PGG R I 1 Gas Generator Pressure - APU

TPF R I 1 Prop Temp at Gas. Gen. Inlet - APU
D R I 20 Heat in TurbineExhaust o
MRGGCH R I H2 Conditioning Gas Gen. Mix. Ratio
MRGGCH R I @2 Conditioning Gas Gen. Mix. Ratio
WDRH R I 20 H2 Nominal Flowrate

WDRg R I 20 o Nominal Flowrate

PPDCH R I Pump Discharge Pressure

TAISUM R I Total Non-Operating Timel

SUBPROGRAMS REFERENCED IN APUSUB

NAME TYPE PURPOSE A REFERENCE

CSUBP S Cale. Cp for Fluid Page B-88
HYENTH F Calc H2 Enthalpy Page B-193
@XENTH F Cale @2 Enthalpy Page B-238
CSUBF1 S Calc Cp Exhaust Products Page B-91
RHPLIQ S Cale. Liquid Fluid Densities Page B-262
GSDNST S Calc Gaseous Fluid Densitieis Page B-219
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TCHND S Calc Thermal Conductivity- Page B-290
Insulation

ZFIND S Calc Fluid Compressibility Page B-335

ZGET S Calc Fluid Compressibility Page B-336

@APUSB S Output Formatted Data to Page B-226

Printer (APUSUB)

SUBPROGRAMS REFERENCING APUSUB
e TYPE  PURPOSE | - REFERENCE_
CRYC@N S Sequential Control of Analysis Page B-85

LISTING REFERENCE PAGE

The APUSUB listing will be found in Appendix B, Page 8

FLOW CHART
A flow chart for APUSUB is presented in Figure 1.9-2.
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SUBROUTINE APUSUP

DESCRIPTION

This subroutine contains the necessary equations and computational procedures required
to accomplish an APU super-critical system analysis. The subroutine follows proce-
dures setup in a logical math model sequence to permit computation of the pertinent
super-critical system parameters required for this analysis. The calculated values
are presented in formatted print output for the analytical considerations. The follow-

ing are the principle computations presented in the subroutine:

(a) Sizes Heat Exchangers located between fluid gas accumlators and APU gas
generator.

(b) Determines initial fluid tank temperatures.

(¢) Computes percent usable fluids withdrawn from tanks for all duty cycle intervals.

(d) Computes fluid densities as function of % withdrawn for all duty cycle intervals.

(e) Computes fluid temperatues in tanks for all duty cycle intervals.

(f) Computes specific heat input (THETA) of fluids in tanks for all duty cycle -inter-
vals.

(g) Computes required flow rate of exhaust gases and sizes heat exchangers located
between the fluid tanks and accumulators.

(h) Computeé energy derivative (PHI) for fluids in tanks as for all duty cycle
intervals.

(i) Tests adequacy of APU turbine exhaust products for conditioning of fluids:

(1) If adequate - subprogram proceeds to (j).

(2) If inadequate - subprogram computes supplemental heat required and readjusts
all fluid flows to compensate for additional fluids required to.run supple-
mental gas generator for extra energy requirementsS‘ Subprogram computes
corrected total ¢2 and H2 flowrates to the accumilators, and computes the
total Enthalpy increment supplied by the supplementary gas generatorﬂ

(3) If subprogram cannot provide sufficient energy from a supplementary gas

' generator to makeup for the deficiency in APU exhaust heat it will auto-
matically‘recycle the program and reset the APU fuel mixture ratio as
follows: FMR = FMR + 0.1
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(j) Computes the weight at the fluid tank heater circulating compressor (pump)
and the maximum fluid flowrate the compféssor must'handle '

(k) Computes the fluid tank ventlng requlrements and quantlty of flulds vented

(1) Computes volume, surface area, diameter and weight of fluid tanks

(m) Computes weight of fluid residuals in tank at end of mission.

(n) Computes weight of fluid accumulators and weight of fluid residuals in accumu-
lators. ' |

(o) Sums total fluid requirement for mission.

(p) Presents pertinent data for analysis in formatted output.

(q) Computes weight and pertinent characteristics of all heat exchangers and
heat sources in the system and presents data in formatfed output.

(r) Returns sequential control to subroutine CRYC@N, which calls subroutine
CMPCAL to compute system configuration component weights and pressure drop
data.

Input data for APUSUP has previously been read in by subroutine C¢MPIL. This
‘data along with information generated by subroute APUFL¢ are stored for use in
labeled common storage areas defined by a set of Procedure Definition Processor

elements. The labeled commons used for data transfer by APUSUP are:

C@MM@N /CACCUM/
CEMMEN/CIAPU/
CEMMEN/CVAPU/
C@MM@N /CDCYCL/
C¢MMPN /CIFUEL/
C@MMPN/CUFUEL/
CPMMPN /CHEX /
C@MM@N /CMATRL/
C@MMPN /CONST/
Cc@gMMgN/CPUMP/
C@MMPN/CTANK/
" COMM@N/TABLEK/ o T

APUSUP MATHEMATICAL MODEL

The equations, mathematical procedures, necessary tables and constants required

for the APU super-critical analysis are presented in Appendix C,
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CALLING SEQUENCE
APUSUP is called from subroutine CRYCPN with no calling variables. Data transfer
to APUSUP is accomplished through INCLUDE statements as shown in the rubroutine

listing. Upon completion of APUSUP computations, sequential control is returned
to subroutine CRYC@N.

SIGNIFICANT VARIABLES

Significant variables processed in APUSUP are as follows:

NAME TYPE I/¢ DIMENSION DESCRIPTION

QTHD@T R i} 20 H2-Hex QDPT for APU-Gas Gen. Feed

WDA R 1) 20 Hot Gas Flow R te in H2 HEX for APU-GG
QLEDPT R i) 20 ¢o-HEX QD@T for APU - Gas Gen. Feed

WDD R @ 20 Hot Gas Flow Rate in @2-HEX for APU-GG
TEMP@2 R é Initial Temp. In @2-Tank

TEMPH2 R 0} 1 Initial Temp. In H2-Tank

PCH2WD R ) 20 Percent H2 withdrawn Each Duty Cycle
PCPoWD R ) 20 Percent @2 Withdrawn Each Duty Cycle
RH@CH2 R ) 20 @2 Density £(% WD, Press) Each Duty Cycle
RHGCH2 R é 20 H> Density f£(% WD, Press) Each Duty Cycle
TTH R ) 20 H2 Tank Temp f. (% WD, Pres) Each Duty Cycle
TP R 1) 20 _ ¢o Tank Temp £ (% WD, Pres) Each Duty Cycle
DQ@DWH R 1) 20 Spec Heat Input - H2 as f (DENS, Pres.)
DQ@DW e R ) 20 Spec Heat Input - #2 as £ (DENS, Temp)
Q2¢DPT R i} 20 H2-HEX QDT for H2 conditioning

WDB R ¢ 20 H2 Conditioning Hot Gas Flow Rate

QPHD@T R ¢ 20 f2-HEX QAPT for ¢ Tank Conditioning

WDE R ) 20 fo-Conditioning Hot Gas Flowrate

Q3HDPT R ¢ 20 H2-HEX QD@T for H2 Tank Conditioning

WDC R ¢ 20 | H2-Tank Conditioning Hot Gas Flow Rate
Q3¢@DPT R ¢ 20 ' fo-HEX QDT for ¢2 Tank Conditioning

WDF R ) 20 2 Tank Conditioning Hot Gas Flowrate
PHIg2 R ) 20 Energy Derivative for Stored ¢2

PHTH2 R ) 20 Energy Derivative for Stored H2

WSUM R ) 20 Summed Hot Gas Flowrates - Each Duty Cycle
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NAME TYPE  I/0  DIMENSION DESCRIPTION -

DWDB R @ 20 Change in WDB Required to Balance Hot Cas
Aveilable

WGHC R 1) 20 : Corr. H2 Flowrate Accounting for Suppl.
Gas Gen. .

WG¢C‘ R ¢ 20 Eorrﬁ¢2 Flowrate accounting for Suppl.

: Gac Cen.

WD R %¢ 20 Total Fluid (@2 + H2) flowrate each Duty
Cycle

WGH R 1) 20 Reference H2 Flowrate to Suppl. Gas. Gen.

WDBC R @ 20 Corr. Hot Gas Flowrate for H2 Conditioning

WDCC R - o) 20 Corr. Hot Gas Flowrate for H2 Tank Cond.

WDEC R o) 20 Corr. Hot Gas Flow Rate for @2 Conditioning

WDFC R 1) 20 Corr. Hot Gas Flowrate for @2 Tank Cond.

WP R ) 20 Corr. Total @2 Flow to Accumulator
Fach Duty Cycle

WTH R 1) 20 Corr. Total H2 Flow to Accumlator
Each Duty Cycle

DELH - R ¢ 20 Enthalpy Increment Supplied by Suppi; Gas
Gen. :

Q2HDTC R ) 20 ~ Corr. QDT in H2-HEX for H2 Conditioning

QRPDTC R o) 20 Corr. QDT in H2-HEX for @2 Conditioning

Q3HDTC R 1} 20 Corr. QD@T in H2-Tank HEX for Tank Cond.

Q3¢DIC R @ 20 Corr. QD@T in @o-Tank HEX for Tank Cond.

TSIN R 1) 20 Suppl HEX Fluid Inlet Temperature

MR R I APU Fuel Mixture Ratio

LREPT T 1) Subprogram Recycling Index

DQWMX@ R 1) ¢2 Max. Spec. Heat Input Value

DQWMXH R 1) H2 Max. Spec. Heat Input Value

WPMAX R 1) @2 Max. Flowrate to Accumlator

WHMAX R 1) H2 Max. Flowrate to Accumlator

QMXTK @ R ) Heat (BTU's) into @2 Tank at Max @2 Flow
Rate ’

QMXFKH R @ 1 .. _Heat (BTU's) into H2 Tank at Max H2 flow
Rate

RHJHF R 1) Final H2 Density in H2 Tank

'RH¢¢F 1) Final $2 Density in @2 Tank

WDTCPP R 1) @2 Tank Circulating Compressor Flowrate Reqd
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NAME
WDTCPH
WCIRCP
WTGH
WTGH
VTH
VTH
vTg
ATH
ATH
WV1HG
WV1HH

SMDIAM
WGTHT

WGT@T

WAH

TSINMN
APRES
WTHMAX
WTPMAX

:o:u:u:uw;u:u:u:usu:u:u:u:u:uwwwwwwwwwwwwwwwwwwww'g
' &

DIMENSTION

LMSC-A991396

DESCRIPTION

= S L T L A S I = T T v T O R R SRS \ VI

. o

)
n

H2 Tank Circulating Compressor Flowrate Ret
Wgt of H2 or @ Circulating Compressor
Wgt H2 Reqd for Suppl Gas Generator
Wgt @2 Reqd for Suppl Gas Generator
Wgt ¢2 Reqd for Suppl Gas.Generator
Volume of H2 Tank

Volume of Q2 Tank

Surface Area of H2 Tank

Surface Area of 2 Tank

Wegt Vented H2 to Cool @2 Tank

Wegt Vented T2 to Cool H2 Tank

Weight of Vented H2

" Diameter of ¢2 or H2 Storage Tank

Weight of H2 Storage Tank

Weight of @2 Stofage Tank

Wgt Residual H2 in H2 Storsge Tank
Wgt Residual @2 in @2 Storage Tank
Wgt of H2 Accumulator

Wegt of §2 Accummlator

Wgt of H2 Accmulator Residuals

Wegt of @2 Accumulator Residuals
Total Weight of “H2 or 02 Fluid
Total H2 Fluid Weight

Total $2 Fluid Weight

Heat Exchanger Weight

Heat Exchanger I.D. Code

2 Max. Flowrate to AFU

H2 Max. Flowrate to APU

Temp of APU Exhaust Gases

Temp of Hex Hot Gas Discharge
Pressure out of APU Gas Generator
Minimm Inlet Temp to Suppl Gas Gen.
Accumilator Operating Pressure

Max. Corr. H2 Flow throagh H2 Cond. HEX
Max. Corr. @2 Flow through @2 Cond. HEX
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NAME TYPE  I/0O DIMENSION DESCRIPTION

PCY R 1 1 Pressure of Conditioned @2

PCH R I 1 Pressure of Conditioned H2

HXCDLP R I 10,2 Cold Fluid Pressure Drop in HEX
DELPCP R T 1 Circulating Compressor Pressure Rise

SUBPROGRAMS REFERENCED IN APUSUP

NAME TYPE PURPOSE REFERENCE
HYENTH F Calc. H2 Enthalpy Page B-193
@XENTH F Calc. §2 Enthaly | ' Page B-238
FINTAB S Table Lookup Page B-147
MIPE F Table Dgta Extraction Page B-221
CSUBV F Calc. Cy For Fluid Page B-93
ZFIND S Cale. Compressibility at Fluid Page B-335
ZGET P Calc. Compresibility at Fluid Page B-336
PHTH@N S Calc. THETA For Fluid Page B-249
PHTH@N S Cal. PHI for Fluid Page B-249
CSUBP1 S Cale, Cp for Exhaust Products Page B-91
CSUBP S Calc. Cp for Fluid Page B-88
AMAXT F Finds Max. Value of 2 Values System Routine
DENS@N S Calc. Density of @2 or N2 Page B-108
FINDR F Finds Fluid Gas Constant Page B-140
CBRT F Calc. Cube Root of Value System Routine
TCPND S Calc. Thermal Conductivity Br Page B-290
Insulation
SQRT F Cale. Square Root of Vvalue System Routine
PAPUSP S Output S.R. for APUSUP Page B-226
HEATEX S Calc. HEX Weight and Characteristics Page B-177
GASGEN S Calc. Cas Gen Weight and Characteris- Page B-172
ties
AMINT F Find Min. Value of 2 values System Routine
T PPTHEX =~ S~ Output S.R. for HEX and Gas. Gen. Page B-226"
Data
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SUBPROGRAMS REFERENCING APUSUP
NAME TYPE  PURPOSE REFERENCE
CRYC@N S Sequential Control of Analysis Page B-85

LISTING REFERENCE PAGE

The APUSUP listing will be found in Appendix B, Page 12,

FLLOW CHART .
A flow chart for APUSUP is presented in Figure 1.9-3.
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FUNCTIPN ARACYL

For a description of ARACYL see the writeup for "GOMTRY." Page B-175

FUNCTIGN AREAFR

For a description of AREAFR see the writeup for "GOMTRY. " Page B-175

FUNCTION ARSPHR

For a description of ARSPHR see the writeup for "GOMTRY. " Page B-175
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FUNCTION ROUTINE CFTW

DESCRIPTION

The routine contains the equation for computation of weights for control devices
such as pressure regulators, flow valves, check valves and pressure relief valves.
The equations employed were developed from empirical data files assembled by
AiResearch Mfg Company (Reference 1.9-1) covering a wide range of sizes and
types of fluid handling devices. The data were reduced to a set of geheral curves
from which the reference equations were developed. The control devices were
categorized by the designations light, medium, heavy and extra heavy, based

primarily upon the pressure range in which the devices are designed to dperate.

The derived equations are based upon the weight being a function of the diameter
cubed (WT = f(D3) ) for devices larger than 1 in. diameter, and the weight being
a function of the diameter to the first power (WT = f(D) ) for devices having a
flow diameter of 1 in. and smaller. The general form of the equations are

respectively:-

wWT

K@) + C
and

WT

K@D) + C
" where K and C are constants based upon actual device weights.

The constants developed from the Airesearch data and the categories to which they

apply are as follows:
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A, Flow Control Devices Larger Than One Inch:

Pressure Range
P; < 400 psia P; > 1000 psia*
Category K, C1 K, 02 -
Light 0.040 1.75 0. 057 3.95
Medium 0.057 3.95 0.073 - 5.73 |
Heavy 0.073 5.73 0.090 8.91 ;
Extra Heavy : 0.090 8.91 0.107 12.35

B.

*(Diameters less than 3.5 inches.)

Flow Control Devices Smaller-Than One Inch:
Pressure Rahgg}_»_‘_
P1 < 1000 psia P1 > 1000 psia
Cotegory L% | % 1 % ©a |
Light 1.0 0.8 2.5 1.5
Medium 2.5 1.5 3.3 2.5
Heavy 3.3 2.5 5.5 3.5
Extra Heavy 5.5 3.5 7.7 4.5 1

The weight categories are defined to include the following flow control devices:

Category
Light

Medium

Heavy

_ Extra Heavy

Includes
- Check valves, quick disconnects of poppet and -
flapper types, and orifice assemblies.

- Butterfly and poppet type, modulation, shutoff,
fill, vent and isolation valves.

- Butterfly and poppet type, pressure regulators, flow
controls, pressure relief and mixer values.

- Solenoid butterfly type valves, solenoid poppet
type valves, solenoid actuated ball valves.
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The function routine is self-contained with the necessary input variables being
brought in via the calling statement:

WGT = CFTW(D,P,IDV)

where

D = inlet port diameter (inches)

P = fluid inlet pressure (psia)

IDV = flow device category index (Reference PDP-CCNTRL)

All required constants and dimensioned variables are self-contained in the routine.
CFTW MATHMATICAL MODEL

No model is presented. Referenced data curves are to be found in Reference 1, 9-1,
CALLING SEQUENCE

Function CFTW is called, with its specified input variables, each time the computa-
tions involve a flow control device, from subroutines CMPCAL and LSSCMP. Upon
execution of the required computation program control returns to the calling
subroutine. ’

SIGNIFICANT VARIABLES

Significant variables are as follows:

D — Inlet Port Diameter (inches)
P — Inlet Pressure (psia)
IDV — Category Index (see PDP-CCNTRL)

-CFTW — Flow Control Device Weight - (Ib)
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SUBPROGRAMS REFERENCED IN CFTW

None referenced.

SUBPROGRAMS REFERENCING CFTW

Name Type Purpose

CMPCAL S Component Weights, Pressure Drops
and Flow Conditions

LSSCMP S Component Weights, Pressure Drops

and Flow Conditions
LISTING REFERENCE PAGE
A listing of Function CFTW will be found in Appendix B, page. 39,
FLOW CHART

None
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- e

DESCRIPTION

The subroutine CMPCAL is designed to perform sizing and weight analysis for all

of the component units which makeup the system configuration. The system configura-
tion being defined as the computer image of the system main flow schematic diagram
wherein all compoents and line segments are arranged in the normal logical sequence.
The subroutine requires that each system or subsystem fluid segmént begin with a
data entry which flags the fluid kind and state and further requires that when a

fluid state changes (i. e., gas to liquid), a second data entry must be available.

The subroutine currently will process systems which employ @2 and H2 as the cryogen
fluids. The logic employed requires that the configuration data be entered start-
ing with the cryogen consumer and working back to the fluid storage tanks, thus

prermitting the accumulation of pressure drop data in an orderly fashion.

Subroutine CMPCAL is normally employed for the evaluation of a two fluid system and
normally processes the oxidizer side of the system fluid, follcowed by the fuel

side. It can, however, process either side, or, just one side, depending upon the
setting of the input fluid flag variables. The program calls-in required sub-programs
as needed for the sizing and weighing of the individual components and line segments
as they are encountered in the configuration sequence. The CMPCAL analysis proce-
dure is based upon accomplishing a one-by-one analysis of the sequential component
stream defined by the configuration table as read-in by subroutine CPMPIL. Based
upon the input data, the subroutine accomplishes the computation of the individual
component sizing, weight, pressure drop and flow constraint data and presents the
calculated values in tabular formatted output as a "Summary of Computed System Con-

figuration Parameters."
The principal computations accomplished in subroutine CMPCAL are as follows:
“~(a) Upon being called, thé subroutine first initializes a set of flag and

summation variables. It starts the configuration loop by calling for the

decoding of first branching variable as entered in the first configuration
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data card. The primary branching control variebles employed are CFUNCT

and CFTYPE as defined in subroutine C@MPIL and PDP-CONFIG. The branching
variable CFUNCT contains the coding for (in successive data entries), the
fluid identification, consumer identification and, in turn, each component
unit sequentially considered in the system. The secondary branching control
variable CFTYPE successively contains the coding for, the fluid state, the
consumer characteristic type, and, in'turn, the controlling characteristics
of each component unit sequentially considered in the system. Subroutine
branching to the specified analysis region of the coding is accomplished via
a computed G TP statement, controlled by the variable CFUNCT.

(b) The subroutine identifies the fluid to be considered and identifies its state con

dition and then initializes the sequential indices.

(c) Identifies the cryogen consumer and sets up the consumer fluid flowrate, fluid
pressure and fluid temperature with their respective sequential indices. At

this point the actual configuration analysis has begun.

(d) The subroutine then processes a line segment (whenever called for by CFUNCT)
through the sequence of the line analysis to compute - flow conditions, pressure
drop and line weight. Fano-flow, compressible-flow, velocity effects, as well

as minimum wall thickness are all taken into consideration in the analysis.

(e) Processes a control unit (valve, check valve, orifice, regulator, or flowmeter)
through the sequence of the control analysis to compute'flow conditions, pressure
drop, and control weight. Mass characteristics as a function of pressure re-
quirements for the control unit are specified in the "tens" digit of CFTYPE.
Selection of the type of control unit is made via the "units" digit of CFTYPE,
as defined in PDP-CCNFIG. '

(f) The subroutine processes a fitting or tap in much the same fashion as for the

line segment analysis, taking into account the flow geometry effects. Computes

the flow conditions, pressure drop and fitting or tap weight.
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&/ LT tne system Trequires an accumilator, the subroutiné Sets up the accumulator
pressure, temperature and flowrate. The accumlator welght is computed
separately by subroutine WTACC which has its own output, therefore the weight

of the accumlator is not reported by CMPCAL,

(h) Processes a heat exchanger, sets up the fluid conditions, inlet and outlet
cold fluid temperatures and pressures and heat source mixture ratios; then
calls subroutine HEATEX to essentially design the heat exchanger and calculate
pressure drop, hot fluid flowrates, and heat exchanger weight. If the heat
source is a gas generator, CMPCAL calls subroutine GASGEN to size and
weigh the unit. If the heat source is waste heat from another unit, the

heat source characteristics are calculated elsewhere.

(i) If the system requires a high pressure pump, the subroutine searches ahead
to locate the fluid tank and then works backwards to the pump, so as to pro-
vide both inlet and outlet pump pressures. The subroutine then calls sub-
routine PARPMP to essentially design the pump and permi% computation of
flow conditions, pressure drop and pump weight. The subroutine checks
PTYPE and if the assembly is a turbopump, it calls TURBN to essentially de-
sign a turbine and compute the turbine hot gas requirements and turbine
weight. The subroutine then computes the turbine gas flow rates and then
sizes a gas generator to fit it and computes a gas generator weight. The
pump, turbine and gas generator weights are summed to yield a weight for the

complete assenbly.

(j) If thesystem requires a low-pressure pump, the subroutine Searches ahead
to locate the fluid storage tank and then works backward to the pump, so as
to permit the calculation of both inlet and outlet pump pressures. The
subroutine then computes the low pressure pump weight (via table lookup)
and procedes to look up a weight for an electric motor to drive the pump.

The weights are summed to yield a combined motor-pump assembly weight.
(k) The subroutine then processes a fluid supply tank, first setting up the tank

temperature and pressure. The actual tank weight for each fluid tank is

calculated elsewhere either within -a given system sub-program (i.e.,FUEICL)
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for which subroutine CMPCAL simple retrieves the weight value from storage,
or, the tank weight may be calculated in subroutine TANK, in which case CMPCAL
simple records the tank weight as zero and the weight and tank dimensions are
found in the TANK output. CMPCAL does check to see if the tank pressure is
adequate for the system pressure drop total at the tank outlet.

(1) CMPCAL then outputs the computed configuration component data in a tabular for-
matted output with all components identified and in the same sequence as given

in the original system schematic.

Input data for use in subroutine CMPCAL is read-in at program initiation time via
subroutine CPMPIL from the configuration data cards. Data from each card is stored
in a packed array by subroutine ST¢C¢N using equivalenced array variables deiined in
the Procedure Definition Processor CCNFIG. Retrieval of the data is accomplished in
CMPCAL via repeated calls to subroutine GETC¢N which unpacks the data as needed.

The input data and computed parameter values are stored in vdrious regions of the
labeled C¢MM¢N storage defined by PDP elements. The labeled common storage employed
by subroutine CMPCAL are as follows:

coMmpN/ccacuM/
C@MMPN/CCNFIG/
C@MMPN /CCNTRL/
C¢MM¢N/CDCYCL/
C@MMPN/CENG/
COMMPN /CHEX /
CPMMPN/CIFUEL/
CPMMPN/CVFUEL/
CPMMPN/CHSPRC/
C@MM@N/CTPUNT/
CAMMPN /CNAMES /
COMMPN/CMPTER /
COMMPN /CPNST/
CHMMPN/CPAGE/
CcoMMpN/CPUMP/
CHOMMPN /CTANK /
CAHMMIN/CTURBN/

06MM6N/TABL0K/
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CMPCAL, MATHEMATICAL MODEL

™

- Thie—ueronwoactfur suvlruuerne CHMIrGHIT presenting the equations, math logic, and

procedures are presented in Appendix C,

CALLING SEQUENCE

Subroutine CMPCAL is initiated by a simple call statement with no calling variables

from‘subroutine CRYC¢N. The order in which CMPCAL is called relative to system ana-
lysis sub-programs is determined by the'DATA statements labeled KSUBC found in sub-
routine ST@DTA.

Data transfer to and from subroutine CMPCAL is effected through the use of INCLUDE
statements which bring in the appropriate PDP element defining the required labeled
C¢MM¢N storage areas; Upon completion of the CMPCAL computations, the program con-
trol returns to subroutine CRYC@N.

SIGNIFICANT VARTABLES

Significant variables employed in, and processed by, subroutine CMPCAL are defined

in the following list:

NAME TYPE I/¢ DIMENSION DESCRIPTION

ICNF T I 1 Number of configuration data cards input
IDX I i 1 Configuration item index

ISIGN I 1) 1 Analysis directional index

CFUNCT I T 1 Integer Corresponding to Configuration Item

Function

CFTYPE I I 1 Integer Corresponding to FunctionType
CMTYPE I I 1 Integer Corresponding to Material Type
CITYPE I I 1 -Integer Corresponding to Insulation Type
CNOPER I I 1 Nurmber of units operating

CNSTBY I I 1 Number of units on standby

FRCOEF R I 100 Characteristic Friction Factor for Flow Region
L¢gD R I 100 Length over Diameter, or, Length
"pIaM T R I 100 Diameter -

ITHIK R I 100 Insulation Thickness

NBAR R I 100 Number of Layers of insulation per inch
C@DE R I 100 Identification Code for Config. Unit
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NAME

IGAS
GSTATE

DELP

WEIGHT
APRES

TINDXAC |

INDXTK
SIPRES
SITEMP
WITOT
WDOTCF
UC@DE
HEXCIT
HXCDLP
WHXT@T
MACH

JPPTN
PTEMP
PPRES
PPDCH
PPDEL
PPWDT

PNPSH

TYPE

S

DIMENSION

LMSC-A991396
DESCRIPTION

W W = " ™ " W H H

M = =W = P¥ H I H H W W WY " WYy W HH X XY X™o™ owoH H

HeaE s as8sassassHS Y SH A H H HH H HS SS H S S S®SSS H H S H H H S S S H H

1l
1
100
100
100

A" A \ P I \V}

R - R T R ol o
o o o o - .

- - . - ¥y

LS I ST S

100
100

N D M D M DD

PR

Integer Corresponding to Fluid Kind
Integer Corresponding to Fluid State
Fluid Peessue at Each Point in ‘System
Fluid Temp at each point in System
Fluid Flowrate at each print in system
Input Fluid Max. Flow Rate at Consumer
Input Fluid Pressure at Consumer

Input Fluid Temperature at Consumer

%% for Configuration Unit Considered

Integer Pointer for Control Mass Characteristic
Integer Pointer for Fitting and Tap Configuration
Fluid Density when a gas

Fluid Pressure Drop across Component

Cross Sectional Area df Flow Region

Weight of Configuration Component Considered
Accumulator Pressure (if used)

Accumilator Index (if used)

Fluid Tank Index-Set éo ITX

Fluid Tank Initial Pressure

Fluid Tank Initial Temperature

Fluid Tank Weight

Fluid Heat Exhanger Flow Rate

Fluid Heat Exchanger I.D. Code

Fluid Heat Exchanger Cold Inlet Temp
Fluid_Heat Exchanger Delta-P

Fluid Heat Exchanger Weight

Fluid Mach No.

Fluid Mach No. Flag

Option for Minimum Wgt or Minimum Power Pump
Pump Fluid Inlet Temperature

Pump Fluid Inlet Pressure

Pump Fluid Outlet Pressure

Pump DELTA-P (each fluid)

Pump Flow Rate (each fluid)

Pump Inlet Fluid Density

Pymp NPSH for Each Fluid
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| wamm

~
P

PMPEFF
PMPV(L,
PMP@W
PSFD
PSTAGE
PNPSPR
PWEGHT
TWEGHT
TITEMP
TPTEMP
TMRAT®
GWEGHT
WGTGGA
TPDELP
TPEFF
TPNPSH
TPWD@T
TPWGHT
HP
MSS
MTYPE
PDNSTY

- EMWGT
BWEGHT
WCIRCP

H X XY X WX A XWX H X W I H DD DWW AW I DN DWWV WD D DT W W

H H S S S & & S S S |-

S S H

e S H H H H H HSBS S S H H H S s

|

NTMENG TN

LMSC-A991396

MNTQAADTDMTAN

S O R e N o e - R A T A T A S O N A O T A O A O SN A N AU R AU A0 2N A O A RN A O B \O TN A B A O B AV

e e e
O O 0O 0O O
e ') ~- A7) i

10,
100
100

VI VI VI VI VI V)

Calculated Pump Efficiency (each fluid)
Calculated Pump Volume (each fluid)
Calculated Pump Power (éach fluid)
Calculated Pump Sﬁeed (each fluid)

Calec. Number Pump Stages (each fluid)
Calc. NPSP Required (each fluid)
Calculated Pump Weight (each fluid)
Calculated Turbine Weight (each fluid)
Turbine Inlet Temperature (each fluid)
Turbine Outlet Temperature (each fluid)
Turbine Gas. Gen. Mixture Ratio (each fluid)
Fluids Required to Run Turbine Gas Generator
Weight of Gas Generator Assy (Each fluid)
Transfer Pump Delta-P (each £luid)
Transfer Pump Efficiency (each fluid)
Transfer Pump NPSH (each fluid)

Transfer Pump Flow Rate‘(each fluid)
Transfer Pump Weight (each fluid)

Calc Horse Power for Electric Motor
Input Motor Speed

Input Motor Type

Battery Power Density

Electric Motor Weight

Battery Weight

Weight Fluid Circulating Pumps

Fluid Tank Weights (from Tank, etc)

Cold Fluid Flowrate - Heat Exchangers
Heat Exchanger I.D. Code

Input Heat Exchanger I.D. Code

Fluid Heat Exchanger Cold Inlet Temp

 Fluid HeaﬁrExchanger - Delta P

Fluid Heat Exchanger Weight
Fluid Mach Number
Fluid Mach Number Flag
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SUBPROGRAMS REFERENCED IN CMPCAL

Controls Pagination and Line Count
Unpacks Configuration Data Records
Finds minimum of Two Real Values

Computes Density of Desired Gaseous Fluid at
Stated Conditions

Solves Compressible Flow Equations for Desired
Gaseous Fluid at Stated Conditions for Pressure
Drop and Mach Number

Computes Density of Desired Liquid Fluid at
Stated Conditions

Computes Mach Number for Desired Fluid at
Stated Fluid Density using Velocity of Sound

Computes Weight of a Line Segment Considering
Minimum Wall Thicknesses

Computes weight of a Control Unit, Fitting, or
Tap as specified

Cquses Program Termination - Used to Terminate
from Error Condition

Computes Absolute Value of defined variable

Computes Weight and Characteristic Properties
of a Pump--given Fluid, Delta P, Flowrate,

Fluid Density and Estimated Net Position Suction

Computes Turbine Weight given Fluid and Pump
Characteristics

Computes Cp for ¢2-H2 Combusion Products, given
Temperature and Mixture Ratio

Table Location and Look-up
Table Data Extraction

Computes Heat Exchanger Weight and Characteris-
tic Properties give 1luid, HEX index, Flowrate,
Inlet and Output Temperature and Pressures. and
Hot Gas Mixture Ratio '

Outputs Pump Data in Present Format -

NAME TYPE  PURPOSE
PAGE F
GETCGN S
AMINT F
GSDNST S
COMFLY S
RHPLIQ S
VGVS S
Equations
IWNEGHT S
CFTW F
EXIT S
mBS
PARPMP S
Pressure
TURBN S
CSUBPL S
FINTAB S
MIPE
HEATEX S
(TPPMP
@TPTRB

Outputs Turbine Data in Preset Format

1-184

LMSC-A991396

REFERENCE

Page B-239
Page B-174
System Library
Page B-219

Page B-62

Page B-262

Page B-322

Page B-215
Page B-39
System Library

System Library
Page B-242

Page B-314
Page B-91

Page B-147
Page B-221
Page B-177 -

Page B-226
Page B-226



DATA TABLES REFERENCED IN CMPCAL

TABLE NUMBER

TITLE

13
1k
15
16

Gas Generator Weight

Lge Transfer Pump Weight
LH2 Transfer Pump Weight
Motor Weight

SUBPROGRAMS REFERENCING CMPCAL

NAME
CRYC{PN

. TYPE PURPOSE

S ‘ Sequential Control of Program Analysis

LISTING REFERENCE PAGE

The subroutine CMPCAL Listing will be found in Appendix B, Page 50.

FIOW CHART

A flow chart for subroutine CMPAL is presented in Figure 1.9-4.
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SUBROUTINE COMFLG

DESCRIPTION

The subroutine solves the compressible through equations for the

determination of pressure drop of gaseous fluids flowing in long

ducts. Adiabatic flow is assumed.

Access to common storage blocks is provided for the following labeled

© o common areas:

CAMMEN /CCNFIG/
- COMMON/CIPUNT /
COMM@Y/CONST /

MATHEMATICAIL, MODEL FOR COMFL®

A math model for subroutine COMFL¢ is presented in Appendix C.

CALLING SEQUENCE

COMFLO is called with eight calling arguments, seven of) which are
input values with the eigth argument returning the pressure drop
value to the calling subroutine. The Mach number is sent to CCNFIG
common storage via an INCLUDE statement.

SIGNIFICANT VARIABLES

Significant variables processed by COMFL@ are:
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NAME TYPE I/0 DIMENSTON
IDX I I 1
P R I 1
T R I 1
FLD R I 1
A R T 1
WDQ@T R I
N R
DELP R 0 1
MACH R 0 100
M1 R C
M2 R C
FLDMAX R o 1
DF R C 1

SUBFROGRAMS REFERENCED BY COMFL@

NAME TYPE PURPOSE

DIAG F Diagnostic Writer

CSUBP S Cp for specified
Fluid

CSUBV r Cv for Specified
Fluid

HPTGAM F Compute  for
Hydrogen

SQRT F Square Root of
Variable Value

FLODEQ F Computes F(M)
MACH Numbers

ABS F Absolute Value of
Variable

LMSC-A991396

DESCRIPTION
Configuration Position Index
Downstream Pressure

Downstream Temperature
FL

D

Cross-sectional area of duct
Fluid flowrate '

Fluid Identity:
1 =0,; 2=H,; 17 = Ge;
18 = N5 2
Pressure Drop Calculated Value
MACH Number

Upstream MACH Number

Downstream MACH Number

£ (M‘) max

=FLDMAX+%

REFERENCES
Page B-111
Page B-88

Page B-90

Page B-189
System Routine
Page B-1U48

System Routine
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SUBROUTINES REFERENCING COMFL@

NAME TYPE PURPOSE
CMPCAL S Configuration Analysis
LSSCMP S Configuration Analysis

LISTING REFERENCE

REFERENCE
Page B-50
Page B-208

LMSC-A991396

A listing of subroutine COMFL® will be found in Appendix~-B, page 62.

FLOW CHART

No flow chart is presented for subroutine COMFLZ,
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PROGRAM C@NTRL

DESCRIPTION

Program C@NTRL is the initialization and driver routine which sets up TCIMM for
any of the five cryogen system analyses. The routine initializes the data storage sub-
routines, establishes the date, reads in the data tables via subroutine INTAB and
reads in the program data deck via subroutine CMPIL. In so doing, CNTRL sets
up a number of index value relating to system type and kind and whether the input data

deck is for a single case or multiple case run.

C@NTRL then calls subroutine CRYC@N and initiates the specified system analysis.
Input data for C@NTRL is read from the first several cards of the input data deck.
This data is used and transferred to storage in labeled common areas defined by
Procedure Definition Processor elements. The labeled common areas used by
CO@NTRL are: '

C@MM@N/CCNTRL/
COMMQ@N/CIGUNT/
C@MMQN/CKEYS/
CUMMG@N/CPAGE/

C@GNTRL MATHEMATICAL MODEL

None.

CALLING SEQUENCE
C@NTRL is the TCIMM driver routine and as a main program it is not called.
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SIGNIFICANT VARIABLES

LMSC-~A991396

NAME TYPE I/0 DIMENSION DESCRIPTION
NAME A I 1 User Name

DEPT 1 I 1 User Department
BLD 1 I 1 Building Number
EXT I I 1 Phone Number
CTITLE A I 1 Case Title

NSYS A I 1 System Type Index
NI A I 1 Rest of System Name
NCRIT I I 1 System Kind

INTGR A I 1 Case Index

MDTRE I I 11 Diagnostic Switches
NAMSYS I I 5 System Names Index
SCRIT I I '

SUBPROGRAMS REFERENCED IN CONTRL

NAME  TYPE

ST@GDTA S
@TUNIT S
DATE S
INTAB S
C@MPIL S
CRYCQ@N S

PURPOSE

Data Storage Routine

System Device Unit Selecting
Routine

Finds Date

Loads Data Tables

Loads Input Data

System Analysis Sequencer Routine

SUBPROGRAMS REFERENCING C¢NTBL

None.
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System Kind Index

REFERENCE

Page B-272
Page B-237
System Routine
Page B-198
Page B-64
Page B-85
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LISTING REFERENCE PAGE

A listing of subroutine CNTRL will be found in Appendix B, page 75.

FLOW CHART

The flow chart for subroutine C@NTRL is presented in Figuré 1.4-1.
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SUBROUTINE C@NSUM

DESCRIPTION
This subroutine, when called, provides access to subroutines ENGINE, APUFL{ and
FLORAT. 1t is essentially a switching subroutine used by subroutine CRY C@N.

Data transfer to C@NSUM is provided through the Procedure Definition Processor |
CCNTRL. The only labeled CBMMGN required is CMM@N/CENTRL/.

C@NSUM MATHEMATICAL MODEL

None

SIGNIFICANT VARIABLES

NAME TYPE /¢ -DIMENSION DESCRIPTION

SYSNUM I I 1 System Number Index

CALLING SEQUENCE
C@NSUM is initiated via a simple call from subroutine CRYCON with no calling argu-
‘ments. Data transfer to CONSUM is accomplished through an INCLUDE statement.

SUBROUTINES REFERENCED IN C@NSUM

NAME TYPE PURPOSE REFERENCE
Rocket Engine Parameter
ENGINE S Calonlition ' Page B-138
FLGRAT S Flow Rate Calculations Page B-149
APUFLQ S APU Flow Rate Calculations Page B-5

SUBROUTINES REFERENCING C@NSUM °

NAME TYPE PURPOSE : REFERENCE

CRYCON S Program Seéquential Control Page B-85
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LISTING REFERENCE PAGE
The subroutine CNSUM listing will be found in Appendix B, page 74.

FLOW CHART

None.
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SUBROUTINE CRYC@N

DESCRIPTION

This subroutine performs the major branching functions of calling in the various
subprograms needed for each specified type of CRYOGEN system analysis. A detailed

description of CRYC®N and its functions is given in subsection 1.4.2.

Input data transfer to CRYCQN is effected by the use of labeled common storage. The

labeled common areas employed are:

COMM@N/CCNTRL/
COMM@N/CKEYS/

CRYC@N MATHEMATICAL MODEL

None

CALLING SEQUENCE

CRYCO®N is called from C@NTRL with no calling arguments., Data transfer to CRYC@N
is accomplished through INCLUDE statements as shown in the subroutine listing.

SIGNIFICANT VARIABLES

Significant variables processed by CRYC®N are:

NAME TYPE /¢ DIMENSION DESCRIPTION
SYSNUM I I 1 System .Number Index
SCRIT I I 1 System Kind Index
KSUBC I D 9 Subprogram Calling Index
LREPT I C 1 Recycling Index
MOTRC I I 11 Diagnostic Switch
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SUBPROGRAMS REFERENCED IN CRYC@N

NAME

DIAG
ACCRES
AGQWT
APUSUB
APUSUP
CMPCAL
FUELCL
C@NSUM
ECLSS
LIQRES
TANK
TSIZEI
WTACC
OPTWSM

TYPE

B 1 1 ;1 »» \0 ;1 ;2 ;1 ;n ;7 ;3 ;! M

- PURPOSE

Diagnostic Print

Accumulator Residuals Calculations

Acquisition Device Weight Calculation .

APU Subcritical Analysis

APU Supercritical Analysis
Configuration Analysis

Fuel Cell Analysis

Program Consumer Processor
Life Support Analysis

Liquid Residuals Calculations

Tank Propellant History Calculations .

Tank Sizing Analysis -
Accumulator Weight Analysis
Configuration Weight Summary Output

SUBPROGRAMS REFERENCING CRYC@N

NAME

C@NTRL

TYPE

p

PURPOSE

TCIMM Main Program

LISTING REFERENCE PAGE

A listing of subroutine- CRYC®N is given in Appendix B, page 85.

FLOW CHART

A flow chart for subroutine CRYC®N is presented in Figure 1.4-3.

LOCKHEED MISSILES & SPACE COMPANY
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REFERENCE

Page B-111
Page B-2
Page B-3
Page B;S
Page B-12
Page B-50
Page B-152
Page B-74
Page B-122
Page B-204
Page B-277
Page B-310
Page B-330
Page B-226

REFERENCE

Page B-75
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SUBRAUTINE CYLHED

For a description of CYLHED see the writeup for "SPHSEG", Page B-263

SUBROUTINE CYMSPH

For a description of CYMSPH see the writeup for "SPHSEG.," Page B-263

FUNCTION CYLNDR

For a description of CYLNDR see the writeup for "GOMTRY. " Page B-175

FUNCTI®N CYLSPH

For a description of CYLSPH see the writeup for "GGMTRY. " Page B-175
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FUNCTION DIAG

DESCRIPTION

Function DIAG will print when a subroutine was entered or exited for diagnostic

purposes. This routine is turned on by setting a value of MDTRC (I) equal to one (1)

on the "System Definition Card" of the program input data deck.
CALLING SEQUENCE

JP = DIAG (NOPT,NAME)

Name Type IZQ Dimension Description
NOPT_ I I If NOPT = -1, DIAG will print the

name of the routine exited.

If NOPT = 0, no trace will be made.
If NOPT = 1, DIAG will print the
name of the routine
entered.
NAME A I Calling routine name

SIGNIFICANT VARIABLES
None

SUBPROGRAMS REFERENCED IN THIS SUBPROGRAM
None

SUBPROGRAMS REFERENCING THIS SUBPROGRAM

All major subprograms

1-201

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A991396

LISTING REFERENCE PAGE
A listing of function DIAG will be found in Appendix B, page 111.
FLOW CHART

None
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SUBROUTINE ECLSS

The ECLSS subroutine contains the system analysis logic, mathematical expressions

and equations, and computational techniques regquired for a super-critical life-
support system. The subroutine is structured to be nearly self-contained due to the
fact that it considers a cryogenic oxygen and nitrogen supply system and nitrogen

is not employed in the other five cryogen systems considered by the main program.

Based upon the input ECISS data package, the subroutine accomplishes the computation
of pertinent system parameters and presents the calculated values in tabular formatted

output. The following are the principal computations accomplished in the subroutine:

(a) Computes quantity of fluids consumed for 1life support, vehicle leakage, airlock

or cabin repressurization, and total fluid requirements.

(v) Computes the contingency reserve fluids required for the mission, and usable

fluid consumables by species.

(c) Computes nominal fluid flow rates, repressurization flow rates, quantity of
fluids consumed each duty cycle interval, and maxirmum flow rate of fluids

‘for system sizing.
(a) Computes initial fluid tank conditions.

(e) Computes for each duty cycle interval; weight of fluids withdrawn from tanks,
percent fluids withdrawn from tanks, density of fluids remaining in tanks,
specific heat input required for fluids remaining in tanks, energy derivative

for fluids remaining in tanks.

(f) Sizes fluid conditioning heat exchanbers (BTU's required), and, computes power

required to provide energy for fluid conditioning heat exchangers.
(g) Sizes heat sources required for fluid tanks (BTU's required) and computes tank

heater ratings based upon input heater diameter and length. Coﬁputes power

required to provide energy needed in fluid tanks.
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(3)

(k)

(1)

(m)

LMSC-A991396

Computes volume, surface area, and heat leak into fluid tanks. Computes quan-

tity of fluids vented during mission duty cycle intervals and total fluids

vented for mission.

Computes total quantity of fluids to be loaded for mission.

Computes fluid tank insulation weight, .fluid tank pressure vessel weights,.

fluid tank vaccum jacket weights, and total weight of fluid tank aséemblies.

Computes weight of electrical fluid conditioning heat exchangers.

Computes the individual fluid tank energy histories and the electrical heater

OFF-ON duty cyecle history in detail for ten-minute intervals of each major syste

duty cycle interval.

System component weights and pressure drops for the maximum-flow operating conditions

are computed by subroutine LSSCMP.

Input data for use in ECISS is read in at program initation time via subroutine

CPMPIL.

The input data are stored in various regions of the labeled CPMMPN storage

previously defined by Procedure Definition Processor (PDP) elements. The labeled

CPMMPN areas employed by subroutine ECLSS for data storage and transfer are as follow

CAMMPN /CACCUM/
CEMMEN /CTAPU/
CPMMPN /CVAPU/
C@MMEN,/CDCYCL/
CPMMEN/CILSS/
CPMMPN /CVLSS/
C@MMPN /CENG/
C@MMEN/CIFUEL/
CPMMPN/CVFUEL/

cpag/oxmx/
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C@MMEN /CHSPRC/
CPMMEN /CMATRL,/
C¢MM¢N/coﬁST/
CEMMPN/CPUMP/
C@MMPN/CTANK/
CEMMIN/CIPUNT/

C@MMEN / TABLPK/
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ECLSS MATHEMATICAL MODEL
The ECLSS Math Model consisting of analysis logic, equations, necessary tables

and constants, procedures and the techniques required are presented in Appendix

C.

CALLING SEQUENCE
Subroutine ECLSS is initiated by a simple call from subroutine CRYC¢N, with no

calling variables. Data transfer to ECISS is accomplished through the use of
INCLUDE statement as shown in the subroutine listing. Upon completion of the re-
quired ECISS computation, sequential control of the program is returned to

subroutine CRYCEN

SIGNIFICANT VARIABLES

Significant variables considered in, and processed by subroutine ECLSS

are defined in the following list:

NAME TYPE 1/¢ DIMENSION DESCRIPTION

MDAYS I I 1 Number of days in mission

NCREW I I 1 Number of personnel on board

NRPES I I 1 Number of repressurizations planned
NDARES I I 1 Number of days resérve fluids required
JFNGM R I 1 Metabolic Oxygen Consumption Rate
GLKRAT R I 1 Vehicle Atmosphere Leakage Rate
TISN@GM R I 2 Nominal Gaseous Fluid Delivery Temp
RHJBEG R I 2 Initial fluids loading densities
TKFTEM R I 2 Allowable Fluids Tank Final Temperature
TKFPRS R I 2 Allowable fluids Tank Final Pressure
TENVR R I 1 ECLSS System Environemtnal Temperature
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NAME TYPE I/9 DIMENSION ~ DESCRIPTION

CABV@L R I 1 Cabin or Airlock Volume

LINDIA R I 2 Line Diameter entering Heat Exchangers

HTRFIX R I 2 Heater Rating (BTU/HR-Sq In.) @ Trer

PESN¢M R I 2 Nominal Pressure of Delivered Gaseous Fluids

HTRDIA R I 2 Tank Heater Diameter

HTRLNG R I 2 Tank Heater Length

PSETI R I 1 g2 Tank Lower Pressure Limit Setting

PSET2 R I 1 N2 Tank Lower Pressure Limit Setting

SITYPE I I 2, 1 Fluid Tank Insulation Type

SMIYPE I T 2, 1 Fluid Tank Wall Material Type

SITEMP R I 2, 1 Initial Temp Fluids in Tank

S@PPRES R I 2, 1 Fluid Tank Operating Pressures

SVPRES R I 2, 1 Fluid Tank Vent Pressures

SHFLUX R I 2, 1 Estimated Heat Leak Flux - Fluid Tanks

SITHIK R I 2, 1 Fluid Tank Insulation Thickness

SNBAR R I 2, 1 Mumber of Insulation Layers per Inch Thickness

DCYCLE R T 60 Duty Cycle Operating and Non-Operating Time
Intervals - in sequential array

RPRTIM R I 12 Repressuri zation Period Duration -~ ( NRPRES
values entered in duty cyle array)

goMcPgN R ) 1 Tctal Wgt Metabolic @2 - Consumed in Mission

goLCPN R 1) 12 Metabolic @2 Wegt Consumed each duty cycle in-
terval ,

GoTWT R 1) 12 Metabolic @2 Wgtvof Leakage - each duty cycle
interval =

N2IWT "R ¢ 12 N2 Wgt lost by leakage - each duty cycle intez

) val :
N2LCPN R 1) 1 A . Total Wgt N2 Ieakage - lost in mission
GASWGT R ¢ Weight of atmosphere lost in one depressuriza-
) tion

¢2REPR R ¢ 1 Wegt ¢2 required for all repressurizations

N2REPR R o) 1 Wgt N2 required for all repressurizations

@oC@Ns R ‘¢ 1 Wet @2 (metabolic + Leakage + Repressurizatior

N2C@NS R 1) 1 Wgt N2 (leakage + repressurization)

oMRES R ) 1 Wet @2 (for metabolic reserve)

#eIRES R 1) 1 Wegt @2 for leakage reserve -
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N2LRES
@oRES

N2RES

$2TOTU
N2 T@TU
WD@TPN
WD@TNN
WDPTPR

WDPTNR

WDTgR
WDTN2
WTge
WIN2
WDTPMX
WDTNMX
WD@TT

TEMP@2
TEMPN2
TK@2DP
TKN2DP
PCEXWD
PCN2WD
peRHS

N2RHY -
o TEMP
N2TEMP
D@DMpR
D@DMI2
" DPDUf#2
DPDUN2

goH
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TYPE 1/  DIMENSION
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R 1

R 1

R 1

R 1

R 12

R 12

R 12

R 12
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i
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DESCRIPTION
Wgt N2 for Leakage Reserve

Wegt of Reserve 2 for Contingency

Wgt of Reserve N2 for Contingency

Wgt of Total Usable @2 on board

Wgt of Total Usable N2 on board

Nom. ¢2 Flow Rate -~ each duty cycle interval
Nom. N2 FPlow Rate -~ each duty cycle interval

2 Repressurization Flow Rate - each duty
cycle interval

" N2 Repressurization Flow Rate - each duty cycle
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interval

Total @2 Flow Rate - each duty cycle interval
Total N2 Flow Rate - each duty cycle interval
Total Wgt @2 used each duty cycle interval
Total Wgt N2 used each duty cycle interval
Max. @2 Flow Rate in any Interval '

Max., N2 Flow Rate in any interval

Max., Fluid Flow Rates in 1lbs per second

Saved values of WDPTI for other use

Initial Temp of $2 in Tank

Initial Temp of N2 in Tank

Cum Wgt @2 removed from tank as f(time)

Cum Wgt N2 removed ffom tank as f(time)
Percent 2 removed from tank as f(time)
Percent N2 removed from tank as f(time)
Density of ¢2 in tank-end of each interval
Density of N2 in @ank-end of each interval
Temp of @2 in tank-end of each interval

Temp of N2 in tank-end of each interval

Spec Heat Input to @2-end of each interval
Spec Heat Input to N2-end of each interval
Energy Derivative for ¢2.¥ end of each interval
Energy Derivative for N2-end of each interval
Enthalpy of ¢2 at end of each interval
Enthalpy at N2 at end of each interval



NAME
QDTYR
QDTPMX

QDTNMX
HWAT@?
HWTEMX
HWTATT

HWATN2

TWAT@2

TWTPMX

TWIPTT

TWATN2

TWTNTT
TPTWMK
TPTWAT
TETPOW
RHPEND
WTRSID
VPLTK
ARETK
QPeIK
QLKPTK
QN2IK

TYPE I1/0 DIMENSION
R 4] 12
R o) 1
R ) 12
R 1) 1
R @ 12
R @ 1
R 1) 1
R 1) 12
R- ) 1
R ) 1
R 0 12
R ) 12
R ) 1
R 1) 1
R ¢ 12
R ) 1
R ) 1
R 12 12
R 1) 1
R 1) 1
R o) 1
R 1) 1
R @ 1
R 1) 2
R 4] 2
R @ 2
R [V 2
R 1) 12
R ) 1
R 1) 12
R ) 1
R ¢ 12

LMSC-A991396

DESCRIPTION
Heat Rate to Condition $2 at end of each interval
Max. Heat Rate for Conditioning @2

Heat Rate to Condition N2 at end of each interval
Max. Heat Rate for Conditioning N2

Energy Required for Heat to @2-end of each interv
Max. Energy Reqd for Heat to @f2-any interval
Total Energy Reqd for Heat to $2-all intervals
Energy Reqd for Heat to NZ2-end of each interval
Max. Energy Reqd for Heat to N2 - any interval
Total Energy Reqd for Heat to N2-all intervals
Heat Rate to Condition ¢2 Tank - each interval
Heat Rate to Condition N2 Tank - each interval
Heater Rating for ¢2Tank at Max. Heat Reqmt
Heater Rating for N2 Tank at Max. Heat Reqmt

Energy Reqd for Heat Input to ¢2 Tank - each
interval

Max Energy for Heat Input to 2 Tank-any interval
Total Energy for Heat Input to ¢2 Tank-all interv
Energy Reqd for Heat Input to N2 Tank-each interv
Max. Energy for Heat Input to N2 Tank-any interva
Total Energy for Heat Input to N2 Tank-all interv
Max. Energy Rqmt all heat sources

Total Energy Reqd - all heat sources-all interval

Total Power Rqmts (KW-HRs)

Fluid Densities at end of mission

Wgt Residual Fluids in Tanks

Volume of Fluid Storage Tanks

Surface Area of Fluid Storage Tanks

Heat Leak into ¢2 Tank - each interval

Cum. Heat Leak into @2 Tank - each inpefvél
Heat Leak into N2 Tank - each intervai

Cum. Heat Leak into N2 Tank - all intervals
Wgt of vented @2 - each interval
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NAME TYPE 1/¢ DIMENSION DESCRIPTION -

wg2 R ) 1 Cum. Wgt of Vented @2 - all intervals
WIVNTN R o) 12 Wegt of Vented N2 - each interval

WVN2 R ¢ 1 Cum. Wgt of Vented N2 - all intervals
TPTWIL R ) 2 Total Weight of each Fluid Loaded

DITK R ) 2 Diameter of each fluid tank

TIWT R ¢ 2, 1 Tank Insulation Wgt - each Fluid Tank

DIVJ R 1) 2 Diameter of each Tank Vacuum Jacket

RFTU R @ 2 Tank Material Density/Ultimate Stress

WIPV R . ¢ 2 Weight of Pressure Vessel - each tank

WIVI@ R ! 1 Weight of Vacuum Jacket - @2 Tank

WIVIN R ol 1 Weight of Vacuum Jacket - N2 Tank

WIT@T R 1) 2 Total Tank Assy Wgt - Each Tank

WDPTX R o) 10, 2 Fluid Flow Rate Into Heat Exchanger

UCODE R I 10, 2 Heat Exchanger I.D. Code

HEXCIT R 1) 10, 2 Cold Fluid Inlet Temperature

HEXCT R g . 10, 2 Cold Fluid Outlet Temperature

HEXCIP R ) 10, 2 Cold Fluid Inlet Temperature

HSQREQ R 1) 10, 2 Heat Source Energy Required

ELCPP R ! 10, 2 Electrical Energy for Heat source

JX I o/ Heat Exchanger Index (Counter)

IGAS I o) Fluid Index

IFIN I T 1 Heat Exchanger-Heat Dissipation Fins Switch
WHXT@T R @ 10, 2 Heat Exchanger Calculated Weight

HXCDLP R o/ 10, 2 Cold Fluid Pressure Drop through HEX

UgA R ) 10,2 Heat FExchanger Heat Transfer Coefficient

DH R ) 10,2 Heat Exchanger Diameter

HLNGTH R ¢ 10, 2 Heat Exchanger Length

TIMINC R g 1 Time Increment defined as unity

PTANK1 R I 1 @2 Tank Pressure at Sub-interval time point
PTANK?2 R I 1 N2 Tank Pressure at Sub-interval time point
TIM "R - I 12 Duty Cycle Operating Time interval -
TNGNGP R I 12 Duty Cycle Non-Operating Time interval

NPT I ) 1 Number of sub-intervals in duty cycle interval
WDT@30 R ¢ 1 @2 Gas Flow during Sub-Interval

WDTN30 R 1) 1 N2 Gas Flow during Sub-Interval
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NAME TYPE 1/p DIMENSION DESCRIPTION

K I 1) 1 Major duty cycle Index (counter)

LPRES ¢ 1 Index to locate repressurization interval

IK I ¢ 1 Index for resetting sub-sub-interval examination
of repressurization event back to leakage event
sequence

TIME R 1) 1 Time Point of pressure history event (min)

TKEDP R ¢ 1 " Cum. @2 Tank Depletion at each time event

TKNDP R ol 1 Cum, N2 Tank Depletion at each time event

RPTIME R ¢ 1 Time Point of Repressurization History Event (mir

PCEXW R | @ 1 Percent (2 withdrawn as function of time

PCN2W R 1) 1 Percent N2 withdrawn as function of time

PRHP R - ) 1 Density of @2 in Tank at end of Sub-Interval

NRH® R o 1 Density of N2 in tank at end of sub-interval

@XTEM R ¢ 1 Temp of #2 in Tank at End of Sub-Interval

N2TEM R ) 1 Temp of N2 in Tank at End of Sub-Interval

DQDMIL R 1) 1 Spec Heat Input to 2 - at end of sub-interval

DeDM2 R 1) 1 Spec Heat Input to N2 - at end of sub-interval

DPDUL R ) 1 Energy Derivative of ‘2 - at end of sub-interval

DPDU2 R 1) 1 Energy Derivative of N2 - at end of sub-interval

QDTTK1 R @ 1 Heat Rate to Condition @2 Tank - For sub-interva:

QDTTK2 R 1) 1 Heat Rate to Condition N2 Tank - for sub-interval

QlcuMg R @ 1 Cum. Heat Rqd to condition @2 Tank

Q@CUMN R 1) 1 Cum. Heat Reqd to condition N2 Tank

BETAg R 1) 1 Volume Expansivity of #2 in Tank-at end of sub-
interval

BETAN R ¢ 1 Volume Expansivity of N2 in Tank-at end of sub-
interval

CPP R 1) 1 Spec Heat of #2 in tank-at sub-interval

CPN R o} 1 Spec Heat of N2 in tank-at sub-interval

DELPT R 0] 1 @2 Tank Pressure Drop - sub-interval depletion

DELP2 R ¢ 1 N2 Tank Pressure Drop - sub-interval deﬁletion

QHTR1 R 1) 1 2 Tank Heater Output (BTU/MIN)

QHTR2 R 1) 1 N2 Tank Heater Output (BTU/MIN)

QELC1 R @ 1 . @2 Tank Heat Req'd (BTU)

HTRN1 R ) 1 Time Po-Heater is ON to provide QELCI

QELC2 R 1) 1 N2 Tank Heat Req'd (BTU)

HTR@N2 R ) 1 Time N2-Heater is ON to provide QELC2
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SUBPROGRAMS, REFERENCED IN ECLSS

Name Type Purpose

PAGE F Controls Pagination and Line Count

FINTAB S Finds Designated Table of Data

MIPE F Table Data Extraction ‘

CSUBV F Compute Cv for Desired Fjuid and Conditions

ZGET F Compute Compressibility for Desired Fluid
and Conditions

PHTH@N S Computes Specific Heat Input (THETA) and

‘ Energy Derivative (PHI) for Desired Fiuid

Conditions

OXENTH F Computes @2 Enthalpy at StatedConditions

NIENTH F Computes N2 Enthalpy at Stated Conditions

AMAXT F Finds Maximum of Two Real Values

DENSON S Computes Density for Desired Fluid at Stated
Conditions .

TC¢ND S Compute Thermal Conductivity for Specified-
Insulation at Stated Conditions »

HEXELIC S Computes Heat Exchanger Weight and Characteris-
tics

CSUBP S Compute Cp for Desired Fluid and anditions

@PTHXE S Output Subroutine for Electric Heat Exhanger
Data

OPTPQW S Output Subroutine for ECLSS Power Summary

ISSCMP S Computes Pressure drops and component weights

for the ECLSS Configuration Analysis

SUBPROGRAMS REFERENCEING ECLSS
- Type
CRYCN S

Name Purpose

Sequential Control of Designated System Analysis

LISTING REFERENCE PAGE
A listing of subroutine ECLSS will be found in Appendix B, Page 122

FLOW CHART
The flow chart for subroutine ECISS is presented in Figure 1.9-5
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SUBROUTINE ELIPSG

For a description of ELIPSG see the writeup for "SPHSEG." Page B-263
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Subroutine FINTAB

DESCRIPTION

LMSC-A991396

Subroutine FINTAB is called just prior to an interpolation on any table. This routine

looks up the number of dimensions (ND) of the designated table and if it is greater

than two. The routine transfers the (ND-2) "independent' variables from the master
table array (TABLE) to a small two dimensional array TAB (6,5) . Then the routine
FINTAB sets a pointer to the location of the first subtable of the designated major

table.

Labeled Common Used

COMMON/CIAUNT/
COMMON/CTAB/
COMMPN/CTABA/

Mathematical Model for FINTAB

None

Calling Sequence

FINTAB is called from any subprogram which uses table interpolation (or polynomial fit).
It has one variable — the table ID# in its calling sequence. All other data is transferred

through labeled common CTAB and CTABA.

Significant Variables

Name Type I/  Dimension
IDX1 I %)) 1
ITAB I ) 6,5
ITABLE I . I 7000

1-218

Description
Points to first location of subtables

Contains the (ND-2) independent
variable

Main storage array for table data
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4 Name 'Iﬂ_e_ 1/ Dimension Description

JTABID I 1) 1 Table ID of designated table

TAB R ) 6,5 Equivalent to ITAB

TABLE R I 7000 Equivalent to ITABLE

TLA I I 50 Contains location in TABLE of 1st
. word for each table

Subprograms Referenced by FINTAB

Name Type Purpose Reference
DIAG Prints diagnostic trace Page B-111

Subprograms Referencing FINTAB

All routines which do table interpolation. Same as function MIPE. See MIPE Page

Listing Reference

A listing of FINTAB can be found in Appendix B, Page 147 -
Flow Chart

For flow chart of FINTAB see Figure 1.9-6
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SUBROUTINE FLORAT

DESCRIPTION

This subroutine computes the flow rates for the support gas generation required by
the system heat exchangers and turbopundps. The individual flow rates are stored
in assigned variables and the total flow rate by fluid species is computed and stored

for later use.

The following are the principal computations performed in the subroutine:
(a) Computes flow rate required for each gas generator in system main
stream by fluid species.
(b) Sums flow rate by fluid species for heat exchanger gas generators.

(c) Sums flow rates by fluid species for turbopump gas generators (if
required). : '

(d) Computes total flow rates by fluid species for cryogen consumer and
all gas generators.

(e) Outputs flow rate data in predetermined format as part of analysis
output. '

Input data for FLORAT has previously been read in by subroutinelC(bMPIL. This "
data, and data that has been computed by subroutine CONSUM is available to FLORAT
through the labeled COMM®N storage blocks. The labeled COMM®N blocks used

by FLORAT are: | o

COMM@N/CCNTRL/

COMMPN/CENG/

COMMPN/CFLRAT/

COMMPN/CHEX/

COMMPN/CPUMP/

COMMPN/CTANK/

COMM®N/CTURBN/ - - - - - - - - - - o
COMMPN/CIQUNT/
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FLOYRAT MATHEMATICAL MODEL

The equations and computational procedures required in subroutine FLOARAT are

presented in Appendix C.

CALLING SEQUENCE

FLORAT is called from subroutine C¢NSﬁM with no calling arguments. Data transfer
is accomplished through INCLUDE statements as shown in the FLORAT listing. Upon

completion of the calculations, program control is re_turned to subroutine CONSUM.

SIGNIFICANT VARIABLES

Significant variables processed in FLORAT are as follows:

Name Type /0 Dimensions Description

HEXHIP R I 10,2 Heat exchanger hot inlet pressure
HXMRAT R 1 10,2 . Heat exchanger mixture ratio
HEXHCT R I 10,2 Heat exchanger hot outlet temperature
HEXHIT R I 10,2 " Heat exchanger hot inlet temperature
CPHEX R C 1 HEX hot gas specific heat

ICIN R Cc 1 HEX cold fluid inlet enthalpy

ICOUT R C 1 HEX cold outlet fluid enthalpy
TITEMP R I 2 Turbine inlet temperature

TOTEMP R I 2 Turbine outlet temperature

WOOTI R I 2 Consumer flow rate

WDHXT® R C 2 HEX gas generator Og flow rate
‘WDHXTF R C 2 HEX gas generator Hg flow rate
WDTPT® R C 2 Turbopump GG — O2 flow rate
WDTPTF R C 2 Turbopump GG — H2 flow rate
wWDOATT R 1)} 2 Total flow rate each fluid
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SUBPROGRAMS REFERENCED IN FLORAT

Name Type Purpose , Reference - .
DIAG F Diagnostic Print Page B-111
CSUBPI S Specific heat at Op — Hg Combustion

Products Page B-91
ENTHQH S Computes enthalpy of Og or Hp. (Entry

point into subroutine MATHAX.) Page B-218
RHALIQ S Computes density of liquid Oz or Has. Page B-262
OPTFLT S Output turbine gas generator data Page B-226

SUBPROGRAMS REFERENCING FLORAT

Name Type Purpose _ ~ Reference

CONSUM S Computes consumer parameters Pagé B74

LISTING REFERENCE PAGE

A listing of subroutine FLORAT will be found in Appendix B, page 149,

FLOW CHART

Simple structure requires no flow chart.
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FUNCTI®N FRCUNE

For a description of FRCONE see the writeup for "GPMTRY." Page B-175

SUBRQUTINE FRHEAD

For a description of FRHEAD see the writeup for "SPHSEG", Page B-263
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SUBROUTINE FUEICL

DESCRIPTION

The subroutine contains the equations and computational techniques required
to perform a super-critical fuel cell system analysis. Based upon the input
fuel cell data, the subroutine accomplishes the computation of pertinet
system parameters and presents the calculated values in formatted output.

The following are the principal computations contained in the subroutine.

(a) Computes the total electrical power supplied for themission.

(b) Computes the quantity of reactant consummed for power production for the
mission (total and by species).

(¢) Computes the flowrate of each reactant for each duty cycle interval in
the mission. Determines maximim flowate for each reactant for system
sizing calculations.

(d) Computes total heat rejected and heat rejected for each operating interval
(duty cyqle) by the fuel cells.

(e) Computes initial reactant storage tank temperature as a function of fill den-
sity and operating pressure.

(f) Computes percentbof usable reactant withdrawn from tanks and resultant
density for each mission interval defined by duty cycle.

(g) Compufes for each reactant, the readout temperature, specific heat input
(theta) and, the energy derivative (phi) for each operating duty cycle inter-
val.

(h) Computes the @2 tank and H2 tank heat requirements and hot fluid flow rates

- for eachrduty cycle interval.

(i) Computes the @2 and H2 conditioning heat exchanger heat and hot fluid flow

\ requirements for each duty cycle interval.

(j) Performs a heat balance to assure adequate supply.of fuel cell reject heat
to operate heat exchangers during each interval.

(k) Computes the maximum heat flow rate required for each reactant tank and

- - - worst_tank circulating compressor conditions. Computes weight of circulating
compressor for each reactant tank. ' -

(1) Computes reserve reactant quantity required and weight of residual reactants

at end of mission.
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Computes weight of H2 vented during the mission, if venting is required.
Computes total reactants required for the wission. The reactant tank
volumes, surface areas, and diameters.

Computes tank insulation weights, tank pressure vessel weights, tank vacuum
jacket weights, and total reactant tank weights. Flags tank diameters when
maximum allowable diameter is exceeded.

Computes the weight of the on-board fuel cells.

Computes the weight of all system heat exchangers and their respective
characteristic parameters. A

Additionally, the subroutine computes the individual reactant switch duty

cycle history in detail for each duty cycle interval.

System component weights and pressure design for the max-flow conditions are

calculated separately by subroutein CMPCAL.

Input data to FUELICL has previously been read-in by subroutine C¢MPIL. The input

data are stored in various sections of labeled C¢MM¢N previously defined by a set

of Procedure Definition Processor (PDP) elements. The labeled CPMMPN areas used by

FUEICL for data storage and transfer are:

COMAPE /CACCUM/
C@MMPN/CTAPU/
C@MMPN/CVAPU/
C@MM@N,/CDCYCL/
C@MMEN/CENG/

C@MMPN /CIFUEL/
C@MMPN /CVFUEL/
CEMMPN/CHEX /

C@MMPN /CHSPRC/
C@MMPN /CMATRL/
C@MMPN /CONST/
C@MMgN/CPUMP/
CPMMPN /CTANK /
CPMMPN/CIPUNT/
CHMPN /TABLPK/
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FUELCL MATHEMATICAL MODEL

The quations, mathematical logic, and procedures, necessary tables, and constants re-

quired are presented in Appendix C.

CALLING SEQUENCE
Subroutine FUEICL is initiated by a simple call from subroutine CRYC@N, with no
c¢alling variables. Data transfer to FUEILCL is accomplished through INCLUDE state-

ments as shown in the subroutine listing. Upon completion of the FUELCL computations,

sequential control is returned to subroutine CRYC@N.

SIGNIFICANT VARTABLES

Significant variables processed in subroutine FUEICL are as follows:

NAME TYPE  I/0 DIMENSION . DESCRIPTION

MRFC R I 1 Fuell Cell Mixture Ratio

SRCFC R I 1 Specific Restaft Consumption

QDTFC R | I 1 Fuel Cell Heat Rjection Rate

SPWTFC R I 1 Specific Weight for Fuel Cell

TFCNOM R I 2 Nominal Fuel Cell Gas Feed Temp

TF21IN R I 1 F21 Coolant Inlet Temperature

TF21¢U R I 1 F21 Coolant Outlet Temperature

TFPFC R I 1 Final @2 Tank Temperature

TFHFC R I 1 Final H2 Tank Temperature

PFPFC R I 1 Final §2 Tank Pressure

PFHFC R I 1 Final H2 Tank Pressure-

REPFIL R I 2 Reactant Fill Densities

WPVENT R I 1 Estimated @2 Vent Quantity

WHVENT R I 1 Estimated H2 Vent Quantity

DELTCP R I 1 Tank Circulating Compressor Delta-P

TENV R I 1 Fuel Cell System Environmental Temp

PRFC{P R I 1 ~_Fuel Cell Operating Pressure

PHWNPM R I 1 Nom. Fuel Cell Operating Power Level

NFC@P I I 1 Number of Fuel Cells Operating

NFCSTB I I 1 Number of Fuel Cells Standby

S@PRES R I 2 Reactant Tank Operating Pressures

DCYCLE R I 100 Fuel Cell Operating + Non-Operating Time
Intervals
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NAME

PKW
PLSET1
PLSET2
VJANUL
TKMXDI
PEWTPT

WRF@RP

WECHNS
WHC@NS
WORFP
WHRFP
WDTFC@
WDTFCH

QAVATIL
WDTF21
QFCTOT
PCPFC

TEMPO2
PCHFC

TEMPH2

W W W W W W W W W W W W W W W W oW W oW W W W W W W W W W W W W W

2
&

=
s

DIMENSION
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DESCRIPTION

Constant Pcwer_Levels for Operating Intervals
2 Tank Lower Pressure Limit Setting

H2 Tank Lower Pressure Limit setting

Fluid Tank Vacuum Jacket Annuli (Inches)

Fluid Tank Maximum Diameters (Inches)

Total Electric Power Supplied for Mission

Wgt Reactants Consumed for Power Mission

Wgt Reactants Consumed for Power Each Interval
Wegt @2 Consumed for Power - Mission

Wgt H2 Consumed for Power - Mission

Wgt @2 for Power - each duty cycle interval
Wgt H2 for Power - each duty cycle interval
@2 Flow Rate - each duty cycle interval

H2Flow Rate - each duty cycle interval

Max. Power drawin in any interval

Max Flow Rate Reactants - in any interval
Max. Flow Rates per Second for Component Sizir
Mean Temp of F21 Hot fluid available

Specific Heat of ¥21 Hot Fluid

Heat Value of F21 Hot Fluid per 1b.

. Heat (BTU's) available from F2l Hot Fluid.

Flow Rate of F21 Hot Fluid

Total BTU's avallable from F21 Hot Fluld _

Operatlng Pressure @2 Reactant Tank
Initial Temp of 2 Reactant in Tank
Operating Pressure H2 Reactant Tank

_Initial Temp of H2 Reactant in Tank
,¢2 Reactant Withdrawn - each duty cycle intem
»H2_Reactant Withdrawn - each duty cycle interx

Percent #2 Withdrawn - each duty cycle interve

Percent H2 Withdrawn - each duty cycle .interve

Density of #2 in Tank - each duty cycle inter:
.¢27Temp in Tank - each duty cycle interval
H2 Temp in Tank - each duty cycle interval
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NAME
DQDWJ

DQDWH

QIGDTR
WDTIF@
QIHDTR
WDTIFH
QR@DTR

Q2HDTR
WDTR2F®
WDT2FH

PHIF@2
PHIFH?
QSUMR
DPANET
QTATR

QEXCES

WF21MX
DPAMIN
TK@MAX

QMXTKS

PRFCMN
WDTCF{
WDTCFH
W@CMP

WHCMP

WCIRCP
PPWMAX

WRRSRV

TYPE I/¢ DIMENSION
R g 12
R ) 12
R o) 12
R ¢ 12
R o) 12
R @ 12
R ¢ 12
R ) 12
R p
R g

‘R o} 12
R 1) 12
R ¢ 12
R g 12
R ) 1
R ) 1
R 1) 1
R ¢ 1
R ) 1
R @ 1
R 1) 1
R 1) 1
R I 2
R ) 1
R o) 1
R . 1
R 1) 1
R ) 2
R @ 1
R @ 1
R 1) 1

LMSC-A991396

DESCRIPTION

Heat Input (BTU/1b) to @2 - each duty cycle inter-
val

Heat Input (BTU/lb) to H2 - each duty cycle inter-
val

Heat Red'd for ¢2 Heat Exchanger-each interval

F21 Flow Rate for H2 Heat Exchanger-each interval
Heat Req'd for H2 Heat Exchanger-each interval
F21 Flow Rate for ¢ Heat Exchanger-each interval

Heat Required for ¢2 Tank Heat Exchanger-each
interval

Heat Req'd for H2 Tank Heat Exhanger -each in-
terval

F21 Flowrate for ¢2 Tank Heat Exchanger ~each
interval

F21 Flowrate for H2 tank heat exchanger - each
interval

Energy Derivative for 2 In Tank - each interval
Energy Derivative for H2 In Tank - each interval
Sum of all Heat Regmts - each interval
Difference between Available Heat and Heat Reqd
Total Heat Reqd over mission span

Difference Between Total available and total
required

Max. Flowrate of F21 hot fluid
Minimum value of DPANET

Maximum value of @2 Tank Temp
Maximum value of H2 Tank Temp

Max. Heat Reqmt for §2 tank

Max. Heat Reqmt for H2 Tank

Minimum Reactant Tank Pressures

@2 Tank Recirculation Max. Flow Rate
H2 Tank Recirculation Max. Flow Rate

- Weight of. @2 Tank Circulating Compressor

Weight of H2 Tank Circulating Compressor
Variable which saves Circulating Compressor Wgts

100% Power over Mission Span
Reactant Based upon 20% of PPWMAX
Total Reserve Reactant (1bs)
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NAME
WPRSRV
WHRSRV
WTRES

VOLTNK
AREATK

QLKQ
QLKH

QLEAKH

DIAVJ
SMTYPE
RHJFTU
WTPVT
WTVT

FCWGT
WDPTX

UCYDE

HEXHIT
HEXCIT
HEXH@T
HEXC@T
HEXC@P
HEXCIP
HSQREQ
ASGCPE
HSGT@T
WHXT@T

TYPE

DIMENSTION
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DESCRIPTION
Total $2 Reserve Reactant (1bs)
Total H2 Reserve Reactant (1bs)

Residual Reactants in Tanks - end of missio
Volume of Reactant Tanks

Surface Area of Reactant

Heat Leak into @2 Tank -each non-oper inter:
Heat Leak into H2 Tank - each non-oper inte:
Total Heat Leak into @2 Tank

Total Heat Ieak into H2 Tank

Number of Insulation Layers per Inch Thick
Instulation thickness in inches

Wgt Vented H2 Req'd to Cool #2 Tank

Wgt Vented H2 req'd to Cool H2 Tank

Total Wgt of Vented H2

" Total Wgt of Reactants Loaded in Tanks

Diameter of Reactant Tanks

Tank Insulation Weights
Diameter of Tank Vacuum Jackets
Tank Material Designation

Tank Material Density/Ultimate Stress
Wgt of Tank Pressure Vessels
Wgt of Tank Vacuum Jackets
Total Weight of Each Tank Assy
Total Weight of Fuel Cells

Cold Fluid Flow Rate

Heat FExchanger Code Designation
Hot Fluid Inlet Temp

Cold Fluid Inlet Temp

Hot Fluid Outlet Temp

Cold Fluid Outlet Temp

Cold Fluid Outlet Pressure
Cold Fluid Inlet Pressure

Heat Source BTU's Required
Heat Source Specific Heat
Total Heat Trim Heat Source
Heat Exchanger Weight
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TYPE  I/¢
R ¢
R g
R P
R g
R g
R g
R P
I ¢
R p
R @
R ¢
R g
R P
R ¢
R @
R ¢
R g
R ¢
R g
R 0
R g
R ¢
R ¢
R ¢
R g
R 0
R g
R @
R g
R g
R ¢
I ¢
I P

DIMENSTION

e L

e I T = T T e e e = e e = R I

—

HoE R
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DESCRIPTION
Lower Iimit @2 Tank Pressure Setting
Lower Limit H2 Tank Pressure Setting

2 Tank Pressure at Sub-Interval Time Point
H2 Tank Pressure at Sub-Interval Time Point
Time Duration of a Duty Cycle Interval
Subdivided @2 Flowrate for 10 min Period
Subdivided H2 Flowrate for 10 min Period

Number of Time Sub-intervals in duty cycle
interval

Time Sub-intervels in minutes

@2 Tank Depletion (1lbs)

H2 Tank Depletion (1bs)

Percent @2 withdrawn from Tank

Percent H2 withdrawn from Tank

Density of Remaining ¢2 in Tank

Density of Remaining H2 in Tank

Temp of remaining @2 in Tenk

Temp of remaining H2 in Tank

Heat Input to Remaining @2 in Tank

Heat Input to Remaining H2 in Tank
Energy Deviation of @2 remaining in Tank
Energy Derivation of H2 remaining in tank
Cumilative Heat Reqd in @2 Tank
Cumulative Heat Reqd in H2 Tank

Volume Expansivity of ¢2 in Tank

Volume Expansivity of H2 in Tank

2 Tank Pressure Drop in Interval ITIM
H2 Tank Pressure Drop in Interval ITIM

Time (min) for Heat Source to be @N during
ITIM period

Time (min) for Heat Source to be @N duringITIM
period

Equals QICUM (Used to Calc. HTR@NT)

Equals Q2CUM (Used to Cale. HTR@N2)

f2 Heater Cycle Counter

H2 Heater Cycle Counter
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SUBPROGRAM REFERENCED IN FUEICL

NAME TYPE
PAGE F
CSPF21
OXENTH
HYENTH
FINTAB
MIPE
CSUBV
ZFIND
ZGET
PHTH@N
AMINT
AMAXT
DENS@N
GSDNST
CSUBP
TCHND
SQRT
HEXF21

U = 0 0 0 40 = o 0 = @ = = 2 = = =g

BETAB 'S

(TPHLF S

PURPOSE

Controls Page & Line Count-Output
Calculates Cp for F21 Hot Fluid
Calculates @2 Enthalpy

Calculates H2Enthalpy

Finds Designated Table of Data
Table Dgta Extraction

Calculates Cv for Desired Fluid
Compute Compressibility for H2
Computes Compressibility for @2
Computes THETA and PHI for @2
Finds Minimum of two REAL values
Finds Maximum of two REAL Values
Calculates Density for @2 and N2
Calculates Gas Density for H2
Calculates Cp for Desired Fluid
Computes thermal Conductivity for Insulation
Computes Square Root of Variable

Computes Heat Exchanger Weight for Desired
Fluid

Computes Volume Expansivity (Beta) for
Desired Fluid

Output Subroutine for Freon Heat Exchangers

SUBPROGRAMS REFERENCING FUEICL

NAME TYPE,
CRYC@N S

LISTING REFERENCE PAGE

PURPOSE
Sequential Control of Analysis

A listing of subroutine FUEICL will be found in Appendix B, Page 152,

FLOW CHART

v

The flow chart for FUELCL is presented in Figure 1,9-7.
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SUBROUTINE GASGEN

DESCRIPTION

Subroutine GASGEN computes the weight of a gas generator employed on a primary
heat source for a cryogen heat exchanger. The routine additionally considers the
cases where all or a part of the thermal energy required may be derived from waste

heat rejected from another system.

The principal computations performed by GASGEN are as follows:
(a) Computes the weight of a gas generator functioning as the only heat source
for a cryogen heat exchanger.

(b) Computes the thermal energy required by a heat exchanger where waste
heat is the only heat source.

(c) Computes the weight of a gas generator which suppliés makeup thermal
energy to satisfy a deficit in available waste thermal energy.

The basic gas generator weight equations employed in GASGEN were derived from

Reference 1.9-3.

Input data for use in GASGEN is derived from on-going calculations performed in the
subprograms which call GASGEN through the labeled COMM®ON storage blocks. The
labeled COMM®N storage areas employed by GASGEN for data storage and transfer
are as follows:

COMMPN/CDCYCL/
COMMON/CHEX/
COMMON/CHSORC/
COMMPN/CTANK/

GAS GEN MATHEMATICA MODEL

The GASGEN m‘a‘t'h model presenting the equations and pertinent data is presented in
Appendix C,
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CALLING SEQUENCE

Subroutine GASGEN is called with two argments, JX and IGAS. Argument JX is the
heat exchanger position-in-array index which directs all related data to the proper

array position reserved for a particular heat exchanger.

Argument IGAS spécifies the fluid processed by the heat exchanger under consideration.
Input data, as stated above, is transferred through CQ)MM@N by the use of INCLUDE
statements to bring in specific common blocks.

SIGNIFICANT VARIABLES

Significant variables employed in the routine are as follows:

Name Type LI/D Dimension . Description

IX 1 I 1 Heat exchanger data array index

IGAS I I 1 Index of fluid under consideration

HSGSUM R C 1 Summed thermal energy required
over mission

WGGFU . R Cc 10,2 Thermal energy available from

: waste heat over mission

WGGFX R C 10,2 Thermal energy to be supplied by
gas generator

HSWGHT R ) 10,2 Gas generator weight

HSASSY R ()] S 11,2 Gas generator plus heat exchanger
weight '

HSQRQD R )] 10,2 Waste thermal energy available

HSGCPE R 1)

10,2 Specific heat of waste hot fluid

SUBPROGRAMS REFERENCED IN GASGEN
None

SUBPROGRAMS REFERENCING GASGEN

Name Type Purpose o :  Reference

CMPCAL S Configuration Analysis . Page B-50

APUSUP S APU Supercritical Analysis Page B-8
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LISTING REFERENCE PAGE
A listing of subroutine GASGEN will be found in Appendix B, page 172,
FLOW CHART

None
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Subroutine GETCON
DESCRIPTION

Subroutine GETC@N unpacks the word in the first column of the configuration array
CONFIG designated by the cabling variable IDX. The first column of CONFIG contains
data packed by subroutine STOCON and is in the format described in the writeﬁp for
that subroutine. GETC®N unpacks the six bytes of data and stores it in the same order
in the six word array ICNFIG.

Labeled Common

| COMM@PN/CCNFIG/
COMMON/CIOUNT/

Mathematical Model for GETCON

None

Calling Sequence

STPOCON is called by CMPCAL, LSSCMP and @TRTNS and has one variable in its
calling sequence. The variable is the location index for the component storage array.
All other data is transferred thru labeled common CCNFIG.

Significant Variables
Name Type 1/9 Dimension Description
CONFIG I | 100,7 Packed data stored in first column
A of this array
ICNFIG I ) 6 Output array of unpacked data
IDX I I 1 Location index in the array CONFIG
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Subprograms Referenced by GETC@N

Name Type Purpose Reference
IPBYTE F Byte Manipulation Routine LMSC Systems Routines

Subprograms Referencing GETCON

Name Type : Purpose Reference
CMPCAL S Computes Weight, Pressure, etc., for given Page B-50
~ components s
LSSCMP S Component configuration processing for EC/LSS Page B-208
OTRTNS S Main output routine for system Page B-226

Listing Reference

A listing of GETCON can be found in Appendix B, Page 174.
Flow Chart

None
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FUNCTION GOMTRY

DESCRIPTION

The subprograms labeled GOMTRY on its control card is actually a set of eight function
subprograms using entry points under the heading function "CONE". The entry point
names and their use are: (1) "CYLNDR" calculates volume of a right circular cylinder
given a height and radius; (2) "CYLSPH" calculates the volume between a cylinder
and an ellipsoid which has been inserted in the top end, inputs are height (same as axis
of rotation for the ellipsoid) and radius; (3) "FRC@NE" calculates the volume of a
frustrum of a right circular cone, given the height and the radius of the top and bottom
ends; (4) "HSPHER" calculates the volume of half of an ellipsoid or hemisphere

given the length of the semi-major and semi-minor axes (these are equal for a
hemisphere; (5) '"SPHERE' calculates volume of an ellipsoid or sphere given the
lengths of the axes; (6) "ARACYL'" calculates the area of a cylinder excluding the
ends —given height and radius; (7) "AREAFR'" computes the area of a frustrum of a _
cone excluding the "ends' —given the height and radius of the top and bottom;

(8) "ARSPHR'" calculates the area of half of an ellipsoid given the length of major or

minor axes — (a hemisphere if axis lengths are same).

Labeled Common Used

COMMPN/CONST/

Mathematical Model of "GOMTRY"

For equations used, see Appendix C,

Calling Sequence

Each function entry point has a calling sequence as follows:

CYLNDR (Radius, Height)
CYLSPH (Radius on axis of rotation, radius perpendicular to first)
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FRCONE (Radius of top, Height, Radius of Bottom)

HSPHER (Radius on rotation axis, radius perpendicular to first)
SPHERE (Radius on rotation axis, radius perpendicular to first)
ARACYL (Radius, Height)

AREAFR (Radius of Top, Height, Radius of Bottom)

ARSPHR (Radius on rotation axis, radius perpendicular to first)

Significant Variables

Name Type 1/0 Dimension Description

CONE R 2] 1 The output volume or area of the function

E R 1 1 Eccentricity of ellipse

H R I 1 Height of cylinder or frustrum of cone

R R I 1 Radius of cylinder, top of frustrum, or ellipse
RZ R I 1 Radius of bottom of frustrum

RRAT R I 1 Radius along rotation axis

Subprograms Referenced By GOMTRY

Name  Type Purpose Reference
ALOG F Calculates natural log ' Univac 1108 system
ASIN F Calculates arc sine . Univac 1108 system

S@RT F Calculates spareroot Univac 1108 system

Subprograms Referencing GOMTRY

Name Type Purpose N Reference

AFUNC F Controls calculation of areas. Page B-299

TNKWTA S Controls calculation of tank geometry. Page B-303

VFUNC F Controls calculation of volumes. Page B-299
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Listing Reference )

A listing of "GOMTRY" can be found in Appendix B, Page 175.
Flow Chart

A flow chart of "GPMTRY" is presented in Fig. 1.9-8,
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SUBROUTINE HEATEX

DESCRIPTION

This subroutine computes design parameters for sizing a heat exchanger, given the

inlet and outlet temperatures and pressures for the hot and cold fluid sides, the flow

rate for the cold fluid and the fluid type. However, in order to properly size the heat
exchanger, it may be necessary to make changes to some of the input parameters. except
that the cold fluid outlet temperature and pressure, which are set by previously calculatec

system parameters, cannot be changed.

The HEATEX subroutine calculates pressure and temperature drops from the input
.and checks that the pressure drops are within operating range and checks for
condensation at the hot fluid outlet (so that freezing will not occur). Next, the heat
exchanger is subdivided into subunits according to the heat transfer range designated
by the input parameters. The subunit types are: (1) boiling subunit; (2) supercritical
subunit; (3) parallel flow subunit and (4) counterflow subunit. After the proper sub-
unit types have been determined the routine proceeds to design each one by calculating
the number of transfer units (Ntu) necessary, the thermal gonductance ratios (TCR),
the UA and (W/UA) for each subunit. The weight of each subunit is then computed from
these values and the total heat exchanger weight is the sum of the subunit weights or
five pounds whichever is greater. The outputs from HEATEX are the weight and those
input parameters which have been changed in the design process.

Labeled Common Used

COMM@ON/CHEX/
COMMON/CIQUNT/
COMMON/TABLOK/
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Mathematical Model for HEATEX

The equations used by HEATEX may be found in Appendix C.

Calling Sequence

HEATEX is called by three subroutines and it has fourteen variables in its calling
sequence, thirteen are input and one is output, however, some of the input variables
may be changed by the design process.

Significant Variables

Name Type I/  Dimension Description

CMAX R I 1 Maximum capacity rate

CMIN R I 1 Minimum capacity rate

CR R I 1 Capacity rate ratio

DIC R I 1 Change in enthalpy cold side

DIH R I 1 Change in enthalpy hot side

DPC R 1 1 Pressure drop cold side

DPH R I 1 Pressure drop hot side

DTC R 1 1 Temperature change cold side

DTH R I 1 Temperature change hot side

EFFC R I 1 Cold side effectiveness

EFFH R 1 1 Hot side effectiveness

EFSUM R I 1 Sum of effectiveness (EFFC + EFFH)

FDIC R I 1 Subunit change in enthalpy cold side

FDIH R I 1 Subunit change in enthalpy hot side

FDPC R I 1 Subunit pressure drop cold side

FDTC R 1 1 Subunit temperature change cold side

FEMX R I 1 Subunit effectiveness

FIIN R I 1 Subunit enthalpy at inlet cold side

FIQT R I 1 Subunit enthalpy at outlet cold side

ICIN R 1 1 Enthalpy at inlet cold side

ICOUT R I 1 Enthalpy at outlet cold side

IGAS 1 I 1 Fluid type 1 = 09, 2 = Ho

ISU I 1 1 Index of DO-LOOP for subunit design

JHEX 1 I 1 Heat exchanger ID number

NCVG I I 1 Convergence flag = 0 converged +0
not converged

NTU R I 1 Number of transfer units

OF R I 1 Oxidizer to fuel ratio. Set = 1

OFR R I 1 Oxidizer to fuel ratio input but not used
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Name Type 1/0 Dimension Description

PCIN R 1 1 Inlet pressure cold side

PCAHUT 'R I 1 Outlet pressure cold side

PHIN R 1 1 Inlet pressure hot side

PHAUT R I 1 Outlet pressure hot side

PSAT R I 1 Saturation pressure at hot fluid outlet

SDPC R I 1 Sum of subunit pressure drops

TCIN R 1 1 Inlet temperature cold side

TCOUT R I 1 Outlet temperature cold side

TCSAT R I 1 Saturation temperature at cold outlet
pressure PCAUT

THIN R 1 1 Inlet temperature hot side

THAUT R I 1 Outlet temperature hot side

THSAT R I 1 Saturation temperature at a pressure PSA'

TOTWHX R )] 1 Total heat exchanger weight (pounds)

TCSAT R 1 1 Saturation temperature at cold outlet
pressure PCOUT

UA R I 1 UA

WDATC R I 1 Flow rate of cold fluid

WDATCI R I 1 Same as WDOTC

WDATH R I 1 Flow rate of hot fluid

WD@THI R I 1 Same as WDOTH

WQ@UA R I 1 Weight factor

WTHX R 1 1 Weight of a particular subunit

Subprograms Referenced By HEATEX

Name Type Purpose Reference
ALGG F Calculates natural log UNIVAC 1108
‘ System

ENTHQOH S Calculates enthalpy of Og or H2 Page B-218
FINTAB S Locate a designated table Page B-147
MIPE F Performs interpolation of a given table Page B~221
TCRCAL S Calculate maximum and minimum TCR Page B-218
TCRCLC S Calculates thermal condubtance fatio Page B-218
TCRLOW S Lowers calculated TCR value Page B-218
TCRRAZ S Raises calculated TCR value Page B-218
TSAT F Calculates saturation temperature Page B-308
WOUACL S Calculate (W/UA) Page B-218
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Subprograms Referencing HEATEX

Name Type Purpose Reference
APUSUP S Performs APU supercritical calculations Page B-8
CMPCAL S Performs component configuration

calculations Page B-50
TANK S Tank pressure, weight duty cycle history Page B-277

Listing Reference

A listing of HEATEX may be found in Appendix B, Page 177.
Flow Chart

Flow charts for HEATEX are presented in Fig.1.9-9 and Fig. .1.9-10.
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Fig. 1.9-9 Flowchart for HEATEX (Continyed)
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Fig. 1.9-9 Flowchart for HEATEX (Continued)
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SUBROUTINE HEXELC

DESCRIPTION

This subroutine essentially designs an electrically heated heat exchanger based upon
two preset design configurations incorporated in the calculational technique. The
concepts employed for the heat exchangers are based upon a NASA funded study
conducted by the AiResearch Mfg Company (Ref. 1.9-7). The applicable portions of
the study are discussed in the HEXELC math model. The subroutine incorporates
equations and supporting table data permitting the application of the heat exchanger
co'ncepts to the use of three cryogen ﬂuids;'dxygen, hydrogen and nitrogen. Input
variable values which must be supplied' to the subroutine are:

Fluid type; O2 ) H2 and N2

Inlet Gas Temperature

Outlét Gas Temperature

Inlet Gas Pressure -

Thermal Output Rating of Heater
Inlet Line Diameter -
Gaseous Fluid Flowrate
Gaseous Fluid Density

Fin Requirement Index

Upon completion of the calculations the subroutine returns as output the following

variable values:

Heat Exchanger Weight

Heat Exchanger Pressure Drop ) )
Overall Heat Transfer Coefficient

Heat Exchanger Diameter

Heat Exchanger Length

The input data for HEXELC is provided through the calling arguments. Aécess to
common storage is required only for input-output control and table access control
variables. The labeled COMM®@N blocks used by HEXELC ARE:

COMMON/CIOUNT/
COMMON/TABLOK/ 1-260
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HEXELC MATHEMATICAL MODEL

The heat exchanger concepts, mathematical procedures, equations and necessary table

data and constants required are presented in Appendix C,

- CALLING SEQUENCE

Subroutine HEXELC is initiated by a call from subroutine ECLSS with fourteen (14)
calling arguments. These arguments are defined below. Data transfer to subroutine
HEXELC is accomplished via nine of the calling arguments and the two INCLUDE

statements as shown in the subroutine listing. Upon completion of the required -

computations, program control is returned to subroutine ECLSS.
SIGNIFICANT VARIABLES

Significant variables processed by subroutine HEXELC are as follows:

Name Type 1/0 Dimension Description

NGAS I I 1 FluidI.D.; 1 = 02; 2 = H2; 18 = N2

TIN R 1 1 Fluid inlet temperature

TOUT R I 1 Fluid outlet temperature

PIN R I 1 Fluid inlet pressure

HF R I 1 Thermal output rating of heater

LDIA R I 1 Inlet line diameter

WDAT R I 1 Fluid flowrate

RHOGAS R I 1 Fluid inlet density

IFIN I 1 1 Anti-Burnout fin index; O = no fins;
1 = with fins. :

HEXWGT R () 1 Heat exchanger weight

DELTAP R 1)) 1 Heat exchanger pressure drop

UDA R 7)) 1 Overall thermal conductance of heat
exchanger surface

DH R 1) 1 Diameter of heat exchanger

HLNGH R ) 1 Heat exchanger length

PI R D 1 3.141593

TREF R D 1 Reference temperature of heater thermal
output rating

PC1 R D 1 Oxygen critical pressure

PC2 R D 1 Hydrogen critical pressure

PC3 R D 1 Nitrogen critical pressure
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Name

1/0

MASVEL
NTBID
XTAB
TMEAN
CPBAR
BONE
BPID
PHIQNE

PHITW®
POPC
BETA

FINWGT
SIGDLP

DELTAP

Type.

o

D W RN MR — ™

aaQaaQ Q o aaacaaoaoaooa

(S

Dimension

e e e e SO

[

LMSC-A991396

Description

Fluid mass velocity
Table data index
Table lookup index
Mean temperature of fluid
Mean specific heat of fluid
Heater thermal power per unit area
(2.0 * BONE/PI*DH)
(T2, - T2))/BPID
T2
(In T_l /UDA)

Ratio of pressure to critical pressure
for fluid

Correction factor for PHITW®

Weight of anti-burnout fins — if required
Normalized pressure loss due only to

" skin friction and volume expansion in

annular heat exchanger passages
Normalized pressure loss corrected for
fluid density — to give pressure drop
through exchanger

SUBPROGRAMS REFERENCED IN HEXELC

Name - Type Purpose Reference
FINTAB S Finds designated table of data Page B-147
MIPE F Table data extraction _ Page B-221
CSUBP S Computes specific heat of designated
fluid at specified temperature and a
pressure Page B-88
SUBPROGRAMS REFERENCING HEXELC
Name Type ' Purpose Reference
ECLSS S Life Support System Analysis Page B-122
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LISTING REFERENCE PAGE
A listing of subroutine HEXELC will be found in Appendix B, page 184.
FLOW CHART

A flow chart for subroutine HEXELC is presented in Fig. 1.9-11.
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SUBROUTINE HEXF21
DESCRIPTION !

This subroutine is based upon a study of FREON-21 cryogenic heat ex-
changer parameters performed by the AIRESEARCH Mfg. Co. (Ref. 1.9-8).
The study performed a matrix of heat exchanger parametric data which
was reduced to a set of tables presenting the heat transferred for a
set of fixed hot side conditions with variable cold side conditions,
for both hydrogen and oxygen fluids, The tables were further re-
grouped by fluid type to reduce the data search variables to three key
variables; fluid type, quantity of heat transferred, and cold fluid
inlet pressure. The regrouped data readily covered the;ranges of
interest and yielded an orderly progression of heat exchanger weight
as a function of quantity of heat to be transferred and cold fluid

pressure.

The subroutine thus became a data sorting routine, using a series of
IF statement checks to arrive at a heat exchanger weight for a given
pressure range and heat transfer requirement range, for the specified
cold fluid.

FREON Heat Exchanger Concept Considerations

The heat exchanger concepts considered in the referenced study (Ref.
1.9-8), utilized stainless steel, shell-over-tube matrices of brazed
and welded construction. In all cases, the FREON-21 was multipassed
outside of the tubes in an overall counterflow arrangement. Figure
1.9-12 illustrates the construction of a typical concept exchanger,

Because of the requirement for pressure containment considerations

of cryogen fluids above 450 psia, (and zero leakage requirement), ~ - -
tubular construction was selected over plate-fin construction. Another
contributing influence was the typically small size of the units.

Stainless steel was selected over aluminum for increased reliability
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and greater ease of manufacturing small-diameter, closely-packed matrixes.
Aluminum has bétter strength-to-weight characteristics than nickels or
stainless steels and has a definite weight advantage for all structure
above minimum gauge. For these units, however, all items such as tube
wall thickness and tube spacing are all at the minimum gauge. Because
of considerations ;such as braze penetratioﬁ, the minimum stainless
steel tube wall thickness is 0.006-in. compared to 0.016-in. for
aluminum in a typical 0.100-in. outside diameter tube. This alone
overshadows the 2.86 weight advantage of aluminum. In addition, the
selection of aluminum would require the use of more tubes for the

same pressure drop, since the tube inside diameter for stainless stell
tubes is 0,088 inches as against 0.068 inches for the aluminum tube,
and the free flow area varies with the square of the inside diameter.
The requirement for counterflow designs were generally dictated by

heat transfer requirements.
THERMODYNAMIC CONSIDERATIONS

The most important limiting side condition for all Freon 21-to-cryogenic
fluid heat exchangers was the maximum thermal conductance ratio (TCR)
permissible to preclude freezing of Freon 21. Assuming a Freon 21
freezing point of 2h9oR, a minimum wall temperature of 2750R was deemed
permissible. Therefore, for counterflow units with a Freon 21 outlet
temperature of SOOOR and a cryogen inlet temperature of 39°R one finds
the maximum TCR as follows:

hA, (T - Tc) = ~hA° (T, - Tw) (cold fluid inside-the-tubes)
hA T -7
. —._'_l—_h_vl'
LTR = o = S
. [o] w C
_ 500 - 275 .
TR = 295 -39
TCR = 0.954
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For a 3OOOR Freon 21 outlet temperature and a 39OR cryogen inlet
temperature the maximum permissible TCR is 0.106 (or, in other words,

the cryogen must have a controlling thermal resistance).

For very low velocity, laminar flow, the cryogen heat tranéfer co-effi-
cient is sensitive to the local acceleration field. Therefore, in
order to ensure acceptable operation during periods of sustained
acceleration and deceleration, all designs were limited to turbulent

flow inside the tubes.
GEOMETRY CONSIDERATION

Although there are numerous varieties and type of heat transfer -

matrixes, the most common for general '

'compact" type application are the
plate-fin type matrix offers the following: '
(a) High heat transfer area density per unit following
(b) High performance surfaces via boundary-layer interrupting,
off-set fins '
(c) “Ease in balancing thermal conductance and overall geometry by
A varying the surface combinations ‘
Small diameter tubular matricies are-generally not as good as the
plate-fin type injthe abo?e categories, but they do offer other advantages:
(a) Excellent pressure containment characteristics particularly
in the classic shell-and-tube version.
(b) Usually a reduced total length of brazed-joint, fluid inter-
face, and therefore a reduced liklihood of inter-fluid leakage.
(c) By proper design, good control of freezing or congealing may
be achieved,
The advantages of shell-and-tube matrixes for the Freon 21-to-cryogenic
fluid application outweighed those of the plate-fin type. By flowing
hot fluid outside of the tubes, total tube blockage was eliminated. '
If a tube were fully blocked, high tube-to-tube thermal stresses could

arise.
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SUBROUTINE INPUT DATA REQUIREMENTS

.Input data for use in subroutine HEXF21 are supplied through the
calling arguments. The three input variables and the single output
variable are as follows: '

Fluid identity - 1 =0 2 =H

2’ T2
Heat transfer required (Btu/He)
Cold Fluid Inlet Pressure (Psia)
Heat Exchanger Weight (1bs)

There are no common data block requirements in this subroutine.

HEXF21 MATHEMATICAL MODEL

There is no math model presented for HEXF21. The reader is referred

to Reference 1.9-8 for further information.
CALLING SEQUENCE

Subroutine HEXF21 is initiated by a call from subroutine FUELCL with
four (4) calling arguments. The first three arguments are input data
and the fourth is for returning the single subroutine output value.
The argument variables are defined below. Completion of the data

search returns program control to subroutine FUELCL,

SIGNIFICANT VARIABLES

The significant variables proceésed by subroutine HEXF21 are defined

in the following list:

NAME - TYPE IZO DIMENSTION DESCRIPTION
IGAS T I 1 Fluid Identification
1= 02; 2 = H2
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QREQ R
PCIN R
HXWT R )

SUBPROGRAMS REFERENCED IN HEXF21

None

SUBPROGRAMS REFERENCING HEXF21

NAME TYPE PURPOSE
FUELCL S Fuel Cell System
Analysis

LISTING REFERENCE PAGE
A listing of Subroutine HEXF21 will be

. FLOW CHART

LMSC-A991396

Heat Transfer Required (BTU/Hr.)
Cold Fluid Pressure (PSIA)
Heat Exchanger Weight (1bs)

REFERENCE
"Page B-152.

found in Appendix-B, page 186.

There is no flow chart for subroutine HEXF2{.
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FUNCTI®N HFUNC

For a description of HFUNC see the writeup for "TKGE@M, "

FUNCTI@N HSPHER

For a description of HSPHER see the writeup for "G@MTRY. "
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Subroutine INTAB
DESCRIPTION

Subroutine INTAB reads and stores all table input data. The tables are stored in labeled
common array (TABLE) which is dimensioned 7000. Tables are stored dynamically in
the TABLE array and the location of each first word of a table is stored in a table location

array (TLA) dimensioned 50.

Each table that is input is designated by a table ID number which must be between 1 and

50 and, therefore, as many as 50 tables may be stored as long a's the total table storage,
of 7000, is not exceeded. There are two types of table data which may be input. The first
is coefficient data — this input is used as coefficient for an Nth degree polynomial, the first
being the coefficient for the highest (Nth) order term and the last is the coefficient of the
lbwest (Oth) order term. The second type table input is discrete table data which is used
in the normal table interpolation manner. Either type table may have as many as six
dimensions, five "independent" and one dependent variable, and the dependent variable
may be interpolated linearly, parabolically, etc., or by an Nth degree polynomial.

Each table which has more than two dimensions is divided into subtables, and these sub-
tables are composed of the normal (x, y) pair —one pair for each point on the table, or
an Nth degree polynomial.

A table ID number of zero terminates the input.

An example of a table stored in the array TABLE follows.
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EXAMPLE OF A TABLE STORED IN THE ARRAY TABLE (ITABLE)

Location

(1)

@)
(3
4)

(2+NP
(3+NP

17
1)

(3+NP1+NP2)

k
= 1+ (NPi+1)
I=1

+1)
(I+2)
(I+3)
(I+4)

(B+3+NV 1)

(+3+2NV )

*NPlxNsz

(Location is for the 1st table stored)

ND1 (number of dimensions of this table) (NOTE: this location
count is stored in TLA (NT))

1 ND 6

NP. (count of number of values for this "'independent'' variable
(Vi} which follows)

v,

V.(2)
1 NP1 variables for first independent variable

Vv, (NP))
NP2 (count of number of values for this “'independent'" variable)
V(1) .
Vo ()

H
]

i NP2 variables for 2nd independent variable
v, (NP,) J

Ni’k (count of number of values for this "independent"»variable
v, (1)

v, 2)

NPk variables for the kth independent variable

V, (NP, ) k = ND-2
NV,
TYPE,

N'IP1

X, indep var. of (X,Y) table
X, (+)

X, (NV)

’ _ *For Discrete Table
input (TYPE = 1)

Yl(l) dependent var. of (XlY) table
Y, (+) |

Y, (NV,) )

x NP, of these subtables

k
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EXAMPLE OF A TABLE STORED IN THE ARRAY TABLE (ITABLE) (Continued)
(Location is for the 1st table stored)

NV
TYPE
NIP

COEF(1) *For Coefficient Table
COEF() Input (TYPE = 0)

COEF (NV)

*NP1 X NP2 X ... x NP, of these subtables

k
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Labeled Common Used

COMMON/CIOUNT/
COMMON/CTAB/
COMMON/CTABA/

INTAB Mathematical Model

This is an input routine and has no math model.

Calling Sequence

INTAB is called from CQ)NTRO_L and has no calling variables. All data is transferred
by labeled COMM®N CTAB and CTABA. When all table input has been read control
returns to CONTROL.

Significant Variables

Name - Type I/® Dimension Description

IFT 1 I 1 Controls input from cards or other device

ITABLE 1 (1) 7000 Main storage array for table data

KMURD1 I (1) 1 Location where next variable will be stored in
TABLE

KWRD I ) 1 Count of number of words in a table

LABX 1 o 3 Label for X-axis of table plot

LABY 1 o 3 Label for Y-axis of table plot

NC 1 1 1 Number of comment cards for table input

ND I 1 1 Number of dimensions of the table

NIP I I 1 Number of points to be used in interpolation

NP I 1 1 Number of points input for an independent
variable

NPRT I I 1 Table output print control flag

NPRT2 I I 1 Table output summary flag

NT I I 1 Table ID number —inpuf
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Name Type 1/@® Dimension
NV I 1 1
NXYT 1 I 1
OFT 1 1 1
TABLE R I 7000
TLA I I 50
TYPE 1 I 1
XTAB R I 40
YTAB R I 40

Subprograms Referenced by INTAB

Name

Type
PAGE F

Programs Reference INTAB

Name Type
CONTROL Main Program

Listing Reference

LMSC-A991396

Description

Number of variables input to a subtable
Number of subtables for a given table

Controls output to a device if TABLE is to be
saved

Equivalent to ITABLE (see ITABLE)

Contains location in TABLE of 1st word for each
table , :

Type of table flag. 0 = coefficient, = 1 discrete

Temporary storage for independent variable or
coefficient '

Temporary storage for dependent variable

Purpose Reference
Controls Labeling of Output Page B-239

Purpose Reference
Control of Program Logic Page B-75

A listing of INTAB can be found in Appendix B, Page 198.

Flow Chart

For flow chart of INTAB see Figure 1.9-B.
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Fig. 1.9-13 Flowchart for INTAB
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Subroutine LACAT
DESCRIPTION

Subroutine LOCAT locates a specified subtable within the major table and stores its
X and Y values or its coefficients into small arrays for later interpolation by function
YLGINT.

The suitable number is passed via calling sequence to LOCAT from function MIPE,
where it is'calculated, and I/CAT uses this number together with a pointer (IDX1)
calculated in subroutine FINTAB to calculate the location in TABLE of the first X

(or coefficient) value for the designated subtable. After this location is found the '
subtable X (or coefficient) and Y values are loaded into two small arrays. The X (or
coefficient) values are transferred to the array XTAB and the Y-values are transferred
to YTAB, if the subtable is a coefficient type no Y values are transferred. The number
of values to be transferred is determined by the variable NV which is the first word of .
the subtable. After NV, TYPE, NIP, XTAB and YTAB have been determined and
loaded for this subfable, control returns to the calling routine MIPE.

Labeled Common Uséd

COMMON/CIOUNT/
- COMM@PN/CTAB/
COMMPN/CTABA/

Mathematical Model for LOCAT .

None
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Calling Sequence

LOCAT is called by function MIPE and it has one variable in its calling sequence.
The variable is the subtable number which has been calculated in MIPE. All other
data is transferred by the use of labeled common CTAB and CTABA.

Significant Variables

Name Type 1/0 Dimension Description

IDX1 I I 1 Pointers to first word of first subtable

ITABLE I I 7000 Main storage array for table data

MNT I I 1 Number of the designated subtable from
MIPE '

NIP I ) 1 Number of interpolation points for this
subtable

NT I I 1 The absolute value of MNT

NV | I ) 1 Number of X-Y pairs or coefficient this
subtable

TABLE R I 7000 Equivalent to ITABLE (see ITABLE)

TYPE = 1 o} 1 Type of subtable-discrete or coefficient for
this subtable

XTAB R ()] 40 Array where independent (or coefficient)
values are stored

YTAB R ) 40 Array where dependent values are stored

Subprograms Referenced by LOCAT

Name Type Purpose ‘Reference
DIAG F Prints diagnostic trace Page B-111

~ Subprograms Referencing LYCAT .

Name Type Purpose Reference
MIPE F Multilevel table interpolation Page B-221
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Listing Reference

A listing of LOCAT can be found in Appendix B, Page 205.
Flow Chart

For flow chart of LOCAT see Figure 1.9-14.
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SUBROUTINE ISSCMP

DESCRIPTION

The subroutine is a shortened and modified version of subroutine CMPCAL, arranged
specifically to process a system employing the cryogen's oxygen and nitrogen. The
subroutine provides configuration analysis for component sizing and pressure

drop calculations for the ECLSS or similar systems. The logic employed is essen-
tially the same as that used in subroutine CMPCAL and the same variables and
common storage are utilized. The analytical procedure uses the configuration table
‘readin by subroutine C¢MPIL. (Note that the configuration table in the computer
image of main stream flow schematic), where the subroutine considers the oxygen
side of the system first and then cmsiders the nitrogen side.  Based upon the
input configuration table data, the subroutine accomplishes the-computaﬁion of
the individual component sizing, weight, pressure drop and flow constraint data
and presents the calculated values in tabular formatted output as a "Summary of

Computed System Configuration Parameters.”

The principal computations accomplished in subroutine ISSCMP are given briefly

as follows:

(a) Initializes the routine and starts the configuration processing loop by calling
for the decoding of the branching variables contained in the first configuration
data card. The primary control branching variables are CFUNCT and CFIYPE as
defined in subroutine C¢MPIL and the PDP-CCNFIG. The branching variable CFUNCT
successfully contains the coding for, the fluid identification, the consumer
identification énd, in turn, each component sequentially considered in the
system. The bfanching variable CFTYPE-successivelylcontains the coding for
the fluid state, the consumer characteristic fype, and, in turn, the control-
ling characteristics of each component sequentially considered on the system.
Subroutine branching to the specified component analysis is accomplished via

by the variable CFUNCT.

a computed GPTP statement, controlled

(b) Identifies the fluid to be considered and specifies its state condition.

Initializes the sequential indices.
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(e¢) Identifies the consumer and sets up the consumer fluid flow rate, fluid pres-

sure and fluid temperature with Sequential indices.

(a) Processes a line segment (whenever called for by CFUNCT) through the sequence
of the line analysis to compute flow conditions, pressure drop and line
weight. Fano flow, compressible flow, velocity effects and minimum wall

_thickness are all considered in the analysis.

(e) Processes a control unit through the sequence of the control analysis to com-
pute flow conditions, pressure drop and valve weight. Valve mass characteris-
ties are based upon préssure requirements as specified by CFTYPE. Control
unit may be a valve, check valve, regulator, orifice or flowmeter. Selection
is made via the second index imbedded in CFTYPE. (As defined in PDP-CCNFIG).

(f) Processes a fitting or tap in much the same fashion as.the line analysis is
conducted, taking into account flow geometry effects. Computes flow condition

pressure drop and fitting or tap weight.

(g) Processes a heat exchanger. Fits the previously calculated heat exchanger
data into its nominal'configuration sequence permitting the addition of

the heat exchanger pressure drops to the system pressure drop sequence.

(h) Processes the fluid supply tank. Fits the previcusly calculated tank data
into its nominal configuration sequence position. Tésts to see if tank

pressure is adequate for the system computed pressuré drop.

(i) Outputs the computed configuration component date in a tabular formatted
output wherein each component is identified by the same code name and

sequence position as it appeared on the oriignal system schematic.
Input data for -use in ISSCMP is read-in at program initiation time via subroutine

COMPIL from the configuration data cards. Data from each card is stored in a

packed array by-subroutine STOCON using equivalenced array variables defined in

1-282



LMSC-A991396

The Procedure Definition Processor CCNFIG. Retrieval of the data is accomplished
in LSSCMP via repeated calls to subroutine GETC¢N which unpacks the’'data as needed.
The input data and computed values are stored in various regions of the labeled
CHMMPN storage defined by PDP elements. The labeled CPMMPN areas employed by sub-
routine LSSCMP are as follows: -

C@MMgN/CACCUM/
C@MMIN/CCNFIG/
C@MMEN/CCNTRL,/
coMMgN/cILSS/
CgMMpN/CVISS /
C@MM@N/CENG/

CAMMPN/CHEX /

CEMMPN/CHSERC/
CEMMPN/CNAMES /
CEMMPN/CPNST/
C@MM@N /CTANK/

cgMMgN/cIgunT/

1SS CMP MATHEMATICAL MODEL
The LSSCMP is a modified version of subroutine CMPCAL retaining the major features
of the CMPCAL math model. The reader is therefore referred to the subroute CMPCAL

math model for details concerning the mathematical procedures and equations employed

in subroutine ISSCMP, Reference Appendix C.

CALLING SEQUENCE
Subroutine ISSCMP is initiated via the statement CALL ISSCMP in subroutine ECISS.

No calling variables are required. Data transfer to and from subroutine LSSCMP is
effected through the use of INCLUDE statements which bring in the appropriate

PDP elements defining the required labeled C¢MM¢N storage areas. Upon comple-
tion of the 'I_SSCMP computation program cor_rtr?l returns to subroutine ECLSS.
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SIGNIFICANT VARTABLES

Significant variables considered in, and processed by, subroutine ISSCMP are defined

in the list given below:

NAME TYPE 1/¢ DIMENSION DESCRIPLION -
ICNF I I 1 Number of Configuration Dgta Cards Input

IDX I ) 1 Configuration Item Index

ISIGN I 1) 1 Analysis directional index

CFUNCT I I 1 Integer Corresponding to Configuration Item Fun
CFTYPE I I 1 Integer Corresponding to Function Type

CMTYPE I I 1 Integer Corresponding to Material Type

CITYPE I I 1 Integer Corresponding to Insulation Type
CNOPER I I 1 Number of Units Operating

CNSTBY I I 1 7 Number of Units on Standby

FRCOEF R I 100 Characteristic Friction Factor for Flow Region
L@D R I 100 Length over Diameter, or, Length

DIAM R I 100 Diameter

ITHIK R I 100 Insulation Thickness

NBAR R I 100 Number of Iayers of Insulation per Inch

C@DE R I 100 Identification Code for Configuration Unit

TICAS I I 1 Integer Corresponding to Fluid Kind.

GSTATE I I 1 Integer Corresponding to Fluid State

PRESS R ) 100 Fluid Pressure at each Point in System

TEMP R ¢ 100 Fluid Temperature at Each Point in System
WD@TN R ¢_ 100 Fluid Flowrate ét each Point in System

WD@TI R I 2 Input Fluid Max. Flowrate at Consumer

PLSN@M R T 2 Input Fluid Pressure at Consumer

TLSN@M R T 2 Input Fluid Temperature at Consumer

FLD R g 1 %% for Configuration Uﬁit Considered

DV I I. 1 Integer Pointer for Control Mass Characteristic
LDV I I 1 Integer Pointer for Fitting and Tap Configurati
RHJ R ¢ 1 Fluid Density when a Gas

DELP R @ 1 Fluid Pressure Drop Across Component

A R ) 1 Cross-sectional Area of Flow Region

WEIGHT R ¢ 1 Weight of Configuration Component Considered
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NAME TYPE I/¢ DIMENS ION DESCRIPTION

APRES R I 2 Accumlator Pregsure(if used)
INDXKAC . I 1) 2 Accumulator Index (if used)
INDXTK T ¢ 2 Fluid Tank Index - set to IDX
SIPRES — R I 2, 1 Fluid Tank Initial Pressure
SITEMP R I 2, 1 Fluid Tank Initial Temperature
WITOT R I 2 Fluid Tank Weight S
WDgTCF R I 10, 2 Fluid Heat Exchanger Flow Rate
UCYDE R I 10, 2 Fluid Heat Exchanger I.D. Code
HEXCIT R I 10, 2 Fluid Heat Exchanger Cold Inlet Temp
HXCDLP R I ‘10, 2 Fluid Heat Exchanger Delta-P °
WHXTYT R I 10, 2 Fluid Heat Exchanger Weight
MACH R 1) 100 Fluid Mach No.

MFLG I ) 100 Fluid Mach No. Flag

SUBPROGRAMS REFERENCED IN LSSCMP

Name Type Purpose . Reference

PAGE F .. Controls Pagination and Line Count Page B-239

GETC¢N S Unpacks Configuration Data Records Page B-174

DENS¢N S Computes Desired Fluid Density at Stated Condi-  Page B-108
' tions )

COMFLY S Computes Pressure Drop and Mach Number for Page B-62

Desired Fluid at Stated Conditions Using Com-
pressible Flow Equations

VGVS S Computes Mach Number for Desired Fluid Density Page B-322
- Using Velocity of Sound Equations

ILWEGHT S - Computes Weight of a Line Segment _ Page B-215

CFTW F Computes the Weight of a Control Unit, Fitting Page B-39

or Tep as specified

TABLES REFERENCED IN ISSCMP
TABLE NO. TITLE
No tables are called in LSSCMP
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SUBPROGRAMS REFERENCING ISSCMP

NAME TYPE PURPOSE ' REFERENCE
ECLSS S Perform Analysis of Life Support Page B-122
System

LISTING REFERENCE PAGE

A 1isting for subroutine ISSCMP will be found in Appendix B, Page 208.

FLOW CHART
A flow chart for subroutein LSSCMP is presented in Figure 1.9-15.
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C SUBROUTINE LSSCMP )

'THIS SUSROUTINE IS A MODIFIED
VERSTON OF CMPCAL WHICH IS RE-
CGDED TO DELEYE THE BRANCHING
10 MEHGINE®, "ACCUMUJLATOR!
WBUMPY | "TUMRINEM, "GAS GENCR-
" ATOR" ,"TRANSFER PUMP","MCTOR
WEIGHT", AND "3iTTERY WEIGHT",
THE SUBKOUTINE IS ALSO RE-
CCGDED TC ACCOMODATE ORLY ‘THE
GASES OXYGEN AND NITROGEN FOR
USE WITH THE LIFE SUPPOZT 3VS-
. TEM ANALYSIS, ' '
STRUCTURALLY THE SUBHOUT INE
OPERATES IN THE SAME MANMER AS
THE ORIGINAL CMPCAL.
(REFERENCE FIG. 1.9-L)

/

(: RETURN :)

FIGURE 1,9-15 FLOW CHAPT FOR SV/BROUTINE LSSCMP
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SUBROUTINE LWEGHT

DESCRIPTION

The subroutine LWEGHT contains the equations and computational procedures for
determining the weight of fluid plumbing lines, fittings, line insulation and the

weight of vacuum jacketed lines. The equations employ the basic properties and
dimensions of the materials of construction and insulation specified for the lines

and fittings, for the weight calculations. The calculations are constrained to practical
cases through the use of minimum gage thickness values preset m the program.

The basic materials properties and minimum gage- thicknesses employed are defined
in PDP-CMATRL and stored in subroutine ST@DTA. Ultimate stress values as a
function of material temperature are obtained by table lookup.

Input data for use in subroutine LWEGHT is obtained from labeled COMM®N storage
accessed through INCLUDE statements. The labeled common storage required for use
in subroutine LWEGHT is as follows:

COMMPN/CCNFIG/
COMM®N/CMATRL/
COMMON/CONST/
COMMON/TABLOK/

LWEGHT MATHMATICAL MODEL

No mathematical model is presented since the equations are "1a.rge1y of type to be
found in standard engineering handbooks and industrial manué.ls which may be found

in any library. The subroutine listing is felt to be mathemat‘ically explicit. Materials
stress data employed in the Data Tables was obtained from MI‘L-HDBK-S. Vacuum-~
jacketed line data was taken from Reference 1.9-2. Parametric line weight data

curves will be found in the same reference.
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CALLING SEQUENCE

Subroutine LWEGHT is called with two arguments, IDX and LDV. Argument IDX is
a configuration data array ordering index which simply assures that the computed .
weight will be stored in the proper array position for later use. Argument LDV ‘
defines whether the component item being weighed is a line, or, a fitting and

what kind of a fitting is being considered. Input data transfer as stated above is
effected through the COMM®N storage areas. Upon completion of the required

calculations, program control is returned to the calling program.
SIGNIFICANT VARIABLES

Significant variables employed in subroutine LWEGHT are:

Name Type 1/ Dimension Description

IDX 1 I 1 Configuration data ordering index
LDV I I 1 Configuration data type index
TEMP R I 1 Fluid temperature

PRES R I 1 Fluid pressure

THKL R C 1 Material calculated thickness

SI R C 1 Material Ft,; at temperature TEMP
DIAM R I 100 Line or port diameter

MINTHK R 1 15 Minimum gage limits for material
WGTFT R C 1 Weight per foot of line

FLOD R C 1 Equivalent length of fitting

LOD R I 100 Length of line

LWEGHT R 1) 100 Weight of line or fitting

ITHICK R I 100 Insulation thickness

RHQI R I 10 Insulation density

WI R 1) 100 Insulation weight

SUBPROGRAMS REFERENCED IN LWEGHT

Name Type Purpose Reference

DIAG ‘F Diagnostics Print = - - Page B-111

FINTAB S Table Lookup Page B-147
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SUBPROGRAMS REFERENCING LWEGHT

Name Type Purpose
CMPCAL S Configuration Analysis
LSSCMP ] Configuration Analysis

LISTING REFERENCE PAGE

LMSC-A991396

Reference

Page B-50
Page B-208

A listing of subroutine LWEGHT will be found in Appendix B, page 215.

FLOW CHART

None ‘is presented
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Function MIPE
DESCRIPTION

The real function MIPE is a multilevel interpolation and polynomial evaluation routine.
The routine receives through its calling sequence the ND-1 "independent" variables
along with a count (NV = ND-1). The "independent'' variables are picked from an
array labeled XVAC and the first NV-1 of these input variables are checked against

the table stored independent variables to determine if they are within the range of the
table. The routine then checks each input variable to determine where in the range of
table values it falls, this is noted and stored as an index in the array KNT for later use
in interpolation. The routine next determines which subtables, by number, must be
interpolated (see following sheets for a detailed explanation) and the routines LOCAT
and TEL are called upon to do this interpolation. The results of each of these 2(NL_1)
subtable interpolations are stored in an array YVAL, and are thén linearly 'interpolated
by pairs until a single Y value is obtained. This value is then returned to the c;alling
routine. Polynomial evaluation is performed in the same manner and if fast the routine

MIPE does not differentiate between the two type of evaluation.

The following is a detailed explanation of the routine'é logic to determine the subtable
numbers to be used for interpolation (coéfficient evaluation). The independent variable
table TAB (or ITAB) is supplied by FINTAB which is always called directly before
MIPE; For purposés of explanation numeric tél_ble values have beeh assumed. A

diagram of the subtable setup has also been included.
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' ITAB (6,5), TAB (6,5)

1 2 3 4
1 3 ’ 2 T Y
2 1500. | 75. 26, . ,
3 1750. |  120. 32. ‘
b e T e e e e e e 4 e e n .. A - I
4 2000. 155. 40. | !
5 | P
T 1 -
6 : ‘=
KNT(5)  {3-1=2 ~ 3-1=2 | 2-1=1; | |
NTD(6)  8/1= 8/2=4 | 8/4=2 8/8=1 R
L(5) 3x3=9 x3=3 . 1 | N

For an input to MIPE such as:

MIPE (NL, XVAL) with NL = 4

and XVAL (1) = 1802.
XVAL (2) = 137.
XVAL (3) = 27.
XVAL (4) = 123.

and the array TAB, (ITAB) filled as above, the variable arrays KNT, NID and L would
be calculated and stored as shown above. The number of subtables which must be
interpolated to find the Y is calculated as NT = 2(NV"1) =23 = 3. o find the subtable
identifying numbers the variable KTB must be calcul:ited for each of the eight subtables
which are to be interpolated.

The first subtable number KTB, can be calculated as follows:
KTB, = 1+L(1)*(KNT(1)-1+mod[0,N’I‘D(lﬂ /NTD(2))

+L(2)*(KNT(2)-1+mod[0, NTD(2})] /NTD(3))
+L(3)*(KNT (3)-1+mod[0, NTD(3)] /NTD(4) )
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and this expression is evaluated as

KTB, = 1+(9)*2-1+0/4+(3)[2-1+0/2]+(1) [1-1+0/1]
= 149 + 3 +0
- 1

S0 therefore_the first subfable to .b'e interpolated would be the 13th one.

The last (8th) subtable number KTB, can be calculated as

8

KTB, = 1+L(1)*{KNT(1)-1+mod 7, NTD(1} /NTD(2)}
+L(2)*{KNT(2)-1+mod[7, NTD(Z)J /NTD(3)}
+1,(3)*{KNT(3)-1+mod{7, NTD(3)| /NTD(4)}

which can be evaluated as, (where X is the intéger part of X)
1+(9)*2-1+7/4+(3) 2 -1+;'é/'2:'? +(1) -.i;1+ j’/f)'-

1+ 9 (2) + 3 (2) + 1 (1)
1+18+6+1 = 26

]

KTB 8

so that the last subtable to be interpolated- would be the 26th one. The other six would
be between subtables 12 and 26 and in fact they are always taken in pairs and the
complete set of eight subtables would be 13, 14; 16, 17; 22, 23; and 25, 26.

The integer number KTB is used to call LOCAT which sets up the proper X-Y subtable
for later interpolation by-subroutine TEL.and function YLGINT or for polynomial
evaluation by subroutine TEL.

Note that, as the array ITAB (1,I) indicates, there are three "independent' variables

each with values so that there is 3x3x3 = 37 total subtables which may be used to inter -

polate however only elght subtables are used for any g1ven set of input data.
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Labeled Common Used

COMMON/CIOUNT /
COMMPN/CKEYS/
COMMPN/CTAB/

Mathematical Model of MIPE

None

Calling Sequence

MIPE is called from any routine which uses table interpolation (or polynomial evaluation).
It has two input variables in its calling sequence: (1) the ND-1 "independent" variables
and (2) the count of the number of these variables which is NV (‘N’D 1). All other data

is passed by labeled common CTAB.

Significant Variables

Name Type I/0° Dimension ' Description
FAC R [} 1 Mult1p1y1ng factor of linear interpolation (X-X )/
. —X l)
ITAB1 I 1 (6,5) Cou.nts of the number of the ND-2 independent
variables
KNT I ) 5 Index used in the linear interpolation of Y
KTB 1 ) 1 Contains subtable number-given to LOCAT
L I (4] 5 Multiplying factor used to determine KTB
NL 1 1 1 Number of levels interpolation = ND-1
NT I 1) 1 The number of subtable interpolations to be pérformed
NTD 1 () 6 Multiplying factor used to determine KTB
"TAB R I 6,5  Contains the ND-2 independent variables
TAB1 R 1 6,5 Equivalenced to XTAB (see XTAB)
XVAL R I 6 Input independent values used to calculate ayY
YVAL R 9] 32 Array used to store results of the NT subtable inter -

polations. The first location of whichis =Y
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Subprograms Referenced by MIPE

Name

DIAG

LOCAT

TEL

Subprograms Referencing MIPE

Name Type
APUSUP S
APUFL® S
CMPCAL S
ECLSS S
ENGINE S
FUELCL S
HEATEX S
HEXELC S
LWEGHT S
MATHAX S
PARPMP S
TANK S
THKWTG S
VENT S

Listing Reference

Type Purpose .Reference

F Prints diagnostic trace Page B-111

S Locates and loads subtable Page B-205

S Evaluates polynomial or - Page B-292

controls interpolation by YLGINT
Purpose Reference

Calculates parameters for APU-supercritical system Page B-8
Calculates flow rates for APU system - Page B-5
Computes weight, pressure, etec., for given Page B-50
components A
Environment control and life support system Page B-122
Calculates weight of engine and impulse propellants Page B-138
Calculates fuel cell parameters Page B-152
Calculates weight and flow rates for heat exchangers  Page B-177
Calculates weight P for electric heat exchanger Page B-184
Calculates line weights Page B-215
Computes pump charact. and other math. relations Page B-218
Computes pump design characteristics Page B-242
Tank pressure, weight and duty cycle history Page B-277
Calculates tank weight and wall thickness Page B-297
Environment control and life support system Page B-318

A listing of MIPE can be found in Appendix B, Page 221,

Flow Chart

For flow chzirt of MIPE see Figure 1.9-17.
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¢ M{PE )

Inpfu'f the NL Independent
Varuableg XVAR THRU
Calling SeiuenCE.-

Do Simple Sw;\g Level —
Lnterpola 'h:n (or Poly nommsl Evalucton)

Find Location Index for Each

—» et of The ND-2 Tndependent
Vdariables

P v
Calculate the Number of
S ubtables NT which Are
Necessary To Do o Complete
ND-2 Level Interpslation That
L 1o wNT = 2¢O

Calculate the Subtable Number
KT8 and Call LOCAT 4o Lead the
Subtable . Then Call TEL 4o Dothe
Po\ynomina\ or Wi th YLGINT',
+he Table Interpolation. Store the
Y. Result inthe Arvay YVAL.

Linearl I‘;\'\;erpola*c Between 'H'J
NT/Z Paws ot Vi Yalues In Y VAL _
until AL NL-I Levels Have Been! - o

Pro c-.essed’Resquq In One :
Value = This Ts the End Result

Fig. 1.9-17 Flowchart for MIPE
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FUNCTI®ON SPHERE

For a description of SPHERE see the writeup for "GOMTRY. " Page B-175
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SUBROUTINE PARPMP
DESCRIPTION

Subroutine PARPMP is essentially a pump design type of subprogram, in that, for
specific input arguments, the routine will in effect design an oxygen or hydrogen pump
to fit the stated requirements. The input variable values which must be supplied to the

subroutine are:

Fluid Type: O2
Design Constraints: Minimum power, or minimum weight

or H2

Required Pump Pressure Rise
Delivered Flowrate Required

Net Positive Suction Pressure Available
Fluid Liquid Density

Upon completion of the calculations the subroutine returns the following variable

values:

Pump Efficiency

Pump Volume

Pump Power Required

Pump Weight

Pump Rotational Speed

Required Number of Pump Stages
Revised NPSP Required by the Pump

The subroutine is based upon a pump parametric data study conducted by the AiResearch
Mfg Company (Ref. 1.9-6). Data from the study was cbnverted to a math model

suitable for evaluating liquid oxygen and liquid hydrogen pump characteristics and
performance for a larger variety of fluid inlet conditions, flowrates and pressure rise
"reciui‘rements.’ The math model in turn, was then coded as a subroutine. Performance

characteristics provided by AiResearch as graphic parametric data, were converted
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either into equations or table data for lookup and incorporated into the subprogram.

For both oxygen and hydrogen pumps, compressed liquid data is utilized since there is
no requirement for zero-psi NPSP conditions in any of the cryogen systems contemplated
The parametric data employed for the liquid hydrogen pumps covers roughly the range

of 50 to 5000 psi for pressure rise, and 0.05 to approximately 10. 0 lb/sec for flowrate.
For liquid oxygen pumps the parametric data employed covers the range of pressure

rise from 50 to 5000 psi, and flowrates of 0.1 through approximately 50.0 lb/sec.

The basic physical configuration for all pumps considered is assumed to be as

follows:

(1) All are single modules utilizing 1 to 5 stages.

(2) The modules all have a fluid inlet at one end and an mterface with a driving
unit at the other.

(3) The modules are considered to contain sufficient bearings and seals for
operation with any suitable type driving unit.

(4) All pumps use a basic radial flow configuration.

(5) Barske partial emission configurations are employed for high pressure .rise
with low flowrates.

(6) Full admission, axial-radial mixed flow configurations are employed for
low pressure rise with high flowrates.

(7) Mid-range pumps employed a full admission centrifugal configuration.

(8) The first stage of all pumps was considered to be equipped with an inducer
rotating at the same speed on the impeller.

(9) All impellers in a given multistage pump are the same diameter and driven
by a single shaft.

(10) Pump housings are uninsulated and only the final stage of a multistage pump
is considered to be equipped with a scroll.

(11) All pumps are considered to be lightweight designs constructed of lightweight
materials.

(12) Driving devices for the pumps are not included in the best rotational speed
determination, nor in the weight and volume determinations.

The following are the principal computations accomplished in the subroutine:

(a) Computes number of pump stages by iteration through computed pump
parameters.
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(b) Computes head rise per stage

(c) Computes multiplication factor for specific speed
(d) Computes maximum pump hydraulic efficiency
(e) Computes required net positive suction pressure

() Computes specific speed, head coefficient, adiabatic efficiency, impeller
diameter, efficiency quotient and actual pump hydraulic efficiency for each
iteration of pump stage evaluation loop.

(g8) Computes diameter, length of pump, and pump weight for type of pump.
(h) Computes pump volume and pump power to chosen pump design constraint.

Input data for use in PARPMP is transmitted to the subroutine in the calling arguments.
Data transfers such as constants and data tables are accomplished via labeled COMM®N
storage blocks defined by the PDP elements. The labeled COMM®N areas employed

by subroutine PARPMP are as follqws:

CAMMPN/CIOUNT/
COMMON/CPHNST/
COMMPN/DUMMY/
COMMPN/SPUMP/
COMMPN/TABLOK/

PARPMP MATHEMATICAL MODEL

The PARPMP math model consisting of symbol definitions, equations, procedural logic

and parameter data are presented in Appendix C.

CALLING SEQUENCE

Subroutine PARPMP is initiated by a call from subroutine CMPCAL with thirteen (13)
calling arguments. Input and output variables make up the calling arguments as listed
in the following subparagraph. Data transfer, other than the calling arguments, is
accomplished through the use of INCLUDE statements as shown in the subroutine listing.
Completion of PARPMP computations returns program control to subroutine CMPCAL.
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SIGNIFICANT VARIABLES

- Significant variables processed by subroutine PARPMP are defined as follows:

Name Type 1/0. Dimension Description
IGS 1 I 1

Fluid type; 1 = O,; 2 = Hp

JKM I I 1 Design constraint; 1 Minimum power
2 Minimum weight

DLP R I 1 " Pump rise — Delta-P

WDP R I 1 Flowrate required (lb/sec)

RNPS R I 1 NPSP available (psi)

RHW R 1 1 Fluid density (Ib/cu ft)

TOTNU R ) 1 Pump efficiency

v R (1) 1 Pump volume (cu in.)

E R ) 1 Pump power (Hp)

wT R (1) 1 Pump weight (1b)

PNSG R ) 1 Pump speed (rpm)

NSTG R ) 1 Number of Pump Stages

NPSPR R ) 1 Computed NPSP required for pump (psi)

DELP R I 2 DLP . '

RHO R I 2 RHW

S R 2 Suction specific speed

WDOTP R I 2 wWDP

NPSPA R I 2 RNPS

NUMX R C 5 Maximum hydraulic efficiency

XM R D 12 Pump length constants

NMAX R C 1 Maximum rotational speed

AE R C 5 Value of E — each iteration

AV R C 5 Value of V-each iteration

AW R C 5 Value of WT-each iteration

SWB R ‘D 2 Baseline flowrate constants for oxygen or
hydrogen pumps

PB R D 1 Baseline scroll pressure (psi)

NSSI R C 1 Rotational speed at maximum hydraulic
efficiency ' ’

NSS R C 1 Specific speed

SQTQ R C 1 Square root of volumetric flowrate

PDI R C 1 Pump diameter for volume calculation"

- PLGT R C 1 Pump length for volume calculation

NSG R C 1 Pump rotational speed (rpm)

Wi R Cc 1 Weight of impeller

WH R C 1 Weight of housing

wSs R C 1 Weight of scroll

WB R C 1 Baseline weight of pump stage

P R C 1 Pump rise plus NPSPA

NUZ R C Adiabatic efficiency
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Name Type 1/0 Dimension Description
NU R C 2 Hydraulic efficiency

EFFQ R C 1 Efficiency quotient

U R C 1 Impeller tip speed

PSI R C 1 Head coefficient

DI R C 1 Impeller diameter

SUBPROGRAMS REFERENCED IN PARPMP

Name Type Purpose

SQRT
PUMPEF

F Takes square root of named variable
S Auxiliary calculations for PARPMP,
Entry point into subroutine MATHAX.
FINTAB ] Table location and lookup
MIPE F Table data extraction
SIGN F Replace sign of first argument with
sign of second argument.
F

DBLE Convert to double precision

TABLES REFERENCED IN PARPMP

Table

No. - Title

27 Head Coefficient vs Specific Speed

28 Adiabatic Efficiency vs Specific Speed

29 Efficiency Quotient vs Impeller Diameter
30 Baseline Stage Weight vs Impeller Diameter

SUBPROGRAMS REFERENCING PARPMP

Name Type Purpose

CMPCAL S Configuration Analysis, Component
Weights, Pressure Drops, Flow
Conditions
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LISTING REFERENCE PAGE

The subroutine PARPMP listing will be found in Appendix B, page 242.

FLOW CHART

A flow chart for subroutine PARPMP is presented in Fig. 1.9-18.
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Fig. 1.9-18 Flowchart for PARPUMP
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Fig. 1.9-18 Flowchart for PARPUMP (Continued)
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' Eo mpu‘l’e_ Pumf Volume (V)

Compu‘\'e. Pump Power (E)

-y -

Set Destgr\ Cons+ram+
Index (AMWN) "

'3
COMP&A"T‘Q OKA“’P(A* Va(uefa
E = AE (NSTG)
V = AV (N6TE)
WT = Aw (NSTG)

- C heruaﬂﬁi

Fig. 1.9-18 Flowchart for PARPUMP (Continued)
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SUBROUTINE SPHSEG

DESCRIPTION

Subroutine "SPHSEG" is actually a set of five subroutines using entry points under headi
subroutine SPHSEG.

The entry point names and a description of their use follows:

SPHSEG calculates the fluid head in a hemisphere, given the radius and the

volume of fluid which it contains.

ELIPSG calculates the fluid head in half a ellipsoid, given the lengths of the
radius along the axis of rotation and the radius perpendicular to it and also the

volume of fluid which it contains.

CYLHED calculates the fluid head in a right circular cylinder, given the

radius of the cylinder and the volume of fluid which it contains.

FRHEAD calculates the fluid head in a frustrum of a right circular cone, given
the radius of the top, the radius of the bottom, the height and the volume of fluid

which it contains.

CYMSPH calculates the fluid head in the volume enclosed by a cylinder with an
ellipsoid inserted into the top end. The necessary inputs to the routine are:
(1) the radius along the axis of rotation of the ellipsoid which is equal to the
height of the cylindrical ‘section; (2) the radius perpendicular to the axis of

" rotation which is equal to the radius of the cylinder, and (3) the volume enclosed
by this shape.

Labeled Common Used

COMMODN/CONST/
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Mathematical Model of "SPHSEG"

For equations used see Appendix C.

Calling Sequence

Each subroutine entry point has a calling sequence as follows:

SPHSEG (Volume of fluid enclosed, radius, head calcﬁlated)

LMSC-A991396

ELIPSG (Volume of fluid enclosed, radius along axis of rotation, radius
perpendicular of axis of rotation, head calculated)

CYLHED (Volume of fluid enclosed, radius of cylinder, head calculated)

FRHEAD (Volume of fluid enclosed, radius of top, radius of bottom, height

of frustrum, head calculated)

CYMSPH (Volume of fluid enclosed, radius along axis of rotation, radius of

cylinder, head calculated)

Significant Variables

Name Type /0 Dimension Description

H R ) 1 The fluid head calculated by a routine
HGT R I 1 Height of frustrum of cone

PVOL R I 1 Volume of fluid enclosed by the shape

RAD R I 1 Radius along axis of rotation

RBOT R 1 1 Radius of bottom (or large) end of frustrum
RPD . R I 1 Radius perpendiculg.r to axis of rotation
RTOP R I 1 Radius of top (or small) end of frustrum
TVOL R I 1 The calculated total volume of half of an

Subprogrémé Referenced By ""SPHSEG"

Name Type Purpose
ACPS F Calculates arc cosine
CcoS F Calculates cosine

ellipsoid or a hemisphere

Reference

Univac 1108 system
Univac 1108 system
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Subprograms Referencing "SPHSEG"

Name Type Purpose
HFUNC F Controls calculation of fluid heads
TNKWTA S Control calculation of tank geometry

Listing Reference

A listing of "SPHSEG" can be found in Appendix B, Page 263.
Flow Chart

" A flow chart of "SPHSEG" is presented in Fig. 1.9-19.
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Subroutine STOCON
DESCRIPTION

Subroutine STOCON packs six words of input data (integer) into one word. The six
words of input data are as follows. (1) Function code (FUNCT) (2) Function type
(CFTYPE), (3) Material type (CMTYPE), (4) Insulation type (CITYPE), (5) Number
operating (CNOPER) and (6) Number of standby (CNSTBY), all of these six types or
codes refer to the various components being input. The above named variable are.
equivalenced to the word ICNFIG(6) and this is the word referenced in this subroutine.
The six words are packed by a standard (LMSC) system byte manipulation routine |
GPBYTE and are stored in the word CONFIG (IDX, 1) where IDX is defined via the
calling sequence. The words of data are stored into the word CONFIG by bytes from
left to right in the order stated above. C@NFIG is unpacked for use by the routine
GETC@N. | .

Labeled Common Word

COMMPN/CCNFIG/

STOCPON Mathematical Model

None

Calling Sequence

STACON is called by COMPIL and it has one variable in its calling sequence. The
variable is the location index for the component storage array. All other data is
transferred through labeled common CCNFIG.
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Significant Variables

Name Type 1/0 Dimension Description
CONFIG I ) 100,7 Packed data stored in first column of this
array : ’
ICNFIG - I 1 6 input array of data to be packed
IDX I 1 1 Location index in the array CONFIG

Subprograms Referenced by STOCHN

Name Type Purpose Reference
GPBYTE F Byte Manipulation Routine LMSC System Routine

Subprograms Referencing STOCOHON

Name Type Purpose Reference
COMPIL S ' Input of system components Page B-64

Listing Reference

A listing of STOCON can be found in Appendix B, Page 269.
Flow Chart

None
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SUBROUTINE TANK
DESCRIPTION

After the preliminary tank sizing calculations have been completed, Subroutine TANK
is utilized to develop the propellant tank pressure histories as a function of; duty
cycle, tank heat rates, pressurization system, and propellant withdrawal. From the
resulting pressure history data; the gas and liquid residuals, pressurization fluid
quantities, venting requirements and final tank sizes can be determined.

Subroutine TANK is configured to accumulate three pressurization options as follows:

1. Self Pressurization
2. Cold Helium Pressurization

3. Vaporized Propellant Pressurization

For whichever pressurization system is selected, the subroutine is programmed to
evaluate each coast and burn period, as defined by the input duty cycle, and perform

the following principal computations:
(a) Establish the Initial Tank Conditions:

Fluid being considered

Fluid temperature

Tank initial pressure

Tank initial temperature

Weight of liquid fluid in tank
Weight of fluid vapor in tank
Weight of pressurant gas in tank
Tank volume

Volume of liquid in tanks

Partial pressure of propellant vapor
Partial pressure of pressurant gas
Ullage volume in tank

Effective tank density

Effective internal energy -
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(o) For each coast period, compute:
Pre- or Non-Vent Conditions —

Coast duration

Fluid temperature in tank

Weight of liquid fluid in tank

Weight of fluid vapor in tank

Weight of pressurant gas in vapor

Partial pressure of fluid vapor

Partial pressure of pressurant gas in vapor
Current tank pressure

Effective internal energy

Post-Vent Conditions —

Tank vent pressure

Weight of vented fluid and gas

Weight of liquid in tank

Weight of vapor in tank

Weight of pressurant gas in vapor

Total fluids in tank

Partial pressure of fluid vapor

Partial pressure of pressurant gas in vapor
Vented tank pressure

Effective internal energy

(c) For Each Burn Period, compute:
Energy Balance For Burn —

Fluid considered

Burn duration

Flowrate for thrust

Thrust propellant remaining
Weight fluid in tank
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Effective internal energy
Effective tank energy
Total flowrate from tank

!

The Resulting Tank Condition After Burn

Propellant withdrawn

Total fluids in tank

Propellant (Liquid and Vapor) in tank
Thrust propellant remaining

New effective tank density

Partial pressure of propellant vapor

New effective internal energy

The Pressurant Needed for this Burn —

Tank liquid temperature

Stored pressurant gas temperature
New tank ullage volume

New propellant liquid volume
Liquid propellant remaining
Weight of propellant vapor in tank
Partial pressure of pressurant gas
Tc;tal pressure in tank

Nominal operating pressure of tank
Pressurant gas flowrate required
Weight of pressurant gas consumed
New tank pressure

Total pressurant consumed to this point in mission

_ (d) Final Engine Shutdown Tank Conditions:
The Final Tank Conditions —

Fluid considered
Fluid temperature

Time since shutdown
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Weight of liquid residuals
Weight of propellant vapor
Weight pressurant gas in vapor
Partial pressure propellant vapor
Partial pressure pressurant gas
Current tank pressure

Effective internal energy

Final tank temperature

Total vented gas weight

Weight of gas residuals

Weight of liquid residuals

Pressurization System Weight —

Total pressurant gas required
Weight pressurant system

An example of typical output from subroutine TANK is presentéd in Fig. 1.9-20.

Input data for TANK has previously been read into the storage common blocks by
subroutine COMPIL. Specific labeled COMM@N areas used by TANK for data storage

and transfer are:

COMMPON/CACCUM/
COMMON/CDCYCL/
COMMON/CENG/
COMMPN/CHEX/
COMMON/CIOUNT/
COMMON/CMATRL/
COMMON/CMOYDR/
COMMON/CNAMES/
COMMPN/CTANK/
COMM@N/TABLOK/
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TANK MATHEMATICAL MODEL

The equations, mathematical logic, and procedures, necessary tables and constants
required are presented in Appendix C.

CALLING SEQUENCE

Subroutine TANK is initiated by a simple call from subroutine CRYC®N, with no calling
arguments. Data transfer to TANK is accomplished through INCLUDE statements

as shown in the subroutine listing. Upon completion of the TANK computations,
sequential control is returned to subroutine CRYC®N.

SIGNIFICANT VARIABLES

Significant variables employed in subroutine TANK are given as follows:

Name Type /0 Dimension Description

NOP I I 2,1 Number of tanks operating
SATYPE - 1 1 2 Type acquisition device

SITYPE I I 2,1 Tank insulation type

SMTYPE 1 I 2,1 Tank material type

SPTYPE 1 I 2,1 Pressurization system type
SITEMP R 1 2,1 Tank initial temperature

SIPRES R I 2,1 Tank initial pressure

SPGTEM R I 2,1 Pressurant gas temperature
SGPRES R I 2,1 Tank operating pressure

SVPRES R 1 2,1 Tank vent pressure

SHFLUX R 1 2,1 Heat flux into tank

SITHIK R I 2,1 Insulation thickness

FLDL®D ' R I 2 Fluid loaded into tank

SULGPC R I 2 Tank ullage volume (%)

SMDIAM R 1 2,1 Tank maximum diameter
SHOTEM R I 2,1 Tank heat exchanger outlet temperature
SHDELP R I 2,1 Tank heat exchanger delta-P
SPDELP R 1 2,1 Tank circulating pump delta-P
SGOTEM R I 2,1 Gas generatore outlet temperature
SGGPC R I 2,1 Gas generatore champer pressure
SGMRAT R 1 2,1 Gas generatore mixture ratio
SNBAR R I 2 Insulation — layers per inch

1G I C 1 Fluid index: 1 = @2 , 2 = H2
IP I C 1 Duty cycle index
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Name

Type

/9

Dimension

Iw

IF
IBURN
Isw
WLRT
WHESUM
T
PWTOT
WPTAT
VLIQ
PVOL
WPV
PHe
WHe
wP
WPT
ENERGY
PPV
SVAL
RHAP
RHOG
PRES
RATIO
ZHE

DCYCLE

SVWT
WTPT
NDCYCL
WDHTJI
E
wWVSUM

SWVTAT
WGR
TFINAL
RHE
WDPTHE
PRESHE
WHETOT
WPGTOT
WDPTGG
WPVG
WDPSMX
WGGPPG

WGGAPG
HPMXPG
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Description

Coast period index

Burn period index

Burn counting index

Current pressurant system type
Total liquid residuals in tank

Sum of helium consumed to point
Temperature at any point .
Propellant remaining in tank

Total propellant required for system
Volume of liquid in tank

Ullage volume at any point

Weight of propellant vapor

Helium pressure

Weight of helium

Weight of liquid propellant

WP + WPV

Effective internal energy

Partial pressure propellant vapor
Volume of propellant tank

Density of liquid fluid

Density of gaseous fluid

Tank pressure at any point

Weight ratio for energy change
Helium compressibility

Duty cycle time valve array

Tank vented weight

Current total fluids in tank ,
Index of total values in DCYCLE array
Flowrate for all gas generators in system
System effective energy

Summed vented weight at end of each coast
period

Summed total vent weight

Weight gas residual

Final temperature .

Helium: density at point of calculation
Helium flowrate

Helium pressure

Total helium consumed

Total pressurant system weight
Flowrate pressurant gas

Weight propellant vent gas
Pressurant gas flowrate. . .
Weight gas generator propellant gas
required for tank heat exchanger
Gas generatore systm weight

Motor horsepower. for propellant
circulating pump.
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Name Type 1I/0 Dimension Description

WMPG R C 2,1 Motor weight for circulating pump

WBPG R C 2,1 Battery weight for circulating pump motor
WCPPG R C 2,1 Weight circulating pump

WTSYPG R C 2,1 Pressurization system weight

SUBPROGRAMS REFERENCED IN TANK

Name Type Purpose

DIAG F Diagnostic print

RHOLIQ S Computes liquid density

GSDNST S Computes gas density

FINTAB S Finds designated table of data

MIPE F Table data extraction

PAGE F ‘Controls page and line circuit

CSUBV F Computes Cy for fluid

TSAT F Computes saturation temperature
for specified fluid

ZFIND S Finds compressibility of fluid at specified
T&P o

FINDR F Finds gas constant for specified fluid

VENT ] Computes quantity of gaseous fluid vented

GSZDNS S Computes compressibility and density for
specified fluid at specified T&P

AMAXI F Finds maximum of two values

HEATEX S Computes heat exchanger parameters

SUBPROGRAMS REFERENCING TANK

Type
CRYCON S

Name Purpose

Program sequential control

LISTING REFERENCE PAGE

A listing of subroutine TANK will be found in Appendix B, page 277.
FLOW CHART

A flow chart for subroutine TANK is presented in Fig. 1.9-21.
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CRYCON

CALL —(  Ts1ZEl ) |

\ Tsizet / | .
COMPUTES INITIAL TANK ;

'SIZE FOR TANK ROUTINE

(. RETURN ) .
|

/ CRYCON Y
\_CALL TANK n—( TANK ) |

* COMPUTES TANK PRESSURE AND l
WEIGHT AND PRESSURE HISTORY )

* COMPUTES TANK PRESSURE AND »
WEIGHT AND PRESSURE HISTORY *_

* COMPUTES TANK VOLUME AND
SURFACE AREA

* CALLS PRESSURE FOR
PRESSURIZATION CALCULATIONS

+ COMPUTES WEIGHT OF
VENTED GAS |

* COMPUTES ULLAGE GAS WEIGHT
* COMPUTES GAS RESIDUALS WEIGHT

* COMPUTES TOTAL ENERAY OF.
TANK AT OPERATING PRESSURE

+ COMPUTE WEIGHT OF
PRESSURANT GAS REQUIRED

* COMPUTES WEIGHT OF
PRESSURANT SYSTEM

i ( ReTwRN )
/ CRYCON )
\_CALL LIQRES ' : u'@)RES ) ] i
COMPUTES CRYOGEN
é RESIDUALS FOR SYSTEM

(_CRYCON ——-( RETURN )
\_ CONTINUE J

Fig. 1.9-21 Flowchart for Tank
and TSIZEl}
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SUBROUTINE TC@ND

DESCRIPTION

The subroutine provides ‘an integrated subprogram'package for the computa-
tion of the heat leak flux (per unit area) for nine different insulation
materials including both monolayer and multilayer types. The data employed
in the subroutine originated largely from IMSC study éfforts described in
References 1.9-9, -10, -11 and -12. The equations employed may be found

in the subroutine math model and in coded form in the subroutine listing.

Specifically, the subroutine is programmed for the following insulation

materials:

DOUBLE ALUMINIZED MYLAR - SILK NET

DOUBLE GOLDIZED MYTAR - SILK NET

DOUBLE ALUMINIZED MYLAR - TISSUE GLASS
CRINKLED DOUBLE ALUMINIZED MYTAR - TISSUE GLASS
NRC-2, CRINKIED SINGLE ALUMINIZED MYLAR
SUPERFLOC

MICROSPHERES

POLYURETHANE FOAM

FTBERGLASS BATTING - HELIUM PURGED

Input date for subroutine TCPND is supplied through the calling arguments.
The subroutine contains its own constants and does not require access to

C¢MMPN STORAGE BLOCKS.

TCPND Mathematical Model : . ,

The TCPND MATH MODEL consisting of the equations, constants and procedural

steps required are presented in Appendix C,

s
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Name

SCPNST
EMIT1
EMIT2
DEMIT .
SC@ND

RNUM
RDEN
RCOND

EMITA
EMITB
PKSUBE
FKSUBE

=0 B~ ¢ B> o I = o)

IZQ Dimension

Value
Value
Value
Value
terms

Value

e e T = T SR S

LMSC-A991396

Description

Numerical constant in each equation for KE

of ¢

of e

of (% -1)

of first three
of KE equation

of numerator of fractional term in

KE equation

c 1 Value

of denominator of tractional

term in KE equation

C 1 Value

of fractional term in equation

or, alue of KE equation for microspheres

Value
Value

Value

Qa a a a
Mo R e

Value

'SUBPROGRAMS REFERENCED IN TCAND

Name

Type

None referenced.

SUBPROGRAMS REFERENCING TCOHND

Name

APUSUB
APUSUP
ECLSS

FUEICL

Type

n n v n

of ea
of €b
of KE equation for polyurethane foam
of KE equation for fiberglass butﬁiné

Reference

Purpose
Purpose Reference
Subcritical APU Analysis Page B-8
Super Critical APU Analysis Page B-12
Life Support System Analysis _ Page B-122
Fuel Cell_System Analysis Page B-152
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CALLING SEQUENCE

Subroutine ‘I‘C¢ND is initiated by the calling routines with six calling
arguments. The first fivd arguments supply the required input data,

while the sixth argument returns the computed value for the heat leék per .
unit area. The calling arguments are defined below. :

SIGNIFICANT VARIABLES

The significant variables processed by subroutine TC¢ND are defined in the

following list:

Name Type _I_@_ Dimension Description

TH R I 1 Hot boundary condition (TH-°R)

TC R I 1 Cold boundary condition (T -°R)

NBAR R I 1 Number of radiation shields per inch
thickness of insulution (W)

THIKIN R I 1 Insulation thickness (inches)

INTYPE I I 1 Insulation type (see PDP-(MATRL)) .

QCAND R ) 1 Heat leak flux per unit area (BTu/Hr-ft2)

DELT R C 1 (TH-TC)

TMEAN R o 1 (TH+TC)/2.O

SUMT R c 1 (TH+TC)

SMsQT R c 1 ('I'12{+TEC)

TMPRL R c 1 TC/TH

™PR2 R c 1 (TMPRL)Z

TH3 R c 1 (TH)3

NSHLD R c 1 THKIN* NBAR

THKFT R C 1 THKIN/12.0

THETHL - - R - C - 1. - . (1.0 + ™MPRL) )

THETA2 R c 1 (1.0 + T™MPR2)

SIGMA R c 1 = 0.1713x10-8 Steten-Boltzmen constant
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LISTING REFERENCE PAGE

A list of subroutine TC¢ND will be found in Appendix B, page 290.

FLOW CHART

No flow chart is presented for subroutine TC¢ND since the listing clearly

presents the order of the computations.
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Subroutine TEL
DESCRIPTION

Subroutine TEL evaluates a polynomial or performs a table interpolation, using
YLGINT, according to the specification of TYPE for the particular subtable which

was designated.

The dependent variable (X) is passed via the calling sequence and the table of values
to be used in the operation is passed (from LOCAT) be use of labeled common arrays
XTAB and YTAB. If TYPE is 0 TEL performs a polynomial evaluation using the NV
values of coefficients stored in XTAB (if C,= XTAB(1), ---, Cn = XTAB(NV)) and the
polynomial is calculated as Y = C,tCh X+ Cn_zx2 oot Clxn'l. The value of
Y is transferred back to MIPE through the calling sequence.

If TYPE is 1 TEL performs are interpolation using X and the independent table variables
stored in XTAB to calculate a Y value from the dependent table values stored in YTAB.
The actual interpolation is performed by function YLGINT which is a standard UNIVAC-
1108 routine.

Labeled Common Word -

COMMON/CIOUNT/ ,,
COMMON/CKEYS : r
COMMPN/CTAB |

Mathematical Model for TEL

None
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TEL is called from function MIPE and it has two variables in its calling sequence.

The variables are — (1) the X or independent variable used to calculate the dependent

variable and its input, (2) the output dependent variable Y which is calculated and

depends on the value of X which was input. All other data is transferred by use of
labeled common CTAB.

Significant Variables

Name  Type 1/0 Dimension
NIP I 11
NV 1 I 1
TYPE I I 1
X R 1 1
XTAB - R I 40
Y R ) 1
YTAB R I 40

Subprograms Referenced by TEL

Number of interpolation pomts for this
subtable

Number of X-Y pairs or. coefficients for this
subtable

Type of subtable — d1screte or coefflclent for
this subtable

Value of independent variable used to calculate
Y

Subtable values of the independent variables
Value of the dependent variable calculated

Subtable values of the dependent variable -

Name Type Purpose Reference
YLGINT F Interpolates from table REF. 1.9-17
Subprograms Referenc_ing TEL
Name Type Purpose Reference
MIPE F Multilevel table interpolation Page B-221
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Listing Reference

A listing of TEL can be found in Appendix B, Page 292,
Flow Chart

For flow chart of TEL see Figure 1, 9-22.
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'_( T%_L" D

Tncpect X

What
Type Subteble .

yee=1 7t

Evaluate Pok/nomlcﬂ Using
XTAB(L) = C|, $or L7 b7, Ny

and Y=¢, X"+ C X" F... +c,.-,x+cn
where 7 =:Nv ,

’(”éerium )

'Colc,ula‘\'e )’ t;)/ In*erpo(a‘hon y
Using Y= NT (XTA&

YTAB Nv x NIP)

hcfe_ XTAB L YTAB, N\/, X’
AND NIP ARE  GiveN FoR
EACH SUBTABLE

T

(_ R'ETuRI\}. ) '

/

Fig. 1.9-22 Flowchart for Subroutine TEL
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SUBR@UTINE THKWTG

DESCRIPTION

This subroutine calculates the weight of a tank as a function of tank temperature, pressure,
head of fluid and the geometry of the tank. The tank material type may be specified as
input and calculations will be performed using this type of material, however, if the
material type is not designated then the subroutine will make three calculations, for

each tank shape, where each calculation uses a different material type. The three
materials which are used are: (1) 2219-T87 Aluminum Alloy, (2) 321/347 Stainless
Steel, and (3) Titanium Ti-6A1-4V alldy. The routine will then select that material

type which gives the lightest weight for the given shape. Weights are determined by

first calculating wall thickness and then with a given area and material density the

weight can be calculated.

Labeled Common Used

COMMON/CMATRL/
COMMPON/TABLOK/

Mathematical Model of THKWTG

For equations used see Appendix C.

Calling Sequence

The calling sequence for THKWTG consists of thirteen variables of which eleven are
inputs to the subroutine and two are outputs of the subroutine. See Significant variables,

below, for a description of each.
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Significant Variables

Name Type

I/O0 Dimension

AREA
FTU
HD -
HT

v os = )i~}

IGAS
ITYPE
KFLG

—

KMT

-

MINTHK
MTYPE

-

P
PU
RAD

RADI
RHOF
RHOL
TEMP
THK
TWEIGHT

W omWww K

Subprograms Referenced By THKWTG

e e I ]

=

ey

L]

—t

’&HHHH!—!

e e

et

=
RO

Name Type
FDNSTY S
FINTAB S
MIPE F
SQRT F

Subprograms Referencing THKWTG

Name Type

TNKWTA S

LMSC-A991396

Description

Area of the tank shape being processed
FTU for the designated material

Fluid head

Height of frustrum or a length of an ellipse
axis

Fluid type 1 = @¢,, 2 = H, -

Tank shape type (% to 4 see iisting)

= 1 for full ellipsoid, =2 for ellipsoid
connected to other shape

Type of material selected (if material type
not input) '
Minimum allowable wall thickness.

- Material type input, if = 0 program

will select.

Calculated tank pressure

Ullage pressure input

Radius of cylinder, radius of top of
frustrum, or semi-axis of an ellipsoid
Radius of bottom of frustrum
Calculated fluid density

Density of tank metal for specified type
Temperature of fluid in tank
Calculated tank wall thickness
Calculated total tank weight

Purpose _Reference
Calculates fluid density Page B-219
Locates a given table ~ Page B-147
Interpolates a given table Page B-221
Calculate a square root Univac 1108
System

Purpose Reference
Controls calculation of tank geometry and

weight Page B-303
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Listing Reference

A listing of THKWTG can be found in Appendix B, Page 297,

Flow Chart

A flow chart of THKWTG is presented in Fig. 1.9-23.
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Find Pressure
'P = P +O.022th«;lu;4

uilage

S5et Presswe Range
For P<looo psI set Tkm=0O
For loco <P L3000 PST et Jkm=5
For P>3c0u PSI Set Jkm= 10

]

I mqtenal Type Is Not Iﬂpu‘?’
Calculate Fhe \A/e\gh'ts for the
Three Materials (1) Aluminum

(2) Stainless Steel or (S)T:'l'amum
I£ Type Is Input, Then
Calculate We\'ﬁh + o Thq_‘f Type OnlY

t

Lookup FTU(S) for the
D‘esfgna‘f'ed Materal TypPe

v

.

Calculate the Reﬁu.;»ec;(
Thiekneos As A Fdanction
of Pressuve, FTWU @) and

the Geometric Shape

(1) Cy/lnder or Cylmder —
Ellipisord (2) Frus trum

ot Civcular Cone (3) EIh'Psmcl

v

Fig. 1.9-23 Flowchart for TNKWTG
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& CosX

(3,
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| SE {.—.ﬁ.,ez Yo+ k(e rqﬁo)}"“xirnq%
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Yv’ _
Thickness =
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.and Matevial
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- | —
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Fig. 1.9-23 Flowchart for TNKWTG (Continue8])
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FUNCTION TKGEOM

DESCRIPTION

The subprogram labeled TKGE®M on its control card is actually a set of three function
subprograms, using entry points under the heading function "VFUNC." The entry

point names and a description of the function follows.

AFUNC for an input pointer to the array JTKTYP a tank shape type is located and

this controls the function to be called to calculate an area.

HFUNC for a given input point to the array JTKTYP a tank shape type is located
and this controls the function to be called to calculate a fluid head.

VFUNC for a given input pointer to the array JTKTYP a tank shape type is
~ located and this controls the function to be called to calculate the volume of the

designated shape.

This set of routines is used by TNKWTA in processing the general tank configui'ation
where there is no specific order in which the tank shapes must be input IWPP = 2 or 3)
In general, it acts as a control routine for the calculation of geometric parameters of

geometric shapes which have been input in any order.

Labeled Common Used

COMMPN/TANKWT/

Mathematical Model of TKGE@M

None
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Calling Sequence

Each function entry point has an array pointer in its calling sequence, and each function
is called only by the routine TNKWTA, In addition, HFUNC also has the fluid volume

for the given shape as a calling sequence variable.

Significant Variables

Name Type I/0 Dimension

Description

HD R I 1 Fluid head in the designated tank shape
1 I I 1 Pointer to the arrays JTKTYP, XD, YD
and ZD

JTKTYP I I 10 Contains tank shape type information
PVOL R I 1 Volume of the fluid in the designated shape
VFUNC R 1) 1 Output of the calculated volume, area or

' fluid head :
XD . R I 10 Height or radius of a shape — see input writeup
YD R I 10 Radius of the shape — see input writeup ’
ZD "R I 10 Radius of the bottom of a frustrum of cone.

Subprograms Referenced by TKGEOM

Name Type Purpose Reference
ARACYL F Calculates area of cylinder Page B-175
AREAFR F Calculates area of a frustrum of a cone Page B-175
ARSPHR F Calculates area of half an ellipsoid Page B-175
CYLHED S Calculates fluid head in a cylinder Page B-263
CYLNDR F Calculates volume in a cylinder Page B-175
CYLSPH F Calculates volume between cylinder and

ellipsoid Page B-175
CYMSPH S Calculates head between a cylinder and ellipsoid Page B-263
ELIPSG S Calculates head in an ellipsoid Page B-263
FRCONE F Calculates volume of a frustrum of a cone Page B-175
FRHEAD S Calculates head in a frustrum of a cone Page B-263
HSPHER F Calculates volume of an ellipsoid Page B-175
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~

Subprograms Referencing TKGE®OM

Name Type Purpose Reference
TNKWTA S Controls calculation of tank geometry and
weight Page B-303

Listing Reference

A listing of "TKGE@®M" can be found in Appendix B, Page 299.
Flow Chart

A flow chart of "TKGE@M" is presented in F1g1 9-24.
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Fig. 1.9-24 Flowchart for TKGEOM
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SUBROUTINE TNKWTA

DESCRIPTION

TNKWTA is the main control routine for the calculation of tank weights. The routine
accepts three input options which are determined by the input variable (flag) IWOP.
With TWOP = 1 the subroutine processes a simple spherical tank shape which may
have a cylindrical section added between two hemispherical sections. With IW@P

= 2 or 3 a general shape tank can be constructed by inputting a string of tank shapes,
in order, from '"bottom" to "top' of the tank. IWPP = 2 allows the user to input

all dimensions thereby setting the tank volume to a predetermined size. With IWP)P
= 3, the general tank configuration is fitted to the volume of fluid plus percent ullage
volume which is input to this routine. This allows the fluid volume to be calculated

by other system parameters.
Procedure for calculating tank weights is as follows.

IWQP - 1 For this option a maximum spherical tank volume is calculated from the
input maximum tank diameter. If the specified fluid volume is greater than this maxim
spherical volume, then a cylindrical section is fitted between two hemispheres of
maximum diameter. If the fluid volume is less than the maximum spherical volume,
then the given tank diameter is decreased to fit the fluid volume. After these geometri
considerations have been satisfied the tank weight is calculated from tank area, wall

thickness and material density.

IWoP = 2 For IW@P = 2, the total tank volume, area and weight is calculated
based on the dimensions which have been input. The percent ullage volume is re-
calculated using the total volume and the volume of fluid input and the required tank

volume is set equal to the total tank volume which has been calculated.

woprP = 3 For IWQP = 3, the total tank volume required is calculated ffom the
fluid volume plus ullage volume which have been input to the routine. To use option

IWPP = 3, a cylindr\ical shape must be input somewhere in the tank configuration and
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its height must be zero. The routine then goes through the tank configuration and

calculates all volumes except that for the cylindrical section. When this is completed
the volumes are summed and subtracted from the required volume, the difference thus
obtained is then set as the volume of the cylindrical section. The height of the
cylindrical section is then calculated to fit the volume calculated above. Now all
dimensions are set and the areas can be calculated and along with the material density

a weight can be computed.

The outputs from this routine are (1) the required volume used in the calculation of
weight, (2) the total tank weight, (3) total surface area and (4) the height of the

cylindrical section, if any.
Note: A diagram of the tank geometry routine linkage is supplied along with the flow
chart of this subroutine. Note also that all calculations are performed for both the

oxidizer and fuel tanks, if both are present. '

Labeled Common Used

COMMON/CONST/
COMMON/TANKWT/

Mathematical Model of TNKWTA

For equations used, see Appendix C.

Calling Sequence

The calling sequence for TNKWTA consists of eleven variables of which seven are inputs
to the subroutine and four are outputs of the subroutine, however, two of the input
‘variables may be modified by the routine. See Significant Variables, below, for a

description of each.
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Significant Variables

Name _Type 1/9 ~ Dimension Description
Al R I 2 Aea of lower hemisphere for IWAP = 1
A2 R I 2 Area of cylindrical section for IWPHP = 1
A3 R I 2 Area of upper hemisphere for IWPP = 1
DIAM R I 2 Maximum tank diameter for IWPP = 1
FLDVAL R I 2 Volume of fluid contained in tank
(oxidizer and fuel) .
HC R )] 2 Height of cylindrical section for IWAHP = 1
ISW I 1 1 = 1 for storage tanks, = 2 for accumulato:
tanks .
IWpHP I I 1 Tank option flag — see description above
JFLTP 1 1 10 Fluid type contained in each tank shape
: IWQGP = 2or 3 )
JTKTYP 1 I 10 Tank shape type for general configuration
IWQPP = 2o0r 3
KFLG 1 I 1 = 1 ellipsoid connected to ellipsoid,
= 2 ellipsoid connected to other shape
MFLG1 1 1 Material type if material is not designated
MTYPE I 1 2 Designated material type (if = 0 program
will select one)
NPSHAP I I 1 Number of geometric shapes input
PCULLG R I 2 The percentage ullage volume for the tank
PVAL R I 1 "Partial"” volume used when calculating
fluid head
RMAX R I 2 Maximum tank diameter = DIAM/2.
TAR R I 10 Surface area for a designated shape
IWOHOP = 2o0or 3
TKPRES R I 2 Operating pressure of the tank.
TKTEMP R 1 Operating temperature of the tank.
TNKVL R )] Required tank volume calculated by this
routine
TOTARA R ) 2 Total tank surface area = sum of areas
of the shapes.
TVL R I 10 Volume of a designated shape IW@P = 2 or
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Name Type I/0 Dimension Description
VMX R I 2 Volume of maximum sphere for IWQP = 1
VI R I 2 Volume of lower hemisphere for IWHP = 1
V2 R I 2 Volume of cylindrical section for
IWgp = 1
V3 R I 2 Volume of upper hemisphere for IWAP = 1
WTOFTK R [1) 2 Total tank weight, oxidizer and fuel tanks
XD R 1 10 Height or radius of a shape — See input
writeup TWOP = 2 or 3
YD R I 10 Radius of a shape — See input writeup
IWPP = 2o0r 3
ZD R I 10 Radius of the bottom of a frustrum of a cone

IWPP = 2or 3

Subprograms Referenced By TNKWTA

Name

Type

Purpose

AFUNC'

ARACYL -
ARSPHR
CYLHED
HFUNC

SPHERE
SPHSEG
THKWTG
VFUNC

Controls calculation of an area for a designated
shape.

Calculates area of a cylinder
Calculates area of half an ellipsoid
Calculates fluid head in a cylinder

Controls calculation of fluid head for a designated

shape

Calculates volume of a sphere
Calculates fluid head in 2 hemisphere
Calculates weight of a given tank shape

Controls calculation of a volume for a
designated shape

Subprograms Referencing TNKWTA

Name

TSIZEI

WTACC

Type

Purpose

S

S

Sizes tank to the calculated oxidizer and fuel
requirements of the total system

Sizes accumulator tanks and computes required

insulation weights
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Page B-175
Page B-175
Page B-263

Page B-299
Page B-175
Page B-263
Page B-297

Page B-299

Reference

Page B-310
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Listing Reference

A listing of TNKWTA can be found in Appendix B, Page 303.
Flow Chart
A flow chart of TNKWTA is presented in Fig. 1.9-25.

Diagram of Subprograms Linkage

A diagram of called subprograms is presented in Fig. 1.9-26.
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Fig. 1.9-25 Flowchart for TNKWTA
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SUBROUTINE TURBN
DESCRIPTION

The subroutine provides for the sizing and weighing of a turbine drive unit for the
subcritical cryogenic pumps. The subroutine is based upon data derived from Ref.

1.9-14. Principal computation is performed in the subroutine are:

(a) Computes turbine rotor mean diameter.

(b) Computes weight of power transmission element.

(c) Computes weight of turbine rotor.

(d) Computes weight of inlet manifold and nozzle.

(e)A Computes weight of inducer.

(f) Computes weight of turbine and power transmission element.

Input data for use in subroutine TURBN is transferred through labeled COMM®N storage
blocks. The COMM®N storage blocks employed by TURBN for data transfer and
output storage are: '

CPMMPN/CHSPRC/
COMMPN/CPUMP/
COMMPN/CTURBN/

TURBN MATHEMATICAL MODEL

The TURBN Math Model consisting of symbols, constants and the equations required
are presented in Appendix C,

CALLING SEQUENCE
Subroutine TURBN is initiated by a call from subroutine CMPCAL with two calling

arguments. Data transfer to TURBN is accomplished through the use of INCLUDE
statements as shown in the subroutine listing.
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SIGNIFICANT VARIABLES

The significant variables processed by subroutine TURBN are defined in the following

listing:

Name Type /0 Dimension Description

IGAS I I 1 Fluid identity; 1 = Oy; 2 = H,
TRBWGT R (1) 1 Turbine assembly weight

PSPD R I 1 Pump speed (rpm)

PMPOW R I 1 Pump power (Hp)

TGGPC R I 1 Turbine inlet gas pressure (psia)
PSTAGE R I 1 Number of pump stages

TMBS R D 2 Turbine mean blade speed

TRMD R C 1 Turbine mean rotor diameter
FCTR R D 2 Turbine trans El1 Weight Factor
WPTEL R C 1 Power transmission element weight
WGTTR R C 1 Turbine rotor weight

WMFNZ R C 1 Inlet manifold and nozzle weight
WINDCR R C 1 Inducer weight

SUBPROGRAMS REFERENCED IN TURBN
None referenced

SUBPROGRAMS REFERENCING TURBN

Name Type Purmée Reference

CMPCAL = S Performs configuration analysis Page B-50

LISTING REFERENCE PAGE

A listing of subroutine CMPCAL will be found in Appendix B, page 314.
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FLOW CHART

No flow chart is presented since the listing clearly indicates the order of computations.
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SUBROUTINE VENT
DESCRIPTION

This subroutine computes the total vent mass expelled during a vehicle coast period
and computes revised values of liquid and ullage masses and the revised temperature
for a mixed fluid system. The calculated values are returned to the calling sub-
routine. The principal computations accomplished in the subroutine are as follows:
(a) Computes the total mass of gas vented by iteration of pressure and
vent mass increments.

(b) For a given pressure drop incrementation, a test is made for vent mass
iteration convergence. If the vent mass iteration converges, the masses are
recomputed and a test for the pressure iteration convergence is made. If
the above vent mass iteration does not converge then a new and smaller
pressure increment is used and the process is repeated. The basis for the
iterative process in each instance is the internal energy for an assumed
vent mass and the internal energy computed for the new saturation conditions
resulting from the vent mass being vented.

(c) Computes revised values for liquid and ullages masses and vapor partial
pressures.

The subroutine prints warning messages and current data values if vent mass

convergence fails after twenty attempts.

Input data transfer to subroutine VENT is through the calling arguments. Access to
labeled COMM®N storage is required only for table lookup. The only labeled common
block used by VENT is: '

COMMON/TABLOK/
VENT MATHEMATICAL MODEL

The mathem'atipal procedures, equations and necessary tables required in sub-
routine VENT are well defined in the subroutine listing. It does not appear that
any advantage can be gained by repeating the entire listing as a separate model.
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CALLING SEQUENCE

VENT is called from subroutine TANK with eleven calling arguments. The arguments

in order of input are:

Argument Description

Q Total amount of heat added to tank (Btu)

MH Mass of helium in ullage (lb)

MPV Mass of propellant vapor on ullage (lb)

ML Mas§ of liquid in tank (Ib)

T Temperature of fluid (liquid + vapor) in tank (OR)
Pv Vent pressure (psia)

PI Initial tank pressure (psia)

\' Total tank volume (cu ft)

IG Fluid I.D. index (1 = 02, 2 = H2)

PPVF Partial pressure of vapor in tank after venting (psia)
RH@P Effective density of fluid (liquid + vapor) in tank (Ib/cu ft)

SIGNIFICANT VARIABLES

Significant variables processed in subroutine VENT are as follows:

Name Type /0 Dimension Description

Q R I 1 Heat input to tank

MH R 1&0 1 Mass helium in ullage

MPV R 1&9 1 Mass propellant vapor in tank

ML R 1 1 Mass liquid in tank

T R 1 1 Tank temperature

PV R I : 1 Vent pressure

PI R 1&0 1 Initial tank pressure

v R I 1 Total tank volume

1G I I 1 Fluid I, D, index

PPVF R 1&D 1 Fluid vapor partial pressure

RHPP R 1&0 1 Tank fluid + vapor effective density

UF R C 1 Internal energy of fluid at new saturatior
' condition

UFASS R C 1 Internal energy of assumed vent mass

increment :
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Name Type 1/0 Dimension Description -

HHV R C 1 Enthalpy of vent vapor

GC R I 1 " Fluid gas constant

CMWR R I 1 Mass weight ratio constant

PH R C 1 Pressure of helium

RHOG R C 1 Density of gas

RL R C 1 Density of liquid

Ul R C 1 Initial internal energy

UHIL R C 1 Initial helium internal energy

RH R C 1 Density of helium

DP R C 1 Delta-Pressure

DEP R C 1 Initial pressure minus vent pressure

TF R Cc 1. Saturation temperature of propellant
vapor .

DIF R C 1 Delta-Internal energy

SUBPROGRAMS REFERENCED IN VENT

Name

Type

DIAG
AMINI

GSDNST
RHPLIQ
ABS

FINTAB
MIPE
GSZDNS

ZFIND
TSAT
FINDR

g Nhn g oy

Purpose

Diagnostic print
Find minimum of two values

Computes density of gases
Computes density of liquids
Takes absolute value

Table lookup routine

Interpolation of tables

Computes density and Z for Oy and Ho
gases

Finds Z for variety of fluids

Computes saturation temperature of fluids
Finds gas constant for variety of fluids

SUBPROGRAMS REFERENCING VENT

Name

TANK

Type

S

Purpose
7 ACoinputés-, tank history and fluid conditions
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Page B-219
Page B-262
System
Library
Page B-147
Page B-221

Page B-219
Page B-335
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LISTING REFERENCE PAGE

The VENT listing will be found in Appendix B, page 318.

FLOW CHART

A flow chart for subroutine VENT is presented in Fig. 1.9-27,
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SUBROUTINE VENT

CQ. MU, MPV, ML, T, PV, L, V,IG, PPVF, RIIOPD

!

INITIALIZE PRESSURE INCREMENT
AND -

VENT MASS INCREMENT

!

—

ENTER LOOP ON PRESSURE
INCREMENT

v

COMPUTE ENTHALPY OF
VENT VAPOR

T

COMPUTE NEW INTERNAL ENERGY
FOR ASSUMED VENT MASS
INCRE-MENT (UFASS)

v

COMPUTE PARTIAL PRESSURE OF

PROPELLANT VAPOR AND

CORRESPONDING SATURATION

PRESSURE FOR THE NEW TOTAL
PRESSURE

b

COMPUTE NEW INTERNAL ENERGY
FOR THE NEW SATURATION
CONDITIONS (\IF)

!

COMPARE UF AND UFASM

1S ABSOLUTE VALUE OF
(UF-UFASM) LESS TIIAN A
SPECIFIED CONSTANT

YES

INCREMENT PRESSURE
AFTER TEST FOR

END PRESSURE
IS(P< PV)?

NO

IF UFASM <UF DECREASE VENT
MASS INCREMENT AND RECOMPUTE
(< ) UFASM AND UF

é YES

IF UFASM >UF INCREASE VENT
MASS INCREMENT AND RECOMPUTE
UFASM AND UF
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HELIUM IN ULLAGE, MASS PRO-
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ATTEMPTED FOR THE

I

RETURN

Figure 1.9-27 Flow Chart for Subroutine Vent
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FUNCTIPN VFUNC

For a description of VFUNC see the writeup for "TKGE@M. " Page B-299
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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 Tun. The ACPS problem
was chosen because it exercises more of the major subprograms 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. Pfopellant
feed to the engines is through pressure regulations which drop the feed pre.ssure 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 sample case would consider the
effects of perturbing the base -iine 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 preliminary 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 Generator 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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ACPS DUTY CYCLE

LMSC-A991396

Duration Mission 0,-Used Hz-Used
Event Activity (sec) Time (min.) elbs) (1vs)
1 Coast-1 540 sec 0-9.0 - -
2 ‘| Burn-l k.58 sec 9.0-9.07 50 1
3 Coast-2 7975 sec 9.07-1k2, - -
4 Burn-2 6.15 sec 142.0-142.1 67 . 19
5 Coast-3 2094 sec 1h2.1-177 - -
6 Burn-3 3.58 177.0-177.06 39 1
T Coast-l 536 sec 177.05-186 - -
8 Burn-l 38.8 sec 186.0-186.65 k23 120
9 Coast-5 2061 sec 186.65-221 - -
10 | Burn-5 7.k3 sec 221.0-221.12 8 23
11 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 T4 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 - 296.0-295.53 348 96
21 Coast-11 ST1,048 sec | - 296.53-981k. - -
22 Burn-11 16.16 sec 9814 .0-9814 .27 176 50
23 Coast-12 9584 see 9814 .27-9974 - -
2y Burn-12 100 sec 9974.0-9975.67 1090 310
Total Deliverable 4520 1278
Totel Propellant: 5798

M.I,B. degradation:

= 0.90
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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 1b
Engine I sp 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 accumulators,

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

chapactefistics einblo&éd in the problem are given as follows:
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Oxygen Hydrogen

Characteristic ) Side Side
Heat Exchangeré: |
Heat Exchanger Code ' HX01 : HX03
Hot Fluid Inlet Temp (°R) 2000. 2000.
Hot Fluid Outlet Temp (°R) 1100. - 1028.
Cold Fluid Inlet Temp (’R) 173. 42,
Cold Fluid Outlet Temp (°R) 350. 350.
Hot Fluid Nominal Pressure (psia) 245, 500.
Cold Fluid Nominal Pressure (psia) 12000. 1 2000.
Hot Side Delta-P (psi) 30. A 30.
Cold Side Delta-P (psi) ‘ 4 30. 10.
Hot Side Nominal Flow Rate
(Ib/sec) : 0.6 2.6
Cold Side Nominal Flow Rate . :
(Ib/sec) : ' - 12.3 4.3
Heat Source: |
Type : Gas Gen Gas Gen
| /F Mixture Ratio 1:1 1:1
Outlet Temperature (°R) - 2060. 2060.
Chamber Pressure (psia) 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 fc
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 GTo01 GTO02
Turbine Mixture Ratio ' 0.891 0.891
Turbine Inlet Temperature (CR) 2000. 12000.
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 o 1. 1.
Tank Code ' N TKO1 TKO02
Acquisition Device 7 o ) 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 - 'LOZ Tank LH, Tank
Tank Initial Pressure (psia) 16. 16.
Pressurant Gas Temp (OR) 170. 40.
Tank Operating Pressure (psia) 26.7 ' 19.1
Tank Vent Pressure (psia) ' 31.7 ' 24.1
Estimated Heat Leak (Btu/hr-ft2) .0 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 (°R) = - 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 ofter

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. Ther
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 wha
-the actual system will look like. This is best accomplished by detailing the data for
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 produétién. The basic
information required for the configuration data table as derived from Fig. 2,2-1

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 1.5.2 in the card format illustration sheets (1.5.2.1
through 1.5.2.17). The ACPS samble problem data input deck produced from the fore-
going procedure is listed in Table 1.5.5-1. o

Input Data Decks for other systems are created in the same general fashion as
employed for the sample problem. '

14

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 systehns. 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 likély to”
need either updating or the substitution of a complete new table of data:

Table ) Number of
Number Descriptive Title ' Dimensions
R RCS — Thruster Weight 4
RCS —Vac Sp Impulse 3
_ @MS — 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 P2-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 Ivol 1 0 . 0.0095 10.5 G
Line ‘LN04 1 0 2.0 12.0 0.0095 ‘ G
Valve CVvo02 1l 0 0. 0095 135.0 G
Line LNO5 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 LNO0S8 1 0 2.0 24,0 0.0095 - G
HEX HX01 1 0 NA G/L
Gas P2-L1Q |- NA L
Line LN09 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 SvVol 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 TKO1 1 0 NA L
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Table 2.2-3

CONFIGURATION DATA FOR ACPS — HYDROGEN SIDE

Item Item Number | Number Diameter Length Friction Fluid
1.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 1vo02 1 0 0.011 9.0 G
Line LN24 1 0 1.75 12.0 0.011 : G
Valve CVvo4 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 CVvo3 1 0 0.011 9.0 L
Line LN30 1 0 1.50 12.0 0.011 L
Pump HPO02 1 0 L

"Line LN31 1 0 2.0 120.0 | 0.018 L
Valve SV02 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 — L9, 5

12 HEX Hdt Gas Flow — LH, 5

13 Gas Generator Weight 4

14 L¢2 — 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 numl
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.

2-12
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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 ‘ Table Data Input Summary —
A Lists the tables loaded for the program run.
Page 2 _ System Input Verification —
Verifies the system name called for on System Defnntmn
Card. '
Pages 3,5 System Configuration and Duty Cycle Data —
. Echo of data in Input Data Deck.
Pages 6, 11 Echo of Major System Component Data —
_ From Input Data Deck.
Page 12 Start of Program Calculations:

Computed Engine Parameters —
: Characterlzes engine weight, propellant consumption

Page 13 Computed Flowrate Data — _
Presents flowrate required for subsystem cryogen consumers
and total flowrate from fluid tanks.

Pages 14,15 Computed System Configuration Parameters -—
- Presents computed temperature, pressure, flowrate, flow
condition and weight for each component 1tem in system
configuration.

Pages 16, 17 Computed Heat Exchanger and Gas Generator Characteristic
Parameters —
Presents summary characteristics and weight data for heat
exchangers and associated gas generators.

Page 18 Computed Pump and Turbine Characteristics —
, Presents summary characteristics and weight data for pumps,
turbines and turbine gas generators.

Page 197 ~ Initial Tank Sizing Calculations — :
Presents initial tank size and weight data computed on first
estimate basis.

2-13
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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. B :

The following pages present the detailed sample problem output.
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VEPT 6213 ad ‘THE INTEGRATED HATH MODEL ®* DATE {7 APR 11
EXT. 30235 A ’ * TINE (St01140
SLb., oM " ATH307 * CASE 1

R E L R E R R R R R I RS IR R N N I IR NN IR
: ACPS ~ TEST DEMONSTRATION PROBLEM

TABLE INPUT SUMMARY
NUMBER OF

7

ISSIN ‘@3aHMD0N "

A}

ANVAWOD 30Vds B s31

GI-¢

“TABLE TITLE OF TABLE NUMBER OF NUMRER OF
NUMBER DIMENSIONS SURTABLES WORDS '
! RCS~THPUSTER WEIGHT Y 6 122
2 PCS=YAC. SP. IMPULSE N 3 3 68
3 SPEC.HT/|.B OF 02 RENOVED 3 S 206
4 SPEC.HT/L.B OF H2 REMNOVED 3 5 1/Y
S TEMP, /LR. OF 02 REMOVED .3 5 184
6 TEMP, /LR, OF H2 PEMOVED 3 5 CF}
‘T RE/ VS PGGyH/RePAMBPCHP 5 . 12 95
8 KK VS PGGiM/RyPAMB.PCHP .8 ¥ qs
9  0nS ENGINE HELIGHT -3 3 50
10 OIS VAC, SP, IMPULSE 3 3 Y]
11 HEX HGT 6AS FLOW = 102 5 - 24 133
12 HEX HCT GAS FLOW = LH2 5 {2 T
13 GA&S GEMERATOR WEIGHT TR 10 220
% LG2 TRANSFER PUMP WEIGHT 5 8 130
15 LH? TRANSFER PUMP WEIGHT 5 8 {18
16 HMOTOR HEIGHT 3 .5 120
17 VACWJACPIA, VS, WEIGHT 2 o U
18 PHI = HYPROGEHM 3 5 172
19 TeiP. OF 2 VS RHO F(P) 3 S 180
20 HT.XFCR,COEF=H2 3 ] 106
2t HT.XFCR.COEF =02«N2 3 Y 138
22 FTU OF 3217347 ST.STEEL 2 . 32
23 FTU OF 2219-T87 ALUH. 2 | 36
24  FTU OF 6n61=T6 ALUMINUM ] ' 30
29 FTU OF IHCONEL=TI8 2 | 30
26 FTU OF Tl=6al.=4Y -2 t 10
27 HEAD COUFFICIENT VS NS 2. { Iy
28 ADIABATIC -EFF, VS NS .2 ) yy
29 EFFIC, QIIOT.VS IMP, DIAM -5 1 U6
30  BASE LINE STAGE WT VS DI. 2 | 28
31 SATURATEP STRaAM, T,VS P, .{a 1 ué
32 SP.HT. OF 0=t CaMB.PROD, Ty 4 11y
13 OXYGEN IHMTERHAL ENERGY 3. 5 166
34 HYDROGFN INTERNAL ENERGY - 3 . 5 216 =
3%  OXYGEN INTERNHAL ENERGY 3 S 1y E
16 OXYGEN VAPOR PRESSYURE 3 S 166 Q
97 HYDENGEN VAPOR PRESSURE 3 5 216 i
, 38 OXYGEN VAPOR PRESSURE 3 S ju2 g
39  ENTHALPY OF LO2 F] A . u ©
40 ENTHALPY OF LH2 2 I - 24 &
Wl ERTHALPY OF HELIUM 3 ' 5 I'F) ©
Y2 OXYGEN ENTHALPY (GAS) 3 5 93 o
43 HYDROGE! ENTHALPY (GAS) 3 5 122
44h  BETA FACTOR . 2 ! 28
S  SI{GHA=DCLTAP FOR HEXELC \ 3 5 172
46 BETA VALUES FOR H2 k| 5 Y
- TOTAL TABLE STORAGE = 5024
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MAI'E US[—'pqp\AMF *wt****a**a**t***wt**paas 2

OEET 6211 THE INTEGRATED MATH MODEL # DATE 17 aPR 7Y
EXT. 3023% ”* * TINE 15101149
BLD. lOM ' * ATH3NT * CASE t

'******'kﬁ***ﬁ*******it********'i*ﬁittiﬁ*

“ACPS = TEST OFMONSTRATION PROBLEN

*#ak  YOU HAVE CALLED FOR THE SYSTEN ACPS bbbl

-
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ANVIWOD 30VdS B SITSSIN dITHIDON

L1-2

ChMP
N/\"E

GaY
FHGINE
{.1:E
TEt.
LILE
TAY
LIIE
VALVE
iLILE
VALVE
LIGE
TAR

. LINE

LER
LILE
ACCIIM
LI(:E
Py
GhY
LYILE
VALVE
LINE
PP
LLIRE
VALVE
1E
Thi®
LIVE
ThIK

T GAS

ELGTNE
LInE
TEH
LINE
TA®
LINE
VEAEIVE
LIVE S
VALVE
LInE
TAR
LINE
pEG

S LINFE

ACCUM

COI'P Fune,
COE TYPL
02-VAP !
(X 0
{.bi0d 1y
FTal 21
Lhge Hy
FTe2 3t
LG 3 10
Ivot N
Ly [RY)
qvne rd
Les iy
FTSY kX
LHu6 (RY
FHOI 32
tLHoT toy
ACut }]
Lt 8 tu
X0t '
Ce-L 10 |
Lneo 10
cvol 3
Lo 10
Pt 2t
Lhtt 10
eviil 21
t.rt2 tu
FTCy I
L3 10
TR [}]
Lig=VAP 2
EMGH 0
Lrat ¢
FTet 2l
Llip2 10
FTee 3
Lho3 10
Ivie N
Ligy 1y
CViy 21
LHes 10
FTeD 3
Lraé o
P 32
Lre? 10
rC2 0

WAl Vot KD WATIE w
DEPT 6213 *
EXT. 30235 *
BLD, 10Y . *
NN EENREIEIERE

L2 3.8 1]
HUils, NI'B,  MATRL,
OPCPR, STOHY, TYPE

e e v o o 4] W) S e e - - — e - [)) . Gt e = — = v ) W) —

OO0NOTOLVOCOCCOOCOLDODLCOOTICONOORCDOOO0O0O0TDOODOSO0O
s - = i et e s o () (D T\) o s et e e D) " - —— —— o — - ) )

N W W W W W

THE INTEGRATED MATH MODEL

S

YSTEHN

FLOW FRICTION

COEFICIENT

« 00000000

«0000C000

«95000000=02
«95000N0N=02
«95000N000~-N2
«9500C020=02
«95000000=92
«950000C0=02
«9500(G000=-02
«950035000=02
«950000C0~02
«9500C0HGC0-C2

«935000000=~C2 .

«95000000=02
«950006N0N-02
LON0D00G0
e 95000000=D2
L 00000000
«LO0006N00
« 1800300001
«18000000=-01
«18006000~C1
«00000000
«180000G0=01
« 15000000=01
£ 15000000=0)
« 1SO0GNCN=0Y
< IB0NANNN=0Y
200000000
«000000CO
000nGACo
« 11000000~01
« 1 1003000-01
+ 11000000~0
«11000000=-01
«110NnGNCOo-01

<o 11000600001

Jtoocnoo-0t
J1rococo-al
1100003001
1100200001
S 11CNCN00-0!
1encngo-ol

LH10n0000-01 -

00000000

w W

w W w N W bad W W %N w LaBNL B ol © 3 ¢ ] 9 kd

AT4307

LINE LENGTH
OR L«0QVER=D

.00
<00
110400
12¢.30
156,00
16,50
24,00
19,50
12.00
135,00
40. 00
'0-50
20,00
336,80
30,00
.00
24.00

116,00
109,00
15€.00
G, 00
24.00
9,00
12.00
86.00
40,00
9.G0
20.00
336,40
20.00
+00

* DATE 17T APR 73
* TINE 1S201849

* CASE P
[ B B BN B JNE 2NN BN 2NN ZNK BN JNE BN JNE ZNE BN JNK JNE JNC BN JNE BNN BN NN JEK BRI N

ACPS « TEST DEMOMNSTRATIOMN PROSLEM

LINE
DIAMETER

"o00
.00
2.00
«00
2.00
00
2,00
.00
2.00
.00
2.00
.00
2.00
«J0
2.00
«00
2.00
.00
« 00
1.00
«00
te.00
.00
1.50
00
2.50
.00
2,50
.00

«00

.00
175
00
175
«00
1.75
00
{e75
00
1.75
«00
1e75
.00
1,75
<00

CONF1I1O6URATTII ON *uann

INSULATION
TYPE

E D F D f D LD F O LD LD D P E D LD LD LD LD FFfFOLDLEDLIDIETDEDLOO

INSULATION
THICKNESS

«00
.00
50
«00
«S0
N0
+50
+00
«50
.00
«50
«00
«50
«00
. .50
2.00
50
.00
«00 .
«S0
«00
50
«00
«50
« 00
»S0
+«00
«50
2.00
«00
Q0
2.00
«00
2.00
«00
2.00
.00
2.00
400
2.00 -

2.00

.00
2.00
2.00

NO, LAYEPRS
INSULATION
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[\
]
—

m .

comp
N }\ ” E

LIHE
HE®

OARS

LIME
VAL VE
LITE
pULP
LILE
VAIVE
LINE
TAp

LITE

-TAMK

et

cop
COLE

Lnes
1IXCT
tia=.1Q
LHa9
cve3l
1.430
Heee
L)
cvie
Lnie
Frou
L33
TKCE2

FUNC,
TYPE'

MAPE USERS NAME W % % & % % % & % ® & & % & & % & % & % &

OFFT 6213 "
FXT. 30235 "
al.iie J0OY ‘"

w kW ok kK R kN

*dehkh

BUER, NUNB, WATRL,
OPLR, STBY, TYPE

00000 OCLD0000D
N oo o e e e e o D) -

i
|
d
|
l
!
i
!
]
!
!
|
|
0

THE INTEGRATED NATH MODEL

ATu3NY?

*
*
%

L I R R R NN EEE.
ACPS « TEST DEMONSTRATIGN PRORLEMN

SYSTEM

FLOW FRICTION
COEFICIENT

«1100CN0N=D])
«00003GNGO
«+000N0Q000
o1 1000DGN=0F
o 1 100G000=01
« 1100000001
s ON00IN0N
« 1 8N00000=01
« HRUNGO0N=0I
s 1EONCNGO-01
«18005000=01
« 1800C0CH=01
» 00000000
» 00000000

CONFIGURATTION

LINE LENGTH
OR L=(VFR=D

24460
.00

« (0
12,00
9,00
12,00
.00
120.00
5.60
12.00
5,60
24460
« 00
«00

L1NE
DIAMFTER

1,50
.00
.00

1,50
»00

150

" .00

2.00
.00

2.00
.00

2,00
.00
.00

PAGE W
DATE 17 APR 73
TIME 1St001150
CASE i

LR R B BR BN BN B BN |

L i 22 24

INSULATION
TYPE

DSTEFEFDSLXrOFrODILrOroLOsL

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
INSULATION

30,0
.0
.0

30,0
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0

- A
- X
m
m
O
<
n
o
r‘f

m
0
P
. m
- D
>
0
m
0
0
2
-
Z
-

" 61-32.

OPER,TIME

+HEHCOL00+0 |
261500000401
+3ISBUC00040 |
«JERGOLHNSG02

STSICON0NL0 1

+ ISHC000N40 |
1656100000402

'+ 32300000202

104 10UNGS03
+319CCU00+02
1616000402
< 100000NN401
+0CULONVO

hALE
CEPT 6213

E£XT. 30235

BL.O, 104

)

1

)

LON=GPERATING

' SUCORN0N+03

"o TITHR00N+0Y

, #2034G000+04
«%3600000+407
w206 1 C0NNeNY

«S930500N+073 |
" eBIANSONN03
CaTIN00NDNENTY

«S62QNNNNGNT
« LET6000NeNY
«STi10L8UQ+0E
fIGEHIOOC 40y

j=e 10COC0OUN+OL

USERS KAMNE

*
»*
B J

KRR ,
THE INTEGRATED MATH MODEL

y AT4307
LEE B R BE 20 2N R IR 2R 2N SR SR I 2 N K 2R 2R IR SR R BE BN BN R B BR B

CASF

ACPS = TEST DEMONSTRATICH PROSBLEM

“hRRA% D U T Y

1'1B=DEGRAD,
++90Nn00000+00

« 30000000400
+ 90000000400
«90n00000400

+90N00500400 .

«900000004+00
»90000000+00

«20N000N0 400"

«90N0DCN0+00
+ 90000000400
« 90000000400

T 492000000400

.00G00000

UNITS OPER,

Ow W wl ) wl W W W)

HORSEPOWER

«D0OGB000
«06000000
«06G000000
« 05000000
« 06600000
«0G000000
« 06000000

«0GONGO0D

00000000
.060000C0
.00000000
.0C0000C0
00060000

CCYCLE DATA swwwn’

AMB,PRESSUPE

00000000
.00000000
00000000
« 00000000
«00000000
00000N00
«00000000
«0000000D
00000000
00000000
«Q00000GOo
00006000
«00000000

* DATE 17 APR 73
* TIME (5101:5])
*

Xk Rk k k % h & N

POUER=KW

«00000000
+000Nn0GC00
+ 03000000
«0000NQ00N
00000000
+000N0000
«0GONGOO0D
SONDNANOON
« 00000000
«000NN000N
J000NN0ON
« 06000000

« 00000000

REPRES,TIME

«0000NN00
Q0000000
« 20000000
«00000000
« 00000000
« 00000000
«+0000NONG
200000000
L000N00N0
»000NNN0N
200000000
00000000
+ 00000000

2
7]
¢
>
©
©o
[rt
&
©
N
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02-2 -

NMALE  USERS RAME w
CEPT 6213 )
EXT. 302135 L
BLD, oM *
LK IR AL IR B AR BN A R

K hok ok k% kR ok kR ok k k%R kK W PAGE
THE INTEGRATED MATH MODEL

[ K 25 2K 2K 2N 2NN 2N TN JNN BNN O BNL 2R BN JEE JEC JNE JNE JNE BN N BNE N
ACPS « TEST DENOHSTRATION PROBLE!

ATHINT

whkrkk E NG I NE AT a wkwnn

3
«3500000G+03
LH000NN00+03
1 T7500000+04
» 25000000403
40000000402
4000000001

HUMRBR OF ENLGINES
GAS INLET TEMP,
GAS INLET PRES,
ENGIRE THRUST
CHIANBER PRES,
EXAPANSIGH RATIO

‘MIXTURE RATIO

6

* DATE |7 APR T2
* TINE 1550185

* CASE

|
* ok KRk R W

16 T66V~DSIN'T
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CEPT 6213

ANVAWOD 3OVdS *?'ESEI1IS§E;IVU AQ33HMDO0T .

12-%

» THE INTEGRATED MATH MODEL * DATE |7 APR T3
CAT. 30235 * ' . * TIME 15201151
8LD, to4 W ATH30T * CASE v
LN B B B R R BE SN BN EE BE BN EE K R R SR R I T R TR RN SN JEE R SN JEE B JRT K 2RT ]

ACPS « TEST DENONSTRATICH PROBLEN

*hkkw T A H K

.

D AT A *hnnw

) ! NUMBER OPERATING (HOP)
N { ACQUISITION TYPE
2 2 INSULATION TYPR
2 2 MATERIAL TYPE
2. 2 PRESSURIZATION TYPE
(16500000407  .37000000402 INITIAL TENPERATURE (R)
,16000000402 L 16060000+02  INITIAL FRESSURE
L17000000403  ,40000000402 PRESSURANT GAS TEMP, (R)

« 26700000402 19100000402 OPERATING FRESS. (PSIA)

«3t7000004+02 2U100CON+N2 VEMTING FRESSUPE

+ 20000000400 «300000004G0G  HEAT FLUX (BTU/HR=FT**2)

" +2C000000+01 +200000G0+01  ILSULATION THICKMESS

000000060 «G0000000 INITIAL FLUID LOAL {OPT)

«32NON0G0O+D) 3NDG60000+01  PERCENT ULLAGE VOLUNME

«SCHh600N0+01 «S00000G0«0E  MAXINUE DIANETER (FT)

acnn0ono «C0000000 HEX OUTLEY TEMP, (R)

«0606000600 N dilddddih] HEX DFLYA FRESS. (PSIA)

LQongonan «G0000NND - PUNP DFLTA PRESS, (PSIA) .

«00N00060 00000000 GAS GEN OUTLET TEMP (R)

2 Q3n00CeN0 «00000000 P SUS C OF GAS GEN (PSYA

. 0C00N0N0 0000000 6.5 GEfl [HIXTURE PaATIC

«00000G00 « 0000000 NUNBER IHSULATION LAYERS
| ‘TALK WEIGHT=COHFIGURATION OPYION CONSIDERED
0. NULBER OF TANK SHAPES IN CONFIGURATION

96£T66V=DSIN'T



FAPE USERS MAME W W % % % & % % & % % % %W * ®* W & * % & PAGF 8

CEFT 6213 : * THE INTEGRATED MATH MOREL * DLTE )T APR 79
EXT. 302135 ‘" * TINE 1530115]
EL.Cs 104 L ATH 30T * CASE |

A
ACPS = TEST DENONSTRATION PRGBLEN

ANVAIWOD 30VdS ® SATISSIN dITHMDOT

-2

whxdv A CCUNMULATOR D AT A fkdxk

HUNBER OPERATING (NOP)

Y Y ILSULATIGN TYPF

! | MAYERTAL TYFE
« 35000000403 L 35000000403 CPERAYING TELP, (DEG R)
.2C0C0CN0404  ,20000000+04  OPFRATING PHESS, (PSIA)
+106GCOGO0400  ,200C0ONNN+00  HEAT FLUX (BTU/HR=FT#%2)
+2C000000+01 . 42000000C+0( INSULATION THICKNESS
+25000000+01 » 72500000402 TANK VOLUME (€U, FT,)
«205G0000+01 (520000006401  MAXIMUN DYAMETER (FT)
«50000000403 « 50000000403 NONINAL OFFK. DELTA PRES

+00000000 HUHRER LHSULATION LAYERS

«0C000000

56T66V-OS'T
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€2-2

OXYGEMN

2000,0

1000

173.0
350.0
ais,.0n
218.0

. Zl?.‘,Uoﬂ

21:0n.n
- 30,0
30,0
le0

AW

Varny WAL,

CErT 6213

" EXT,
bl-[ .

i

[

2000,0

- 1ean, e

42,0
35¢,0
00,0

10,0
anin.a
2npn,.d
0,0

10,0

1.0

|

t

302135
104 - ,
SR B R IR O R JC B RE IR R K DR B BRI B RN I A A I AR

ACPS - TEST DEMONSTRATION PROBLEM
EXCHANGER

o0
o0
«C
o0
o0

o0

oG
oC
o0
0

© «0

L]
W
]

® X W

whRww HOE AT

ATY3O7T

NUMBER OF HEAT EXCHAMNGERS INLPUT =

W W W W R W W N RN W o w w w

THE INTEGRATED MATH MODEL

»
*
*

v s,

DATE 17 APR T3
TINE 1580115)
CLSE

LK B BN BN BB S R I

D AT A ®wknw

«0
«0
«0
+0
o0
«0
«0
0
«0
«0
«0

{ =« ) -l e . . v 3 - w § - - § «
HYDROGEN OXYGEN ﬂYDROGEN OXYGEN HYDROGEN OXYGEM HYDROGEN OXYGEN HYDROGEM

HEAT EXCHANGER NUMBER

HEX HOT INLET TFMP,
HEX HOT QUTLET TENP,
HEX COLD INLET TYEMP,
HEX COLD OUTLFETY TFHMHP,
HEX HOT INLET PRES,
HEX. HIOT OUTLEY PRFS,
HEX COLD IMLET PRFS,
HEX COLD OUTLETY PRFS,
HEX HOT SIDE NELTA=P
HEX COLD SIDE DELYA=P .
MEX GAS GEN, 0/F RATIO

96ET66V-DSIN'T
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CEFT 6213 . w THE INTEGRATED HATH MOLILL ®* DATE {T APR 73
EAT. 39238 " * TINE 1S50135]
BlLls 10Y w ATHIOT * CASE i

w*ta*'**t**au*****t-***t**t**tt**ttt-*rt
ACPS =~ TEST DENMONSTRATICH PROBLEM

ANVIWOD 3DVdS B SIUSSIN G3IIHIND0T

v2-2

*axa® H 1 GH PRES PUMNP DATA hwnn

+ 11600000404
«82100000400
+25000000+03

«11600000+04
«89100C00+00
«50000000+03

2 2 TVPE

+52000000400 «SHO00000+400 EFFICIENCY
+87000000401 +L1000000+401  KET ¢ SUCTIOHN HEAD
. 20000000409 70000000405 SHAFT SPEED
«£C2300010404 «20230000404 ESYINATED DFLYA PRES.

*kxkk L OW PPRES PUMNP D AT A wiikw
00000000 20000000 PUNP EFFICIFINCY .
00000000 200000000 NET POS, SUCTION HEAD
00000000 +£0000000 PUNP PRESSURE RISE

~«GC000000 Q0000000 puNP FLOW RATE
whnkk T U R BLINE D AT A wkwwn

«85000000400 +36000000400 TURBINE EFFICIFHCY
« 250000600404 «20000000+04 TURBINE INLET TE(P,

TURRINE OUTLET TEMP,

TURBINE NI

XTURF RATIO

TURBINE GAS GEN. PSUAC

€166V-DOSIN'T
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CLEFT 6213 * THE INTEGRATED MATH MODEL » DATE 17 APR 73
CEXT. 30235 * * TINE {5801¢52
" BLLe 0N " ATU307 * CASE i

Dk e R R Rk W R K R K R R R R R R R KRR K KRR KK KRR R RN N
\ _ ACPS = TEST DENONSTRATIGN PROBLEH

wRARE H £ AT SOURCE D AT A wineyn
NUMBER GF HEAT SOURCES IHPUY = | ’ !

. “-f e I e -7 . -y = -5 . HEAT SOURCE NIIMBER
OXYGEM HYDROGEN OXYGEN IIYDROGEN OXYGEN . HYDROGEM OXVGEH MHYDROGEM OXYGEM HYDROGEN

-1 | 0 0 o - - 0 ' 0 0 0 0 MHEATY SOURCE TYPE
10 e ) 0 0 o0 o0 oD o0 o0 HEAT SOURCE MIX, RAT!O
2060.,0 20¢0,0 «0 .0 ' 0 . 0 0 o0 ) «0 o0 HEAT SOURCE OUTLFY TEHP;
o0 e C 0 0 o0 o0 o0 0 - 0 «0 HEAT SOURCE AVAIL  ENERGY
e
L]

24540 500 .0 N oC .0 o0 o0 0 «0  HEAT SOURCF PRESSURE
' :

968166 V-DOSIN'T



MAI'E USERS NAME ® % % % % % % & % % % % &« &« & ®* & % *® » & PAGE 12

LLPT 6213 : * THE INTEGRATED MNATH MODEL * DATE 17 APR 73

EXT. 20235 * * TIME 15801153

ELDs tUU * ATU3IDY * CAGE 1

R EEEEEEEE R E R EEEEE I 2 I I I NN R N IR N2 S I i
ACPS « TEST DEMONSTRATION PRORLEI!

whwx INITIATE PROGRAM AND CHARACTERIZE CONSUMER PARANETERS #ww

* COMPUTED ENGINE PARAMFTERS *
ENGINE TSP LU6T12069403

ENGINE WEIGHT = (LBS) « 1589375060403
TOTAL. ENGINE FLOW = (LB/SEC) «12UBT850+N2

OME ENGINE GXID,FLOW RATE=(LB/SEC) 099902R80H+01
OMNE. ENGINE FUEL FLOW RATE«(LB/SEC) «249TST01 400
THRUST IMPULSE PROPELLANT WGT, 51784617404

ANVIWOD IOVdS B SITNUSSIN A3ITHMND0A

9¢2-2

68T66V-OSIN'T



CEET 6213 ® THE INTEGRATED MATH MODEL
EXT. 30235 " * TIME 15101153
6LL. 104 N ATH30T * CASE !

M E EE R R A R E R R R R R E I AN B
ACPS « TEST DENONSTRATION PROBLEM

ANVdWOO 30vdS ® S31ISSIN G33HMND0T

L2-2

' *wk COMPUTED FLOHRATE DATA www

' \DOT OX=~TURB,=G.G,
' 'DPOT HY~TURB.=G.Ge
I DOT BOTI: TURR,=GG

. VDOT OXY HEX.=G.G,
| V'DOT HYD HEX,=G.G.
| WDOT BOTH HEX,=G.G

TOTAL FLOWFATE ww

OXIDYZER

J551256-01
.370016400
25141400

300310400
0132594401

162626401
L 120417402

FUEL

+618696<01
JU15281400
JHTTIS 1400

.300310+00
. ! 3259‘4#0'
0 162626401

2460098401

96£T66V~OSIN'T



NAI'E CUSERS NAME % % % % % % % % # % % & & * & * ® * ® W * PAGE y
CEFT 6213 : » THE INTEGRATED MHATH MOCEL * DATE 17 APR 73
EXT. 30235 * . * TIME 15801283
ELD. 10M bd ATH3G? * CASE |

SR 2L BE AR BE 2R 2R 2R BETE AR R AU B R AR A 2R 2R IR R IR R R R A N S S T 2R R
ACPS = TEST DEMONSTRATIGH PROBLEM

*¥w SUMMARY OF ¢CHPUTED SYSTEN CONFIGURATION FARAMETERS ww#

F CODE FY KO HhS IS IDX G GS  FCOEF L/0 DYAN  ITHICK PRES . TEMP WOOT WEIGHT MACH MFLAG
GAS 02=VipP | S I | 1 1 1 +000000 «0000  +0006C 40060 «GO «00 «0D +000 .000NO0ON
ENG  ElGY o 3 o ( 2 1 {  ,000000 .0000 L0600  ,0C6GG  yON,N0 350,00 9,99 159,375 ,000N000
LIt Lol c 3 ¢ 1 3 i i ,009500 11€.0000 2.,0000  L.SOGO  WON.3S  350.00 9,99 4,009 1307953
TEE  FTUl 1 t ¢ o4 | I 20Nn9%00 126,3000 2.N000 L0606  4OT7.49 350,00 9,99 433 L 128NRSS
Liti Mgz v i G I -5 J 1 009500 {5C.0000 240000  «S000 ° H1l.06 350,00 9.99 G466 o 1265442
- TAP FTu2 | 1l ¢ 1 6 1 ! ,009500 10,5600  2.0000  .06060 4§2.25  350.00 12,04 342 L)5227TU
0 LIt Lhul 0 | v} i 7 ! I +C095%00 24,0000 2.0600 5000 H13.21 350.60 12,04 «875 1518509
0 Vil 1Vul 1 [ R I ! ,009%00 1G.5000 2.0000  L00CO  HiB.05 350,00 12,04 6.314  L1514RuN
; CLIN cLhoy I R I ,0DS%00 1€2,0600 2.0000 ,S0CN 414,53 350,00 (12,04 43T L 1512755
m VAL cvu2 | t ¢ 1 10 | t ,009560 135.,0000 2.0000 L0000  H25.15  350.00 12,04 U406 IuKTTAS
m LIt LbuS o+t 0 t 1t { I «009500° UC.0000 2.0000 .S000  H26.70 350,00 12,04 {458 Liu613R]
U  TALF FTe3 ] t 0o t 12 | 1 ,0N09%00 16.5000 2.060C  .00G0  W27.51  350.00 12.0u 342 J{USRAAN
z LIt Lbus o 1 ¢ o1y P L009500 2C.0000 2.0000  .5000  4i28.29  350.00 12,04 729 L 1uSu§)S
& _ REG PTUl 2t ¢ v om 1 ,0095%C0 336,800 2.0G600  ,L00CO  1750.06 350,00 12.04 9,630 .0nnnnon
ot LIN Lho7 o+ 0o 1 is5 | i ,009%00 30,0000 2,0000  ,5000 170,20 350,00 12,04 1.913  .01Anu27
F o ACC aCul v ot 1 16 t. .Cocaco - L.0000 L0000 2,0C00 2000,00 350,00 12,04 000 ,000N00D
mo LIN L8 o + o t 17 1 I ,C09500 24.0C00 2.0000  ,LSC00 .2600.14 350,00 12,04 1.531  ,01552u0
0 oeEX wmxed t 4 ¢ + 18 | ! L.G00N00 <0000 L0000 L000G  20622.29  173.00 12,04  22.655 .00anoon
@ GAS O2-LI0 ¥ 2 o } 19 1 2 L,000000 +0000 L0000 L0CGO  2022.29  [73.00 12,04 «000 L0NONNND
w LitoLnce o t 0 1 20 % 2 ,01g00C 12,0000 11,0000 5000 2023,9u 173,00 12,0y .38  ,000N000D
v VAL VUl | I o 1 2t 1 2 ,0l18000 +GO00 1.0006  L0G0G 2023.94%  173.00 12,04 9,000 L,0NNNOOD
> LI LMo o+ 0 1 22 + 2 ,cieo00 12.0000 1.0000 .5060 2025.%8  ]173.00 12,04 «383  .0nNONNO
g LIt L3 0 I C ~l.28 1 2 ,Ci5000 24,0000 2,5000  ,s600 15,97 165,00 12,04 1.093 +0n00NNN
TAP  FTUM ] { 0 =~ 27 1 2 ,cis000 6.6700 2.5000  .00GO 15,85 165,00 12,04 534 0000000
Q LInoene 0 1 0 ~«l 28 I 2 ,L,0i5000 12,0000 2,5000 5000 15,24 165,00 12,04 547  L0000000
g VAL SVUI ! I 0 =) 25 & 2 ,L,015000 L.6700 1.5000 L0000 IS.79 (65,00 {2,0u o142 »,0ND0NND
3 LIE LMt ot 0 -1 24 12 ,L,018600 160.0000 {.5000 5000 12.98 165,00 12,04 4,373  .0NNNOON
»  PUI HPOI 1 t 0 1 23 | 2 ,00G000 0000 L0000 L0000 12,98 165,00 12,04 73,362 0000000
3 TA TKOE 0 1 0 1 29 I 2 ,000000 0000 J0DDO  2,0000 16,00 165,00 12,04 .000 ,QnONONO

L’IGGV’OSW’I




E INTEGRATED TTATH TTOULEL Y URTE YT RPNV TS " R
EXTs 30235 W * TINE 15202200
BLD 1OY ‘* ATY3NY * CASE {
**********************t****i**t*t****t*
ACPS = TESY DEMNONSTRATIOM PROBLEM
*xux SUIMARY OF COMPUTED SYSTEN COHFIGURATION PARAMEYERS = CONTD, Wwiw _
"F COLE FT MO NS IS IDX G GS FCOFF .70 DIAH  ITHICK PRES - TEMP WoOT WEIGHT MACH MELAG
GAS H2=VAP 2 ! 0. | 30 c I ,000000 .0000 00000 «000G0 .00 « 00 .00 «000 0000000
EHGe  ENGH 0 3 0 N 2 | ,000000 0000 20000 «0000 Hon.oo 350,00 2,50 159,375 .0noo00n0
LIk eh2t 0 3 0 ) 32 2 1 ,011000  14G.0000 1.7500 2.0000 Hon.t2 350,00 2.50 3,508 ,2n9%926
TEE FT2l t. ! c 133 2 1 011000 109.0000 17500 «0000 unl.92 350.00 2.50 ¢33t 2NnRAU9D
LI Lhe2 o { G 1 I e I 011000 15G.0000 {1.7500 2.0000 403.33 35n.00 2.50 4.783 2079147
TLPR FT22 t o 0 1 35 2 1 L,011000 $,0000 {.7500 «0000 UH KT 350,00 4,60 0262 LJIR2BTGS *
LIN . LN23 0 { 0 | 6 e I ,0t11000 24,0000 t.7500 2.0000 Hole 24 350,00 4,60 « 765 <3IR2|15UND L
VAL Ive2 ] ! o P37 2 1 Lohlnog $.0000 1.7500 000D Hate ThH 350.00 U,60 64121 3814802 *
S LIM Lh2y 0 t G 1 38 2 - +001I000 - 12.0000 17500 2.0000 UnS. 12 35000 4.60 «383 +3R1320S *
WAl CVuM i { G’ 1 139 e I L,611000 A6.,0000 1.,7500 000N . 409,86 350,00 4,60 4,255 «376R988 *
LIt LMR2S 0 | ¢' i 4o e { . s0t11000 40,0000 11,7500 2.0060 btreld 350,00 L,60 1275 437574136 »
TAP FT23 i { (¢} I 4y 2 t L,0L1000 9.0000 [.7500 L0000 - Hi11.60 350,00 4,60 o262 437529732 »
LIt LMes o ! g p a2 e | Joticop ° 20.0C00 1,7500 2.0000 @ Hi2.22 350.00 H,6n - L6638 37472138 »
. REG PRy2 2 ! /] LK 2 I +Ci1t000 336,4000 1.7500 <0000 1750.00 350.00 4.60 9,392 .0nan00n
. LIh LhgT o .t -0t N4 2 1 «01I00D 30.000C 1.75006 2,0000 1750.24 350.00 4,60 16TH  .N93IRNI2
ACC aCu? ) t G 1 NS 2 ! ,0000600 . 0000 <0000 2.,0000 2000.00 350,00 4,60 «000 0000000
LI Lhe2B v ' C. | 46 2 1 ,011000 24,0000 " 1,.5000 2,06G00 2000.36 350,00 4,60 1.1U4B 1132123
HEX  HXUT | | G )47 P I .000000 .0000 L0000 ° L,0nch  2010,.19 %2.00 u,60 61,123 L00nnnQn
GLS H2=~LIG 2 e v} I Ke e 2 ,000600 .CC000 <0600 .Q0C0  2010.19 42,00 4,60 «000 0000000
LIt Ln29 0 ! G I 49 hd 2 ,0!11000 12.0000 1.5000 2.0000 20i0.23 42,00 4,60 «STH  0000N00
val.  Cvo3l ! 1 ¢ 1 S0 2 2 »011000 $.,0C00 t.5000 «0000 2010.28 42,00 LW,60 G214 0NONDNO
LIt w30 - o t 0 I 51 2 2 J011000 t2.0c00 1.5000 2.00C0 2010.73? u2,0n W, 60 «STH  LO0nDNONAD
LI1N  LK33 v s 0 «) S§7 2 2 L013000 24.0000 2.,0000 2.0000 15.97 37.00 - 4,60 «B75 .0Q00000N
TLP FT24 | C =1 56 2 2 018600 5.6000 2,0600 0000 15.96 37.00 4,60 <342 L0NNN0QO
LIt Lhe2 0 ! 0 <1 B85 2 2 «0I180D0O . 12.0C00 2.0000 2.0000 1864 37.00 U.60 «437  .npoconn
VAL - sV02 t ! 0 «1 &y 2 2 ,0lg000 5,6000 2,0000 0000 15,93 37,00 4,60 4,406 L0N0OONO
(DR 0 ! 0 =1 3 2 . 2 018000 12C. 0000 2.0000 240660 15.77 37.00 Y.60 Y4.373 0000000
PUY KPR LN | 0 I 82 2 2 000000 . 0000 « 0000 «00600 1. 77 37.00 - H,6N 34569 ON0000OD
TAL  TKO2 0 ] 0 e 2 +000000 ' +0000 +GN00 .Z.OQOO 1600 37.00 4,60 000 0000000
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MNAI'E USERS KANE

(EFT 6213
EXT. 30238 '*
oLl 1Oy L

THE INTEGRATED H
ATHINY

4#TH MODEL

'*itﬁ*************tt*tpbﬁp 16
* DATE {7 APR 73
* TIME 15202101
% CASE |

R E R E R EEEEEE R NI I I TR SRR A B B R B A A
- ACPS = TEST DENONSTRATION PRORBLEN

*k% SUMMARY OF CONPUTED HEAT EXCHAMNGER CHARACTERISTICS ***

HEAT EXCHANGER CHARACTER

COLL FLUID INLET TEMP
COLD FLUID GUTLET TEMP
COLD FLUIMN SFRCIFIC HEAT
COLD FLUID FLOYW RATE
PeT FLUTD INLET TENWP
1'0T FLUIN CUTLET TEMP
POT FLULD SPECIFIC HEAT
{'0T FLUID FLGW RATE
coLph SIDV EFFECTIVEMESS
10T SICE EFFECTIVENESS
TOTAL EFFECTIVENESS.

HEX SUBUIIT TYPE  www

THEPML, COMCUCTANCE RATIO

[t FLUID FLOW RATE

COLD FLUID DELTA =« P
CALPACITY RATIO

HONEER OF TRANSFER UNITS
COMFUTED VALUE OF UA
COMFUTED VALUF OF W/UA
UEIGHT CGF SUBHNIT

PEX SUBULIT TYPE waw

THEENL CONPUCTANCE RATIO
1107 FLUID FLOW RATE

COLD FLUID CELTA = P
CAPACITY RATIO
{'UMEER OF TRANSFER UNITS
COMPUTED VALUE OF UA
COMPUTED VALUR OF W/UA
VEIGHT OF SUBLNIT

VEIGHT OF HEAYT EXCHANGER

FOR UNITS
ISTICS

HXQ1
OXYGEN

. 173000403

« 350006403
JHASE9T 400
f20U1T7402
« 200000 0Y
. ! ’0000#0“
« I BR2LE+ 0
620022400
«5688BQ =0}
$M9261 1200
«539U91400

SUP=CRITICAL

' TAUB22400
»323065400
»780ULI40
« 116889400
f 715326400
o 158113404
«SATS0(1=02
* l 1780(\#0?

PARALLEL-FLO

$ 790265400
297075400
143533402

$T79T7T77R=01 °

0 769651400
« |R24T9404
«582023=02
«H87THE D)

226552402

HX03
HYDROGEN

L420000402
.350000+03
«37303640]
JH6009840)
,20000040Y
L102R0040Y
. 18470040])
,295072401
. 157303400
JHA6425400
653728400

SUP=CRITICAL

«S551THI+00
101027400
JITHES1 400
o 17801 2=0)
:6914U49400
JHOENROHE0T
Wb6UIATT=02
418989401

PARALLEL-FLO

1U0%S6U+0|
e PBU96940]
«965759+0¢
«2ARAT (400
JR09568+00
« 15 3405+05
e371129=02
«569731402

«611230¢02

6ET66 V-OSIN'T




ANVAWOD 30VvdS ® SINISSIW GIariouH
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HAI'E USERS NAME W & & & & & ® ® & & ® % & ® &« * % ® &« « * PAGE 17
DEPT 6211 " THE INTEGRATED NATH MODFL * DATE 17 APR T3
LYT. 30235 *

- ELD, 104 hd . .
IR B B AR BB R R 2R 2 BR AR R AR B RE IR AR R N R R Nt R
ACPS = TEST DEMOMNSTRATION PROBLEN

ATH30T

* TIME §5:02101
* CASE !

*wk SULMARY OF CONPUTED HEAT EXCHAMGER«GAS GENERATOR CHARACTERISTICS *ww

GAS GLHNERATOR CHARACTERISTICS
GAS GEl:, FLOVW RATE =« (LR/SEC)
GAS GFl.. PROPELLANY WGT,=(LBS)
GAS GELFRATOR WEIGHT « (LAS)
HEIGHT GF EEX~GAS GEN, ASSY,
CUNULATIVE GAS GEN, PROP, WUTG,

CUNULATIVE HCAT REQD, = (BTU)
CUNULATIVE HOY FLUID = (LRS) |

OXYGEN |
620922400
257484403
o 136186402

03627308402

< 257H&N 403

,000600
.000000

HYDROGEN

2 295072+0|

o 122364404

- «161016+02
o TT2246402

12236140y

.000000
« 000000

966166 V-OSI'T-



RAE USERS NAME % % % % % % % % # % % % ® %W ®# & W % ®# % % PAGE 18

TEFT 6213 : * THE INTEGRATED HATH MOLDEL * DATE 7 APR T3
EXTe 30235 L * TINE 15:02102
ELD 104 * ATH307 * CASF |

R A R A R N R R R R R R
ACPS « TEST DEMONSTRATIOM PROBLEM

*%%x SUMMARY OF COMPUTED PUMP CHARACTERISTICS FOR THE SYSTEM %ww

ANVdWOD 3ovds ® SB'“SSIW g33IHMDON

26-¢

FUMP CHARACTERISTICS OXYGEN HYDROGEN
TEMPERATURE « 1650004073 «370000402
FRESSLURE ' o 129757402 « 157742402
FLOV! RATE : . J120H1IT+02 JUKN09R$0 |
DFLTA=PRESSURE 201261404 o 199USH40Y
t'PSH AVIALAPLFE : «8700C0+01 «110000+01
LENSITY GF FLIIID «7G8162+02 «U443309+0])
{IUMRER OF STAGES REGD, - | ' S

COMFUTED NMFSP REQD «2!8270+01 « 336251400
COMPUTED PURP UFF, . « 125520400 + THATUEHNO
COMPUTED PLIIP VOL,. . , o418061 7402 0133186403
COMPUTED PULF WGT,. o 1HETH2401 «359000+01
COMPUTED PUMP PWR. « 123490403 «TN6RAL 40T
COMPUTED PULIP SPD. C » 1 TUG804+08 «B834961 408
GELECTED PUMP OPTION L 2 2

**w% SUNMARY OF COMPUTED TURBINE CHARACTERISTICS FOR THE SYSTEM #aw

HYDROGEM

$274264+01
< 103401402
«233372400
14002340}
«SN0000+0|
< 186073402

HYDROGEN

.554576+00
.229972403

TURBINE CHARACTERISTICS ' _ OXYGEN
TURDILE KOTOR [EAM DIAMETER 0850669401 -
V6T, OF PWE. TRANSMISSION ASSY . 137516402
%6T, OF TUFBINE POTOR 0696344401
¥6T, OF LANIFOLD AMD MOZZLE » 339364402
VEIGHT CF IMDIICER «500000+01
UEIGHT OF TURBINE ASSY. 596515402
**% SUNMIARY OF COMPUTED TURBIMNE GAS GENERATOR CHARACTERISTICS **

GAS GENERATOR CHARACTERISTICS OXYGEH
GAS GFEM, FLOW RATE « (LB/SEC) «679073=01
GAS GFH., PROPELLANT WGT.-{LRS) < 36453440
GAS GE{CRATOR VEIGHT « (LRS) 122426402

«123712+02

66166 V=DSIN'I
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‘TEFT 6213 W
“w

EXTs 302358
8Lby toy , * ATY3I07

THE INTEGRATED IRV FODT.C

T ORI T ey
* TIME 15:02207
* CASE |

M LB g

LR S L B B R R I BN MR N BN B BN BN S BN NN N NN L N BE N N BE BE N R NE N K BE BE AR A

. ACPS « TEST DEMONSTRATION PROBLEN
*AR CINITIAL TANK SIZING CALCULATIONS #www '

NUMEER OF TANKS
DATCRIAL TYPE
FLUID WGT, (TOTAL)
FLUID VOLULE /TANK
I'GY ARUED CYL SECT
CTAHETER (FT)/TANK
SURFACE ARCA /TANK
TANY VOLUNE ¢/ TANK
TANK WUGT, (LB) YOT
I'EAT LEAK ETU/H/FT

OXYGEMN

|

2
«5101 13404
720333402
« 306052400
o 504600401
¢ 855106402
oTH2612+02
oH269CH+02
247505902

HYDROGEN

\

2
o 19UR2040Y
+H3914684073
19708402
500000 +0 )
« 388627403
JH530594013
o 192650403
«323856=01

96€166V-DSIN']




ANVAWOD 3DVdS B SIATSSIW AQITHMOO0N

HALE  USERS N
OEPT K213
EXT. 30238
SLC, 10y

*********-***i****'**i***t********'*****'&

AME % % % % % % *
' * THE I
*
*

AT4Y307

ok kX kK ok k% ok kW Nk PAGE 20
NTEGRATED MATH MODEL

* DATE 17 APR T3
* TINE 15102103
* CASE '

ACPS = TEST DEMONSTRATIGN PROBLEN

*x® TANK AND VENT PARAMETER CALCULATIONS wkw

wienr INITIAL TANK COMDITIONS waw

FLUID CCMSIDERED =
6T ,0F LIv, PROP,
VCT. HELIUM 1N VAPOR
PLRT ,PRES,FROP,VAPOR
Tatlk VOLUME

-
-
-
-

v

XYGEN
5101,13
+00
16,000
T 26

FLUID TEMPERATURE
WGT, PROP, VAPOR
TOTAL. FLUIDS IN TANK
PART,PRES,HELIUM GAS
EFF, TANK DENSITY

WRRFNARAAARRANRRRRRE CAAST NUMBER = [

TAX PREw R NONeVERT CONDITIONS Wwwx

FLINID COHSIDERED = CXYGEN FLUID TEMPERATURE
VaT.OF LTue PROP, = 51014125 \IGT, PROP. YAFOR
PART ,PRES,PROP,VARGR = 16,074 PARTPRES,HEL.IUM GAS
. EFFJINTERIAL EHERGY = ~,56809£86+02 '
AERERKEARA KTk kR kr Ak GIAN NUNFER = 1

-2

/

whx CONPUTE ENHERGY BALANCE FOR RURN #ww

FLUID CONCINERED =
THRUST PPUP.RE[IAINING
EFF. TALK ENERGY

¢

XVGEN
L235,05
- 28672176

RURN DURATION - SEC.,
PROPELLANT It TANK
+06

wxx COUPUTE RESULTING TANK COHDITIOHS www

PROPELLAMT wWITHORALL
THRUST FHCP.REILINTING
HEW INTEPHAL EHERGY

55,113
Lig9.29
-.568]13077

TOTAL. FLUIDS IN TANK
MEW EFF, TAKRK DEMNSITY
+G2

PRESS.SYS,HO. =

163,91
o TH!
5101.87
. 000
66,702

163,99
JTu4
+000

-PRESS (5YS.NO, =

5,
5101413

§046,76
67,9596

*¥x COMPUTE PRESSURANT HEEDED FOR THIS BURN *ww
TANK LIC, TEMPERATUPRE =

MEW PROFs LIGs VOLUKLE
HELIUM PART PRISSUPE
HELIUM FICH  BATE
TCTAL HELIUM CONSUNED

tnun

163,97
T1.0%

10,644

o 164U
4079

STORFD HFELIUM TENP,
PROPe LTQ. REHAINING
TOTAL. PRES, *FPVePHFEw
WEIGHT OF. HELJIUM USED

170,00
5045,.78

16.056

07528‘01

TAHK INITIAL PRESSURE
WGT, LIA, + VAPOR

Vol.. OF LIGUID FLUID
ULLAGE VOLUME IN TANK
EFF, INTERNAL ENERGY

O AKX AAFTARRE R XNRN KR

' COAST DURATION = SEC, =

WGTLHELIULI T VAPOR
CURRENT TAMK PRESSURE

-
-

e WRARAKKRRNARARKRKRRAEW

FLOWRATE FOR THRUST
EFF. INTERMAL ENERGY

" TOTAL FLOWRATE

PROPELLANY LIQ,+VAP,
PART PRES,PROP,VAPOR

NEW TANK ULLAGE voOL,
WGT. OF PROP. VAPOR
NOM, OPERATING PRES,
NEW TAMK PRESSURE

"nn 1Imunn

16,00
5101,87
71,80
12,46
-.56810388402

540,
.000
16,074

$,990
=,568098R64+02
12.033

5046,76
16.056

3,230
29742
26,700
26,700

E166V-DSIN'T
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6213 B w THE INTERORATED TTRTIT TTOTE: g

BLD. 04 * ATH307 * CASE i
KXW KA Kk Ak N Rk Rk k ok k Rk Rk ok Rk koW ok ok ok ok koW kR Rk kR R R A

ACPS = TEST DEMONSTRATIOM PROBLEN
*#% TANK AND VENT PARAMETER CALCULATIONS = COHTD, #ww»

HRERANRRRARRA A AR RRR COAST HUMBER = -4 PRESS,.SYS.HO, & D WRRRRRARRRNARR NN RAWR

WA* PRE= OF NOM=VE!T CONDITINNS #ew

" FLUIP COMSIDERED =  OXYGEM  FLUID TEMPEKATURE = 164,00 COAST PURATION « SEC, =
VGT,OF L1, PROP, g Sg45,.781 " HGT, PROP. VAPOR = «976 HGT.HELIUM IN VAPOR =
PsRT ,PRES,PROP,VAPOFR = 16,084 " PART.PRES.HELIUM GAS =  |0.269 CURRENT TANK PRESSURE =
EFFINTEPNAL EHEROY = =.56B055T 1402 . S s

**iwi;*****i*t****** BURN uUnaén = 2 PRESS,SYS.NO, = 2 RRARKRANRANRARR W RN
www CONPUTE EIlERGY BALAHCE FOR BURN www - '
FIAID CONSIDERFO = 'CXYGEN ' BURM DURATION - SEC, = 6o . FILOVPATE FOR THRUST =

. THRUST FECPGREIAINTG = 1,189,29 PROPELLANT 1t TANK 2 S046.T6 EFF, TNTERNAL ENERGY =
EFF. TANK ENERGY = =,28250102+40p TOTAL FLOVRATE =

Ew® COLPUTE RESULTING TAMK CONDITIOHS #w

PROPELLANT WITHULF ALY
THRUST FRUPRELAINDLG
tcW INTERNAL EHERGY

0nmnau

We72,74 PROPELLANT L1G,+VAP,
66,9629 PART.PRES,PROP.VAPOR

T, 016 TOTAL FLUINS IN TANK
412785 MEW EFF, TANK DENSITY
= 56805925402

**% CONPUTE PRESSURANT MEEDED FOR THIS BURN wwx

Talk LI1Q, TENPERAILLRE
HEW FROP. L1Gs VOLIGME
RELIUn FART ,PRESSURE
HELIUN FLCk  RATE
TOTAL HCLIUM CONSUNED

169,97 STORED HELIUN TEMP, = 70,00 MEW TaNK ULLAGE VOL, =
69,99 PROPe LIG. REMAINING = H9T|.HS WGT, oF PROP. VAPOR =
10,639 TOTAl. PRES, *FPV¢PHEw = 23.R17 NOM, OPERATING PRES, =
¢ 395%5=02 WEIGHT OF HELIUM USED = 2320 NEW TANK PRESSURE =

T97S.
+ 075
26,153

9.990
=.56805571402

4av72,74
16,061

4,275
1.2898
26,700
26,700
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9€-2

NAI'E USERS MAME % W % % % & % % % & % % ®* ®* & * * ®* & % * PAGE 22
DEPT 6213 “* THE INTEGRATED MATH MODEL * DATE |7 APR 73
EXT. 30235 “* ‘ * TIME 15202303
gLL, tOM 2] ATH30T * CASE '

IR R RN I A R R R EERE R
ACPS = TEST DEMONSTRATION PROBLEM

Cveak TANK AND VENT PARAMETER CALCULATIONS = CONTD, wiw

ERAXRKIARKARKRARAKXRT COAST NUMRER & 3 PRESS,SYSeM0e = 8 WRRRARIANRRAENNRNRRR

*#*® PRE= QR NONeVENT  COMDITIONS %+

FLUID CONSIDERED =~ OXYGEM ' FLUIN TEMPERATURE = 143,98 COAST DURATION = SEC, = 2094,
WOT,OF LIG. PROP, = 4071,.450 V6T, PROP. VAFOR s 1.290 WGT HELIUN IN VAPOR = 100
FLRT,PPLCS,PRCP,VAPGR = 16,069 PART.PRES HELIUM GAS = 10,263 CURRENT TANK PRESSURE = 26,332
FFFLINTERIAL ENERGY = «,%6B07924+02 ' '
KRFARHAAARIR KRR KRR Blimu MUMRER = 3 PRESS,SYS.NO, = 2 MKARAARARNARRRNRNNN

r#% COLFUTE CHERGY BALANCE FOR BURY *aw

FLUID COMSILERED = CXYGEN  RURN DURATION - SEC, = Ye - FLOWRATE FOR THRUST = 9.990
. TPRUST FRGPREGAINING = 4127.85 PROPELLANT 1N TANK s U972, EFF. [NTERNAL ENERGY =  «,5680792u+02

EEF. TALK ENERGY = =, R800553T+06 TOTAL FLOWRATE s 12,075

AR COMPUTE RESULTING TANK CONDITIONS s :
PROPFLLAMT wITHURAVY = 43,086 TOTAL FLUIDS IM TANK = H4oRa,65 PROPELLANT LIG,+VAP, = 492965
THRUST FROPLRENAINING =  4090,09 NHEW EFF. TANK DENSITY = 66,3827 PAPRT,PRES.PROP.VAPOR = 16,055
HEM INTERLAL EHLRGY = «,56810u4(402 o

Fxx COUPUTE PRESSURANT MEEDED FOR THIS DURN whw
Ttk LIG, TEMPERATURE = 163,97 STORED HMELIUM TEWP, = 170,00 NEW TANK ULLAGE VOL, = 4,886
NEW PROP. LIOe VOLIWIE = €9.38 PROP, L10. REMAINING = 4928,18 WGT. OF PROP., VAPOR =  |,4715
HELIUN PAFT,PRESSUKE = 10,645 TOTAL PRES, WFPV4PHE® = 26,018 NOM, OPERATING PRES, = 26,700
HELIUN FLOW  RATE = 43990~02 HEIGHT OF WELIUM USED =  ,|428=0| NEW TANK PRESSURE = 26.700
TaTal HELIUW CHNSUNED = oy ' ' ' : ‘

.

166V-0SIN'T



ANVAWOD 3DVdS B S3ATSSIN G33HAOOT ‘
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EXT. 30235
BL.Le 10%

KWW R W Wk W W

l

1

t

WRRKNERRWNANRKKAXRARY COAST NUMBER ‘= 4

THE INTEGRATED MNATH muytt.

"
2
" ATH3I0T
-

W UARTE YT mrer g
* TIME 15302104
* CASE 1

LN B L B N B N B B BN BN B BN BN R BN NE NN K BRI B AR SN BN B BN I

ACPS « TEST GEMONSTRATION PRORLEN

wk® TANK AMD VENT PARAMETER CALCULATIONS = COMTD, *w#%

**% PRE~ OR NOM=VEHNT CONDITIONS wwa

1
FLUID CONSIDERFL = OXYGEN
LGTLOF LIQ, PROP, 'z 4923,18)
PART ,PRES ,PROP,VAPOR = 16,058
EFF INTERNAL ENEROGY | =

WRRARNRARRRRRNRRARNR BURN NUMBER = L

«.56809025+02

PRESS.SYS.NO,
FLUID TEMPERATURE = 163.97
WGT. PROP. VAPOR = 1 474
PART.PRES.HELIUM GAS =  [0.268

|
nwew COMPUTE ENERGY BALANCE FOR BURN %xw

FLUID CONSIGERED =

ToTAL HELIUM CONSUNED

- - OXYGEM BURN DURATION = SEC, = 39,
. THRUST PRUPLRENAINING = 4092.09 PROPELLANT IM TANK s 4929.65
- EEF, TA':": ENERGY = .o PSI65ASS 406 |
wax COUPUTE RESULTING TANK COMDITICHS wwk.
. i
PROPELLANT WITIORAUN = koo, 96] TOTAL FLUIDS IN TANK = 442,69
THRUST PHUPLREIIAINING = 370447 NEW EFF. TAHK DENSITY = 60,0946
HEV INTEHIIAL EHERGY = «,56839786402 .
" wwx COLFUTE PRESSURANT NEEDED FOR THIS BURMN #dw
TAK LIn, TENPERATURE = 163,82 STORED HELIUM TEWP, = (70,00
LI PERT.PRESSURE. = 10,782 TOTAL PRES, WPPV4PHE® = 20,270
WELTUN TLOW  RATE = WH072-02  WEIGHT OF KELIUM USED = 158000
= 272 . c -

L.

PRESS ,SYS.NO, =

P RERARRAANNRARRRRRNKE

536,

COAST DURATION = SEC. =
HGT.HELIUM IM VAPOR = PR RL)
CURRENT TAMK PRESSURE = 26.326
2 ARAKANANRANANNRRNRNR
FLOWRATE FOR THRUST = $.990
EFF, INTERMAL ENERGY = =,56809925¢02
TOTAL FLOWRATE = 12,035
PROPELLANT LIG,¢VAP, = H462,69
PART,PRES ,PROP.VAPOR = 15.918
NEH Tallk ULLAGE VoL, = 1],516
W6T. OF pROP, VAPOR = I.H458
toM, OPERATING PRES, = 26,700
NEW TANK PRESSURE H 26,700

968166V-DSIN'T
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NAIIE  USERS NAME * RN K kR KR KR KK KR KRN N N PAGE 24

CEPT 6213 : THE INTRGRATED NATH MODEL * DALTE |7 APR 73
EXT. 30235 * * TIME [Sto2i04
ELG, 1OM Ryd ATY3INT * CASE !

MR R ERAE R R R ANALLEARARANSARAEREREERERER. *
ACPS « TEST DEMONSTRATION PROBLEM

*wk TANK AND VENT PARAMETER CALCULATIONS = (ONTD, *wx

AARRRENAANRRRARARREE COAST HUMBER = § PRESS.SYS. M0y & 2 HURANRNNNARRANRANRRN
A% PRE= OP NONeYENT COHDITIONS wwx

FLUID COUSIDERFD = AYGEN FLUID TEMPERATURE

o = 163,84 COAST DURATION = SEC, = 2061,
WNTWOF LlIA. PROP, = HLS9,24% © WGT. PROP, VAPOR ] 3.450 WGT.HELIUl IM VAPORP = 272
FaRT PRES,FPROP VAP = 19.939 PART,PRES,HELIUM GAS = |0s392 CURRENT TAMK PRESSUPE = 264332
£iFF, INTERHAL ENEPGY = ~.R6837592+02 '

» *y*****ife*t*****t*** S1IRN HUHBER = S PRESS.SYS.NO; -3 2 WANKAAKAAARNRAR Rk kdw

*x% COUPUTT ENERGY BALANCE FOR BURN wwx
FLUID COMSIDERFD = CXYGEN ' AURN DURATION = SEC, = T FLOWRATE FOR THRUST = 9,990
THRUST PROPLRENAINTNG = 3T3% 4T PROPELLANT [N TANK = 4YH2.69 EFF. INTERNAL ENERGY = «,56837592+02
FI'F. TANK EMERGY = -, 24858964406 TOTAL FLOWRAYE = 12.035

*hx CONPUTE RISULTING TAHK CONDITIONS wiw )
PROPELLANT WITHDRAb = 89 421{ . TOTAL FLUINS IN TaMK &= H3IT73, 27 PROPELLANT LIQ,+VAP, = W37 27
TIIRUST prOPREVAINTNG = 3630,.24 HEW EFF, TAKK DENSITY = 88,8904 PART.PRES.PROP.VAPOR = 1I5.912
HEY INTERNAL FLEROY = - 56842927402 ,

" whn COUFUTE PRESSURANT MEEDED FOR THIS BURM *ww

Talk LI1G, TEMPERATURE = 163,21 STORFED HELIUM TEMP, s 170,00 l HEY TANK ULLAGE VOL, = 12,780
tiit pROP. LIQe VOLINIE = 61.438 PROP. LIQ. REMAINING = MU3569,uS8 W6T, OF pROP, VAPOR = 3,8229
1HEL I PART L PRESSURE = 10,788 TOTAL PRES, WPPV4PHF* = 25.27%3 HoM, OPERATIMG PRES, = 26,700
HELIU FL.OM  BRATE = HNH2=0D WEIGHT OF HELIUM USED = «3003=01 NEW TAMNK PRESSURE: = 26,700
TOoTal HELIUM COLSUNED =

302
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FRRARERARRRARRRRURRR COAST NUMBER = 6

EXT. 30235 " * THIE 15:0210Y4
BLO. 104 .. ATWINT * CASE |
LR AL AR B BRI A LR 2 R I I IR N A R TR 2N I R R 2R R 2R AR I IR R

ACPS « TEST DEMONSTRATION PROBLEM

*wk TANK AND VENT PARAMETER CALCULATIONS « CONTD, www

PRESS.SYS HOe & 2 *NRNAANRARANRANRRARR

®h* PFRE= OR NONaVEMT CONDITIONS *ww

FLUID COMSIDERFD =
HGTL,OF Linte PRAOP,
PART (PRES ,PROP,VAPOR
EFF INTERIIAL EMERGY

RRARRWRZAERRRRIARRRE TURN NUMBER = - 6

"FLUID TEMPERATURE

OxYCEN = 163,81 COAST DURATION « SEC, =
= 369,449 WgT, PROP, VAPOR ] 3.824 * WGTLHELIUN IM VAPOR =
= 19.916 PART,PRES.HELIUM GAS = 10.396 CURRENT TAMK PRESSURE =
= =.56842283402 - :

PRESS.SYSJNO, = 2 WARARNARKRARRANRRRARN

wer COLFUTE EERGY BALAMCE FOR BURN waw

FILUID CONSIDERED = -
Ti!RUST PPOUPREIATNTIHNG
EFF, TANK ENERGY :

FROPELLAHT WITHDRALH
THRUST PRGP.RENAINTING

- OXYGEN - RURM DURATIGN = SEC, = Y FLOWRATE FOR THRUST =
= 3630.24 PROPELLANT [N YANK . = 4373.27 EFF. INTERMAL ENERGY =
S =.246148TS+06 - TOTAL FLOWRATE =
whw CONPUTE RESULTING TANK CONDITIONS %ww’
= 43,086 TOTAL FLUIDS IM TAMK = 4330,19 PROPELLANT L16,4VAP, =
= 359,47 NEW EFF, TANK DENSITY = 58,3103 PART.PRES.PROP,VAPOR &
= = 56844824402

HEW INTERIAL EHERGY

**x COMPUTE PRESSURANT NCEDED FOR THIS BURH www

TAHK L1Q. TEMpEpRATIRE
neY PROP, L1Q, VOLULE
HELTUM PART PRESSURE
HELIUM FLOH . RATE
TOTAL HELIUM CONSUGED

-
-
-
-
-
-
-
-
-
-

163.80 STORRED HELIUM TEtIp, ] 170,00 - HEW TANK ULLAGE voL, =

60.87 PROP, LIQ, REMAINING = Y4326,18 WGT, OF PROP, VAPOR =

(0797 TOTAL PRES, *FPV4PHE® = 25.824 HoM, OPERATING PRES, =

© o4101=02 HEIGHT OF HFELIUM USED = o 1468=01 HEW TANK PRESSURE" =
.il7 . L . .

5913,
+302
26,313

9.990
56842283402
12,035

433019
15,903

13,391
4.0035
26.700
26,700
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0%~¢

CFINID COMSIDERFD = 0
. TURUST PHOPGREHAINTLG =

NAL'E  USCRS NAME

CEFT 6213
EXTe 30235
tl.be 104

® ok W ok ok ok ok ok ok ok R R Kk ok ok ko ko ok ok Wk Kk Rk % Wk Rk Rk ok R Rk Rk kR

woR R R Kk
* THE I
R
8

ACPS = TEST

ekt TANK AND VENT PARAMETER CALCULATIONS = ¢ONTp, ¥#w

‘*w********wﬁﬁﬂ****** COAST NUMBER = 7T

wk* PRE= A NONSVEMT CONDITIONS #xx

FLUID ¢ONSIDERED < OXYGEMN

WSTOF LIG. PROP,
PART,PRES,PROP,VAPGR =
EFF INTERLAL €MERGY =

FLUID TEMPERATURE
4326.183 WGT, PROP. VAPOR
15.906 PART ,PRES.HELIUM GA
- 56844236432 .

WRR AR ok kAR AAARRAE BIIRN MUMBER = 7

*kw COHPUTE ENERGY SALANCE FOR BURN wax

EXF, TANK ENERGY

XYGEN

3594 .47

RURH DURATIGH = SEC,
PROPELLANT. [N TANK

"=e 20112651406 :

- wk® CONFUTE RESULTIMNG TANK CONDITIONS *#wx |

PROPELLANT WITHORAMN
TiHRUST FRCPLREINAINING
MEW INTEKHAL EMERGY

795.519
2734.12

TOTAL FLUIDS IN TAMK
MEW EFF, TANK DENSITY

~e56301096432

® Kk K *
NTEGRATED 1MATH MODEL
ATu307

* & * ¥ kx & * ¥ & & PAGF 26

* DATE (T APR 73
* TIME 1St02304
* CASE |

DEMONSTRATION PROARLEN

PRESS.SYS.MO, = D REERRARARARARA R ARARN

= 163,80 COAST DURATION « SEC, = 536,
= Y.00u WGT HELIUM IN VAPOR = o317
= 10.404 CURRENT TANK PRESSURE = 26.310

PRESS,SYS.NO, = 2 HARXRRAFNANRANhhhhhh

x*= COMPUTE PRESSURANT MNEEDED FOR THIS BURM wh#

Talk LIG, TEMPEHATURE
BIW PROPe LIQe VOGLUWE
BeLINN FART PRESSUNE
PELIUG FLOW  PATE
TOTAL HELIUM CONSULED

unnnnn

163,63
99,61
10,945
415202
«591

STORED HELIUM TEMP,
prope LIQ: REMAINING
TOTAL PRES. #*PPV¢PHE®
WEIGHT OF HELIUM USED

= 664 ~ FLOWRATE FOR THRUST = $,990
= 4330,19 EFF. INTERMA{ ENERGY = =,5684H234402
' . TOTAL FLOWRATE = 12.035%
= 3I534,67 PROPELLANT LIQ,+VAP, = 13534,67
= 47.5978 PART (PRES.PROP.,VAPOR = 15,752
= 170,00 NEH TaMK ULLAGE vOoL, = 4,656
= 3527.36 WGT. oF PROP. VAPOR = 7.3072
= 21396 Noit, OPERATING PRES, = 26,700
= = 26,700

«2THH+00 NEW TANK PRESSURE

6ET66V-DSIN'T




ANVAWOD 3DVdS ® SIUSSIN Q3IIHND0T

' LY DRDEY1 DS » THE JTRITEROURATRU VAT iivirves, - . B
| EXT, 30235 8 * TIME 15302108
‘ 8to, 1oy ! * AT4307 » CASE |

t'w'******'*'**i-******t**t****t*t**tttt*t-‘
. ' ACPS « TEST DEMONSTRATION PRORLEN

' wkk TAHK AND VENT PARAMETER CALCULATIONS = CONTD, ##x

!
RRRKARARARNRA RS A Aok COAST NUMRER = 8 PRESSSYSHO, = 2 #ARRAAMANNKANKARNNRR
*A% PRE= R NON=VENT CONDITIONS *ww

FLUID CONSIDERED = OXYGEN - . FLUID TEMPERATURE

= 163,68 COAST DURATION « SEC, = TiN,
UST,OF L1a, PPNP, = 3527.344 " WGT., PROP, VAFOR = 7.32% HYOT.HELIUN 1IN VAPOR = 591
) PART,PPES,PROP,VAFOR = 15,793 PART,PRES.HELIUN GAS = . (0.541 CURRENT TANK PRESSURE = 26,3
EFFLINTERUAL FIIERGY = «.56920137+402 . - .
*uw*a*****w**Q**tw** auﬁN nuusgn'ﬁ 8 PRESS.SYS.NO, = 2 RRARANAANRANKAN SR TRN
! { , . . . .
. zaw COHPLTE EHERGY BALANCE FOR BURN waw
. FLUID CCHSIDERFD < WXYGEN " RURN DURATION « SEC, = 32, FLOYRATE FOR THRUST = 9,990
o THRUST FROPGRENAINIHG = 293412 - PROPELLANT It TANK Z 3534,67 EFF, INTERMNA] ENERGY = =,56900{37+02
A EFF. TANK ENERGY | = = 7910453406 _ _ _ ToTal. FLOWRATE = 12,038
i ’ ' : ) .
mkn CONFUTE ROSULTING TANK CONDITIONS ##%
FROPFLLANT WITHDOPaWN = 388,733 TOTAL FLUIDS IN TANK = 3145,.94 PROPELLANT LIA,4¢VAP, = 314,04
TURUST FROPLRENAINING = 2611.43 NEW FFF, TAHK DENSITY = 42,3631 PART.PRES,PROP.VAPOR = 15,902
HEM TATERNAL EHERGY = «e56932047+402
| *ﬁ* COUPUTE PPESSURANT MNEEDED FOR THIS BURH #ww .
o LIN, TEMPERATURE = 163,80 - STORED HELIUM TEMP, = 170,00 MEW TaMK ULLAGE VOL, = 30,02
NEW pHOP, L1G, VOLUNE = HYhely PROP, LI1G. REMAINING ‘= 3136,93 W6T. OF PROP, VAPOR =  €,0060
HELTIUN PART.PRESSURE = 10,798 -TOTAL PRES, ®PPV4PHE® = 24,536 - NOM, OPERATIMG PRES, = 26,700
HELIUM FLOW  RATE = o3752=02 WEIGHT OF HELIUM USED =  ,[212+00 MEW TANK PRESSURE = 26,700

TOTal, HELIUM CONSUIED

'

712

968166 V~OSI'T
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MAI'E USERS NAME % % % % % % % ® % % ¥ X % ®* &« ®* &« ® ® * & PAGE 28

CEPT /213 “* THE INTEGRATED HMATH MODEL * DATE |7 APR T3
EXT. 30235 w * TIME 15102105
glh, 104 w ATHINT * CASE t

R R R R RN RN EEE R LR R
ACPS = TEST DENMONSTRATION PROBLEH

k%% TANK AND VENT PARAMETER CALCULATIONS =~ CONTD, *#w

HRRKRKRXKKARIRNKKRRR COAST NUMBRER = § PRESS.SYSHOy = 2 *RKANANRKRRNRNRRAKRRAK
_ *wx PAFe OR HON®VEMT CONOITIONS w*nw
FLUID CONSIDERED = °  OXYGEN FLUID TEMPERATURE

s 163.82 COAST DURATION = SEC. = 568,

WGT.OF LIG, PROP, = 336,918 WGT. PROP, VAPOR - = 9,017 " HGT,HELIUN IM VAPOR = oTl2
TART PRES ,PROP,VAPOE = 15.924 PARTPRES,HELIUM GAS = 10,406 CURRENT TANK PRESSURE = 26,330
EFF JINTERIAL EHERGY = «,56931190+0?

KRR K FARRR RN HNR KRR SUURN MUMBER = 9 PRESS.SYS.NO, = 2 HRWRRRKWRRAN KRR Rk dedr

xww CONPUTE ENERGY BALANCE FOR BURN www
FLUID CONSIDERFD '= . OXYGFEN - BURN DURATION « SEC, = 104, FLOWRATE FOR THRUST = 9,990
T RUST FHOPGREIIATNTIWG = 2611443 PROPELLANT 1h TANK 2 348,94 EFF, INTERMAL ENERGY = «,56931190+02
EfF, TANK ENERGY = =, 10821124406 . TOTAL FLOWRATE = 12,0358

wex COIPUTE RESULTING TANK CONDITIONS #hw '

PROPELLAMT WITHORAMH = 1252,85%2 TOTAL FLUINS I TAMK = (893,08  PROPELLANT LIO,¢VAP, = |Bg3 08
- THRUST pHOPSREDATNING = [ST1.4Y NEW EFF. TANK DENSITY = 25,4922 PART«PRES.PROP.VAPOR = 14,508
HEY INTLFIAL ENERGY = ~e 57161386402 4

xxw CONPHTE PRESSURANT NEEDED FOR THIS BURN waw
TalKk LIQ, TEMPERATURE = 162,19 STORED HELIUM TEHMP, = (70,00 NEW TaMK ULLAGE VOL, = H7,937
bW PROP. LIGs VOLUNIE = 25432 PROPs LIO. REMAINING = 879,91 - W6T. oF PROP. VAPOR = 13,1757
LU PART,PRESSURE = 12,192 TOTAL PRES, *PPV4PHE® & 20.982 NOM, OPERATING PRES, = 26,700
HILIUM FLOW  BATE = SN49=02 HEIGHT OF HELIUM USED =  ,5673+00 MEW TAMK PRESSURE = 26,700
TOTAL HELIUM CONSUMED = 1.280 : ,

€166V-DSIN'T
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M LI L4 et ile? ¥IMNNG.,

. CEPT 6213 *  THE INTEGRATED MATH MODEL - DATE |7 APR 73
EXT, 30235 " * TINE (5102105
PLD. lOY N ATHINT * CASE P

I e A I A I R B IR A B I R A SN B I
ACPS = TEST DENONSTRATION PROBLEN

*w# TANK AND VENT PARAMETER CALCULATIONS = CONTD, #*#w%

RN KK RRIRRRRRA*RE CNAST NUMBER = 10 PRESS.SYS.No; S D ARRARARARENRRARARRRR

~

C w*n PRE= OR NOMVENT COMDITIONS #ww

FLUID CONSIOERED = - OXYGEN FLUID TEMPERATURE.

= 162,38 COAST DURATION = SEC. = 1876,
WGTJNF LIN. PROP, = |1379.780 .  WGT, PROP, VAPOR s [3.302 WGT.HELIUM IN VAPOR = 1,280
FART,PRES,PROP,VAPNR' = 4,660 PART PRES.HELIUM GAS =  f{.6%6 CURRENT TANK PRESSURE = 26,306
EFF INTERIIAL ENEHGY : = 257156679402 : , ,

*ttt#*****w*******t* BURN MUMBER = 10 PRESS.SYS,NO. & 2 RektrhhkhkakhrRrhkhhhas
. wxa COMPUTE ENERGY BALAMCE FOR BURN "k
FLUID COMSINERFD = : OXYGEN o RURH DURATION - SEC, = 32. FLOWRATE FOR THRUST = 9,990
THRUST FROP.REINATINING = {8§T[.4Y PROPELLANTY IN TANK = 1893,08 EFF, TNTERNAL FNERGY = «,S5TI156679+02
EFF, TANK ENERGY (= «=,86250627+05, TOTAL FLOWRATE = 12,035
*x% CONPUTE AFSULTING TANK CONDITIONS #ww
PROPELLANT WITHORAYH = 383,919 TYOTAL FLUIDS IN TANK = i4Go,16 PROPELLANT LI1G,+VAP, = 1509,16
TUERUST PPCPLREHAINING = 253,75 MEW EFF. TANK DEMSITY = 20,3224 PART.PRES,PROP.VAPOR = 14,350
NEW INTERIAL EHERGY, = «,57151208+02
. . , ‘
- ®R® COUPUTE PRESSURANT MEEDED FOR THIS BURN *ww

TANK LIG, TEMPEMAYURE =, 162,00 STORED HELTUM TEMP, = 170,00 NEW TANK ULLAGE VOL, = 53,344
HEW pROP. LIG. VNLUKE = 20,92 PRAOP. LI0e. FEMATHING =  1494,85 WGT. oF PROP. VAPOR = [H,5(52
HELTUN PARTL.PRESSURE = 12,3%0 - TOTAL. PRES, #PPVePHEW & 24,791 NOll, OPERATIHG PRES, & 26,700
PELIUD FLOW RATE | = ,5102=02 WEIGHT OF HZLIUM USED =  ,1628400 HEW TANK PRESSURE T 26,700
TATAL HELIUM cmasungn = 1,442 . :

96€166 V-OSINT
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MAI'E USERS NAME % w & % % % o & % % % % % & ®* * & % % w » PAGE 30

LEFPT K213 - " THE INTEGRATED MATH MODEL ® DATE |7 APR 73
EXTs 302135 i * TINE (5102106
slb, fou " ATu307 ‘* CASE t

KR KW kR R N Rk R R Rk ok ok koW W Kk ko k ok ok ok ko kK Kk kW kR RN W
ACPS « TEST DENONSTRATION PROBLEN

*kk TANK AND VENT PARAMETER CALCULATIONS = CONTD, www

HRARAARUHRRRIXKANAAY COAST HUMBER = |} - PRESS,SYS.HO, = D ORRRRRANAAINERN AR AR

*** PRE= OR MONeVENT COMDITIONS w¥#aw

FLUID CONSIDERED = oxyorn FLUID TEMPERATURE. ] 165.93 COAST DURATION = SEc, = 571048, ‘
WGT.OF LlG. PROP, = 1491.376 wGt, PROP, VAPOR = 17.788 WOT.HELIUM TH VAPOR = 1442
PART ,PPES,PROP,VAPAR = {Te914 PART,PRES,HELIUM GAS = 124058 CURRENT TAMK PRESSURE = 29,969
EFF, INTERNAL ENERGY = -, 55353447402
AxkKHRARkNENRAARKARRL BIIRN NUMBER = || PRESS.SYSNO, = 2 ANRRRARAARRARRARRAR NN
wx% CONPUTE EMERGY BALANCE FOR BURH #ww
FLUID COMSICERED = OXYGEN glURN DURATION « SEC, = 16, . FLOWRATE FOR THRUSY = 9,990
THRUST PRUPCREIAINING =  1252,78 PROPELLANT In TApNK = 1509.16 EFF. INTERNAL ENERGY =  «,853536uUT+02
E¥F. TANK ENERGY B =sT268T7T199405 : ' TOTAL FLOWRATE = 12,015
' Wk COMPUTE RESULTING TANK CONDITIGHS # )
FROPELLAMT WITHDFAYNY = |04, 487 TOTAL FLUIDS IH TAHNK = 134,68 " PROPELLANT LIGQ,¢VAP, = 134,68
THRUST Y HOPGREIAINING = |09].3) 1HEW EFF. TANK DENSITY = 17,7034 PART PRES,PROP.VAPOR = 16.73)
LEVi TATERIAL EHERGY 2 «w.55289029+02 _
*ew CONPUTE PRESSURANRT MEEDED FOR THIS BURN #w=x
TANK LIG, TEMPERATIRE = 16,70 STORED HELIUM TEHP. = 170,00 NEW TANK ULLAGE VoL, = 55,961
tit’¥ PROP, LIQ, VGLUGE = 18,30 PROP, LIG. KEMAINING = . 1297.15 WGT. OF PROP. VAPQOR s {7.5271
HELIUNM PART,PRESSUPE = IR 1) . TOTAL PRES, WPPVHPHEW = 284137 foiM, OPERATING PRES, = 26,700
HELIUN FLOW  RATE = 0000 WEIGHT OF HELI!M USED = «0000 NEW TANK PRESSURE s 28.137
~ToTaL HELIUM CONSUHED = . .

tewii2

ET66 V-DSIN'T
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EXTs 30235 * TINE 15102106
8LD, 104 ATHY307 * CASE |
Y R R R N T Y I Y

ACPS = TEST DENONSTRATION PROBLEN

ii:

%A% TANK AND VENT PARAMETER CALCULATIONS = CONTD, %%

WARRRNRNAIARIARNRRNN COAST HUMBER = |2 PRESS,SYS.HOs 5 2 RAARNKREAARXAANKRAAR

w**% PRE= OR NONVENT COMDITIONS www
FLUID CONSIDEPFD = - OXYGEM - FLUID TEMPERATURE

= 164 T7 COAST DURATION « SEC, = 9584,
WGT,OF L1G, PROD, = 1297.085 WGT, PROP. VAPOR = 17.592  WGT.HFLIUN IN VAPOR =  |,uy2
PAPT,PHES,PROP ,VAPOR = 16,798 PART,PRES.HELIUM GAS =  ]1.410 CURRENT TAMNK PRESSURE = 28,208
EFF,INTERNAL EfILRGY = =,565254397407

*!t*‘**************'* 8UIRN HUHBER = i12 ‘PRESS.SYS.NO. = 2 RAARRRARARAANKAANANARN

wxw CONPUTE EIIERGY BALANCE FOR BURE aw
FLUID COWSIOERFD =  GXYGEN ' RURN DURATION - SEC, = 100, FLOWRATE FOR THRUST = 9,990
THRUST FROPLREIAINING = 09143 PROPELLANT [N TANK = 1314,68 EFF. INTERMA{ ENERGY =  =,55254397402
EFF, TANK ENERGY ' = =,49851426404 A TOTAL FLOWRATE = 12,035

*w% COLPUTE RESULTING TANK CONDITIONS #ww
FROPELLLNT WITHDRAUYN = 1203,503 TOTAL FLUIDS IN TAlK = TINL; PROPELLANT LIG,#VAP, = 111,17
THRUST pROP.REMAINING = 92,23 MCW EFF, TANK DENSITY =  |,4970 PART.PRES,PROP,VAPOR = 14,580
HEW INTEPNAL FHFRGY = -.‘0‘087 el T+02

 wwn CONPUTE PRESSURANT NEEDED FOR THIS BURH www

TANK LIQ, TEMPERATUAE =- 162,28 STOPED HELIYNM yEMP. = |70.00 MEW TANK ULLAGE vOL, =  72.986
NEM FROP, L1Q, VOLURE = 1ea?7 PROP, L10. REMAINING = 91,02 WGT, OF PROP, VAPOR = 20,1522
HEILIUN FART,PRESSURE = 124120 TOTAL PRES, *PPV+PHE* = 23,197 NOM, OPERATING PRES, = 26,700
CELIVUN FLOV RATE = (4943=02  WEIGHT OF HELIUM USED =  ,4943+00  NEW TANK PRESSURE = 26,700
TOTAL HELIumM CONSULED = 1.937 ' . .-

96ET66V-OSIN'T
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HAI'E  USERS NAME

LS 2

W * % k& N ko &k kK w N Wk w PAGE 32
[EPT 6213 " THE INTEGRATED MATH MODEL * DATE 17 APR 77
EXTe 30235 . * TIME 5202106
BLD. 104 " ATH4307 * CASE |

"B EEEEEEESERERREIIEICE I B B 2L B BE SRS T N N B B BN N N AR B B Bt B BN ¢

ACPS = TEST DENONSTRATION PRORLEN
*&% TANK AND VENT PARAMETER CALCULATIOHS « CONTD, *w%

WARRRRAREANRNNRAAKNR  FIMAL ENGIME SHUTDOWN PROPELLANT TAMK COMNDITIONS  WRARARARAARANKAANNRNN
**% CONPLUTE FINAL TANK CONDITIONS ¥+ '

FLUID CONSIDERED =
V6T OF LI, PRGOP,
PART ,PRES ,PROPVAPGR
EFFLINTLXIAL FEIHLEROGY

FINAL TAMK TEMF.
6T, OF LIA,RESIDUALS

OXVGEN FLUID TEMPERATURE = 163.01 COAST DURATION - SEC, = 300,
= 90,226 UGT, PROP, VAPOR . =  20.9%2 WGT.HELIUN It VAPOR = 1.937
= 15,206 PART.PRES.HELIUM GAS =  [|.622 CURRENT TAMK PRESSURE =  26.828
= =~.44B57358¢02 '

= 163.012 TOTAL VENTED GAS WGT. = .000 WGT. OF GAS RESIDUALS = 22.879
= 90,226 -

®wx COUPUTE PRESSURIZATION SYSTEM WEIGHT Wk
= (937 WGT ,PRESSURANT SYSTEM = 42,608

. TOTaL HELIUM GAS REWD

6E€T66V-DOSIN'T
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EXT. 302135
LD, 10Y

* %1

ATHIOT

SN BN BN B BN AR B BE BE BE BE BE B BN SR BE N BN R N BN BN S BN NN B B BE EE EE BE N B B B R BE AN

* TIME §5102106
* CASE |

ACPS « TEST DEMNONSTRATION PRORLEN

®u%k TANK AND VENT PARAHFTFR CALCULATIONS #%»

wxx INITIAL TANK CONDITIONS www

FLUID CONSIDERED « "HYDROGEH FLULD TEMPERATURE = 37.058
WGT,0F L1Q, PROP, ' = 1948,20 WGT, PROP, VAFOR ] 1.204
VigT, AELIVM It VAPOR = . «00 TOTALL FLUIDS IN TANK = 1949,40
PART ,PRES,PROP ,VAPOR = 164000 * PART,PRES.HELIUM GAS = L000
Talik VOLUHE = 453,06 EFF. TANK DENSITY s 4.303
tﬂ*******tt**it***** cOAST NUMBER = 1 PQESS.SYS'NO. =

whew PRF- of NON-VENT CONDITIONS *hk
FLULID CONSIGERED =  HYDRGGEN .- FLUID TEMPERATURE = 37,95
VST OF L1k, PROP, = {948,037 uGT, PROP, VAPOR s 14365
FART.FRCS«PROPVAPOR = 13,365 PART.PRES HELIUN GAS = «000
EFF INTERHAL FiEROGY = = 11040295403 ’

' ' WARKRNKHRRRRERRRLAAR® BURN uunaea = | -~ PRESS,SYS,NO, =

w0V PITE E“ERGY BALAHCE FOR BURN %## |
FLUID CONSTVERFD = HYRROGEW RURN DURATION = SEC, = 5.
THRUST FRCP RENAINING = 066,76 FROPELLANT IHN TaNK = leya,20
EFF. TAtx ENERGY = 21299417406 _

.‘**'TCOHPUTE RESULTING TAMK CONDITIOHS w##%

FROPELLANT WITHORAUN = 20_ 8600 TOTAL FLUIDS IN TANK = 1928,51
THRUST prOpP.RENHAINING = . 1055.32 NEW EFFe TANK DENSITY = Y.2566
NEW INTERNAL ENERGY = «dl1044483403 :

t" COHPUTE - PRESSURART MEEDED FOR THIS BURN www
TalK LI, TEﬁPERAT“RE'= 37.58 STORED HELIUM TENP, = uo;oo
tHEM prDp, LIgs VOLIVIE = W36.67 PROp. LIas REMAINING = 1926,93
HELIUM FARTLPRESSURE = 1e774 TOTAL PRES, ®PPV4PHE® =  |7,366
HELTUN FLOW  RATE = «ST77=01 WEIGHT OF HELIUM USED = 02646400
TOTAL HELIUM CONSUIED = 0265

TaMNK INITIAL PRESSURE -

WGT, 1.1G, ¢ VAPOR

Voi.. OF L1QUID FLUID
ULLAGE VOLUME IN TANK
EFF. INTERMAL ENERGY

0 RARRKAARARANRR AR R AN

COAST DURATION = SEC,

WGT HELIUN TH VAPOR =

CURRENT TANK pRESSURE

2 WhAARkhb AR LAk kA bl

FLOURATE FOR THRUST
EFF, TNTERMAL ENERGY
TOTAL FLOVRATFE

PROPELLANT LIG,+VAP,
PART«PRES.PROP.VAPOR

NEY TAMNK ULLAGE vot.,
W6T, OF PROP., VAPOR
NOM, OPERATING PRES,
MEW TANK PRESSURE

nin

S EEEE——

16,00
1949,40
439,63

13,43 -
. {0UT1192+03

S40.
.000
184365

2.498
= 1 104yN295+03
44561

1928,51
17.366

16,385
l.5824
19.100
19.100

968T66V-DSIN'T
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NAILC USERS NAME % % % % % & & % % & * * % ®# # X * ¥ ¥ * % PAGE 1N

CETT 6213 - w THE INTEGRATED ['ATH MODFL * DATE |7 APR T3
EXT. 30235 * TINE 15102306
BLD. 104 » AT4307 * CASE i

RN KK KR KRR R KK KK R KN KKK K kKK Rk RN kK AR kK Kk kN
ACPS « TEST DEMONSTRATION PROBLEMN

wkw TANK AND VENT PARAMETER CALCULATIONS = CONTD, *ww

AREARRRKKKREARRRARNY COAST MUMBER = 2 PRESS,SYS.HO, = D HARARKIANARRNNNARNRR
w¥® PRE= OR NONeVENT COMDITIONS #*#%
FLUID COMSIDERED =  HYDRNGE! , FLUID TEMPERATURE

= 38,56 COAST DURATION « SEC, = 7975,
VGTOF L1, PROP, = 1926,778 WGT, PROP. VAPOR = (s73% °  WGT.HELIUW IN VAPOR = 0265
FART ,PRES PROP, VAPOR = {9,267 PART.PRES.HELIUM GAS = 1e671 CURRENT TANK PRESSURE = 20,938
EFF INTERHAL EHERGY = =,11031090+03
*ukkkkhkhkkArkRAakk® BURN NUMBER = 2 PRESS.SYSINO, = 2 ARRRARRRARRAXKRHKNAR

wkx COMPUTE ENERGY BSALANCE FOR BURN #aw
FLUID CONSIDERED =  HYLROGEY - - BURN DURATION = SEC, = 6. FLOWRATE FOR THRUST = 2.498
THRUST PROP RENAINING = 1055,32 PROPELLANT IH TANK = Ie2¢,5i EFF, THTERMAL ENERGY = =_11031090+073
EFF. TANK ENERGY = =,20976858+406 : TOTAL FLOWRATE = b.564

**% COHPUTE RUSHLTING TANK CONDITIONS ww« )
PFOPELLANTLW!THDFaQN = 23,069 TOTAL FLUINS IN TAMK = 1600, 44 PROPELLAMY LIO,+VAP, = 1900, 44
TelRUST FROPLREMAINING = 1039,96 HEW EFF, TAMK DENSITY =  L,164y7 PART.PRES.PROP.VAPOR = 17.676
KZv INTERMAL FHERGY = «e 1 1037879+03 _

wrw CONPUTE PPESSUEANT MEEDED FOR THIS BURN #ww
TAlK LIG, TEMPRRATURE = 37.69 STORED HELIUM TEMP, = 40,00 HEY TANK ULLAGE VoL, = 22481
HT\M PROP, LIB, VOLUME = 430,58 PROP, LIO, REMAINING = 1B98,24 HGT, OF PROP, VAPOR =  2,206S
HELIUn PanT,PRESSURE = 1424 TOTAL PRES, *FPV¢PHE* = 16.867 HOM, OPERATING PRES, = 19,100
HELIWM FLOW RATE = o541 1=02 WEIGHT OF HELIUN USED = ,3365=01 NEW TANK PRESSURE = 19.100
TOTAL MELIUM CDHSVILED = « 298 . - .

T66V-DSIN'T
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ANVJNOD 3DVHS % SITISSIAN AIIHINDON

} [N 1 VALW T RIS
DEPT 6213 * THZ . INTEGRATED MATH MODEL R DATE T
1 i+ EXT. 30235 .. * TIME 15102:07 -
_ - . ELD, |OM ™ ATY 307 * CASE \

*od R W kR Rk h ok W R Rk kR Wk W R Ak ok kK ok k ko k kK ok kR ok kR
ACPS =« TEST DEMONSTRATION PROBLENM

*%* TAHK AND VENT PARAMETER CALCULATIONS =~ CONTD, #x+

HRRRRRARRKRARRRRNKANE COAST NUMBER = 3 - PRFSS.SYS.NO, = 2 ANANRRARAANCARKANNNR
, *%® PRE= OR 1ON=VENT CONDITIONS wiw
FLUID COMNSIDERED =  HYDRCGEH FLUID TEMNPERATURE

= 37.84 COAST DURATION = SEC. = 2094,

WGT.OF LIG, PRAP. ' = 1£93,193 WGT. PROP. VAPOR = 2,250 _MET.HELIUM 1N VAPOR = .298
FART,PRiS ,PROP,VAPOR = 18,059 PART.PRES.HELI!IM GAS =  ([.347 CURPENT TANK PRESSURE = 19,406
EFFL INTERUGAL ENERGY = =, 11034311403 T - '

"*t‘****'*t**t****** BUIRN NUHRER: 3 PRESS.SYS'NO. = 2 NRRANURKAARARARRNARAN

*xx COUPUTE EMEKGY SALANCE FOR BURN #x
FLUID CONSIDERED = . HYGRGGEN - AURN DURATION = SEC, = 4. FLOWRATE FOR THRUST = 2,498
THRUST P'RUP (RENAAINING = (039,96 PROPELLANT IN TANK = 1900.y4 EFF, INTERMAL ENERGY =  =,11034311en3
EFF, TApix ENERGY .= ~.2079554G+06 TOTAL. FLOWRATE = 4,564

' (

**% COMPUTE RESULTING TANK CONDITIONS #wx.
PROPELLANT WITHpRAWE = 16,339 TOTAL FLUINS IN TaAHK = 1884,10 PROPELLANT LIG, +VAP, = 1884 10
TARUST FROPLREMAINING = 103{.02 NEW EFF, TANK DENSITY =  4,1586 PART.PRES.PROP.VAPOR = 17,334
NEW IRTEREAL FtiErRGY, = e 11037366407 _

w*% COUPUTE PRESSIRANT NEEDED FOR THIS BURN ##w
TANK LIG, TEMPERATUEE = 37,57 STORED HELIUM TEHP, = 40,00 MEW TANK ULLAGE VOL, = 26,715
NEW PROPs L1Gs VOLGHE = 426434 PROPs L1G. REMATNING = 1881.53 WGT. OF PROP. VAPOR =  2.5757
HALIUN PALT,PRESSURE = 1,766 TOTAL PRES, *FPV4PHE® = (8,460 NOM, OPERATING PRES, = 19,100
FELIUN FLOW  RATE = ,3943=6)  WCIGHT OF HELIUM USED =  ,I412400  NEW TANK PRESSURE = 19,100

- .H?q ! . X

TOTAL HELJUM CONSULED

968T166V-DSIN'T
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KAIIE WSERS NAME % % % % % % % % % & % % &% % % % & % * & % PAGE 36
DEPT 6213 - % THE INTEGRATED MATH MODEL * CATE |7 APR 73
EXT. 30235 . B * TINE 15802307
Blo. JOY4 R ATY307 * CASE [

SR SR IR AR IR R B SR IR N 2R IR N AR AN IR R L BRI B BE AR R R R BRI IR
ACPS « TEST DEMONSTRATION PROSBLEN

ok TANK AND VENT PARAMETER CALCULATIONS « CONTD, Wi

KRRANRRK R AR ARRRNARRY COAST NUMBER = % PRESS.5YS5.H0, = 2 RERNAKRRARWRRANRE AR

*AN PRE= OF MON=VEHT COIIDITIONS *aw

FLUID CONSIDERFD = HYCPOGE!S FLUID TEMPEEATURE = 37.6) © COAST DURATION = SEC. = 536,
WGTL.OF Llu, PROP, = 18R1,512 HGT. FROP, VAPOR = 2¢591 PGTJHELIUN IN VAPOP = +439
PLRT ,PRES ,PROP,VAPPR = | T HU9 PARTPRES.HELIUM GAS = | 4660 CURRENT TAMK PRESSURE = 19,110
EFF THTERIAL ENERGY = - 1163644403 ‘ .
. RALKNANN AN RAARAANREX BIJRN NUMRER = Y PRESS,SYS.NO, = 2 WhARARKANARNRNNRA AR
nxx COMFUTT EMNERGY BALANCE FOR BURN *ww

FLUID CONSIDERFED = HYDROGE RURN DURATION - SEC, = . 39, FLOWRATE FOR THRUST H 2.498
THRUST FROP RENLINING = (031,02 PROPELLANT IN TANK = 1ggy. 10 EFF, INTERMAL FNERGY = =, 11036445401
EfF. TARK ENERGY = -, |8B72N80406 _ TOTAL FLOWRATE = Y564

. wRx COMPUTE RESHULTING TANK CONDITIGHS dkw .

. PROPELLANT WITHDRAWN = 177,087 TOTAL FLUIDS IN TaAHK = 1707,02 PROPELLANT LIG,¢VAP, = 707,02
TIIPUST prOp REITATHING = 934,12 NEW EFF, TANK DENSITY = 3.7678R PART+PRES.PROP.VAPOR = 14,84)
NEY INTERHAL FIIERGY = we | 10673084073 .

whw COMPUTE PRESSURANT MEEDED FOR THIS BURHN ww
TAHK LIG, TEMPERATURE = 36,57 STORED HELIUM TEMP, = 40,00 NEW TAMK ULLAGE VOL, =  7G,609
ticd! pROPe LIQ. VOLUIE = 332,45 PROPes LIAs REMAIMIHNG = 17014141 WGT, oF PRoP. VAPOR = £.9096
HILIVN PAET PRESSURE = 4,259 TOTAl. PRES, #PPV4PHEX = 15.462 NON, OPERAYING PRES, = 19,100
HELTIUN FLOW  RATF H «61i82=0 1} WEIGHT OF HELIUM USED = « 2360401 NEW TAMK PRESSURE H 19,100
THTal. HELIUM CONSULED = 2,799

T66V~DSIN'T
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EXT. 30295 " T * TIME 15102107

BLD, 104 " ATHIOT * CASE |

L B B IR B BN BN BE 3 N N SR SR S AR BN SR S AN A EE E BE BN B NE BE N EE B BE BE EE MR K BE BN B N
ACPS = TEST DEHONSTRATION PROBLEN

waw TAMNK AND VENT PARAMETEP CALCULATIONS = CONTD, w%ww

FRRARARRRENRRRANRRAR COAST MHUMBER = § PRESS,SYS.HOy = 2 NENARRARNARAXRRARRAR

akw PPL= O NON=VEHT CONDITIONS #ww

FLUID CONSIDERED =  HY[ROGEH FLUID TEMPERATURE = 36,62 COAST DURATION = SEC, = 2061,
HGT.OF LIGe PROP, = |701,06Y4 WGT, PROP, VAPOR s 5,953 WGT.HELIUM IN VAPOR = 2,799
PART PRES,PROP VAPOR =  |4,962 PART ,PRES.HELIUM GAS & 3,899 CURRENT TANK PRESSURE = 18,860
ESF, INTCRHAL EMHERGY = -.HOO?’WS#O‘{ '
wt*;*a******t******t* BURN NUMBER = 3 PRESS.SYS.NO. & O KRRRRRRNRRRRRAEENRNER

wax COIPUTE ENERGY 'BALANCE FOR BURN waw
FLUID CONSIDERFD =  HY[ROGEN RURH DURATION « SEC, =& 7. - FLOWRATE FOR THRUST =
TIIRUST PROP.RENAINING = 934,12 PROPELLANT IN TANK 2 1707.02 EFF. INTERMAL ENERGY =
EFF, TALK ENEKGY = =, 18513058406 TOTAL FLOWRATE = Y.56M4

wk% 'COlPLTE RESULTING TAHK COMDITIONS www ’ '
PROPELLANT WITHDRAUN = 33,901 TOTAL FLUIDS IMN TAHK = (673,11 PROPELLANT LIG,+VAP, = (673,11
THRUST PRCP.RENAINING = 915,56 MEW EFF. TANK DENSITY =  3.6929 PART.PRES,PRNP.VAPOR = 14,818
NHEM INTURNAL ENRERGY = = 10650886409 ]

S www COHPUTE PRESSURANT HEEDED FOR THIS DURN ##»

TalK LIO, TEMPERATURE = 36,56 STORED HELIUM TEMP, = - 40,00 NEW TAMK ULLAGE VOL, = 78,406
HEW piOFe LIne VOLIMIE = 377465 PROp, [.IGs REMAINING = 1666455 HGT« OF PROPs VAPOR =  6,5528
HZLIUN PART(PARSSURE = 4,282 TOTAL PRES. *PPV4PHE* = 15,323 NOl. OPERATING PRES, = 19,100
HELIUM FLOW  RATE : H U0y WEIGHT OF HELIUM USED = 03262+00 HEW TAMK PRESSURE 2 19,100
TOTAL MELIUM COHSUIIED = 3.125 - R . . '

2.498
= 11063398403

966166 V-DSIN'T
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NAKE USERS NAME % % ® % % & & & & & & & % % & % & ¥ & *® & pAGE 138

PEPT 6213 " THE INTEGRATED HMATH MGDEL » DATE 17 APR T3
EXTs 30235 ) " * TINE 15102107
BLie Juy hod AT4307 * CASE |

R R R R R R N Y
ACPS = TEST DEMONSTRATION PROBLEMN

k% TANK AND VENT PARAMETER CALCULATIONS = CONTD, Wwww

WARAARERRERRNRRARNAR CNASY NUMBER = [ PRESS,SYS, O, = 2 KRRANANNARNNANRANNRR
®A% PRE= OR HON=VENT COMDITIONS waw
_ FLUID CONSIPERFED =  HYDROGEN FLUID TEMPERATURE = 36,57 .  COAST DURATION = SEC. = - 593,
5 WSTLOF Llte PROE, = (6664543 WGT, PROP. VAPOR = 64,562 HGT.HELIUM IN VAPOR = 3,125
0 PART,PRES FROPVAPGR = (4,84 PART,PRES.HELIUM GAS = 3.91% CURRENT TANK PRESSURE = 18,756
X CEFFLINTERBAL EHERGY =2 =, 1069939403
2 ,
m FARRKKKRRRARFARKRRRR DN NUMBER = (-] PRESS,SYS.NO, = 2 MRARRRARKARNARRAARRK
o
z *wn CORFUTE EIERGY BALAMCE FOR SURN #%w
g FLUID CONSIDERFED =  HYDROGE!I RURN DURATION - SEC, = ' FLOWRATE FOR THRUST = 2,498
"= po- THRUST FRCPGRENAINING = 915,56 PROPELLANT IM TYANK = 1673101 EFF, TNTERMAL ENERGY =  =411063939+01
m L, EFF. TANK ENERGY = «e18331533406 , ‘TOTAL FLOWRATE = 4,564
0w o
@ : MEN COMFUTE RESULTIMNG TANK CONDITIONS wiw ‘

24 PROPFLLANT WITHORAYW = 16,339 TOTAL FLUIDS IN TANK = 1656,77 PROPELLAMT LIO,4VAP, = 1656,77
RS THRUST PROPWREIAINING = 906,62 NEW EFF, TANK DENSITY =  3,6568 PART.PRES.PROP.VAPOR = 14,773
0 tev IHTERNLAL EREROY = we l 106HEHT$03
m
0 wuw CONPUTE PRESSURANT MEEDED FOR THIS BURN www
o
z TAHK LIO, TEMPERATURE = 36,54 STORED HELIUM TEWP, = 40,00 NEW TaNK ULLAGE VoL, = 82,200
3 MEW PROp, LIQe VOLUME = 370.86 PROP, LIOe REMAINING = 164992 W6T. OF PROP, VAPOR =  6,8510
z heLIUN PART,PRESSURE = H,327 TOTAL PRES, XFPV4PHE®* = 18,504 NOoM, OPERATIMG PRES, = 19,100
< HELTUM FLOW  RATE = LS517g=01 HEIGHT OF HELIUM USED =  f854+00 NEW TANK PRESSURE = (q9,100

TOTAL HELIUM CONSUMED = 3e311 ' -

66V-DSIN'T
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EXTs 39235
BLDs 104

LA B K B AR BN B AR N AR 2 AR R R R A )
ACPS = TEST DENONSTRATION PROBLEN

]
*

AT4 307

* TIME 15102307
‘* CASE !
LT R R BN R

*ax TAHK AND VENT PARAMETER CALCULATIONS = CONTD, wwx

wuaﬁwa*w***n'a****t* COAST HUMBER = 4

**% FRE= OR NON=VEKT CONDITIONS ®#w

FLIID COMSIDERED = . HY
”GT.OF onc PR“P. ! -
PART PRLS ,PROP,VAPOE =
CFF INTERIAL FEHEROY' =
i

DROGEN
1649.908
144791

FLUID TEMPERATURE
6T, PROP, VAFOR
PART,PRES.HELIUM GAS

=« 11063599403

wnaywtaa***a*aw**rt* SURN NUMBER = 7

win CONFUTE CHERGY BALANCE FOR BURN www

FLUID CCNSIDERED =  HY
TURUST FRUP REIAINING =
FFF, TArk ENERGY | =

CROGEN
906462

BURN DURATION = SEC,
PROPELLANT IN TANK

=, 15012108406

we® COHPUTE RESULTING TANK CONDITIONS #ww

PEOPELLANT WITHDRA'UY =
TIIRUST PEOPREUAINILG =
NEW INTERIIAL Flfnﬁv =

S mww COIPHTE PPkSSUFAh? NEEDFD FOR THIS BURN www

TANK LIQ, TENPENATIRE =
LM PROPs LIG, VOLIMIE =
PELIUN PART(PRESSURE =
HELIUN FLOW  RATE =
TOTAL HELIUM CONSUMED =

"301,686
T41.53

TOTAL FLUIDS IN TAHK
NEW EFF. TANK DENSITY

~oI107839H¢03

36,00

300,69
5.587

+6976~0
7.922

STORED HeELIUM TEMP,
PROPs LIQ. RFMA!NXNG
TOTAL PRES, wPPV4PHEW®
WEIGHT.OF HELIUM USED

PRESS.SYS.NO, =

PRESS.SYS.NO, =

nn

=
14
&

36,58
6,858
3.953

66,
1656477

1955,08
2.9910

40,00

1343.37
15,613
4611401

PANT.PRES.PROP«VAPOR

D NARAARAANRARANNRRANNR

COAST DURATION « SEC. &
WGT.IELLIUN IN VAPOR =
CURRENT TAMK PRESSURE =

2 ARARAARRANNRNRANRARNE

FLOWPATE FOR THRUST
EFF, INTERNAL ENERGY
ToTA|, FLOWRATE

3 un

PROPELLANT L16,+VaP,

N

NEW TANK ULLAGF VOL,

. MG6T, oF PROP. VAPOR

1
NON, OPERATING PRES, =
NEW TANK PPESSURE ]

536,
.91
18,744

2.498
e, 110615990
4,564

1355, 08-
13,513

152,365
fleTiI3
19,100
19.100
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ANVAIWOD 3IADVHS ® S3TUSSIW Q3I3AHMNDO0T

¥S-T

HALIE  USERS MAME

DEPT 6213
EXT. 30235
BLD. 10Y
R I R R R R I R A R R R R R R EE R EE
ACPS = TEST DEHONSTRATION PROBLEN

*

N RN R R KRN KN K KRR KK RN NN N PAGE Y0

‘" THE INTEGRATED MATH MODEL » DATE |7 APR 73
" * TINE 15302108
w ATU307 * CASE {

RENKRNRNRARRRRRRANAR COAST HUMBER = 8

*a* PRACe O HONVENT CONDITIONS #¥x -

FLUID COMSIDERFD =  HyPPROGEH
WGT,OF Llu. PROP, S 343,198
PART,PRES ,PROP ,VAPOR = }3,730

EFFL,INTERIAL ENERGY

FLUID TEMPERATURE
HGT, PROP., VAPOR
PART PRES,HELIUM GAS

=+ 11076687403

ARERKARKAREARARARANN BIRN HUMBER = 8

wan COHPUTIS

FLUID COMSIDERED =
THRUST PROP,REIAINING
£FF. TAHK ENERGY

-
-

HYC ROGE!

741,53

EHEPRGY BALANCE FOR BURN www

RURN DURATIOM = SEC,
PROPELLANT IN TANK

~« 13372769406

®En COHPUTE RESULTING TANK CONDITIONS wiw,

PROPRLLAMT WITHDRAV!
THRUST FROPRFEHAINING
EW INTEMIIAL EHIERGY

" mww COUPUTE PRESSURANT NEEDED FOR THIS BURN #ww

TAHK LIQ. TEMPERATURE
LW PROP, L1G, VOLIKIE
HeEL IU PART  PRESSURE
HELIUR FLOW RATE
TOTAL HELIUM €auSUED

47,420
661,80

TOTAl. FLUINS IN TaNK
NEW EFF. TANK DENSITY

= 11073291403

35.76
266475

6,109
.8258'0'
10,589

STORFD HELIUM TEIP,
PROP, LI1A, REMAINING
TOTAL PRES, #PPVePHEW
WEIGHT OF HELIUM USED

PRESS.SYS.HO, &

36,09
ii.RB2
5,0“'

PRESS'SYS.NO. a

32,
1955,08

1207,66
3-6656

40.00
1199,84
17.078

v 2667401

**%x TANK AND VENT PARAMETER CALCULATIONS « cONTD, Whw

D FARRRKARANRAARAA NN AN

COAST DURATIOM « SEC, = S TN,
WGT HELIUt, IMN VAPOR = T.922
CURNENT TAMK PRESSURE = 18,7714
2 WHARRRARARRAARTARANRA

FLOWRATE FOR THRUST ] 2,498
EFF, INTERMAL ENERGY = =, 11076687403
TOTAL FLOWRATE z 4,564
PROPELLANT L10,+VAP, = 1207,66
PART,PRES,PROP+VAPOR = 12,991
HEVW TANK ULLLAGE volL, = 184,312
6T, NF PROP, VAPOP = |}3,8)88
tioit, OPERATING PRES, = 19,100
HEW TAMK PRESSURE H 19,100

€166V-OSIN'T




ANVAWOD 3D0VdS ® S3HUSSIN A3IHNDOT

GG~

AL

CEFT 6213
EXT. 30235
slb, J0u _
**!t*l‘*t***t'**tt*t****t**titi**tttt-tt'*

ACPS = TLST DEHOHSTRATION PROBIEN

VaokRa NWAITE

EEEX

W W W W W W AN T W W AW

THE INTEGRATED HNATH MODEL

ATH3OT7

W W W W m W w v Ut

* DATE |7 APR 13
* TINE 15102108
® CASE |

wae TANK AND VENT PARAMETER CALCULATIONS « CONTD, wawn

RRNARRRARANARRRRANARY COAST NUMBER = 9

)

|

OR HON=VENT COMDITIONS waw

PRESS.SYS.NO,y &

whR pn[- o
FIUID 'CONSIDERED = ' HYLPROGEN FLUID TEMPERATURE = 35,82
VGY,0F .10, PRGP, 2 [1193.713 HWGT, PROP. VAFOR H] 13.947
PART ,PRES.PROP,VAPOR = [3,124 PART ,PRES HEL TUM GAS = 51469
EFF INTERUAL FIERGY ' = =, | I0TI768403
twafw'**twwt*t**w'ta BURN HUMBER = 9 PRESS.SYS.NO, ®
1 : . .
. wan COIPUTE EHERGY BALANCE FOR BURN www
FLUID. CONSIDERED = . HYLROGE! RURN DURATION « SEC, =& 104,
TURUST PROP.RENAINIIG = 660,86 PROPELLANT IN TANK 8 1267.66
EFF, TAEK ENERGY = =.8N652389405%
whw COLIPUTE RESULTING TANK CONDITIONS ww% »
PROPELLANT WITHOPAVH = 475,122 TOTAL FLUINS IN TAMK &  T32,54
THRUST PRGPGRFIILINING = 400,86 HEW EFF. TAMK DEMSITY =  1,6169
KEW INTERIAL.FHERWY. = «,11009992403 :
e tnnPurc PRESSURANT NEEDED FOR THIS BURN %ww
TANK on TEMPFPATIRE 2 34,83 STOPED HELIUN TgMP, = 40,00
HEW PROP. LIBs VOLUKE = |5Be35 PHOP. L1G. KEMAINING = 'Ti3.62
VELIUN PART.PRESSURE = 8.028 TOTAL PRES, ®PPVePHE® = 4,433
HZLIUM FLOW RATE - = 1096400 HEIGHT OF HELIUM USED =  ,|ilW]e02
TOTAL HELIUM CONSUIED = 22,00 4 .

D ARNARARNRARARNAENRNANRY

COAST DURATION = SEC, ®= 568,
HGTLHELIUM IN VAPOR = 10,589
CURRENT TANK PRESSURE = 18,593

 NANAAARABAARRRRARFN R

FLOWRATE FOR TIRUST n 2.498
FFF. INTERMNA| ENERGY = =, 11071768403
TOTAL FLOWRATE: = 4,564

PROPELLANT L1G,+VAP,
PART.PRES,PROP«VAPOR

732,54
11,072

"nn

NEW TANK ULLAGE VOL, = 294,TI4
W6T, OF PROP, VAPOR = 18,9178
NOM, OPERAYING PRES, = 9,100
NEV TANK PRESSURE = 19,100

966166 V~OSIN'T



ANVAWNOD 3DVvds B SATNSSIA QIIFHANDO0T
96-2 -

KALE  USERS NAMF

CEPT 6213
EXTe 30235
pLD. fOM

LA 2 N B A B B BN B B BN R BN R B NN B B R NN R BE K R K S BN N K K R I I RN

kR R Rk R R R Wk k ok kKN K RN NN K PAGE. 42

» THE INTEGRATED MATH MODEL % DATE |7 APR 73
W : * TIME {St102109
" ATu307 % CASE |

ACPS = TEST DEMONSTRATIoON PROBLEN

WRARNRRA AN R RIS Rk AREY COAST NUMBER = |0

WWX PPE~ OR NON=VENT COHDITIONS *w%

FLUID COMSIDERFD =
waT,0F Lfa, PROP,
PART ,PRESPROP,VAPOR
EFF  INTERNAL FHERGY

HY

CROGEN
T12.672
11,689

FLUID TEMPERATURE
¥GT. PROP, VAPOR
PARTPRES,HELIUM GAS

= [1001698+03

RRARAKARAARRENRKARNK BURN HUMBER = {0

*kex COMPUTE EHERGY BALANCE FOR BURN swn#

FLUID CONSIDERFD =
T RUST PROP,RENAINTHNG
EFFe TANK ENERGY

HYUROGE!!

400,386

RURM DURATION « SEC,
PROPELLANT IN TANK

=,64] 12928405

xkw COHPUTE RESULTIHG TANK CONDITIGNS www

PAOPELLANT WITHORANL;
THRUST PROPLREIAINING
LZH INTERNAL FNERGY

wrx COMPUTE PEESSURANT HEEDED FOR THIS GURN www

TabX LIQ, TEMPERATURE
tEw prOp, LIn. VOLUNIE
HEL I PART (PRESSURE
HELTUM FLOW  RATE
ToTal HELIUM COUSULED

145,594
32t.19

TOTAL FLUIDS IN TAHK
HEW EFF, TANK DENSITY

=.10923182403

I, 96
125,60
Te126
HMT9 l=Q|
23,529

STORED HELIUM TENP,
pROp. LIGs REMAINING
TOTAL PRES, *PPV4PLE®
WEIGHT OF WELIUM USED

PRESSSYS.NO, =

PRESS.SYSNO, B

35. 14
19.866
T7.050

32,
732.5y

566,94
142958

%0,N0
656541
17.689
« 152801

*¥% TANK AND VENT PARAMETER CALCULATIONS = CONHTD, wwx

P RRRRAAXKARANARN R AR ANR

COAST DURATION « SEC, =
WGTHELTUN IH VAPOR =
CURRENT TANK PRESSURFE =

2 NRARRKRARNRANARNRWNAN

FLOVRATE FOR THRUSTY
EFF, INTERMAL ENERGY
ToTAL FLOVRATE

PROPELLANT LIG,+VAP,

PART.PRES.PRNP,VAPOR &
HEY TANK ULLAGE VOL, =&
HWGT. OF pPROP, VAPOR s
1o, OPERAYING PRES, =
HEW TaAMK PRESSURE e

1876,
22,00!
18,739

2498
=, 11001498409
Y564

566,94
114374

327,458
21,5356
19,100
19.100

166V-OSINT



ANVAWOD 3DVdS B SITSSIN GQ3I3HNDO0T

LS-3

ToTaL HELIUA CONSULED

RARERRRAKCANRRRCRNNE COAST NUMBER = 1] PRFSS.SYS.NO, =

Waveiigy vV

DEPT 6213

EXTe

gLy, 104

LN B S IR KR BN B BN B B B B NN B R BN N L L BN TR B BN B BN N R BN BN NN B B B ] LR

AL XY

30235

> THE INTEGRATED MATH MODEL
]
* ATH307

* 4
* TIME (5202309
* CASE i

ACPS = TEST OSHMONSTRATION PROBLEN

*#% TANK AND VENT PARAMETER CALCULATIONS = CONTD, %ww

RAN SPE« OF NONwYEMT COMDITIONS www

FLUID COMSIDERED =  HYRROGE!

UGTOF Lli:e PROP,
PART (PPES,PROP,VAPOR
EFF INTLREAL ENEROY

wan POST

FLUID TEMPERATURE = 43,07

. R22.iT6 WGT. PROP. VAPOR o= 6M.T68

I7.5n2 PART.PRES . HELIUM GAS = 6.313
=e 77723276402

VENT COUDITIONS *a%
TAlK VENT PRESSURE = 24,10 . WGT,VENTED FLUIDS = 64,9
6T VAPOR IN TAIK = 36,653 WGT,HELIUM IN VApOR = 13,105
Fi‘«RT."RCS.PdOP.VAP“IR -4 19,762 PARTIPRES.HELlU" GAS = 4.338

RRRKHRR AWK AR AR KA BURN NUMBER = 1t PRESS.SYS.NO, =

. wan COLFUTE EIIERGY BALANCE FOR BURM www
FLUID CONSIDERED = . LIYDROGE(!

TARUST PREP RENAINING =
EFF. TAnk ENEROY ‘=

321,19

=,415225773405

xxn COIPUTE RESHLTING TANK COMDITIONS wi#

" PROPELLANT WITHuRAVM

T-RUST PrRUPJREIAINTNG =
MEW TNTERIAL ENERGY =

TaNK L1G, TEMPRRATURE
NEW pPROP, LIn, VOLUGE
HELIUA PART ,PRESSURE

62,225
2A80.873

= 9365165102

38,89
98.61
3.862

AURMN DURATION = SEC, = 16e
PROPELLAMT IN TANK = 445,18
TOTAL FLUIDS IN TANK =  N&2,9!
HEw EFF. TANK DENsIYY = 1,0370
*x% COHPUTE PRESSURANT NEEDED FOR THIS BURN ww

STORED HELIUM TENP, = 40,00
'PROP. LIQ. REMAINIAG = 430,36
TOTAL PRES, *FPV4PHEW = 24,201
NEIGHT OF WELIUM USED =

HeLIWY FLoN  RATE

i i

«0000
23.529

«0000

2 HARAARARRANRARRNN RNk

COAST DURATION « SEC. =

WOT.HELIUM TN VAPOR =
CURRENT TANK PPRESSURE

W6T,OF LIQ,TM TANK
TOTAL FLUIDS IN TANK
VENTED TAHK PRESSURE

2 AARRARARANRRARRAARS

FLOWRATE FOR THRUST
FFF, INTERMAL ENERGY
TOTAL FLOWRATE

PROPELLANT LIG,4VAP,
PART«PRES,PRNOP.VAPOR

NFW TANK ULLAGE voL, ~
WGY. OF pPROP. VAPOR
NON, OPERATING PRES,

" NEW TAMK PRESSURE

*

ot

571048,
23.529
Us.816

HeS .48
S48, 14
24,100

2,498
=, 94977942402
3.851 )

Yég, 81
20,339

354,452
39,4450
19.100
24%.201

968T66V-OSIN'T
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NAUE  USERS NAME

CEPT 6213
EXTe 30235
BELD. tOM

*
W
w

THE INTEGRATED MATH MOLEL

AT4307

R RN kKKK Kk Nk ok ok kW R KRN R PAGF Yy

« DATE 17 APR 73
* TIME 15102109
* CASE l

SRR B AR R R R I A IR I R R R AR AR B N I I B B R I )
ACPS « TEST DEMONSTRATION PROABLEN

KRRRINRNKNARNRNLARRR COAST HUMBER = |2

*hk TAMK AND VENT PARAMETER CALCULATIONS = cOHTD, *w%

wA% FRE= OR NON=VENT CONDITIONS wwx

FLIIID CONSIDERFD = HYDPOGE! FLUID TEMPERATURE = 39.03
HGT,,O0F L1G, PROP, = 429.512 WGT, PRGP, VAPOR = HG.298
PART.PRES.PROP.VAPHR = 20.813 PART,PRES HEL.IUM GAS = 3,875
EFF,INTERIIAL ELERGY = ~e 029900934072 .

®ekx POST VOMNT COIIDITIONS w*ww
TaNK VENT PRESSURE = 24,10 WY ,VENTED FLUIDS = - 1,40
VGTVAPOR IN TANK = 39.4RY VGTHELIUM IN VAPOR = 12,654
FPeRT,PRES,PROP,VAPCR = 204317 PART,PRES.HELIUM GAS = 3.783
ETFLINTERIAL EHEROGY = = 73436532402

WRARERERARIARNKNRIRANL QRN HUMBER

= {2

Cowkw CONPUTE EMERGY BALANCE FOR BURN www

FLUID COHSINERED =
TPUST FRUPREIAINIRG
FFF. TANK ENERGY

HYDROGED
280.83

wur COHPLTC RESULTING TANK CONDITIONS ww

PROPELLANT WITiHRAMY
THRUST prOpRENATINING
Hev INTERTIAL EHERGY

381,474
31.CT

«o119986 179402

*aw COLPUTE PRESSURANT HEEDED FOR THIS BURN www

TabK LIQ, TENPERAVLRE = 37,67
oW prOp, LIQ, VOLIWID = 9.98
hELTUNG PART JPRESSURE = 2,888
HOLIUM FLOW  RATE 2 L0000

TOTAL HELIUM COMNSUIED = 23,529

RUR!N DURATION « SEC, = 100,
PROPELLANT [N TANK = 428.93
TOTAL FLUIDS IN TaANK = 69,59
VEW EFF, TAWK DENSITY = «1919
STORED HELIUN TEMP, = 40,00
piiop. LIn. REMAINING = 43.56
TOTAL. PRES, *PPV4PHE% = 20.512

s +»0000

WEIGHT OF HELIUM USED

PRESS,SYS. MO, =

PRESS.SYS.NO, =

D RRRRRARRANARRT RN RN NN

COAST DURATION = SEC, =
6T HELIUM 1IN VAPOR =
CURRENT TAMK PRESSURE =

WGT,OF LIG,IN TANK
TOTAL FLUIDS IN TAN
VEMTED TAMK PRESSUR

K
E
2 KARKRNAARRANNANRARRRR

FLOWRATE FOR THRUST
EFF. INTERMA( ENERGY
TOTAL FLOWRATE

PROPELLANT LI1Q,+VAP,
PART .PRES.,PROP,VAPOR -

HEW TaNK ULLAGE VOL,
6T, OF pROP. VAPOR
NOM,. OPERATIMG PRES,
MEY TAMK PRESSURE

]

9S84,
13.105%
24.688

423,93
481,07
24,100

24498
-, 93436532402

3.815

86,94
17.623

443,180
43,3789
19,100
20.512

66 V-OSIN']



T ANVENUY J0V0D 0 I3 11001 AU iAo

6S-¢ -

EXT. 30235 :
FLD, 104 ’ " ATY430T7

* CASE l

T T P EEELEEEREEREE N R I I B NI B
_ACPS = TEST DEHONSTRATION PROBLEN

x#% TANK AND VENT PARAMETER CALCULATIONS = CONTD, www

RRARRNNENARRRRRAKRAR  FINAL ENGINE SHUTDOWH PROPELLANT TANK COHDITIONS swhadavsagdidkwndan

. wan COMFUTE FINAL TANK CONDITIONS %
FLUID CONSIDERED = HYDRAGEH - FLUID TEMPERATURE

= 37.68

UGT,OF Liue PROP, = 53,505 W6T., PROP. VAPOR H] 43,436

PART ,PPES.PHOP VAPOR =  |7.649 . PART.PRES.HELIUM GAS = 2,639
EFF INTEPLAL ELERGY = = H987HY429402 )

FINAL TARK TEHF. = 3T.684 TOTAL VENTEDL GAS WGT. = 56,304
WGT, OF LIGJRESIDUALS =  43.505 _

wan CONMPUTE PRESSURIZATION SYSTEM HEIGHT www
= 75,204

ToTAL HELIUA GAS ®EuD = 23,529 WGT,PRESSURANT SYSTEM

COAST DURATION = SEC, = 300,
MGT.HELIUM 1N VAPOR =  12.65M
CURRENT TANK PRESSURE = 204537

WGT. OF GAS RESIDUALS = - 56,090

*

- 96€T166V-DSIN'T



NAUE  USERS WAME % # & % % x & % & & & & & & % & % & % % * PAGE ué
CEPT 6213 " THE INTEGRATED HMATH MODIL * DATC )7 APR 73
EXTe 3023% " * TIHE (52102810
PLD. JON R aTH307 * CASE |

t*it*t****t*it**ﬁ*tt*i*****t****titt***
ACPS = TEST DENONSTRATION PROBLEM

wRN FINAL TANK SIZING CALCULATIONS #aw

ANVIWOD 3DVvdS B S3TUSSIN dITHNDON

09-2¢

INsUL, WT (L.B) TOT

NXYGEN HYDROGEN

"HUMBER OF TANKS f I

ATERIAL TYPE 2 2

IHSIILATION TYPE 2 , 2
FLUID Y6T, (TOTAL) +543006R+0Y +225R20404
FLUID VOLUKE /TANK «T66T85402 - «509397403
LGT ADUED CYL SECT TR L23U124402
DIANETEP (FT)/TAMK 506600401 500000401
SURFACE AREA /TANK .892018402 J416301403
TANE VOLUMZ /7 TANK « 790506402 525151403
TANE UGT. (LB) TOT JHHBUTHHOR «221240403
INsilL, THICKMESS 200000401 ,200000+0]
¢ 364606402 < 172240403

66V-OSIN'T



CErT KET13 w LA "N RARBYRA AL m -2,
EXT. 30235 * T AR LT A
el.be 104 . . ATu307 * CASE A :

Kk R oWk kk R AR KWk kR R Rk Kk kR ok k ok kR ke k ok k kR Kk Rk
ACPS = TEST DENONSTRATION PRORLEN

§

#%% ACCUMULATOR SIZIHG CALCULATIONS *#*w

TANVANVY J3JVED T D3 DIV UaaAMAww ¢
. - . ‘e s

19-2

)
i

. LUMBER OF TAMNKS
"ATERTAL TYPE
o IHSHLATION TYPE

. 16T apOF{ CYL SECT -

© DIADETER (FT)/TANK
¢ CURTACE ARUA /TANK
CTANKE VOLUNE / TAHNK
TANE ¥GT, (L3) TOT
" INSUL, THICKNESS
ISk, ¥r (1.3) TOT
" GAS RESIDUALS HT,

OXYGEN

|

!

Y
«500000
« 148369401
«890TSU+O
«250000401
¢ 347921402

oi2Ul 17401 |
683188402

HYDROGEN

f

{

y
« 000000
oS 1T3040
+8U0B32+402
« 725000402
« 100850401}
2000000
o 11T156402
«695175+02

968T66V-OSIN'T’




. ANNSHRID FVVES B SIAUSSIN QIIHMDO T

- 89-2

NAITE USERS NAME & % % % o % % % % % & ® & % & % % & & % % PAGFE 48
CEFT 6213 » THE INTEGRATED MATH MODEL * DATE {7 APR T3
EXT. 30235 R, * TINF (5102210
3LD. 104 * ATYINT * CASE {

LR B B B BN BN BN BN 2R N R B BN AR 2N AR SR BN S N N R R R NE N BRI K B B I N AR B B N B ]

ACPS « TEST DEMONSTRATION PROBLEL
*x% TANK PROPELLANT ACQUISITION DEVICE COMPUTATION®%%

OXYGEN HYDROGEN
" TYPE ACQ, CEVICE o SURF TENSION SURF TENSIOM
PEVICE 4T, (LRS) « 190053402 «751981402
TRAPPED RY DEVICE ) . o 112225403 JH35049+402
rLESID, FROPELLANT ‘ . «902258402 JU3ISNHG402

66V-DSIN'T



Iy % " THE INTEGRATED HATH MODEL * DATE 17 ARPR—T3

CONPONENT

LINE
TLE
I.INE
TLP
LINE
VALVE
LItE
VALVE
LINE
TAP
LINE
Ri.6
CLINE

ACCUM
LIMNE
3184
lIHE
VALVE
LINE
puLip
L1NE
VALVE
LINE
TaP
LINE
TANK

a5 B SIANSSIN QA3HNIVO0]
€9-¢

- ORIV VRITINJJ

‘@ FIN

£XT. 30235 B * TIME tSto02tl0

SLif. oM, w ATY307 * CASE t _

'R ERRE R R RN R R RN EE R R R R
“ACPS = TEST DEMOHSTRATION PROBLEM

whw COMPONENT MEIGHT SUMPARY Wik

ese ORIDYLER 4., eee FUFL o0
CONPOMENT INSULATION COMPONENT
CULDE WT. (LBS) dT. (LBS) . COMPONENT CODE WT, (L.BS)
LHDI 4,009 .|aa : .. LINE LN2| 3.508
Frol 433 . .000 . TEE FT2) S X1
RN} S, 466 . 256 . LINE LN22 4,783
FT02 Ju2 +000 . TAP FT22 262
1.M6Y +875 04| . LINE LN23 «T65
Ivol 6,31y : «000 . VALVE ' 1voQ 6,121
LLOu 437 - W02) . LINE LN2Yy . 383
cvn U, 406 . +000 . VALVE cvoy 4,255
LKGS 1,458 .068 . LINE Lh2s 14275
FT03 ez .000 . TAP FT23 262
Li06 W 729 03 . LIUE LN26 638
PEO 9,610 .000 . REG PRG2 . e,392
LNOY © 14913 051 . LINE LN27 1674
ACOI S, T9R R T . Accun ACOR 1008494
LEa3 1,531 «04 1 . LINE LM28 toeluR
HXO 1 22,655 , +000 . HE X HX03 61,123
L 09 . 383 W00 . LINE L.N29 ST
vy 9,000 «N00 . VALYE cvng 9,214
Lo 0383 WOl . LINFE LN30 ST
HPO Y 73,362 .000 . PUNE Hra2 4,569
Ly 4,37) ' 213 . LINE LN3| : 4,373
sva| . Y, tu2 +000 . VALVE sV02 4406
Lal ATY .25 . LItE LN32 . <437
FToy _ S «N00 . TAP Fray - 342
LNy 1,099 +050 . LINE . LN33 «875
TKOI 63,853 36.461 .

TAHK TKOR 296,438

*%x COMPONENT WEIGHT SUMNARY TOTALS wiw

CONSUMER MEIGHT = LBS « 159375403
OXIDYZER SYSTEN WT, ~LBS «253000403
CQXID INSULATION MT = LBS «387139402
Fugl, SYSTEER 4T, = LBS 145622404
FUEL, INSIULATION VT = LBS « 198969403
"TOTAL SYSTEM WT. = LBS «210628+04

TNSULATION
WY, (LRS)

«920
.000
.254
.000
o220}
000
L 100

« 33U .

000

LY

000
«25)
l‘ T16
18D
« 000
091
LA00
.nq'
<000
1,00u
<000
« 109
000
219
182,240

968166 V-DSIN'T



LMSC-A991396

Section 3.0
LIBRARY ROUTINES AND SUBPROGRAMS FROM OTHER SOURCES

This section contains pertinent library routines and a brief resume of subprograms
from other sources which are employed in Program TCIMM. The list includes
Lockheed system routines, UNIVAC FORTRAN V math function routines, UNIVAC
FORTRAN V math function routines, National Bureau of Standards TABCODE routines
and modified versions of the University of Idaho, Thermodynamics Properties of
Oxygen and Nitrogen Program.

3.1 LOCKHEED SYSTEM ROUTINES

This subsection contains descriptions for those system routines which are unique to

Lockheed Missiles & Space Company (LMSC).

3.1.1 Subroutine DATE

Description

Subroutine DATE provides the current-date through the following Fortran CALL
statement: ' '

CALL DATE (COL,IMAGE)
which stores nine cha;'acters of the form
ddAxxxAyy

where dd is the day of the mqnth, xxx is the usual three-letter abbreviation for the

month, yy is the last two digits of the year, and- A is a blank. o

The date will be stored with its right-most character in column COL of the array area

beginning at image. The field COL may range from 1 to 120.

3-1'
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An example for the use of DATE is shown below:
DIMENSION B(2)
CALL DATE(9, B)

where a two-word array B (12 characters) is specified and the complete image would

be ddbxxxbyybbbb .

This may then be written on the standard Fortran list output by:"

WRITE (6, 3)B
3 FORMAT(A6, A3)

Calling Sequence

CALL DATE(COL,IMAGE)

Name Type 1/0 Dimension Description
COL I The right-most character is in this column

of array IMAGE.

IMAGE ' 2 Array in which date and time is stored.

Significant Variables

None

Subprograms Referenced by this Subprogram

None

LOCKHEED MISSILES & SPACE COMPANY
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ubprograms Referencing this Subprogram

Routine Type Reference

CONTRL P Page B-75

Listing Reference Page

None

Flow Chart

None
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3.1.2 Subroutine TOD

Descrigtion

The current time is. available through the Fortran statement
CALL TOD(COL,IMAGE)

which will cause the eight characters
hh:mm:ss

representing the hours, minutes, and seconds of the current time (on the 24-hour
clock) to be stored in Fieldata code with the right-most character in column COL of

the array area beginning at IMAGE.

An example of use of TOD is shown below:

DIMENSION A(2)
CALL TOD(8,A)

where a two-word array A (12 characters) is specified and the comlglete im‘aége'would
be hh:mm:ss0000. P -

This may then be written on the standard Fortran list output by:
WRITE (6, 2)A

2 TFORMAT(A6,A2)

Calling Sequence

CALL TOD(COL,IMAGE)

Name Type I1/0 Dimension Description
COL I Right-most chéracter of data stored in
array IMAGE
IMAGE I 2 Storage area for current time on the 24 hour
clock
3-4

' LOCKHEED MISSILES & SPACE COMPANY




LMSC-A991396

iiinifica.nt Variables

None

ubprograms Referenced in this Subprogram

None

ubprograms Referencing this Subprogram

Routine . Type Reference
PAGE S Page B-239

.isting Reference Page

None
low Chart

None
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3.2 UNIVAC MATH ROUTINES

The LMSC 1108 library contains the UNIVAC FORTRAN V standard mathematical
function routines, of which the following are used by TCIMM:

SQRT Square Root

CBRT Cuba Root

EXP Exponential _

DEXP Double Precision Exponential

ALOG Natural Logarithm (Sn X) '

DLGG Double Precision Natural Logarithm
ABS Absolute Value

DABS | Double Precision Absolute Value
AMAXI Sets Largest Value of Arguments
AMTNI Sets Smallest Value of Arguments -

DBLE Converts REAL to Double Precision
3.3 NBS— TAB C@DE ROUTINES

3.3.1 Hydrogeh Thermodynamic Properties Routines

In order to provide for the closed form calculation of the thermodynamic properties o
hydrogen as needed in TCIMM, a set of subprograms from the NBS-TABC@DE were
integrated into TCIMM.

‘The subprograms used are as follows:

Name Use
Function HPTCP Cp of Hydrogen
Function HPTCV Cv of Hydrogen
Function HPTGAM Ratio at Cp/Cv
Function HYENTH Enthalpy of Hydrogen
Function PSATH Saturation Temperatures
Function PTDENS Density of Hydrogen
Function PTHEAT Specific Heat Subprogram
Block Data SPHTDA Thermodynamic Constants
Function TSATH Saturation Pressure

3-6
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A detailed description of the above subprograms will be found in References 3.3-1 aﬁd

3.3-2. Subprogram listings are also given in Appendix B of this report.

3.4 UNIVERSITY OF IDAHO — OXYGEN AND NITROGEN THERMODYNAMIC PROP-
ERTIES PROGRAM

A unique set of thermodynamic properties computer programs have been developed
under the guidance of R. B. Stuart of the University of Idaho. The programs provide
in an integrated set of subprograms the desired thermodynamic properties for either
oxygen or nitrogen. This set of programs has been modified by LMSC to work in
essentially a single precision mode on the UNIVAC-1108, thus providing very rapid
closed-form calculation of the desired oxygen and nitrogen properties. The subpro-
grams employed in Program TCIMM are fully described in Reference 3.4-1. The

salient features of the subprograms are presented below as abstracted from Ref. 3.4-1.
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3.4.1 DESCRIPTION AND USE OF SUBPROGRAMS

The subprograms in this package may be c]ass1f1ed into five general
‘categories:

- A. Subprograms which are used directly in a calling program

B. Subprograms that are called by other routines in this package
- C. Subprograms that initialize data
D

. Subprograms that convert units of input and output for calculatin
properties in engineering units

E. Heat Transfer Parameter Calculation Subprograms.

3.4.1.1 Subprograms Used Directly In a Calling Program
The units employed for various quantities in the following routines a

Temperature--degrees Kelvin

Pressure--atmospheres

Density--moles/liter

Enthalpy--joules/mole

Internal Energy--joules/mole
Entropy--joules/mole-K

Specific Heat at Constant Pressure--joules/mole-K
Specific Heat at Constant Volume--joules/mole-K
Sonic Velocity--meters/second

For input and output arguments in other units, the user must modify t
. calling program to accommodate the desired units. One example of this is
presented inSubsection 3.4.1.4.

1. NAME: SUBROUTINE PROP (T, P, D, K, H, S, U) . (

PURPOSE:
For (K= 1) - Calculates density, D, enthalpy, H, entropy, S, and
: internal energy, U for input temperature T, and

pressure, P. :

For (K = 2) - Calculates P, H, S, and U for input of T and D.

For (K = 3) - Calculates P, D, H, S, and U of the saturated vapor
at input temperature, T.

For (K = 4) - Calculates P, D, H, S, and U of the saturated liquid

at input temperature T.
2. NAME: SUBROUTINE PFND (T, D, P)

PURPOSE: Calculates pressure, P, at temperature, T, and density,
D, from the equation of state.

NOTE:‘ If only pressure is required in the calling routine the
use of PFND instead of PROP (with K = 1 or 2) will save
computer time.

‘
3-8
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NAME :
PURPOSE :
For (K =

For (K

For (K

NOTE:

NAME .

PURPOSE:

NAME:
PURPOSE:

- NAME:

PURPOSE:

‘NAME :

PURPOSE:
For (K =

For (K =

For (K =
For (K =

NOTE:

LMSC-A991396

SUBROUTINE DFND (T, P, D, K)

0) - Calculates density, D, given temperature, T, and
pressure, P.

1) - Calculates D and P for the saturated liquid at temp-
erature T.

2) - Calculates D and P for the saturated vapor at temp-
erature T.

If only density is required the use of DFND instead of
PROP (for K = 1 or 3) will save computer time.

FUNCTION VPN (T) .
Calculates the vapor pressure, P, at temperature, T.

SUBROUTINE TVP (P, T) '
Calculates the saturation temperature, T, for pressure, P.

SUBROUTINE CPVTD (T, D, CP, CV)

Calculates the specific heat at constant pressure CP,
and the specific heat at constant volume, CV, at 1nput
‘temperature, T, and density, D.

SUBROUTINE VSND (T, P, D, K, W)

1) - Calculates density, D, and the sonic ve]ocity,'w,
- at temperature, T, and pressure, P. -

2) - Calculates W for input of T and D.
3) - Calculates D, P, and W for the saturated vapor at
~ temperature, T.
4) - Calculates D, P, and W for the saturated Tiquid at — — —

temperature, T.

These calculations require modification if a set of units
other than that discussed below in Section 3.4.1.3.

1.2 Subprograms Called Only By Other Subprograms In This Packagei

]o

NAME :
PURPOQSE :

NAME :
PURPOSE:

SUBROUTINE VPROP (T, P, D, K, H, S, U)
Calculates properties of the vapor phase.

SUBROUTINE LPROP (T, P, D, K, H, S, U)
Calculates. preperties of the liquid phase.
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3. NAME: SUBROUTINE DCALC (D, T, P, DL, DH)

PURPOSE: Performs iterative solution of the equation of state
for density given temperature and pressure.

NOTE: The solution density. D, must be bracketed by. trial
densities, DL, and DH.

4, "NAME: FUNCTION DSATV (T)

PURPOSE: Calculates an approximate value of the density of the
saturated vapor at temperature, T.

5. NAME: FUNCTION DSATL (T)

PURPOSE: Calculates an approximate value of the density of the
saturated liquid at temperature, T.

6. NAME: SUBROUTINE DPDTVP (T, P, DPDT)
PURPQOSE: Calculates the derivative of the vapor pressure equation,
dP/dT, given temperature, T, and pressure, P.

7. NAME: FUNCTION CPIG (T) :
PURPOSE: Calculates the specific heat at constant pressure of the
ideal gas at temperature, T. _
'8, NAME: FUNCTION CPSI (T)
PURPOSE: Calculates j(cg/T) dT - |
NOTE: Must be called once for each limit of integration.

9. NAME: - FUNCTION CPHI (T)
PURPOSE: Calculates fcg dT
NOTE: , Must be called once for each limit of 1ntegrat1on.

10. NAME: FUNCTION DPDD (T, D)
PURPOSE: Calculates (aP/Bp)T
11. NAME: FUNCTION DPDT (T, D)
PURPOSE: Calculates (aP/eT) of the equation of state.

12. NAME: FUNCTION FINGY (T, D)
PURPOSE: Calculates [{(R/p) - (1/p?) [(aP/aT) ]} dp -
NOTE:  Must be called once for each limit of integration.

13. NAME: FUNCTION FING2 (T, D)
PURPOSE: Calculates [[(P/p?) - (RT/p)] dp
NOTE: Must be called once for each limit of integration.
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14, NAME: FUNCTION FING3 (T, D)
PURPOSE: Calculates [(T/p?) [(aZP/aTz)p] dp
NOTE: Must be called once for each 1imit of integration.

15, NAME: FUNCTION TMELT (P, K)

PURPOSE: Calculates melting curve temperature for input pressure,
P.

For (K=1) - Calculates melting temperature for oxygen,
For (K =-2) - Calculates melting temperature for nitrogen.

16, NAME: SUBROUTINE TEMP (T)

PURPOSE: Converts input temperatures on the NBS-55 or IPTS-48
scales to IPTS-68.

17. NAME: SUBROUTINE WFIND (T, W)

PURPOSE: Calculates reference functions for temperature conver-
sions for return to SUBROUTINE TEMP.

1.3 Data Initialization Subprograms

Two data initialization subprograms are provided in this package, DATAO02"
and DATAN2, for the calculation of the properties of oxygen and nitrogen,
respectively, The data values in these subroutines are taken from [1] and
[2]. A call statement to a data initialization routine must preceds the call
statement to any other routine in this package. A discussion of the data
held in these routines is given in the comments for each subprogram.

The data initialization routines contain a common block, /METH/M. If
(M = 1), integration along isotherms is carried out through the two-phase
region into the liquid. If (M = 2), the Clapeyron equation across the two-
phase region is used.

.1.4 Unit Conversion Subprograms

Engineering Units.

The following subprograms are designed for use in programs yhere @he
input and output arguments are in engineering units. The.fol1ow1ng units
are employed for input and output variables in these routines:

Temperature--degrees Rankine
Pressure--psia
Density--1bm/ft3
Enthalpy--Btu/1bm
Internal Energy--Btu/1bm
Entropy--Btu/1bm - R
Specific Heat at Constant Pressure--Btu/lbm - R
Specific Heat at Constant Volume--Btu/lbm - R
"Sonic Velocity--feet/second
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These subprograms require access to all of the subprograms listed in 3.4.1.1
and are interposed between the calling program and the subprograms of 3.4.1.1 for
the purpose of converting units of input and output arguments between the system li
above and the MKS system used by the subprograms in 3.4.1.1. Unit conversion f
tors used in these subprograms are taken from REF. 3.4-2,

1. NAME:
PURPOSE;

2, NAME:
PURPQSE:

3, NAME:
PURPOSE:

4. NAME:
- PURPQSE:

5. NAME:
PURPOQSE:

6. NAME:
PURPOSE:

7. NAME:
PURPQSE:

SUBROUTINE PROPB (7B, PB, DB, K, HB, SB, UB)-

Accepts input arguments in engineering units in the sam
order as SUBROUTINE PROP, converts to the MKS units ac-
cepted by SUBROUTINE PROP, calls PROP, and converts the
output arguments to engineering un1ts for return to the
ca1]1ng program.

SUBROUTINE LPROPB (7B, PB, DB, K, HB, SB, UB)
Accepts input arguments in engineering units in the same

- order as SUBROUTINE LPRQOP, converts .to MKS units, calls
-LPROP, and converts the output arguments to engineering
-units for return to the calling program.

SUBROUTINE VPROPB (TB, PB, DB, K, HB, SB, UB)

Accepts input arguments in engineering units in the same
order as SUBROUTINE VPROP, converts to MKS units, calls
VPROP, and converts the output arguments to eng1neer1ng

-units for return to the calling program.

SUBROUTINE CPVTDB (T8, DB, CPB, CVB)

Accepts input arguments in engineering units in the same
order as SUBROUTINE CPVTD, converts to MKS units, calls

CPVTD, and converts the output arguments to engineering

units for return to the calling program. °

SUBROUTINE VSNDB (TB, PB, DB, K, WB)

Accepts input arguments in engineering units in the same
order as SUBROUTINE VSND, converts to MKS units, calls
VSND, and converts the output arguments to engineering
units for return to the calling program.

SUBROUTINE TvPB (PB, TB)

Accepts input arguments in engineering units in the same
order as SUBROUTINE TVP, converts to MKS units, calls
TVP, and converts the output arguments to engineering
units_for return to the calling program.

FUNCTION VPNB (TB)

Accepts input temperature in degrees R converts to
degrees K, calculates vapor pressure from FUNCTION VPN,
and converts the output pressure to psia for return to

~the using program.
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8. NAME: SUBROUTINE DFNDB (TB, PB, DB, K)

PURPOSE: Accepts input arguments in engineering units in the same
order as SUBRQUTINE DFND, converts to MKS units, calls
DFND, and converts the output arguments to engineering
units for return to the calling program.

9. NAME: SUBROUTINE PFNDB (TB, DB, PB)

PURPOSE: Accepts input arguments in engineering units in the same
order as SUBROUTINE PFND, converts to MKS units, calls
PFND, and converts the output arguments to engineering
units for return to the calling program.

10, NAME: FUNCTION DPDDB (TB, DB)

PURPOSE: Accepts input temperature and density in engineering
units, converts to MKS units, calculates (aP/ap)T with
FUNCTION DPDD, and converts the output value to ‘engi-
neering units for return to the using program. '

11. NAME:  FUNCTION DPDTB (7B, DB)

PURPOSE: Accepts input temperature and density in engineering
units, converts to MKS units, calculates (3P/3T) with
FUNCTION DPDT, and converts the output value to Pengi-
neering units for return to the using program,

12, NAME:  FUNCTION TMELTB (PB, K)

- PURPOSE: Accepts input pressure in psia and K as in FUNCTION TMELT,
converts pressure to atmospheres, calculates the melting
temperature using TMELT, and converts the output tempera-
ture from degrees K to degrees R for return to the using
program. .

.1.5 Heat Transfer Parameter Calculation Subprograms

The following subprograms are used to calculate thermodynamic quantities
of particular interest in heat transfer calculations. Input and output ar-
. guments are in engineering units.

1.. NAME:  SUBROUTINE PHIB (DB, CVB, D28, EDB) S

- PURPOSE: Calculates the emergy derivative, V (dP/3U),, from the

: equation of state in engineering units. Use” must follow
calls of PROPB, CPVTDB, and DPDTB to define input argu-
ments. '

2. "NAME:  SUBROUTINE THETAB (DB, CPB; D18, DZB, SHI)

PURPOSE: Calculates specific heat input, V(3H/3V)_, from the equa-
tion of state in engineering units. UseP must follow
calls of PROPB, CPVTDB, DPDDB, and DPDTB to define input

- arguments. - ' : g
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3. NAME:
PURPOSE :
'

4. NAME:
PURPOSE:

LMSC-A99139

SUBROUTINE ALPHAB (DB, D1B, TMODB)

Calculates the negative of the isothermal bulk modulus,
V(3P/3V),, from the equation of state in engineering
units. Use must follow calls of PROPB and DPDDB to
define input arguments.

SUBROUTINE BETAB (DB, D1B, D2B, VEXB)

Calculates the volume expansivity, (1/v) (av/aT)_, from
the equation of state in engineering units. Use"™ must
follow calls of PROPB, DPDDB and DPDTB to def1ne 1nput
arguments. :

The subprograms described in this section are listed in Apperidixy B"of this manul
in alphabetical order. Further information on the University of Idaho Programs
may be found in References 3.4-3 and 3. 4-4.
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