N3~ 2685y

LNSC-A991385

5”[[771[ | 30 JUNE 1973

FINAL REPORT

SHUTTLE CRYOGENICS
SUPPLY SYSTEM

OPTIMIZATION STUDY

VOLUME V B-2

APPENDIX TO PROGRAMMERS MANUAL
FOR MATH MODEL
PART 1

CAs E"
CONTRACT NASS-11330 Fl I
Copy-E

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

LOCKHEED MISSILES & SPACE COMPANY. INC.

A SUBSIDIAPRY OF LOCKHEED AIJRCRAFT CORPORATION




DRL Line Item 9
DRD No. MA-129T

FINAL REPORT
SHUTTLE CRYOGENIC SUPPLY SYSTEM
OPTIMIZATION STUDY

VOLUME VB-2

APPENDIX TO PROGRAMMERS MANUAL
FOR MATH MODEL

PART 1

Contract NAS 9-11330

Prepared for Manned Spacecraft Center By
Manned Space Programs, Space Systems Division

LOCKHEED MISSILES & SPACE COMPANY

- LMSC-A991396



LMSC-A991396

FOREWORD

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

in the period from October 1970 to June 1973.

The Final Report is published in eleven volumes*:

Volume I Executive Summary
Volumes 11, III, and IV Technical Report

Volumes VA-1 and VA-2- Math Model — Users Manual
Volumes VB-1, VB-2, Math Model — Programmers
VB-3, and VB-4 Manual

Volume VI ' Appendixes

The LMSC Staff participants are as follows:

Study Manager L. L. Morgan

Subsystem Evaluations C. J. Rudey
D. P. Burkholder
C. F. Merlet
W. H. Brewington

Integrated Systems . Jensen

H. L
Component Analyses B. R. Bullard

F. L. Bishop
G.

E. Heuer
R. M. Vernon
J. Gries '
D. R. Elgin

Thermodynamics

*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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Thermal Protection
Fluid Dynamics
Propellant Acquisition

Design '
Structural Analysis

Instrumentation

' Reusability/Reliability

Failure Modes and Effect Analyses
Requirements and Criteria

Safety and Mission Completion
Math Model

Cryogenic Cooling Subtask

Subsystem Evaluation

Component Analyses

Thermodynamics
Thermal Protection

LOCKHEED MISSILES & SPACE COMPANY

G. E. Heuerl
R. Cima

D. P. Burkholder
R. Cima

M. P. Holiis'ter
R. K. Grove

R. A. Michael

M. L. Vaughn
C. C. Richie

R. R. Gaura
R. F. Hausman
D. C. Saunders
C. F. Merlet
C. F. Merlet

R. F. Hausman
J. McKay

H. L. Jensen

G. Heuer
AiResearch

R. Cima

G. E. Heuer

iv
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APPENDIX A
FLOW CHART SYMBOLS

SYMBOL ‘ L DEFINITION

C ) S SUBPROGRAM REFERENCE

PROCESSING FUNCTION

PREPARATION FUNCTION

Q | DECISION FUNCTION

TAPE OR FILE INPUT
OR OUTPUT

(7 T  CARD INPUT

> - FLOW DIRECTOR

S ,- -~- - -~ l.. OFF-PAGE STEP CONNECTOR

A-1
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Appendix B

THE CRYOGENIC INTEGRATED MATH MODEL
(TCIMM)

PART I — PROGRAM LISTING

The program listing presented in the following pages was produced using the EXEC-8
LISTALL processor which lists a file in alphabetical order. Since the processor does
not differentiate between subroutines, functions and Procedure Definition Processors
(PDPs), each subprogram has been relabeled to clearly identify the type of symbolic
listing presented. :

The alphabetical listing permits rapid list scanning when searching for a pé.rticular
subprogram.

While symbolic listings are quite useful in understanding the coding of a particular
subprogram, it is recommended that the program user create and maintain a standard
compiler Iisting output file, since the additional information provided by the compiler

is very useful in troubleshooting and debugging changes to the basic coding.

The program list file follows:

LOCKHEED MISSILES & SPACE COMPANY
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(L2111 ]

—NONTWN—O 0D 4CALE DN~

100

SUBRPUTINE ACCRES
¢ RN R E R R R T T I rr e s
'3 ‘® ROUTINE NAME = ACCUMULATOR RESIDUALS .  -#*
¢ » . DETERMINATION ROUTINE »
€ ** ROUTINE .LANG .« FORTRAN V UNIVAC 1108 EXEC 2%
C % PROGRAMMER = R, BOLLINGER 1943 102 '2693% ‘%
< ‘#: DATE CODED =~ 5/15/70 *
¢ ™ REVISED e JULY 1972 -
€ - PROGRAMMER = J, MCKAY D947 201 usv1a -
C MR RIAIR AR R R N AR PR R R R . B2
c o '

SUBROUTINE ACCRES
4
. INCLUDE ‘CACCUM
' DO 100 16S3|,2
‘€ " 'FIND DENSITY OF GAS (RHOG)

.CALL GSDNST' (IGSyATEMP (165),APRES(165),RHOG)
‘€ CALCULATE WEIGHT OF GAS RESIDUALS

NGRACC(TGS) .& RHOG*AVOL (1GS)*NAOP (16S)

‘CONTINUE

RETURN

‘END

96£T66V~-OSIN'T
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AP = o o o oe e e e
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AANNAN

SUBR@GUTINE ACQWT

(a2 N aYaNa¥akaRaXaRaNaNal

a)

1000

PP Y

DETERMINATION ROUTINE

FORTRAN V UNIVAC 1108 EXEC 2%

* %

R N R R I L I I R I B S Rt N )

ROUTINE NAME « ACOUISITION SYSTEM WEIGHTS #

ROUTINE LANG «

* PROGRAMMER <« R, BOLLINGER 1943 {02 24%93% *
“DATE CODED - 5/20/70
"REVISED - JULY 1972
PROGRAMMER = J. MCKAY DIGYY 20! Uus17s *

R R R E R R R R E R T Y

SUBROUTINE ACQWT

INCLUDE CCNF16
INCLUDE CTANK

OIMENSION CST(2+3)"

DATA (CST(Ti1)s1=192)-/ ,0035 +,0333 7/
DATA (CST(I,2)el=102) / ,00215+,01 /
DATA (CST(1,3)91=102) /.,0025 +.007429 /

waxsk ‘THERE ARE 3 'TYPES OF ACQUISITION DEVICES,
) 10X = SURFACE TENSION DEVICE
DX = 2 POSITIVE DISLACEMENT DEVICE
IDX = 3 DIELECTROPHORETIC DEVICE

DO 1000 I1:= 12
10X = SATYPE(Il)
WYACO(T191) = CST(I1}s1DX) * WPTOTI(1Y)
10X = INDXTK{(II!} ] .
HETGHT(INX) = WEIGHTIIDX) & WTACO(Il41)
CONTINUE .

PRINT ACQUISITION SYSTEM WEIGHTS
CALL QTPACQ
RETURN
END

96£T166V-OSIN'I
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E;oca-éonn.:.onr—

X aYaXaXals

SUBR@BUTINE ALPHAB

SUBROUTINE ALPHAB(DBsD1B,TMODB)

CALCULATES ISOTHERMAL BULK MODULUS ‘FROM ‘THE EOUAY!ON or STITE
IN-BRITISH UNITS

HUST -FOLLOW CALLS OF PROPB AND DPDDB ‘YO DEFINE.D AND DU -
INPUT  AND OUTPUT ‘PARAMETERS ARE IN BRITISH UNITS

TMODB==DB*D|B
RETURN
END

96€£T66V-DSIN'L
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laXaYaXaXaXs)

NnAanNANA

SUBR@BUTINE AbUFLE

' YaYatats)

(o N alaNa¥al

non

§UBRGUTIHE APUFLO
THCLUDE :cAPY_
1HCLUDE CCNTAL
IHELUDE “cpeycel
INCLUDE CENG
INCLUDE .C1OUNT
INCLUDE ‘CMATRL
IHCLUDE TABLOK

ARRRRRRNERRRRRARARARA R RS R AR RARARA AR AR AR A dbinddbnbkhnbhbbbanaddnn

FIND PERCENT POWER FOR EACH DUTY CYCLE POINT

TOTHPR n FPR*NAPU

N0 200 X = leKCYCLE

PCIHP(1X) & [100,0 * NEOP{1X} * ﬁP(lX})ITDTHPﬁ
200 CONTINUE

RRRRRRRAPRARRRRARARRNRARRARRRIRRARRRRARARRCRRRARARARER AR RCRRRAORANRN
CALCULATE PROPELLANT TEMPERATURE AT APU GAS GENERATOR INLETY

IF(TIT = 2060.0) 205:205,210
205 TPF = (14,17 = FMR)/,00056%
GO T0 215
2‘0 YVF = (‘027 - FNR)/.000556

RERRARRARRRRRRRANRARRNRARARREARRNAARARARRAIRRAANCARRARRAARAARRARARERS

SELECT 'THE PROPER COEFFICIENTS FOR COMPUTING THE REFERENCE PROPELLANT
FLOW RATE,

215 IF(PGG .= 900,0] 21612200216
216 IF(PGG = 600+0) 21702250217
217 1F({PGG .« ~300.,0) 2181230218

ERROR IN THE SPECIFICATION OF PGG,

218 WRITE(6+25) PGG .
25 FORMAT(TI0+(PGG IS SPECIFIED INCORRECTLY, PGG = V4FB8,2¢//}
CALL EXIT
220 M =0
RRFP 3 8,70
GO0 10 2u0
225 M= )
RRFP .= 9,30
GO YO 240
20 M = 2 )
RRFP = 10,57
240 "CONTINUE

RRREARNRRRARA RO R AR RRRAERARRAARA NSRRI RANRANVARANRANANAA AN R Y

COMPUTE THE REFERENCE PROPELLANT FLOW RATE "IN POUNDS PER MINUTE AND
THE' CORRECTION FACTOR FOR THE REFERENCE PROPELLANT FLOW RATE WHEN
TIT = 2060 DEGREES R,

968166V-OSW"I
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AN AN

NOANANAN

nNnAAN OaNnn

APUELO - -médddadd.

¢

nANn

|
€23y

0
.
TIPwT = 0,0
2 0,0

¢l s

’
»
WOT = O

0.
0
L]
HWTBURN =

-¢ ‘FHR

4 (1sO/FMR]
040

L]

WooT
120
DO 260 JI = feNDCYCLY2

D SR L

.IF(DCYCLE(JI)) 12609

L.00K UP PR VS PCTHP

" eaLt FINTAB (NTB!D(?))

24s

250

ARARANAARRRRRRRRARRRANEREIRAREANNRATVARRRARNANAN O AR AR RN ARARANRRR NS AN

COMPUTE "THE "TOTAL PROPELLANT FLOw RATE OVER EACH CONSTANY POWER TIME
INTERVAL IN .LBS/MIN,.  AND COMPUTE THE TOTAL PROPELLANT USED OVER ‘THE

XTAB(1) =

XTAB(2) = FPR .

XTAB(3) = PAMB(I)

‘XTAB(Y) = PCTHP(I)

RR(1) = MIPE(49XTAB)

"CHECK 'TO SEE IF 'CORRECTION FACTOR IS NECESSARY

IF(TIT = :2060.0) 250124%,2%0
LOOK UP CCRRECTYON ‘FACTOR KK VS PCTHP

‘CALL ‘FINTAB {NTBID(Y4))

KK(1) = MIPE(U4yXTAB)
RR(I) = RR(1) :* KK(1)
CONT INUE

ENT!RE DUTY ‘CYCLE,

CALCULATE ‘THE WE1GHT RATE OF M2 AND 02 FLOWING DURING “THE TIME PER1OD

{TOTHPR % RR(11)7700,0

Wo(1)

‘TIPWT -4 HDOT! * DCYCLE(JI)
12) = (WOOT1/C1)/60,0

WDOTJ(Iy 1) :z WDOTI/60,0 = WOOTJ(142)
IF(NEOP(I).LT.0) GO TO 260

WDOT :2 AMAX] (WDOT,WDOT!)

WTBURN ‘= WTBURN ¢ WD(1) * DCYCL!(Jl’

WDOTJ(1
1
3

SET CONTINGENCY QUANTITy OF TOTAL PROPELLANT FOR RESERYE

WDT = 1,3 % wTBURN

THETA(1) IN LBS/MIN,

260

WORH{1) = WD(2}sCI
WDRO(1) ‘= WD(1)/C2
CONTINUE

96€166V-DOSIN'T
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LI T APUFLO ARARA RN
'€ CALCULATE 'THE ‘TOTAL H2 AND 02 DELIVERED 'TO APU GAS -GENERATOR iN LBS.
€

WOM ‘= WDT/C) »
WDOTI(2) := (WOOT/C1)/60,0

W00 = WDT/C2 L
HWDOTI(1) := WDOT/60.,0 = WDOTI(2)

ERRRRRNRRN AR I RARRARRANNA AR AARA AR R AR ANRANRAANE R AR AR ANARARRARARAN

DETFRMINE APU 'CXHAUST GAS TEMPERATURE DURING POWER TIME INTERyAL
THETA(I), FIRST COMPUTE "THE SPECIFIC HEAT CAPACITY OF ‘THE COMBUSTION
PRODUCTS AS A FUNCTION OF MIXTURE RATIO AND TURBINE INLET TEMPERATURE

Y2 YaXaYaXala)

CALL CSUBPI(TIT,FHR.CP)

DO 405 I = |¢KCYCLE o ]
TE(1) = TIT = ((42.42 % NEOPU1) * MP(1)) /{ WD{l} * ¢P})
THE = (TE(1) ¢ TD)/2.0

COMPUTE THE SPECIFIC HEAT OF COMBUSTION PRODUCTS AS A ‘FUNCTION OF
MIXTURE RATIO AMD TEMPERATURE OF EXHAUST GASES,

CALL CSUBPI{TME,FIR,CPE(1))
DII) = CPE(II*{TE(Y) = TD)
405 CONTINUE

ANAN

RARARRRARRRRARARRRARRARNERARRARANRRANAANRARRRAARAARRRRNAARNERRACNRARR
waste  QUTPUT ‘THE DATA #twnw
CALL OPAPUF (XCYCLE)
ﬁETURN
END

| —— — — - > ———— T S ———— —— —— — — . — — — T — — T -
n A AnAanAan

N L L L LT LFLE D DD b @BV ONNINN = ey e
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ANARNRARR

PO NP —= o s = am —m - - —— L. L.
—-O«D@-‘OJ‘:uON-O-OCD*!O."H‘ﬂl—

ARAANANANAN

Fa¥aXaYaXaYaYs)

ARANRNAN

SUBR@UTINE APUSUB

nN

nrANAN

“610 WDJ(I

'SUBROUTINE APUSUB

INCLUDE CACCUM
THCLUDE CAPU
IMCLUDE "¢DeYCL
IMCLUDE CEHG
INCLUDE C1OUNT
INCLUDE CPUI'P
INCLUDE .CTANK

'tltﬂtﬂntﬁiﬁitht't'tti*"'ﬁ'i"iﬂQ.t""'.""ﬁi'.i'."i..t'i.'ﬁ"i"

BEGIN COMPUTATIONS FOR SUBCRITICAL STORAGE

ARRRRRANERRRRAAR RN AANRARARROARARARRR AR CRARRNAARRNNARARRARAAR SRR AN
SET SELECTYED VARIARLES FROM INPUT DATA

TAH -=: ATEMP(2)

TAO = ATERP(I)
TSTH = SITEIP(241]
TSTO = SITENP(1o1)
PSTH = SOPRES(2+1)
PSTO =. SOPRES(!+1)

"'tt!.Q*Qﬁtt;ﬁQ.&itﬁiiQ‘t*"t***tﬁﬁ'ﬁt'tﬁ't'.*'*'i"ﬁ'.."*'ﬁ'ttﬁtﬁ'
SIZE HEAT EXCHANGER BETWEEN H2 ACCUMULATOR AND APU GAS GENERATOR

CALL CSUBP{TPFyPGGe2:CPSAH)
CALL 'CSUBP(TPFyPGGy | yCPSAD)
Cl = CPSAH*(TPF .= TAH)
€2 = CPSAO%(TPF = TAO)
DO 810 I = JoKCYCLE
QYHDOT(1) .= WDRH(1)%C|
Q60DOT(1) ‘= WORO(I)*C2
WDG(T) = GHIINOT(I)/D(1)

) = G60DOT(T)/D(1)

RERARRRARRRRNEARRA AR EANARRARAARAR AN RORARARRRARARRANRRNAARANAANNARARR

"COMPUTE "THE "TEMPERATURES OF ‘THE ExHAUST GASES FROM THE H2 AND 02

CONDITIONING -GAS GEMERATORS,

TGGCH = (MRGGCH ¢ ,D0056#TAH & ,0S6)#1000.07.591
TGGCO £ (MRGGCO -¢- ,DOOSO6WTAH -4 4086)*1000,0/4591

RERRARARRANRARARARRANNA RN R AARNARORRARARAANRRAANAARARRRAARRIRRAANRAANS

SET THE TEMPERATURE OF THE GASES AT DISCHARGE FROM THE PUMP EQUAL TO
THE TEMPERATURE OF THE GAS IN THE STORAGE TANK, -

TPDH = 'TSTH
TPDO :x 'TSTO

96€T66V-DSIN'T



"1&“‘"0 APUSUD RARRRARR
N - 1

58 € RRRARRRAARREARRRRR ISR RER R AR AN ARG AR AR AR AR AR RERRR RN ARA SRR ARR

' 59 € . .
} :0 ‘€ SIZE H2 AND 02 HEAT 'EXCHANGER BETWEEN THE PUMPS AND ACCUMULATORS
| 4 ' ; .
'y HAH :8 HYENTH(PPDCH(2) s TAH)
16y HPH & HYENTH{PPDCH{2) s TPDH)
by HAQ = OXENTH{PPDCH{ )y TAO)
I 6% HPO &= OXENTH(PPDCH{I)+TPNO)
1 b4 tHE = (YGGCO 4 TDGGO)/2,0
Y CALL 'CSUBP!{TME+MRGGCOyCPGGOY)
Y ¢l = ’l.o + MRGGCO)I*CPGGO*(TGGCO « TDEGO]
69 Al ® {(HAQ .« HPO)%MRGGCO}/CI
70 A2 2 (HAD ~ HPO)/CI
, N THE = (TGGCHI » TDGGH)/ 2,0
72 CALL CSUBP) (THME+MRGGCH CPGGH)
A ] €2 2 {140 4 MRGGCH)*CPGGH* (TGGCH = TDGGH):
LTy Ay = (HAH « HPH)/C2
75 A3 = AU*MRGGCH , _
- Cl ot (A} -2 AY) + (A2%AY) .« {ATOAY) = 1,0
o €2 3 (AIvAl) = (A2%A7) = AW
78 €3 3 (A)I*AH) = (A2%A3) « Al
CT9 PO 850 I = |9KCYCLE
, 80 HGGH(1) = (WDRH(1)#*C2 = HDRO(1)*A2)/C!
;81 WGGO (1) .5 (WDRO(T)*CY = WORH(1)*AY)/CY
. 82 QSHDNOT(L) = (WDRH(I) ¢ HGGH({1))*(HAH = HPH
L8 A7000T(1) = (YORO(I) ¢ HWGGO(1)I*{HAD .= HPO
By 680 CONTINUE
. 8% € L .
i 86 C NRRRRARARRARRRRAARRARRRARRANRAR AN AR AARRARAARARAAARARNARARNAARERRNNNACAAN SRS
87 .C
88 € COMPUTE ‘THE 'TOTAL WEIGHT OF H2 AND 02 NEEDED FOR THE H2 AND 02
.89 ‘¢ CONDITIONING :GAS GEMERATORS,
90 €
|9 WTGGH := 0,0
92 WTGGO = 040
9 I'=0
N DO 660 I1:2 eNDCYCL92
95 | S R . .
7Y WTGGH = WTGGH -4 WGGH(1) & DCYCLE(D1)
97 WTGGO & WTGGO & WGGO(!) # DCYCLE(I!)
ga ¢ 8460 CONTINUE
. 9 . o . .
100 C 'tttlwt'tiﬂtﬁQ**tQit"**ﬁit'ttQQQQQ'QQQ*Q*Q*Qﬂ'ﬁti*ﬁtﬁﬁ*itQtt't"ttttﬁ
| €
KH € CALCULATE THE YOLUMES OF THE H2 AND 02 STORAGE TANKS,
103 c
joy CALL RHOLIO(TSTH,2yRHOLH{
{05 .CALL RHOLIQ(TSTOy}sRHOLO}
v 108 K4
10?7 4 .
1108 CALL GSDNST (2, TSTHyPSTH,RHOGH)
, 109 CALL GSDHST (1,TSTOyPSTO,RHOGO)
Colle 4 .
vt < " r. . .
112 C WEIGHT OF H2 REGD, YO ABSORB H2 TANK HEATLEAK
13 4 "
Iy c ‘
s TAUSUM 'S0,0

96£166V-DOSIN'T
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KRARNR PN APUSUB eI

DO 861 I1 = 2,MDCYCL,2

IF(DCYCLE(L))) 6614y

TAUSUM = "TAUSUM .« DCYCLE(Ital}
661 CONTINUE

e
i
g
19
120 TAUSUM 'z TAUSUM/60,
12t VESTH = {(WDH NTG(H)I(PHOLH-RHOGH))*! 0!
|22 CAREATH 2 4,84 % (VESTH** 657)
123 TSATLY = PSATH(PSTH,HGeHL)
124 _ DELHY .= (HG = HL)
125 CALL TCOND(TENV, TSTHvSNBAR(Z).S!TH!K(Eol)oSITY?E(Zol’ GTHDOT
126 HSVHH = (1,0/DELHVY*(QTHDOT®AREATH*TAUSUM)
127 [4 LR
|28 C WEIGHT OF H2 REGD, 'TO ABSORB 02 TANK HEATLEAK
129 4 *oan ,
“i30 DELTH2 .5 (TSTO = TSTH) .
1% CALLL. CSUBP(TSTOWPSTO,2+CPHI )
i32 CALLL CSUBP(TSTHePSTH» 21 CPH2)
113 AVGCPH = (CPHL « CPH2)/2,0
194 DELHDT = DELTH2 * AVGCPH
13% VESTO = ((NCO ¢ WTGGO)/ (RHOLO=RHOGO) 1 #1,03
136 AREATO = Y,gu ' (VESTO** 4647)
497 catL TCOHD(TFNVoTSTOvSVBAR(I)vSITH!K(iol)oSITVPE(Iol)oOTODOTi
198 HWSVHO = (|,0/CELHDT)*(QTODOT*AREATO*TAUSUM)
199 IF (WSVHH,GE ,WSVHO) WSVH = WSVHM
140 1r(NSVHH.LT.wSVHO) WSVH = WSVHO
141 [4 . . .
142 VSTH ‘= ({WDHeWTGGH4WSYH) /{RHOLH=RHOGH) ) #|,0%
143 AREATH = 4,84 ‘* (VSTH#®0,867)
14y VSTO = ((WDO+WTGGO)/(RHOLO=RHOGO) ) *(,0%
1us €
146 HPTOT(2) := WOH & WTGGH ¢ WSVH
(1'% HWPTTH = WPTOT(2)
|48 HPTOT(1) := HDO & YTGGO
lueg WPTTO = WPTOT(I)
5
:S-? g QﬁﬁﬁnﬂQt*t**itttmﬁht*i*'ttﬁtt.tt*tt*'ttﬁitti'*titﬁﬁ*ﬁi‘.tﬁ."tﬁﬁ.ﬁt.t
(LY [4
j59 € CALCULATE 'THE WIEGHT OF ‘THE_H2 AND 02 STORAGE TANK RESIDUAL
15y C PROPELLANTS,
{88 €
156 C o
157 WSRH = RHOGH * ySTH
158 WSRO = RHOGO ‘* VSTO
59 ' ’ . :
;60 g naa«natagaftttﬁiﬁaat*aaaaatiaaaaanaaaoﬁnion.naata.aaﬁcdatttanaaanﬁtau
161 €
162 ‘C CALCULATE THE WEIGHT OF H2 AND oz ACCUMULATOR RESIDUAL PROPELLANTS,
163 C
164 caLL ZFIND(TPFoPPDCH(Z)valSAH)
j6%- CALL ZFIND(TAHyPGGy 29 ZSAHE)
166 ZSAO0 = IGET(TPF,PPDCHI{I),1)
167 - ZSAQE = IGET(TAO!PGGy 1)
i68 : Cl = (PPDCH(2)/15AH) « (PGG/ISAHE)
169 €2 = (PPDCH(1)/25A0) .« (PGG/ZSAOE)
170 .C . CALC, CAPICITY OF ACCUM,
iy HSHB = (HPRWRRFP)/(18000,0*(1,04FMR))
172 HSO0B = (HPR*PRFP)/(!SOOO O#(1,04(1,0/FMR})}

17y (<4

96E£T66V-DOSIN'T
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rraneeee

174
178
(78
77
178
179

N AnANRANAANANN

APUSUB RARRAAARR

N N Aan

WRSAH = (WSHAAPGG}/(CI®TEAME)
WRSAQ 2 (WSQR*PGG)/(C2%28a0¢)

PRRARKRRRRRARRARARRRRRARRRAARRARARARRARAAANARAAR SRR ANARRANERRIAR AR AD

*akdh ACCUMULATOR VOLUME 1S TNDUT  aweaw

BANARR AR AR R AR A AR AN AN AR AR AR AR AR PP AARRANR R A NN AN RRRREANRARANANRASRANA

PRRRNKARRRAARARRRRARRRARARRRRRARARRREVRNRARRARARAR AR RRNRRANRNR R RN AN
OUTPUT 'THE DATA

'nt}n*naaaatatia't*ﬁitwnﬂtafﬁnaﬁntttttaatet*tttttntiﬁaiqtﬁa'tttttﬁtut
CALL 0APUSB (KCYCLE)
WRITE (107,999) A . g

999 FORMAT(////7/TI0+1%%ams  HE APU SUBCRITICAL "CALCULATIONS HAVE BEEN
| COMPLETED wawwet)

867 .CONTINUE

'RETURN

END

96€T66V~-OSIN'T
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ARRRRNNY

SUBR@UTINE APUSUP
SUBROUTINE ApUSUP

REAL KTy K8, KIt

“INCLUDE "CACCUM
INCLUDE CAPU
INCLUDE CCHTRL
INCLUDE c€OCYCL®
INCLUDE CENG
IHCLUDE CFUEL
INCLUDE CHEX
INCLUBE ClOUNT
THCLUDE CMATRL
THCLUDE CONST
INCLUDE CPUMP
"INCLUDE CTANK
"INCLUDE TABLOK

DIMEHSION WDOTX(MHX¢2)

EQUIVALENCE (HVHO2,WVIHO), (WVHH2,WVIHNH}
EQUIVALENCE (WDOTCFoWDOTX)

lal

BEGIN COMPUTAT]IONS FOR SUPERCRITICAL STORAGE

.QQ""'QQQQ'!Q'QQQ."**Q'ﬁ.*QQt*Q.'Q."i RARANARRRARARAANANARANRAAN AN

SET SELECTED VARIABLES FROM INPUT DATA

'alaXalaXaXalaXakal

ATEMP(2)
ATENP (1)
SOPRES (201
"SOPRES {14!

- € ‘ y " .
SC NRARRARARRARA AR AR RARAAN A RR AR AR AN RR R AN RANAR GRS ARAAANNRAAARA AR AR O AN

TAH
‘TAO
PCH .
Pco

sunn

—~

< . )
/€ SI1ZE H2 HEAT EXCHANGER BETWEEN H2 ACCUMULATOR AND APY :GAS GENERATOR,
C ’ -

406 HPH := HYENTH(PCHyTPF)
HAH := HYENTH(PCH/yTAH)
HPO ‘= OXENTH{PCO,TPF)
HAO ‘= OXENTH(PCO,TAD)
Do 410 I := }yKCYCLE
QIHDOT(I) = WORH(1)«(HPH .« HAH)
WDA(I) = QIHDOT(1)}/D(1)

c . e
C RARRRARARRRRR R AN ARR AR AR RARRARNRRNRRANANNR AN AAAANRARANAARAARARAAARNONANR

C

. C . .

C SIZE 02 'HEAT EXCHANGER BETWEEN 02 ACCUMULATOR AND APU GAS GENERATOR,
.C ’

G10D0T(I) = WORO(I}*(HPO -= HAO)
NOD(I) = QIODOT(I)/D(1)
410 CONTINUE

ARRARRRARRRARRRA AR R RRRRRR AR ANARERREARARA R R RARRARRARRARRRRARRN RSN NN
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DETERMING IMITLAL TAMY TEMPCRATURES

CALL FINTAB(NTBID(8))
XTAB(1) = PCO .
XTAB(2) = T0.126

TEMPO2 =. MIPE(2,XTAB)

CALL FINTAB{NYBID(T))
XTAB(!) = PCH

XTAB(2) = 4,365
TENMPH2 ‘& MIPE{2+XTAB)

DETEAMINE INITIAL 'CSUBVY VALUES FOR TANK T AND P CONDITIONS

‘€1S8v0 2 CSUBV(TEMPOZvPCOoI)
CISBVH ‘= ‘CSUBV(TEMPH2yPCHy2)

COMPUTE 'THE COMPRESSIBILITY OF H2 AT TYEMPERATURE TFH AND PREéSURE PFH
COMPUTE THE'COHPRESSIB!LITY OF 02 AT YEMPERATURE TFO AND PRESSURE PFO

TTTH 3 0,0
TTTO := 0,0
TTHEND (1)
TTO2WD(1)
1 =0

DO us0 I
1 =1+

CALL ZFIND{TFHsPFHs20ZFH)

0.0
0.0

ToHDCYCL 22

ZFO = IGET(TFO4PFO 1)

COMPUTE 'THE PERCEMT OF USABLE H2 AND 02 WITHDRAWN UP YO THIS POINT
IN THE MISSION

TTTH '= TTTH ¢ DCYCLE(I1) ' WORH{I)
“TTH2WD(1) '= “TTTH

TTTO = TTTO ¢ DCYCLE(I1!) ‘* WDRO(I)
TTO2WD(I) = TTTO

PCH2WD(1) '= TTH2WD(1)/WDH
PCO2WD(1) '=. TTO2HD(I)/WDO

COMPUTE THE DENSITY OF H2 AND 02 AS A'?UN(TXON OF ?ER(ENT HITHDRANNL
Cl 2 1,0~ ((0 0H27tPFH)/(ZFHﬁTFH)l
C2 2 140 = ((0.0HBSS'PFO)[(zFotTFO))
RHOCH2(T) = 4,355 #* (|,0 = (PCH2WD(]) # ety
RHoC02(1) = 70,126 * (I.o - (PCOWD(T) w €2))

Qﬂﬁ't'*Qttﬁt'ﬁ't*ﬁtﬁti**t.v*ﬁ't#*ititi.Q.‘Q’Q'ﬁ*i'i'ﬁf*ﬁi*""'t'..."ﬁ'

COMPUTE 'THE "TEMPERATURE OF H2 IN STORSGE TANK DURING TIME INTERVAL

96€£T166V~-DSIN'T
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THETALL) AS A FUNEFION OF pENStTY AND -¢ONbiTioNED PRESSURE,

EALL F!NTAB (nratbt71)
XTABS j & peH

xTABl2) = RilocHa (i}
TTH(1] = MIPE(2,XTAB)

€OMPUTE "THE TEMPERATURE OF 02 tN STORAEE TANK A8 A FUNcFrON OF
DENSITY AHD ‘PRESSURE

CALL'F!NTAB threiotal)
XTAB(1) = PCO

XTAB(2) = RHOCO2(1)
TTO(l) = MIPE(2,XTAB)

‘ﬁ.t'**'*Q*ﬁi*ﬁ'hlﬁ***'*ﬁ'ﬁﬁ.tﬁﬁQt"'t."0*tQtﬁ't"'ﬁi.t.'i"ﬁ".t"

COMPUTE SPECIFIC HEAT OF H2 AS A PUNCT!DN OF DENSITY AND STORED
PRESSURE, -

CALL FINTAB (NTB1D(S))
XTAB(1) = pPCH

XTaB(2) = RHOCH2(1)
DOODVH{L) .= MIPE(2,XTAB)

COMPUTE ‘THE SPECIFIC HEAY OF 02 AS A FUNCTION OF DENSITY AND PRESSURE

catl PHTHON(TTO(I),PHOCOE(l)oloPNloYHETA)
DaodHO (L) -2 THETA

RN RRRARRRARAARARARRRARRREAARARARA AR AR AR ARG AN RANRNARRRARARNRRANRAAR

COMPUTE 'THE REQUIRED FLOw RA*E-OF EXHAUST GASES THROUGH HEAT EXCHANGR
BETHEEN H2 "TANK AND H2 ACCUMULATOR,

HTH(1) := HYENTH(PCH,TTH(1})

Q2HDOT () := WORH(I) * ( HAH = HTH(T))
WOB(1) '= Q21DOT(1)/D(1) - -
HTO(1) =. OXENTH(PCO,TTO(]))

DO THE SAME ‘FOR THE HEAT EXCHANGER BETWEEN THE 02 TANK AND 02 ACCUMUa
LATOR,

G2000T(1) = WORO(I) * { HAO = HTO{1})
WDE(1) ‘= Q20DOT(1)/D(1)

s1ZE H2 TANK MEAT EXCHANGER AND 02 TANK HEAT EXCMANGER,
QIHDOT(I) = WORH(I)*DGODWH(T) '
WDC (1) = QIHDOT(I)/D (1)
Q30D0T(1) = WORO(I)*DQODWO(T)
WOF(]) & GI0DOT(1)/D(Y) .

C5UBYO(1) & CSUBV(TTO(1)yPCOSI)
CSUBVH(T) = CSUBV(TTH(1}),PCHs2)

CALL PHTHON(TTO(1)4RHOCO2(1)stsPHTITHETA]

96£T66V-OSIN'T



S1-d

'Q.'QQQ'

t

!

174
(s
176

Arr

O 10 10 O R L MO Mo T U

O R N PSP D U 19 PO
Wiy oo N
CVRNONE wu~O

{78
179

v D00 ODD DD
E W=D DD~ NL

GO NEDNN—O

23

e YaYaXa Vo Yo B

AnAnAnNANA

AAAN A AN NANn

APUSUP ;*'Q'QQQ‘-
PHIC2¢(1) = PHI

CALL FINTAB (NTBID{HO))
XTAB({) = PCH

XTAB(2) := RHOCH2(1}
PHIHI (1) -2 HIPE(2oXTABY"

4s0 CONTINUE

AR RE AR R R RARR RN A AR RN AR RRRR AR RIS R AR RO AANIAN R RO RN RN A NAAENRNAAR

CHECK ADEQUACY OF EXHAUST PRODUCTS FOR CONDITIONING THE GASES

DO SO0 1.8 | KCYCLE
WSUM(I) = WDA(I) + WOB(I} & WDC(I) & WOD(I) » WDE(T] .o WOF(I)
DHPB(I) = 0,0
HGHC (1) & 0,0
WGOC(1) '= 0,0 )
DYDB(I) & WSUM{1) = WD{I)
%00 .CONTINUE

nﬁhun

DO S01 I = |sKCYCLE
IF(WSUM(I) JLE, WD(I)) GO TO 50!
GO TO 460
501 CONTINUE
GO TO 470

ERAANEAN R RRRRAARRANANRAREANR AR IANARA R AR ANRARRAAAR AR AN RRREANIRAARARIANE

CORRECT FOR ‘THE EFFECTS OF USE OF THE SUPPLEMENTARY CONDITIONING 6AS
GENERATOR AND HEAT EXCHANGER,

460 D0 502 1 := {+KCYCLE .

THE 2 (TG 4 10)/2.0
CALL .CSUBPI (TME,FMRG1CPG)

KT = CPGR(TG = T0)

KB = 1,0 .« FMRG

Kt = (WD((I’/NURH(lllo((WUE(!)tFHﬂG)/NoRO(!$St((wor(x)'FHRG)
! /MORO(1))

'COMPUTE REFERENCE M2 AND 02 FLOWRATES To SUPPLEMENTAL GAS GENERATOR.
WGH(T) = (WD(I) = WSUM{IJ}/Z{KI] = ((KB¥KT)/O{1}))

HOHC{1) = wGH(T)
WGOC (1} = FHRGWWGHC(I)

COMPUTE "THE CORRECTED VALUES oF THE HEAY EXCHANGER EXHAUST REGUIREMEN
TS,

X)*f(KB'KY)/D(!f))
S {HMGHC (1) JWDRHLTY )
. AWGOC (1) /WDROCT))Y)

00—~
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212
21
23
218
236
23
238
279
240
24|
242
243
auy-
2u§
246
247 .
2us
‘249
250
251
282
251
254
258
256
.57
258
259
‘260
26|
262
261
264
26%
1266
26T
268
269
270
et
272
273
27y
275
276
277
278
279
.280
28|
282
‘2813
284
28%
286
287
.88
289

APUSUP AARR RS hd
HBEC (T = WOECTY ® (1,0 & tWGOCtE)/HDROCEY Y
502 CONTINUE
e
" 60 TO L3 4]
:c IF ~o SUPPLEMEMTARY CONDITIONING GAS GENERATOR AND HEaT EXCHANG!R
€ ARE REQUIRED,
X4 AR,
470 DO 503 I := J+KCYCLE
HWOBC (1) = WDB(])
WOCC(I) = WDC(D)
WDEC(1) = WDE(1)
WOFC{1) = WDF(I]}
S03 CONTINUE
C
4Tt CONTINUE .
.C .
'C .COMPUTE THE CORRECTED TOTAL H2 AND 02 FLOWS 'TO 'THE H2 AND 02 ACCUMULA
.C 'TORS,
€
DO SO4 1:= |+KCYCLE

1
HTH(1) :3 WDRH{I) ¢ HGHC(T)
WTO(1) = WDRO(]I) ¢ WGOC(})

€ . ' .
'C COMPUTE 'THE ‘TOTAL ENTHALPY INCREMENT SUPPLIED BY SUPPLEMENTARY GAS,

DELM(I)} ‘= WGHC(1) :# KB # KT

C . . .
.C  COMPUTE CORRECTED VALUES OF HEAT FLOW IN MAIN H2 AND 02 HEAT EXCHANGe

.C ERS BETWEEN TANK .AND ACCUMULATOR,
C

A N A N AaAann

Q2HDOTC(I) = D(I)*WDBC(1)
Q20DTC (1) = WTO(T)*(HAO = HTO(1})

C COMPUTE 'THE :CORRECTED VALUES OF THE HEAT FLONS IN THE H2 AND 02 TANK
.C  HEAT EXCHANGERS,

€

S04

505

506

Q3HDTCLT) = DQODNH(!)'HTH(I)

Q300T¢ (1) = DAODWO(I)*WTO(1) = o7

COMPUTE "TEMPERATURE OF COLD FLUID ENTERING SUPPLEMENTARY GAS
GENERATOR

(CALL "CSUBP (TAMyPCHy 20 CPH{T) )

CALL CSUBP(TTH(T)yPCHy24CPBH(1))

TSIN(I) = TAH = (({WGHC(1}4wGOCI1)I#KTI/(WTH{TinCPBH{T} )}
'CONT!NUE

DO 505 I4 = lsKCYCLE
IF(TSIN(TY) LY, TTH(IY)} Go TO S06
CONTINUE

‘G0 TO 507

CONTINUE

96£T66V -OSIN'T
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€ #%% RESET VALUE OF FMR AND RECYCLE PROGRAM,

FMR ‘= FMR - 0,1
LREPY = |

WRITE (10To7011) Thy TSIN{I4)s FMR

‘7011 FORMAT(/7/T209100( ") /T20.100¢ *)/T20.100¢ @i )zrv27, FAN UNACCEPT

IABLE VALUE FOR TSIN HAS REEN ENCOUNTERED = = -o TSIN FOR CYCLE afy .
213¢2Xy *21¢FB.2//TU0s! THE APU FUEL MIXTURE ‘RATIO HAS BEEN RESET T
30 = = = FMR ='9F5,2//T204100( #")/T204100( **1) /720, 100( #*})

RETURN
507 CONTINUE

AERARRRAXARRRRAARRRRRNANIRAIRARARRARARARA ﬁﬂ.t'.’......i‘ttl.*'ﬁ.'.ﬁi.'

CALCULATE THE WEIGHT OF PROPELLANT TANK MEATER ‘CIRCULATING COMPRESSOR
FIRST COMPUTE 'THE MAXIMUM FLOW RATE FOR HYDROGEN AND OXYGEN,

0awMxo = 0,0

DOWMXH = 0,0

DO 509 I :=-19KCYCLE

DAWMXO ‘= AMAXT (DGWMXO,080DWO(?

DAWMXH .= AMAX! (DQWMXHy DGODWH (1
S09 .CONTINUE

1)
M

WOMAX 2 0,0

WHMAX = 0,0

DO S10 1€ {4KCYCLE .

HOMAX “2 AHAX! (HOMAXoWTO {1}

WHIIAX = AMAX ] (WHMAX yWTH (T
810 CONTINUE

- —

.C
DO SI1 I's. |+KCYCLE
QINTKO(I) -= DOODHO(I) * WTO(!)
QINTKH(TI) = DQODWM{I) * WTH(I1)
S11 .CONTINUE
C
QMXTKO = 0,0
GMXTYKH = 0,0
DO S12 1 := |yKCYCLE .
QUXTKO .=. AMAX I (GMXTKOQINTKO(1))
QNXTKH := AMAX! (GMXTKH,QINTKH (1))
§12 CONVINUE .
€
[ 4 . .
.C COMPUTE THE SPECIFIC HEAT AND DENSITYy OF H2 AND 02 AT 'THE FINAL
'C: TEMPERATURE AHMD PRESSURE
C .
' (CALL CSUBP{TFOPFOs 1 ¢CPFD)
CALL DENSON{YFO.PFOy1yRHOOF,2EE)
€

16AS = 2 .
CALL CSUBP(TFHyPFHyYGASyCPFH) ..
RHOKF = (144 ,0#PFH)/(ZFHATFH*FINDR({1GAS)}

96€T166V-OSIN'T



8TI-d

ARRRNRAR

8
49
150
351
952
‘159

354
158
456

157
458

359
1360

APUSUP RRRRAARE

€

laYaYalaYe)

aXaYaXaYaYa¥s)

[aXa¥a¥al

AnAn’ AnA AN

[a¥alel

WDTCPO ‘= GMXTKO/{CPFO * {TDal00,0+TF0))
WDTCPH = GHXTKH/ (CPFH #' (TD=100,0<TFH))

HOCOMP 2 (0,01455*DELPCPENDTCPO) /RHOOF
WCIRCP()) ;2 WOCOMP
WHCOMP .= (0,014SS*DELPCP#WDTCPH) /RNOHF
HWCIRCP (2) .= WHCOMP

CALCULATE THE WEIGHT OF 'THE H2 AND 02 STORAGE TANKS, ‘FIRST COMPUTE
THE TOTAL WEIGHT OF H2 AND 02 NEEDED FCR THE SUPPLEMENTAL GAS
GENERATOR,

WIGH 2 0,0
WTG0 = 0,0

I1=0 .

DO S20 Il = 1yNDCYCLe2

121+

WTGH = WTGH & NGHC(T) ‘* DCYCLELI!)
WTGO .= WTGO ¢ YGOC(I) * DCYCLE(1!)

§20 CONTINUE

ERRERRAARARRARRAARARRACARRARARRARAAR SN RRASAR AN RARRRAARAARORAARORGAND

BEGIN CALCULATING WEIGHT OF H2 VENTED DURING ‘THE MISS$ON, FIRST

.COMPUTE 'THE APPROXIMATE VOLUME OF THE H2 AND 02 STORAGE TYANKS,

VTH = (HDH -¢ WTGH) /(4,35 -« RHOHF)
VYO = (WDO -4 MTGO)/ (70,0 = RHOOF)
RH = CBRT((3,0%VTH)/12,566)
2 [CBRT((3,0%VT0)/12.566)

COMPUTE 'THE AREA OF THE HZ AND 02 TANKS ASSUMING THAT- THEY HAVE
SPHERICAL GEOHETRY. .

ATH = 12,566%(RH#*2)
ATO = |2 566'(P0**2)

COMPUTE ‘THE HEAT FLOW -PER UN!T AREA PER UNIT ‘TIME ACROSS THME SURFACE
OF THE 'TANK MATERIALS, .

WVIMH = 0,0

HV!HO = 0,0

DO 550 1] = 2+N0CYCLY2
121e |

€ALL SUBROUTINE TCOND "TO 'RETURN aporr,

CALL ‘TCOND LTEMV i TEH s SNBART 2§ o SITHIK {2+ 119 STTYPE(20 1] +0pOTH]
DHH e (QDOTH * ATH % DCYCLE(11))/60,0

CALL TCOND(TENvoTFO.SNBAP(l)oS!TH!k(lo').S!TYPE(lol)0oboYo)
DHO = (QDOTO * ATO * DCYCLE(11))/60,0

COMPUTE THE SPECIF1C HEAT OF H2 AT T= TTH(1) -AND Pz PCH,

968166V -OSI'T
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:CALL "CSUBP {TTH{1)9PCHy24CPH) .
WVIHO = HVIHO ¢ (DRO/Z{CPH*(TFO=TTH{I})))

COMPUTE THE WEIGHT OF THE H2 1N THE ‘TANK AT THE START OF THE COAST
PERIOD ‘TAU(I),

WH = WDH .4 WTYGH = TTH2WD(1)
€ = (S YRDHH)/(PCH#VTH)
€2 = SART(1,0 ¢ Ci%xw2)
HVIMH = WYIHH o (WH % (] ,04CI=C2))
S50 COMTINUE

COMPUTE RESULTANT 'TOTAL WEIGHT OF VENTED W2,

IF (WVIHH-WV|HO] 45554555
WVH = WVIHO
IF (WVH.LT.0,0) WVH '=. 040
GO 10 560

$S5 WVH .= WV[HH

560 CONYINUE

ERRRNRER A RENERRAARRARRRR AR RN TAN AR AR RONIRN AR ARNAANERNANRRNERARAARRANS

CALCULATE WEIGHT OF H2 AND 02 'STORAGE TANKS, FIRST COMPUTE 'THE
CORRECTED VOLUME OF THE H2 STORAGE TANK

VTH .= (WDH ¢ WTGH ¢ WyH)/(4,35 = RHONF)
MTRL = SMTYPE(2¢1)

[CALL FINTAB (NTBID{9)eMTRL)
FTUX '= MIPE (1,TFH) _
ROFTUH "= -RHOL(MTRL) /1728, /FTUX
MTRL =. SMTYPE

CALL FINTAB (NTBID{9)#MTRL)
FTUX = MIPE (1,7F0) .
ROFTUD = RHOL (MTRL)/ 1728, /FTUX
WGTHT = '7000,0*VTH*PCH*ROF TUH
WGTOT = 7000,0%*VTO*PCONROFTUD

SHDIAM(2¢4) = (16,0 * VTHI/P1)*%0,333
SMDIAM(191) = ((6.0 * yTO)/PI)ew0,333

NERARRARRARARARANNRRNARNA R AR AR RAARA NN RN ACRRAAAARRANRAR NN R R AR R

CALCULATE WEIGHT OF RESIDUAL PROPELLANTS IN THE W2 AND 02 TANKS

WRH .2 VTH®RHOHF
WRO = VTO®RHOOF

"iﬁ"..'tQQQ***'*t'*'*Qi.t'Q't’Q'i.fﬁn'..iﬁ'.ﬁilﬁ""'ﬁ‘tﬁ'..ﬂ'."ﬂ.

CAL&ULATE WEIGHT OF H2 AND 02 ACCUHUL#TOR TANKS

MTRL :3 AMTYPE(2)
CALL FINTAB (NTBID(9)+MTRLY
FTUX = MIPE (1yTAH)
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ROFTUH & RHOL(MTRL) /1728, /FTUX
MTRL ‘= AMTYPE

(CALL FINTAB (NTBID{9)eMTYRL)
FTUX = HIPE (1,7TA0)

[a¥aYaRa s ) [a)

[aXa¥a¥aNala¥al

L) 2

L 22

ROFTUD = RHoOL(HTRL)/IT28,/FTUX
CALL .ZFTND({TAH PCHy 29 ZAH)

CALL ZFIND(TAHePFly 2+ ZAHF)

ZAD = IGET(TAO,PCO,1)

LAGF = LGET(TANPFO,1)

Cl = (PCH/ZAH) = (PFH/2ANF)

€2 2 (PCO/IAD) = (PFO/LAOF)

WAH = ((z.oes/(|.0¢FMR)jitpcnﬁnortuu)agupn-anrpcfnuii/c1
HADZ((0,1308/(1.0¢(1.0/FMR)})*(PCOYROFTUO)*{HPR*RREPTAO] | 7¢2

CALCULATE THE HEIGHT.OF THE H2 AND 02 ACCUMULATOR RESIOUAL PROPELLAMT

WSH = (HPRA*RAFP)Y/(18000,0%w(),04FMR)) )
W50 = (HPR*RRFPY/(18000,0%(1,04(1.0/FMR)))
WRAH ‘2 (WSHAPFH)/(CI®ZAHF)

WRAOD 'z (WSO*PF0O)/(C2%ZAOF)

ERRRRARARRARAARRRRRRN AR AR AR ARARRAAR AR AR RO RANARARRAR AN RNNAANNARR RN

COMPUTE THE TOTAL PROPELLANT REQUIREMENT

WPTOT(2) '= WOH ¢ HTGH - yvH
WHTOT = KWDH ¢ HTGH .4 WVH
WPTOT (1) '= WDD -¢ WTGO

WOTOT = WDO ¢ VTGO

OUTPUT APU ‘SUPERCRITICAL DATA
CALL OAPUSP (KCYCLE)

RRRRRERRRA AR ARTERNRRR AR RARRNR AR RN R RARR AR AR RN RN AR ARARR AR

COMPUTE yEIGHT AND CHARACTERISTICS OF ALL HEAT EXCHANGERS
RRRBARRARRARANRRARARARRAARANEERR AR R RAANRRRARCRRRNAARAARANARA RO R A RS

Jx = 0

COMPUTE WEIGHT AND CHARACTERISTICS OF THE 02 HEAT EXCHANGER
BETWEEN "THE Qa ACCUMULATOR AND THE APU

JX 3 JX e |
JHX = JX
1GAS = |

WOOMAX = 0,0

DO 2010 I = l+KCYCLE

1F (WDRO(1),.LT.WDOMAX) GO TO 2010
WDOMAX ‘& WORO(])

IMAX = 1
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c20'0 CONTINUE

n onon

[aXaXala BN,

HEOTX(UXs1GAS) = 0,0166 & WHOMAX
UCODE (UX91GAS) 2 HXCODE{JX+1GAS)

HEXMIT(JXy1GAS) & TEC(IMAX)
HEXCIT(JX,10AS) & TAO
HEXHOT(JX,16AS) % ¥D
HEXCOT(JXy1GAS) :# TPF
HEXCOP (JX41GAS) & PGG
HXMRAT(JX,1GAS) & FMR

CALL HEATEX{IGAS»UX)WDOTXIURe 1OAS) JHEXHE (N 26ASY s HEXCT T Jns B OAS)
)¢ HEXHOT {JUXy1GAS ) ¢HEXCOT (JX 3 $GAS ) yHEXHIP (JX o 16GAS ) 4HEXCEIP [ JX$1GAS)
8 HEXHOP (JXy [GAS) ¢ HEXCOP {JX4 1GAS ) o HXMRAT (JX1GAS) o WDOTH (UXe1GAS ),
3 WHXTOT{JX,16AS) ) '

CALL GASGEN{JX»1GAS)

COMPUTE WEIGHT AND CHARACTERISTICS OF THE Ha HEAT EXCHANGER
BETWEEN 'THE H2 ACCUMULATOR AMD THE APU .

1GAS = 2

DO 2020 I = |+KCYCLE

IF (WORH(1)+LT.HDHMAX) GO TO 2020
WOHMAX = -WDRH(T)

IMAY = 1

2020 CONTINUE

WDOTX(JUXs36AS) 3 0.0168 & WOHMAX
UCODF {UX91GAS) = HXCODE{JX+1GAS)

HEXHIT(JUXy1GAS) B TE(IMAX)
HEXCIT(JX,1GAS) & TaH
HEXHOT (JX,1GAS) & TD
HEXCOT(JXy1GAS) = TPF
HEXCOP (JXy IGAS) 2 PGO
HXMRAT (JUX,1GAS) = FMR

CALL HEATEX{1GASyJx,WDOTX{JUXs16AS) JHEXMIT(JXy I6AS JHEXCTIT{JX (2628
Ly HEXHOT (X5 1GAS) s HEXCOT(UXy FGAS ) ¢HEXHIP (JX 9 TGAS) s HEXCIP (X9 1GASY -
"2 HEXHOP (JXy IGAS ) yHEXCOP {UXyJGAS) yHXMRAT(JIXpTGAS) ¢ WDOTH (UX¢1GAS),
"3 WHXTOT(JX,16AS))

CALL GASGEN{JXs1GAS)"

‘COMPUTE WEIGHT AND CHARACTERISTICS OF THE M2 SUPPLEMENTARY GAS
HEAT EXCHAMGER

UX = Jx ¢ |
JHX .2 JX
1GAS = 2

CALL "CSUBP1 (TGyFMRGGCPGY

K8 = CPGI8(TG=TD)

WGHCNX 2 0,0

DO 2050 1 = sKCYCLE
IF(WGHC (1) LT HGHCHX) GO 'TO 2050
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580
581
582
583
584
585
585
587
588
589
590
591
K92
5919
594
598
596
597
598
599
600
601
602
6013
60y
605
606
607
608
609
610

o

OO

620

aApusSUP MARER RN

WOHENX = WEHEtT)
IMAX = l

:2050 .CONTINUE

c.

ADTSHX . (WGHCHMXeWOOC{IMAX)) % K8

"TSINMN :3 TSINCI)

DO 2058 1 = 29KCYCLE

1F(TSIN(1)4EQ.0.0) GO. YO 20%8

TSINMN '€ AMINI (TSINMN,TSIN(1})
2088 CONTINUE

€
WTHMAX = 040
DO 2055 1 = 1eKCYCLE
IF(WTH(1) LT WTHMAX) -GO 'TO 2055
WTHMAX = WTH(I)
IMAX 2 1
‘2085 COHTINUE
< .
WDOTX(JXy1GAS) = 0,0186 * WTHMAX
UCODE(JXy1GAS) . & HXCODE(JX1GAS)
HEXHIT(JXy1GAS) = TG
HEXCIT(JXy1GAS) 2 TSINMN
HEXHOT(JX,IGAS) = TD
HEXCOT(JXy1GAS) = TAH
HEXCOP (JXy 1GAS) = APRES(2)
HEXCIP{JXy 1GAS) ;& PCH « 25,0
HXMRAT(JX, 1GAS) ‘8 FMRG
< ) ) ..
IF(MEXCIT(JUX+16AS) EQ,HEXCOT{JIX+1GAS}) GO TO 2025
C.
CALL HEATEX(TGAS)JUXyWDOTY(JXeIGAS) dHEXHIT(JUXy1GAS) JHEXCTT{UXs16AS)
P o HEXHOT (UX ¢ IGAS) ¢ HEXCOT (UX ¢ JGAS ) o HEXHIP (UX ¢ 1GAS) ¢ HEXCIP (JUX g 1GAS o
2 HEXHOP (JX, JGAS) yHEXCOP (UX¢ JGAS) ¢ HXMRAT(JX91GAS) s WDOTH (UX;1GAS),
L] wnxror(dx.IGAS))
< ; .
CALL GASGEN(JXsIGAS)
(< e - B
- 6O TD"2028 "
c.
202% CONTINUE
C

WRITE (10T,885) HxXCODE (Jys1GAS)
885 FORMAT(/THot ##% HEAT EXCHANGER = 19A8y 1 1§ NOT IN USE IN ‘THIS PR
JOBLEM ®ve1)"

c
2026 COHTINUE
¢

C CONMPUTE WEIGHT AND CHARACTERISTICS OF THE 02 HEAT EXCHANGER
[d] BETWEEN THE 02 STORAGE TANK AND THE ACCUMULATOR
c.
JX 2 JX ¢ )
JHX = JX
1GAS = |
. )

HTOMAX =. 0.0
DO 2030 1 = 1eKCYCLE
IF(WTO(1),LT.HTOMAX) GO TO 2030
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678

660
1662

Lo
o
o

670
L 6T

oo
~ -3
.QN

o~
~3
o

o
-3
o

[+
d
n

N AANA A

APUSUP RRARARAY

2030
c .

2040
¢

Annn n

WTOMAX ‘= WTO(1}
IMAX ‘2 1
CONTINUE

HOOTX(JUX+1GAS) 2 0,0166 * WTOMAX
UCODE (X1 IGAS}) 3 HXCODE (JXs1GAS)

HEXHIT(JXy1GAS) & TE{IMAX)
HEXCTIT(JXy1GAS) = TTO(IMAX)
HEXHOT{JXy1GAS) = TD

HEXCOT(JXy1GAS) = TAO ~

HEXCOP (UXy 1GAS) = PCO = HXCDLP(JXs1GAS)
HEXCIP(JXy1GAS) = PCO
HXNRATIJX s 1GAS) & FIIR

CALL HEATEX(IGASoJXyWDOTX{JX¢16AS) JHEXHIT( X, 16AS)  HEXCIT{JIx¢16AS)
Lo HEXHOT (X5 IGAS) ¢ HEXCOT(JUXs IGAS) s HEXHIP (UX 9 1GAS) » HEXCIP (JX4TGAS Yy
2 MEXHOP (JX,1GAS) JHEXCOP (X4 16AS) JHXMRAT (JX, 16AS) WDOTH (JX,IGAS),

3 MHXTOT(UXs1GAS))

CALL GASGEM{JXy1GAS) '

COMPUTE WEIGHT AND ‘CHARACTERISTICS OF THE H2 MEAT EXCHANGER
BETWEEN THE H2 STORAGE TANK AND THE ACCUMULATOR

1GAS ‘= 2

WTHMAX = 0.0

DO 2040 I = 1¢KCYCLE

"IF (WTHUT) (LY WTHMAX) "GO YO 2040
NTHMAX = WTH(I)

BUIL RN |

COHTINUE

HDOTX (JUXy1GAS) = 0,0166 # WTHMAX
UCODE (X9 16AS) = HXCODE (JX+ 16AS)
HEXHIT(UXy16AS) & TE{IMAX)
HEXCIT(JXy IGAS) "= ‘TTH{IMAX)
HEXHNT{JX,1GAS) B 'TD

1F(DFLH(TMNAX) .FQ.0,D) TSINMN = TAM
HEXCOT{JXy1GAS) ‘& TSINHN
HEXCOP (JXy 1GAS) '8 PCH w HXCDLP (JX¢1GAS)
HEXCIP({JX,1GAS) = PCH
HXHRAT {JXy IGAS) & FMR

CALL HEATEX{IGASyJXsWpOTX(UX¢1GAS) eHEXHIT(UX 9 1GAS) oHEXCIT(UX,16AS)
VoHEXHOT {Jxp TGAS) o HEXCOT X I1GAS) s HEXHIP (JUX 9 JGAS) ¢ HEXCIP (JXs 1GAS Ty
2 HEXHOP (JXyJGAS) ¢ HEXCOP (JXs T1GAS ) s HXMRAT (UXp IGAS) ¢ HDOTH (JX¢16AS ),
3 WHXTOT (JXsIGAS))

CALL GASGE}N(JX)1GAS)

COMPUYE WEIGHT AMD ‘CHARACTERISYICS OF THE 02 HEAT EXCHANGER
OF THE 02 TANK CONDITIONING HEAT EXCHANGER

UX 2 UX ¢ |
JHX = JX
16AS = |
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696 WDOTX (JXs1GAS) 2 0.0166 * WDTCPO
697 UCODE (JXy 1GAS) = HXCODE({JUX,1GAS)
698 HEXHIT(JX,1GAS) = TE(IMAX)
699 HEXCIT(JX, IGAS) & TTO(IMAX)
700 HEXHOT (UXy 1GAS) = 'TD
20 HEXCOT(JX,1GAS) & TD » 100,0
702 HEXCIP(JXy1GAS) & PCO ¢ DELPCP
‘703 HEXCOP (JXy 1GAS) = PCO
704 HXMRAT{JXy1GAS) ‘= FMR.
708 C ) . . .
706 CALL HEATEX{1GAS»JX ) HDOTX{UXe16GAS) ¢HEXHIT (UKo 1GASH JHEXCIT(UX o 16AS)
707 o HEXHOT (UX,16A5) sHEXCOT (JUX s 1GAS) +HEXHIP (UXy1GAS) o HEXCIP {JIX¢1GAS ),
708 2 HEXHOP (UXo1GAS) yHEXCOP (UXy IGAS) HXMRAT(UX)1GAS) ¢ HDOTH (JXo1GAS),
‘709 3 VHXTOT(JXy1GAS))
710 c
7}5 c CALL .GASGEN(JXy I1GAS)
T
119 ¢ COMPUYE WEIGHT AMD CHARACTERISTICS OF THE M2 HEAT EXCHANGER
Ty C OF THE M2 TAMK COHDITIONING HEAT EXCHANGER
TS (4
‘T8 J1GAS = 2°
717 c
718 WDOTX (JXyI6AS) = 0,0166 % WDTCPH
219 UCODE (X9 1GAS) = HXCODE{JX+]GASY
720 HEXHIT(JX,1GAS) = TE(IMAX)
72 HEXCIT{UXy1GAS) & TTH{IMAX)
722 HEXKROT(JX,1GAS) ‘= TD
723 HEXCOT(JX¢1GAS) -2 TD = 100,0
724 HEXCIP(JXy1GAS) 3 PCH # DELPCP
728 HEXCOP {JX,1GAS) = PcH
‘726 HXIRAT(JX,1GAS) = FMR
727 "€ . : .
728 CALL HEATEX{IGASyUX)WDOTX{Uxy16AS) s HEXHIT (IR LGASH ¢ HEXCIT{UXs16AS)
729 19 HEXHOT (JXy 1GAS) sHEXCOT(JXs 1GAS) o HEXHIP (UXo 1GAS) ¢HEXCIP (UXy 1GASY
730 2 HEXHOP {JUXy JGAS Yy HEXCOP (UXs 1GAS) o HXKRAT(UX91GAS) yHDOTH (UXoIGAS),
3 3 WHXTOT (JX)16A5))
732 4 .
713 - CALL GASGEM{JX»1GAS)
T N4 B
'7;5 c "CALL OTPHEX
'7]‘,‘? 4 Qt**ttﬂtﬁ'ttitiahhtQ***Qﬁﬁt**itt*QﬁtﬁaﬁQQQtﬁt*ﬁttttﬁ*wﬂ'ﬁttt'ﬁ‘ﬁtttttat
138 < :
799 HRITE (1079996}
740 996 FORMAT(/////130, vehafe YTHE APU SUPERCRITICAL CALCULATIONS HAVE RE
T4 1EN COMPLETED ##adwat)
n C .
;Hg C Qﬁaﬁ'*tf*ﬁﬁiﬁtﬁﬁ'ﬂ'itt’ﬁﬁ.ﬁ&Qﬁ‘hﬁt'tﬁﬁﬁtfﬁt*ttﬁt't'ﬁtittt*.ﬁ"tﬂtt.it
TuY <
‘745 ¢ END OF SUPERCRITICAL COMPUTATIOMS,
48 c
™T RETURN
748 ¢

749 END
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wwwRente  SUBRGUTINE BETAB
) . |

D SUBRAUTINE BETAR(YB,DB¢NGAS,VEXB)
I TR - :
. 4 CALCULATES ‘VOLUME EXPANSIVITY FROM EGUATION OF STATE IN BRITISH
PN 4 unyTSs
.8 <
, 6 T.8 78
7 D :& DB
S Me i
L9 c : ,
T IF (NGAS,EQ. 1} KF = |
: :l IF(NGAS,EQ.18) KF :2 2 o
t -c
S ¢ KF 'z | CALL IN OXYGEN PROPERTIES (DATA02j
Doy < KF .32~ 'CALL IN .NITROGEN PROPERTIES (DATAN2)
T 1 C o
T IF(KF,EQ,1) CALL DATAO2
L IF (KF,EQ/2) CALL DATAN2
18 c
19 DI = DPDDB(TD)
, 20 D2 = DPDTB(T+D)
21 <
) é2 VEXB = (1,0/D) * (D2/D})
23 € '
2y RETURN
© 25 END
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PROCEDURE DEFINITIEN PRACESSPR - CCACUM

'EACCUM'=PROC
PARAMETER NA232oKAC2ENA24| oKACT220NALY | s KALUIANASS |1 KALHNURNASLY

I KACHaS*NAQ# 1y KACTE6ANA24 | sKACEZTANAZS | ¢ KACIZB*NAL S| yKACOZ9ANAR
INTEGER AITYPE AMTYPE

COMMON £CACCUM/ NAOP  (NA2) ¢AMTYPE(MA2) ATTYPE(NA2] yADTAM {NA2) ¢
] AA° T (NA2))AVOL  (NA2)9ACMT (NA2),ATTHIK(NA2)ACINT (NA2)e
2 AHELUX(MA2) o ANBAR (NA2)¢ANDELP{NA2),APRES (NA2),ATEMP (NA2)e
3 WGRACC(NA2) ¢ INDXAC(NA2) yACYHT (NA2)

DIMENSION EQAC(KACO)

EGUIVALENCE

(E0AC +NBOP )4 (EQAC{KAC2) AMTYPE},

I (EGAC(KAC3)sATITYPE) s (EQAC(KACH)oADTAM )y (EGAC(KACS) AR . )y
2 (EGAC(KAC6)+avVOL
3 (EGAC(KACY) ¢ ACINT )

AHTYPE
- AITYPE
ADIM

AIPRES

AVPRES
ANDELP
AITHIX
ANBAR

R T E N R T E T

»
»
*
£ 4
»

END

ALTENP .
AHFLUX -
AOPRES -

ome
.-
-

NOTE «ne

1o (EQAC(KACT) e ACHT )9 (EQAC(KACS}9ATTHIK),

Ranad CACCUM VARIABLE DEFINITION

ACCUMULATOR MATERIAL TYPE (SEE CMATRL),
ACCUMULATOR INSULATION TYPE (SEE CINSUL.
DIMEMSIONS OF THE ACCUMULATOR

ACCUMULATOR INITIAL PRESSURE,

ACCUMULATOR INITIAL TEMPRATURE,

- ACCUMULATOR MEAT FLUX,

ACCUMULATOR OPERATING PRESSURE,

ACCUMULATOR VENTING PRESSURE,

ACCUMULATOR NOMINAL OPERATING DELTA PRESSURE,
ACCUMULATOR INSULATION ‘THICKNESS,.

NUMBER OF LAYERS OF INSULATION ON ACCUMULATOR

'EACH OF ‘THE ABOVE = VARIABLES ARE SPECIFIED
‘FOR OXYGEH IN THE FIRST WORD AMD HYDROGEN

IN THE SECOND WORY,

96£166V-OSIN'T



Le-4d

| ARRNRNND

———n ———— ——

20

CBNONEWN—C OISO LW~

AAANANRANAN

PROCEDURE DEFINITIBN PRBCESSAR - CAPU

CAPU* -PROC

[4

PARAMETER LAPU = 20

REAL KKy HMRGGCHs MRGGCO

' COMMAN ‘/C1APUZ M 'NAPU  4DELPCP,FMR
! MRGGCO,PFH
2 TFM  ,TFO

PN W= ADDNGFAL AN —

tPFO  yPGG  +RRFP o TD
sTG  GTIT * 4THE  ,TVH

HTO(LAPU)y | .
WDRH (LAPU{,WDRO (LAPU},

~9HGGO (LAPU)pWDFC (LAPU),

SHDRC  (LAPU),WDCC  (LaPU),
+DUDB  (LAPU) s DOODWH(LAPU)
+GI1ODCT(LAPU)G2HDOT(LAPH),
+v030D0T (LAPUJ » TTH2WO (LAPUY
2 PCORHD (LAPUY,,02HDTC(LAPYY,
+030DTC (LAPU) y BYHDOT (LAPU) ,
»G70D0T (LAPU) ¢ RHOCH2 (LAPU) o
»DODWTO{LAPU}yTSIN  (LAPU),
¢CSUBVO(LAPU),,CSUBVH{LAPY),

-9QINTKO(LAPU)yQIHTKH(LAPY),

. EQUIVALENCE

(EGAP]  sTPF  ),(EQ

-¢FMRG  oHPR

yMRGGCH,

$TOGGH +TDGGO +TENV
. ¢ TVO  yEGAPI(S),
'3 EQAP2{1142)9EQAP3UI192) ¢ LAPUT (Uv8) o LAPU(H o 1) s LAPUI (U IT)

{COMHON - 2CyAPU/KK(LAPU)y RR{LAPU), WD({LAPU)y D (LAPU), TE(LAPU},
CPE(LAPU) s TTH(LAPU) ¢ TTO(LAPU) yWDOA{LAPU) yWDB(LAPU}»
WDC(LAPU) » WDD(LAPU) y WOE (LAPU) ¢ WOF (LAPU) 4 WOG{LAPU) -
HWDJI{LAPU) s HGH (LAPU) s NTH(LAPU) ¢ WTO(LAPU) yHTH(LAPU)

PCTHP (LAPUY,
HWGHC  (LAPU),
WDEC (LAPU),
DAODHO(LAPUY,
G20DOT(LAPUY,
TTO2WD (LAPUY
Q20DTC(LAPYY,
QSHDOT (LAPU),
RHOCO2(LAPU),
CPH  (LAPU)

PH102 (LAPU),
CPBH  (LAPUY,

AP (2)eunO

WGGH  {LAPUY}
WGOC (LAPU)
DELH (LAPU)
01HDOT (LAPY)
QIHDAT(LAPY)
PCH2WD (LA
QIHDTC (LAPU)
Q60DOT (LAPU)

DADWTH(LAPYY) -

PHIH2 (LAPU)
WSUM  (LAPHY

Ve

(EQAP! (3) 9 WOH Y (EQAP] (4) e WDT Joe (EQAPL (S WTBURN)Y

(EQAP2

s HOCOMP )2 (ENAP2( 1+2) o WHCOM

(FOAPR( '2,2),MTGH ), (ENAP2( 3,1),VYT0
(EQAP2( Ly l)eATO Vo (EQAP2( Uy2)oATH

(EGAP2( “Te1)eWRD )+ (EQAP2( T742)¢HWRH
(EQAP2( -gy2)oWaH 12 (EAAP2( §41) WSO
(EQAP2(10¢ 1) eHRAQ e (EQAP2(10+2)+WRAH
(EQAP2(1192) 2 HHYOY )

EQUIVALENCE

~No>rNE V-

RARR

FEE XN

HA
HP

PG
TI
T0

|

2¢

3

y

5 (EQAP2( §¢2)oHGTHT )9 (EQAP2( 6+1)sWVHO2
[

R

a

9

(EQAP3 ' TGGCO

(EQAP3( 29| )1HTGGO )¢ (EQAAPI( 242) o HTGGH
(EQAPI( 1,2} ¢ AREATH) , (EAAPI( 4,1),VST0
(EGAPI( Ss[)enTODOT) 1 (EQAPI( S+2)+QTHOOT) v (EQAP Y
(EGAPY( 6+2)sWSVHH )y

{EGAPI( 8y 1) eWPTTO 1y (ERAPI( 892) s WPTTH )y (EQAPY(
(EGAPI( 9,2),%SRH ), (EAAP3(10,1),HS08
(EGAPI( 1o 1) sHRSAD Vv (EQAPI(I142) +WRSAH )

NUMBER OF. APU UNTTS
HORSEPOKER RATING EACM

PU
R

G
T

APU GAS GEM, INLET GAS
TURBINE INLET TEMP
‘EXHAUST TEMP FOR HEAT

-
FIIR e« APU TURBINE MIXTURE RA

P)e (EQAP2( 2¢1)eHTGO )
Yo (EQAP2( 3,2),VTH )
Yo {EQGAPR2L Sel)eWNGTOT
)2 (EGAP2(. 6+42) s NVHH2
Ve (EQAP2( B4 1)eWAD
Yo LEQAP2( 9,2) ,HSH |
Yo (EQAP2LT1s 1) oNOTOT

Yo (EGAPIt 142)9TGGCH
Yo {EQAPI( 3| )eAREATO
Yy (EQAPI( 4,2),VSTH .
60 1) eHSVHO )
(EQAPI{ T+2)9WSVH [
991 )e WSRO .
) o (EGAPI(10,2)4HSHB .

APU
T10
PRESSURE

EXCHANGER

e ® © 0o 0 e @

* e
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59 ‘€ A FHRG .» FUEL MIXTUREWRATIO FOR SUPPLEMENTAL 6AS GEN,
.Y ¢ # PEH  » ‘FINAL Ha tank PRESSURE
60 € #* PFO .= FINAL 02 TaNK PRFSSURE
61 ¢ *TFH - FINAL H2 ‘TANK TEMPERATURE
62 ¢ 4 TF0 .= FINAL 02 TANK TEMPERATURE |
61 € TG = TEMP, NF EXHAUST PRODUCTS .« SUPPL, GAS GEN,
N 4 # DELCP .= DELTA=P OF TANK CIRCULATING PUMP
65 £ R KK ‘= COR,FACTOR=REF ,PROP FLOW RATE FOR 2040 TIY,
66 (4 ‘% RR = PEF,PROP,FLLOW RATE (LBS/HIN)
61 C * WD = DELIVERED FLOW RATE OVER INTERVAL (1)(LBS/MIN)
68 C * D = HEAT OF COMBUSTIAN PRODUCTS (BTU/LB)
69 C * TE ‘» APU TUPBINE EXHAUST TEMP,
T0 C ® CPE = EXHAUST SPEC.HT, AT(TE AuD FHR)
71 C ‘« TTH .= TEMP, OF H2 IN TLNK DURING INTERVAL(I)
T2 C % TTO = YEMP, OF 02 IN TANK DURING INTERVAL(1)
‘7 C “* HDA = APU EXHAUST FLOW THRU H2=HEX (ACCUM TO GAS GEN})
™ [4 ‘* VDB = APU EXHAIIST FLOW THRU H2=HEX (TANK TO ACCUM)
15 C * HWDC .= APU EXHAUST FLOW THRI) H2=TANK HEX
76 C 4 DD = APU EXHAUST FLOW THRIJ 02=HEX (ACCUM ‘TO GAS GEN})
7 4 ® WDE = APU EXHAUST FLOW THRU 02+HEX (TANK TO ACCUM)
78 € * WDF = APU EXHAUST FLOW THRy 02-TANK HEX
179 C * {DG  .e APU EXHAUST FLOW THRU H2~HEX(SURC,ACUMaGAS GEN}"
80 C * WpJ e APU EXHAUST FLOW THRU 02«HEX(SURC,ACUMaGAS GEN)"
8l <C “* WGH = REF,H2 FLOWRATE Y0 SUPPLEMENTAL GAS.GEN.
82 ¢ * WYH = H2 FLOW TO ACCUM DURING INTERVAL (1)
81 C * WTO = 02 FLOW TO ACCUM DURING INTERVAL (1)
8y 4 % HTH .= ENTHALPY OF H2 IN TANK AT INTERVAL(!)
85 (4 * HYO = ENTHALPY OF 02 IN TANK AT INTERVAL(Y)
86 < N WDRH = WGT,RATE oF M2 -FLOWING=INTERVAL(1}y (LBS/HMING,
87 € * KDRO .= WGT,RATE OF 02 FLOWING-INTERVAL (1), (LBS/MIN}
88 4 ‘* PCTHP = PERCENT HORSEPOWER REOD,-INTERVAL(I)
89 4 * WGGH = H2 FLOW RATE TO COND,GAS -GENS,=INTERVAL(1}
90 .C * 4GGO = 02 FLOW RATE TO COND.GAS GENS.=INTERVAL(1)
91 €. % WDFC .= CORRECTED WDF(1) FOR FLOW RATE 'CHANGE
92 C ‘* WGHC = REF,H2 FLOW TO SUPPLEMENTAL GAS GEN,
9% 4 * WGOC -= REF,02 FLOVW TO SUPPLEMENYAL GAS GEMN,
o4 ¢ # WORC - .= CORPECTED VALUES OF HEX EXHAUST REQMTS,(WDB{1}j
95 C #« HDCC .« CORREFTED VALUES OF HEX EXHAUST REQMTS, (WDC(T})
% C * WDEC = CORRECTED VALUES OF HEX EXHAUST nzonrs.(wosgx))
97 C % DELH .« TOTAL ENTHALPY INCREMENT FROM SUPPL,GAS GEN,
98 C * DUDB .= REF,REDUCTION IN WDR FOR APU EXHAUST AVAIL,
99 4 ‘“# TSIN .= T=COLD=IN FOR SUPPLEMENTARY GAS GENFRATOR
100 (4 ‘* CPH = SPECIFIC HMEAT OF CQLD FLUID INTO SUP,GAS GEN,
10t < * DQODWH .= HT,XFER, NTO 02 TANk DURING [NTERVALLY)
{02 c * DQODWO .= HT, XFER,INTO H2 TANK DURING INTERVAL(I)
109 C * 0)HDOT @ HT,XFER,INTO HEX BRETWEEN H2 ACCUM =APU GAS GEN,
10y C “* QIODOT = HY XFER,INTO HEX BETWEEN Q2 ACCUM -APU GAS GEM,
105 C * Q2HDOT = HT XFER,IHTO HEX BETWEEN H2 TAnK = H2 ACCUM,
106 < # Q20007 .« HT,XFER,IMTO HEX BETWEEN 02 TANK = 02 ACCUM,
107 € ‘* QIHDOT = HT,XFER,IHYO H2 TANK = INTERVAL(1})

’ !03 € ‘* QI000T = HT XFER INTO 02 TANK = INTERVAL(1)
jo9 € ‘4 O2HDTC -« CORRECTED VALUE OF 62HDOT DUE TO SUPPL,GAS GENM,
110 C “* Q20DTC = CORRECTED VALUE OF Q20007 DUE TO SUPPL,GAS GEN,
it C % QIHOTC = "CORRECTED VALUE OF GIHDOT DUE TO SUPPL,GAS GEN,
12 C #*. Q30DTC -= CORRECTED VALUE oF 6#30D0T DUE To SUPPL.GAS czn.
(k] C * O4HDOT w HT XFER, INTO HEX BETWEEN H2 ACCUM -=APU GAS GEM,
ity C ‘% GGHDOT « HT XFER,IHTO HEX BETWEEN H2 PUMP e H2 ACCUM,
s C ‘* Qg0DOT w- HT XFER,INTO HEX BETWEEN 02 ACCUM «APU GAS GEM,
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AORNRRNE.  CAPY  RRARAAAE,

e (4 * QT0DOT .= HT, XFER,INTO HEX BETWEEN 02 PUMP < 02 ACCUM,
Nt C * TTH2WD -« TOTAL USABLE H2 WITHDRAWN TO END INTERVAL(I}
ro1lg C * ‘TTO2WD .- TOTAL USABLE 02 WITHORAWN TO END INTERVAL(1)
rolte [4 ‘* PCH2WD = PERCEMT USABLE M2 WITHORAWN TO END INTERVAL(!
bo120 C & PCO2HD ‘= PERCENT USARLE 02 WITHORANN TO END !NTERVAL(!
1 < 4 RHOCHZ w DENSITY OF H2 IN STORAGE 'TANK

122 € * RHOCO2 = DENSITY OF 02 IM STORAGE "TANK
Iy C * DODHTH = DG/DK % WTH(I1)
I 1" C * DODWTO .= DQA/DW * WYO(1}

|2% < LIIL L
i 126 (4

127 END
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PRZCEDURE DEFINITIN PRACESS@R - CCNFIG

<

n N

n

AAARANAAAAANAANANAANNAANAANANA

.2 (HBAR  (1)oCONFIG(1e6))y (CODE

CCNF1G* PROC

PARANETER ICNP2100
INTEGER CFUNCT,CFTYPE,CHYYPE,CITYPE, CNOPER, CNSTBY
REAL .LODy ITHICK, MACHy NBAR

COMMON /CCNF1G/ tcnric(oi.cOMrlﬁ(1:Nr;1).Pnes«xcnrj.Yenvtxcnri.
| WDOTN(ICNF)sMACH(1CNF) ¢MFLG(ICNF) s WEIGHT(ICNF) oW1 (TCNF)

‘2 #ISTRT(2)sKEHDC{2) s LCNF 1 (Y96) o WTOFSY(S)

DIENSION FRCOEF(ICHF)y LOD(ICNFYy DIAM(ICNF)e ITHICK(ICNF),
' NBAR  (ICHF)s (CODE(ICNF)
EQUIVALENCE (FRCOEF(1)9CONFIGI1+2)),(LOD (1) sCONFIGET+) )
(OTAM (1)2CONFIGETsU) Yo (TTHICK(1)oCONFIG(1+5) )0
(1)12CONFIG(1eT))

EQUIVALENCE . (CFUMCTICHFIG(1)
T(CMTYPE, ICHFIG(Y) ) g (CITYPESICNFIG(Y)
2(CNSTBY,, ICNF1G(4))

Yo (CFTYPE.TCNF1G(2))
)9 (CNOPERGICNFIG(5))

- -

EQUIVALENCE (ISTRT,10STTs(ISTRT{2)yIHSTT)y (KENDC,KOEND)
2 (KENDC ¢2) yKHEND)

EQUIVALENCE (HTOFSY  »025WT) ¢ (WTOFSY(2]¢022WT),
I (WTOFSY(3)9H25WT) s (NTOFSY (4)9H2TINT )¢ (WTOFSY (%) e TTLEHT)
wxwad "CCHFTG yARIABLE DEFIMITIONS,
-
CONFIGURATION FUNCTION CODE AND TYPE,

CFUNCT ‘= 1+ GAS CFTYPE = |=OXYGEN 2=HYDROGEN
2 20 ENGINE 1=H1-PRES, '2=L0=PRES.

: ‘8 %9 LINE " CFTYPE = 10 A FIXED NUMBER
‘= s CONTROL USES ‘TWO DIGIT INDEX AS FOLLOWS,

1DV = TEMS DIGIT (10s204ETC,)
CFTYPE = UNITS DIGIT (1,2,ETC,)
10V = 10 FOR LIGHT WGT,COHTROL
‘20 'FOR MED, WGT.CONTROL, -
e 30 FOR HEAVY VGT,.CONTROL
= yo FOR EXT,HEAVY CONTROL
P | FOR VALVE

2 FOR REGULATOR

3 FOR ORIFICE

Yy FOR FLOW METER

R
R
]
1]
R J

L]
-
R
i1
R
]

«
B ]
R
4
]
B
R
1]

*

*
R

L]
B
B

‘a8 Gy FITTING USES TWO DIGIT INDEX AS FOLLOWS,
LDV = TENS DIGIT (10s20+ETC,) |
CFYYPE = UMITS DIGIT (1,2,ETC,)
LDV = 10 FOR USE In LINE ONLY
20 FOR YaWAY TEE
30 FOR J~MAY TEE
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CRMERARE  CENETO A%AARAAA

48 € * 4o POR 90 DEC,ELBOW
I89 ¢ * . S0 FOR 4S DEG.ELBOW
| 6? ¢ 4 CFTYPE = | FOR TEE
[ € - ‘= 2 FOR ELBOW
62 ¢ + L
61 € * & .6 TAP U§ES TWO DIGIT INDEX AS FOLLOWS,
iy 4 +. LbV = TENS DIGIT (10+200ETC.)
29 £ o CFTYPE = UNITS DIGIT (142.ETC,)
6 € # LOV = {0 FOR USE IM LINE ONLY
¢ 67 € - 20 FOR YehAY TEE
68 € h 10 FOR Y-WAY TEE
69 t . 2 CFTYPE = | FOR TEE
;10 t * .
7l € * 8 7v Aceum NO OPTIONS
p7d ¢ I w Do - .
., M ¢ * & 8y TANK { SEE TANK ROUTINE)
T4 € A -
, 18 ¢ * ‘8 9 PUMP USES TWO DIGIT INDEX AS FOLLOWS,
76 ¢ * JOPTN = TENS DIGIT (109204ETC,)
,om ¢ 4 CFTYPE ‘= UNITS DIGIT (1924E7C,)
T8 C * JOPTN = 10 FOR MIN, POWER PUMP
79 € * JOPTN = 20 FOR MM, WGT, PUMP
80 € i CFTYPE = | FOR HI=PRESS, PUMP
J gl C -: CFTYPE = 2 FOR {.0~PRESS XFER PUMP
I 2 C LN . .
83 K 2] = 10y HEX t=H1-PRES,  2=|.0-PRES,
8y .C o
, 8% C * = | by END
. 86 4 23 . )
87 C ‘*: CMTYPE -=. CONFIGURATION MATERIAL "TYPE, )
L] N4 23 'CHTYPE = 1y 321/347 STAINLESS STEEL
P89 C * = 2y 2219-787 ALUMINUM ALLOY
‘90 (4 B = Iy 6061-T6 ALUMINUM ALLOY
9 c K = Yy INCONEL=718 ALLOY
] C 23 2 Se TITANIUM T1.6ALL4YV ALLOY
9 c » 2 6¢ CRES VACUUM JACKETED LINE’
T 9y C i = Ty 2219 VACUUM JACKETED LINE
95 C * )
N 73 . ‘* "CITYPE .w CONFIGURATION INSULATION TYPE,
4 4 C * CITYPE = (v DBL.ALUM,MYLAR/SILK NET
' 98 C 2 2+ DBL,GOLD.MYLAR/SILK NET
' 99 .c . 9y OBL,ALUM.MYLAR/TISSUE GLASS
, 100 € * ye CRINK,DBL,ALUM, MYLAR
104 C i Se NRCe2 CRINKLED ALUMINIZED MYLAR
jo2 N4 - &y SUPERFLOC
103 C " 7+ MICROSPHERES (10%=~135 MICRONj
"oy C i 8y POLYURETHANE FOAM
|08 € - 9» FIBERGLASS BATTING (yM)
ST 7Y C * ) .
totor (4 % CNOPER =« NUMBER OF OPERATIOMAL UNITS (CFUNCT)
108 - C » , .
I jo9 C & CNSTBY -= NUMBER OF STANDBY UNITS (CFUNCT)
1o C i) o _
I 4 * "CONF1G - 'CONFIGURATION TABLE )
AT C . "CALUMN | CONTAINS THE ABOVE & VARIABLES PACKED
i1y X4 ol OME PER RYYE IN THE ORDER YHEY ARE
Ity € b LISTED FROM LEFT 'TO RIGHT IN THE WORp,
s C " "COLUMN 2 CONTAINS THE FLOW FRICTION COEFICIENT,
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ANRNRANY ‘CCNF16 ARRRRADR

116 4 * COLUMN 9 CONTAINS THE LENGTH OF A LINE OR ‘THE
IRa € » EFFECYIVE L /0D FOoR OTHER COMPONENTS.
118 € - COLUMN u CONTAINS 'THE DIAMETER OF A LINE,

119 C » "COLUMN 8§ CONTAINS THE INSULATION THICKNESS FOR
120 C * A LINE,

(] C * . L
t22 C ‘* PRES .= PRESSURE AT EACN POINT IN THE CONFIGURATION,
123 € ANRAR .

|2u €

|25 - END

96€T166V~-DOSIN'T



€e-4

swwsawve  PRACEDURE DEFINITI®N PRPCESSER - CCNTRL

R "CCNTRL* PROC
2 4
| .3 PARAMETER NBRSR29,NBRSY=S%
' 5 INTEGER "SCRIT,SYSNUM
6 ) )
7 COMMON /CCNTRL/ INBLK{(NBRSY,5:2)sNSMSYS(NBRSY)¢SCRIT,SYSNUM
' 8 I s INTGSYsMOTRC (1 1) e KSUBC(NBRSYoNRRER) JLREPTyJAPUS(2¢2)
! 9 C
Yoo C INBLK = (CONTROLS INFUT SELECTION IN -COMPIL
| 4 SCRIT 3 | FOR SUB~CRITICAL
12 (4 a 2 FOR SUPER=CRITICAL
oy € SYSNUM '8 | ACPS
N € 8 2 APU
L] C 2 3 EC/LSS
1) C '3 4 FUFL CELL
1T (4 e 5 ons
I8 4 : .
C19 C CARD COL, MDYRC( ) « DIAGHOSTIC TRACE SWITCH FOR CRYCON (OFFs0)
20 4 (70) (1) = | "TURN ON ACCRES
2| (4 (1) {2) = ] TURN ON ACQWT
22 C (72) (3) = | TURN ON APUSUB OR APUSUP
J 23 (4 (13 (4) "2 | 'TURN ON CMPCAL
24 C {T4) (8) = | TURN ON FUELCL
25 4 (15) . (6) = ] TURN ON CONSUM
26 4 (76) {7) = | 'TURN ON ECLSS
27 C (77) (8) = | 'TURN ON LIQRES
28 {4 (18) (9) = | 'TURM ON TANK
29 (4 (79) (10) = | "TURM ON TSIZE!
;0 '.: {80) {11} = 1 ‘TURM ON WTACC
‘ | : - . -
%2 (4 MDTRC(1) 1S CARD COL 70s=== MDTRC{I!) 1S CARD COL 80
f ;3 € OF THE SYSTEM SPECIFICATION CARD
€
15 £

' 1 END
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PRGCEDURE DEFINITIGN PRACESSPR - CDCYCL

COCYCL® PROC
p: .

PARAMETER 1COL=30yICDL}I=2#3CDL,1CDL221COL 1
'COHHON /(DCYCL/ DCYCLT. NDCYCLy DCYCLE(ICOLI)y NEOP{ICDL),

END

ST(ICDLyy HP(ICDLYy, PAMB(1CDL}s KCYCLE

2 oPKH(!(DL)vRPRYXH(lCDL)
.g #*#%% COCYCL VARIABLE DEFINITION '
,2 . PSI = X OF ENGIHE DEGRADATION DUE TO MIR {INPUT),
.g . NDCYCL = NUMBER OF ELEMENTS IN DCYCLE (INPUT),

"g . DCYCLE -« ARRAY OF DUTYy 'CYCLE TIMES, ODD -SUBSCRIPTED
¢ D NS conmny s g I Shescaietes
g : DCYCLT -w TOTAL ‘OPERATING TIME FROM DUTY CYCLE,
< - NECP = NUMBER OF OPERATING UNITS,

.§ . HP .= HORSEPOWER LOAD PER OPERATING UNIT,

'g . PAMB .= AMBIENT PRESSURE AROUND OPER, UNITS,
-E . KCYCLE = INTEGER COUNT OF (1CDL) INPUT VALUES
.g 1: PKW = POWER IN KILOWATTS

:g- . RPRTIM -« CABIN OR AIRLOCK REPRESSURIZATION TIME
;2‘ -n'c: ' o

<
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PROCEDURE DEFINITI@N PRACESSPR - CECLSS

CECLSS* PROC
C

PARAMETER X222 LXV=t2

REAL NIENTH

REAL N2LCONs» N2RES, N2REPR, N3CONS, N2TOTU, N2LWT, N2RHO, N2H,
N2TEMPy N2LRESe LINDIA, NRHOy N2TEM

COMMON /CyLSS/

]
2
3
Y
5
6
7
8
9

C
!
2
k)
Y
q
[]
1
8
9
T
A
8
4
b

C

€

C

¢

4

¢

4

4

€

¢

¢

¢ .

4

¢

t

L

END

»
»
»
»
»

e I TS ST Y ¥

T

COMMON /CILSS/ MDAYS,

TENVRy
N2RES»
TH2 TNy
HLSO
HLSN o
WV02 o
NRHO

PSETI

N2TEN

02LMT (LXV),
WPOTOR (LXV),
TKO2DP (LYV) e
02RHO (LXV)
DODMO2 (LXV )

02H

HHATD2(1.XV) o
THATO2(LXV) e
VOLTK {LX2)s
AREADO (LXV) o

TLSHOM(LX2)
YAU  (LXV)e WT02 (LXV)
H2LUWT (LXV),
HDOTNR(LXV)Y,
THEH2DP (LXV)
H2RHO (LXV)»
DPDUO2 (LXV)
(LYXVYe H2H (LXV),
HUATH2(LXV)
THATN2(LXV)
ARETK (LX2)y
OREADN(LXV)

NCREW 4NRPRES,

CABVOL ¢ 02MCON,

POPO2 +POPN2
GASWGT402REPR,
02TOTULH2TOTU,
TEMPN2 ¢ TKOMXT,
WYH2  +OLXDTK,

102| . RESyH2LRES,
+PSET2 o THTHMX,

RHOBEG(LX2)

NDARES
02LCON .
pvpo2

N2REPR
WDOTMXO
TKNMXT
QLKNTK
HWTOMX o
TOTWMX,

’
L]
’
14
L
1
L

WTH2

02FNOM,

- N2LCONy
PVPM2 -
02CONS, -

WDTMXN,
1F0 ’

- HTVJO
HWTHMX s THTO!Xy
TOTWATy TOTPOH,

TKETEM(LX2)
(LXV)y
WOOTOM(1LXV),
WpT02 (LXV),
PCOXWD(1 XV)
O2TEMP (1.XV)
DODMN2(LXV),
GDTOR {LXV),
ADYTKO(LXV)y
RHOEND(LX21Y
B02LK (1.XV)y
WTIVNTO(LXV),

GLKRAT,
02PES -
TO2IN o
M2CONS
TEMPO2,
IFN ’
HIVJUH,

TKFPRS(LX2] o
02IMT (LXV)e
WDOTHN(LXV) o
WBTH2 (LXV),
PCH2HD(LXV)
NATEHP(LXV)
DPDUN2 (LXV)
ADTHR (LXV),
ADTTKN(LXV)
WTRSID{LX2),
AN2LK {LXV),
WTVHNTH{LXV],
ROFTU (LX2),
PLSNOM{LX2),

“TNONOP{LXV)

TOTHTLILX2) e DITk  (LX2)s DIVJ {1.X2)
WTPV . (LX2)» HTRFLX({LX2)y LINDIA(LX2),
HTRDTA(LX2Ye HTRLNG(LX2)s TIM {LXV)y
HDAYS = DURATION OF MISSION IN DAVYS
“NCREW « MUMBER OF PERSONEL IN CREW
- NRPRpS = NUMBER Of AIRLOCK RgPRESSURATLONS
NDARES .= NUMBER OF DAyS SUPPLy OF RESERYE 02 AND N2
D2FMOM « OXYCEN REQUIRED FOR CREW - LBS PER MANDAY
GLKRAT -« VEKICLE GAS LEAKAGE RATE = LBS PER DAY (AS AR}
“TL5HOM = NOMIMAL o2 OR N2 DE|IVERED TEMPERATURE
-RIIODEG = D2 OR M2 PHITIAL LJIADED DENSITY
‘TKFTEM & 02 OR N2 FINAL TAMX TEMPEPATURE
TKFPRS = 02 OR N2 FINAL TANX PRESSURE .
"TENVR = (.55 EMVIRONMENTA[ TEMPERATURE (AMBIENT)
CABVOL = CABIN OR AIRLOCK VOLUME = CU,FT,
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PROCEDURE DEFINITIBN PRBCESSPR - CENG

C
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END

‘CENG*  PROC .
<

‘PARAMETER -NECDL .= 30

2

REAL MIXRAT,ISP
'connoN‘/csnc/cxfenp.GXPRESaTHRusv.vsuac VEXPRAT,MIXRAT | NENG,

ARRR

M I TS T S N F T T A

L 212

*-

15p

¢HDOT s TIPWT JENGWY oWDOTI(2)eWDOTT(2)y

WDOTJ {NECDL,2)
CEMG VARTABLE DEFINITION

Giveltp
GIPRES
THRUST .
psuae
EXPRAT
MIXRAT .
HENG
1sp
wpoT
TIPWT
ENGWT
wpoT1
WpOTT

-

L

GAS INLET TEMPERATURE (INPLT),
GAS INLET PRESSURE (EINPUT),

‘ENGINE THRUST (INPUT),
‘CHAMBER PRESURE {INPUTI,

EXPANSTON RATIO {INPUT),

MIXTURE RAT1O (INPUT),

NUMBER OF ENGINES,

SPECIFIC IMPULSE (CALC IN ENGINE]:
FLOW RATE (CALC IN ENGINEJ,

~TOTAL IMPULSE PROPELLANT WEIGHT {CALC IN EMGINE).
“ENGINE WEIGHT (CALC INTENGINEj,

‘FLOW RATE FOR 02 AND H2 FROM ENGINE TO TaP,

'FLOW RATE FOR 02 AND H2 FROM TAP THROUGH REST

OF SYSTEM,
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PR@CEDURE DEFINITI®N PROCESSER - CFLRAT

"CFLRAT* PRAC
<
COMMON /CFLRAT/ EQRT{6+2)¢LFRT(3,7)

EQUIVALENCE . (EQRYT sWFLOS )4 (EQRT( 142} ¢eWFLOT )y
1 (EGRY(2+1)rHFLOS )y (EQRT(242)9WFLOB )¢ (EGRT (3¢ 1) e HOTPTO),
2 (EGRT(2¢2)¢MDTPTF )¢ (EQRT{U4 1) o WFLOI )4 (EGRT(Hy2) ¢ NFLOT 1}y
3 (EGRT(Sy1),WFLO2 ), (EQRT(5,2) WFLOY ), (EGRT (&, 1) ,WDHXTO),
4 (EQRT(672) yWOHXTF)

END
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#wswwwas  PRGCEDURE DEFINITI®N PRCESSER ~ CFUID

i CFLUID* PROC
2 C

3 <

y END
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FUNCTION CFTH (Dypo1DV)

REAL

DIMEMSION K[ (4)oK2(%) oKI{U) JKU{UI0Cl (4 ¢ C2(Y)eCITU) sCl Y]

DATA
DATA
PATA

‘DATA

DATA
DATA
DATA
DATA

K1 K2rK3¥KY

K1/0,040¢0.,057+0,07390,090/
K2/0,057+0,07790,090,0,10T/
K3/1,00002.50003.300¢5,500/
K4/2,50007.30095.500¢7,700/

CH/1,75093.,950+45,730+8,910/
C273,95095.T30¢8,910912,357

€3/0,80001.500+2.50093,500/

CU/1,50002.50003,500,4%,500/

SET IDv TO EXTRA HEAVY IF NOT INPUT

IF (10V JEQ, O) IDV = 4

IF (0,
17 (P,
IF (P,
CFTH

LE.1,) GO 1O 10
67,300,0,AND,0,G6T,3,5) GO TO S
67,1000,0.AMD.NLE,3,5) GO TO §

‘= KI{IDV)#AD*DAD ¢ CI{1DV)

RETURN .
CFTW 'S K2(IDV)I*D*D*D & C2(1DV)
RETURN

1F(P,

CFTW

GE.1000.) GO TO 1%
= KI(IDVI*D ¢ CI(1DV)

RETURN

CFTW
RET

END

‘= KY(IDVY*D ¢ CY(I1DV)
URN
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PR@CEDURE DEFINITI@N PRBCESS@R - CFUEL

nAanNnnNnAN

END,
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DNPAL DN —

“CFUELY PROC
R 4

PARAMETER LFC = 12, LFD &2

REAL MRFC
COMMON /CIFUEL/

COMMON /CYFUEL/

RARRR

RARRR

SRCFC ¢ MRFC o POWTOT, WRFORP o WOCONS, WHCONS,
PKWMAXy OGFCTOTs GOTFC o TF2IIN o TF2!OUs TFOFC o
TFHFC ¢ PFOFC o PFHFC 4 GTOTR o+ GEXCES, WF21IMX,
DAAMIN, TKOMAXe TKHMAXe OMXTKO o QMXTKHe WDTCFO,
WDTCFHy WOCHP o WHCHP 4 POWMAX o DELTCPs WRRSRV,
WORSRVy WHRSRV, GLFAKO. QLEAKH o WVHO o WVHH
WOVEHTs WHVENTy SPWTI o SPHT2 o NFCOP ¢ NFCSTB o
SPHTFCy FCWGT o PRFCOP, WDTFMxe PLSETIs» PLSET2,
FCvoLY : :

WRP  (LFC),WDTFCOILFC) +WDTFCHILFC)yWDOTHX(LFD),
QAVATL (LFC)¢HOTF21 (LFC) +PRFCHN(LFD) ¢ TFCNOM(LFD) 4
TKO2HE (LFC) s TKH2WD LLEC) ¢ PCHDO2 (LFC) o PCHDH2 (LFC) o
RHOTO2(LFC) RHOTH2(LFC) ,DODNO (LFC),0QDWH (LFC),
TKO  (LFCI9TKH  (LFC)IsHTKO (LFC)4HTKH (LFC)o
QIODTR{LFC),OIHDTR(LFC) 4 WDTIFO(LFC) o WDTIFH(LFC)
Q20DPTRILFC) ¢ Q2HDTRILFC) ¢ HDT2FO(LFC) yWDT2FH(LFC) o
CSBVFO(LFC)CSAVEH(LFC) o PHIFO2{LFC)PHIFH2(LFC),
QSUNR (LFC)¢DOANET (LFC)sRHOFIL(LFP) 4RHOFIN(LFD)
WTRES (LFD)oVOLTNK(LFD)4AREATK(LFD)4QLKO (LFC),
GLKH (LFC)+WRTOTLILFD)y DIATK (LFD),DIAVY (LFD),
WCIRCP (LFD ) RHOFTULFD) ¢WTPVT (LFD),WTVS _(LFD)
WORFP (LFC)yHHRFP (|LFC)sVIJANUL(LFD) o TKUXDI(LFD)
PRGRAT(LFD) ¢PRGTIM(LFD) s PRGINT(LFD) o PURGAS (LFD)
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PROCEDURE DEFINITIN PROCESSPR - CHEX

*CHEX®. PROC
(4

PARAMETER HMHX=10y HMXH2 3 2#MHX4le HXHY 8 HRMHXeTe MXHU 8 S*MMHXe!ls
MXHS ‘m B¥HHXe [y MXHO z{O*HHXels HXHT oi12%MHXe1e MXHA BIURHHX4T,

'
2 MXHO m1a*MHX# 1y HXHIOA[B#HHX41s MXHIIZ20RHHX4 s MXHO 222%MHXs

3 MYH2 ‘2 &G*IHX o1y MYHT 2|2%HHXely HYHU 21BOMHXS], MYHS Z2usMHXe
U} MYHS =Y0*MHX¢Ty MYHT 236%MHX#Te [IYHB -gH2RMHX4 1y MYHO syBWMHX
REAL NTUU ‘

"COMMON /CHEY/ HUMHEXy HEXCIT{MHXe2)y HEXCOT(MHX42)y CPCLDF{MHXs2)s
' WDOTCF (MHXy2)y HEXHIT(MHXe2)y HEXHOT(MHXe2)y CPHOTF (MHXy2)¢

WOOTH (MHXy2)¢ EPSLNC(MHXy2)y EPSLNH(MHXo2)y EPSLNS(HHXy2),
HEXHIP(1THXy2)» HEXHOP (HHX¢2)y HEXCIP(MHX02)y HEXCOP (MHX42) s
HXHOLP (IHXp2) s EXCOLP{MHX22)y HXMRAT(MHX92)y HXASSY{MHX2)e
HWGGFU (1HXy2)e WGGFX (MHX92) 9 WEGSBY(MHX92)e WHXTOT(MHXy2)s
115U (HHX,2)e NSSK  (MHXe2), MNSUK (MHXe2)y UCODE (MHX,2)e
TCRU  (HHXy342) ¢ FHOTHU(MHX¢342)y FOPCU (MHX9342)
CRU (1MHX93:2) e NTUU  (MHXe392)e UAU (MHX9302) 0 .
WOUAY (MHX9342)s HTHXU (MHX4392)0 UMAM{20U)»WDHX (2}, .

. LHX (40 10) o LHX2(4g JU)9sLHXI(S)yUOA  (MHX42)y DH (MHX92) o
HXCODE(HHX92) s HLNGTH(MHX,2)

>4 OONNELE DNV -

DIMENSION UOTHX (MXHO)y LOTHY (MYHO)

EQUIVALENCE {UNTHY ¢HEXCIT) g (UOTHX (MXH2 ) oHEXCOT) o
I (UOTHX (HXHEY )oCPCLDF) g (UOTHX (MXHUY ) WDOTCF) o (UOTHX (MXHE ) yHEXHITY,
2 (UOTHX(MXHE YoaHEXHOT Yy (UOTHX(MXHT Yy CPHOTF ) » {UOTHX{NXHE }yHWDOTH )o
I(UOTHX(HXHY ) 9EPSLMC) 3 (UOTHX(MXHIC) (EPSLNH) o {UOTHX (MXHI 1) 4EPSLNS )
Y (UOTHY $TCRU )y (UOTHY (MYH2 )y FHOTHU) ¢ (UOTHY (MYHY ) 4FDPCU )0
S(UOTHY(HYHH yoCRU Yo (UDTHY {MYHS JoHTUU Yo (UOTHY (MYHE ) yUAU Yo
6 (UOTHY (MYHT ) olOUAL )y (UOTHY (HYHB )y WTHXU )

wwean HEXHIT = HEX HOT INLET TEMPERATURE (HEX GAS GEN, TC)

HEXHOT .= HEX HOT OUTLET YEMPERATURE
“HEXCIT = HEX COLD INLET TEMPERATURE
HEXCOT = HEX €nLD OUTLET TEMPERATURE
HEXHIP .= HEX HOT INLEY PRESSURE {HEX GAS GEN, PC)
HEXHOP .=. HEX HOT OUTLEY PRESSURE
HEXCIP = HEX COLD INLET PRESSURE
HEXCOP .= HEX COLD OUTLET PRESSURE
HXHOLP « HEX HOT SIDE DELTA«PRESSURE
HXCOLP -». HEX €COLD S1DE DELTA-PRESSURE

HXMRAT « MIXTURE RATIO (0/F) OF HEX GAS GENERATOR

HOOTH e HEX HOT GAS FLOW RATE

T T R I s R E R T R T
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RANRRP Y

58
59
69
61
b2
6%
6y
65
66
67
68
69
70
Tt

ARNAANANANNNAAN

CHEX

END

R J

ARRR

thseRedd bd e

AORRR RN

THDHX -
WHXTOT =
HXASSY =
HXCODE =
NOTE wam

FLORAY ESTIMATE OF HEX FLOW REQD (EACH FLUID)
HEX UNIT WEIGHT

HEX ASSEMBLY WEIGHT (HEX ¢ GAS GEN.)

HEX CODE SYMBOL NAME

THE ABOVE VARIARLES ARE SPECIED FOR OXYGEN IN

THE FIRST WORD AND HYDROGEN IM 'THE SECOND
WORD IN THE SECOND SUBSCRIPT,

96E€T166V-DOSIN'T



Ev-4

AAhahhte

ONPALWN—OCODOICTNL SN —

19

ARANANNANAANAANAAANNAANAANANAANANAANAANDN

PRACEDURE DEFINITIBN PRPCESSPR - CHSPRC

CHiSore#: PROC
€

PARAMETER MHSC = |0
INTEGER HSTYPE

COMMON /CHSORC/ HSTYPE{MHSC,2)y MSMRAT(MHSCy2i, HSOTEM(MHSC,2),
| HSAEE(MHSCy2)9 HSPRES(MHMSCy2)s HSWOHT(MHSCy2)e HSGTOT(MHSCy2)y
2 MSGCPE(MHSCy2) e HSAREG(MHSCe2)e HFTOT (23, OTREQ (2}

3 HUMHSAy LHSI(S+6)s LKES2({SvIh}es ELCPOW{MHSCy2)

wwaad HSTYPE = 'TYPE OF HEAT SOURCE
' 1y GAS GENFRATOR ONLY
;29 HASTE HEAT INPUT ONLY
3y GAS GEN, AND WASTE HEAT INPUY

HSHRAT « HEAT SOURCE MIXTURE RATIO
HSOTEM -« HEAT SOURCE OUTLET TEMPERATURE
HSAEE « HEAT SOURCE AVAILABLE ENERGY
HSPRES « HEAT SOURCE OUTLET PRESSURE
HSWGHT » HEAT SOURCE WEIGHT

e e I E R I E RN E R T T R A A

HSGTOT .w "TOTAL HOT FLUID WEIGHT

HSGCPE = SPECIFIC HEAT OF HOT FLUID
HSOREQ -=- TOTAL HEAT REOUTRED FROM HOT FLUID
HETOT = CUMULATIVE HOT FLUID POR SYSTEM
GTREQ -= CUPULATIVE HEAT REQUIRED FOR SYSTEM
NUMHSO .= NUNBER OF HEAT SOURCE SETS

LHS] .= HEAT SOURCE OUTPUT LABELS

ELCPOW = ELECTRIC HEAT SOURCE - WATTS

It THE ABOYE yARIABLES THE FIRST yORD OF ‘THE SECOND
ARRAY IS FOR OXYGEMe AND THE SECOND WORD ‘IS FOR

. * HYDROGEN,
‘ARhR

END

96€166V-DOSIN'T
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SN0 OPNGNE W~

PRGCEDURE DEFINITI®N PROCESSPR - CHTX

CHTX* PROC

K4
¢ T
‘¢ o
€ ‘% THE VARJARLES JN CHTX ARE FOR OUTPUT USE AND ARE
.C % OEFINED IN S.R, WEATEX .
4 B
¢ ‘% NOTE === THE AROVE VARIARLES ARE SPECIED FOR OXYGEN 1IN
.C Bt ‘THE FIRST WORD AND WYDROGEN IN THE SECOND
K4 w WORD IN THE SECOND SUBSCRIPT,
C *
c ARRAR
END
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'

seaseaws.  PRACEDURE DEFINITIGN PRBCESSPHR - CIPUNT

"CIOUNT® -PROC

4
COMMON /CIOUMT/ TOUNIT(14),1IN,10T

1€ . .
£OUIVALENCE . {MURDI ¢IOUNITL 1)), (MURD2 #IOUNITL 2)),
F(MURDY ¢ TOUNTIT( ) 3s (MURDY »TOUNIT( Y))y (MURDS +IOUNITL S))e -
2(MURDS »TOUNIT( 6))y (NTAPE!oIOUNTIT( 7))o (NTAPE2+TOUNIT( B) )y
J(HTAPEI JOUNIT( 9) ) o (NTAPEUoTOUNTIT (10} )¢ (NTAPESsTOUNIT(IL} )y
H(NTAPEG+ TOUNTIT(12))s (NTAPETIOUNIT(13) ) (NTAPESTOUNTT(IU))

IOUNIT .= AND ARRAY OF VALUES WITH ARE THE LOGICAL UNIT NUMBERS
AS DETAILED IN SEC, 4,4.! OF THE LMSC DIGITAL
COMPUTER SYSTEMS MANUAL ({MSC=68514TY,

CNLIN—OORNCNAL W —
o XaYaXatake)

——— e -

END-
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PRACEDURE DEFINITI@N PRGCESS@R - CKEYS

.CKEYS* PROC
€

END

COMMON /CKEYS/ KEY! KEY2
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'{'*f“" PR@CEDURE DEFINITI@N PRECESSPR - CMATRL

l

"CHATRL® PROC

§
.9 REAL MINTHK
oy (& . . .
-8 COMMON/CMATRL/RHOL( 10) ¢RHOT(10) ¢RHOTIS( 10} o MINTHK(IS)
"8 4
. ¢ C ) .
8 (4 fen® RHOL (1) IS THE DENSITY OF THE SELECTED LINE MATL, (LB/CU.FT)Y
19 C
10 C * 1 3 | +FOR 321/347 STALIHLESS STEEL
A C * 1 2 2 oFOR 2219-T8T ALUM, ALLOY
,|2 C " 1 29 4FOR ¢0ab=TL ALUM, ALLOY
13 € * 1 = 4§ ,FOR JMCONEL=T!8
Iy [4 * 1 =2 85 ,FOR TITANIUM Tiw6AL-U4V ALLOY
15 C *
e Ke Ty
7 C
K} €
L) C . . : . .
| 20 C wrrr RHOY(1)=THE DENSITY OF THE CHOSEN INSULAYION MATRL, (LB/CU.FT)
el C ‘% OPTIMIZED LAYER DENSITY VALUES,
P22 C S
-] .C * 1 = |, FOR DOUBLE ALUMINIZED MYLAR/SILK NET {So LAYER/INCH]
Ty C * 1 =2, FOR DOUBLE GOLDIZED MYLAR/SILK. NET (.50 LAYER/!N(H)
) 2% .C * 1 = 3, FOR DOUBLE ALUMINIZED MYLAR/TISSUE GLASS (100-LAV/IN)
26 C * 1 =y, FOR CRIMKLED DBLE,ALUM,MYLAR/TISS,GLASS ( 30=LAY/IN)
C27 (4 * I = 5, FOR NPC=2 CRINKLED ALUM, MYLAR { 40 LAYER/INCH)
. 28 C * Iz &, FOR SUPERFLOC { 30 LAYER/INCH)
© 29 (4 * 1 = 7, FOR MICROSPHERES (104 MICRON D1A,) (PER CUBIC FooT)
30 (4 * 1= 8y FOR POLYURETHANE FOAM {PER CUBIC FOOT)
3 .C * 1 =9, FOR FIRERGLASS (J.M){800=1200 DEG.R) (PER CUBIC FOOT)
32 C * . .
kX ] € ‘* REF,'HDRK FOR THERMAL DESIGN'=| MSCeABHTBB2+VOL.2125 JUNE 1947
Iy 4 " 1NICROSPHERES'wDATA OF PARMLEY AND CUHNNTHGHAM, LMSC,
35 C ®
16 C R.143]
37 .C
1} (4
39 C wewf RHOIS(I)=-~-DENSITY OF THE CHOSEN INSULATION MATRL, (LB/CU FT)
4o C * ON PER LAYER BASIS FOR SPECIFYING LAYER FENSTTY,
Yl C - .
Y2 K4 * l:= 1, FOR DOUBLE ALUMINIZED MYLAR/SILK NET (PER LAYER/INCH)
43 Ke * 1= 2, FOR DOUBLE GOLDIZED MVLAR/SILK NET (PER LAYER/INCH)
4y C ‘® 1.2 3, FOR DOUSLE ALUMINIZED MYLAR/TISSUE 6y ASS (PER=LAY/IN)
us [4 '+ 1.z 4y FOR CRINKLED DBLE,ALUM,MYLAR/TISS,GLASS (PER«LAY/IM)
46 C * ] =5, FOR tRC=~2 CPINKLED ALUM, MYLAR (PER LAYER/INCH)
I UYe C * 1 = 6, FNR SUPERFLNC (PER LAYER/1IHCH)
us € * 127, Far NICROSPHERES (104 MICRoy DI!A,) (pER CUBIC FnonT)
boue C »« 1 = 8y, FOR POLYURETHANE FOAM (PER cliglc FoOOT)
50 C ‘® 1 = 9, FOR FIRERGLASS (J,M)(BON=1200 DEG,R) (PER CUBSIC FOOT)
51 - .C ‘% REF, ‘HDUK FOR THERMAL DESIGN'=LMSC~ABHT882,V0L,2,25 JUHE tob7
Y 4 . 1IMICROSPIIERES'«DATA OF PARMLEY AND cUNN!uGHAH. LMSC,
53 C »
Sq C wTRAN
. %% <
56 C MINIHUM THICKNESS DATA (INCHES)
57 C

968166V -OSIN'L
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58
59

CMATRL

C

END

Rk R Rk AR
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PROCEDURE DEFINITIPN PRPCESSPR - CMPTER

CHOTOR® PROC
€

€
END

REAL MEFFMSS
{COMMON /CMOTOR/MTYPEIMEFFyNSSyPONSYY o BUEGHT(2)
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SUBR@UTINE CMPCAL
635717*TPFS,CHPCAL
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20

nan

N AN AN AANNANAAANN

nean

-INCLUDE

MRRARR AR

SUBROUTE
INTEGER

LOG1CAL

REAL NPS

INCLUDE
INCLUDE
INCLUDE
THCLUDE
INCLUDE
INCLUDE
INCLUDE
TNCLUDE
IMCLUBE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
1NCLUDE
INCLUDE

R 2414

10x = 0
ISIGN =

DATE CODED = 3/17/70
MR R R R R R AR N AR RN NN

PR A

NE :¢MPCAL
GSTATE
PAGEy JP

PR

CACCUM
CCNFI6
CCHTRL
cbeycL

.CENG

CHEX
CFUEL
CHSORC
crouny
CRANES
CHOTOR
CONST

CPAGE
‘CPUMP

CTANK
CTURBH

‘TABLOK

* INITIALIZE 'THE ROUTINE

JKM 'z 0

WGGTOT (|
WGGTOT(2
HFTOT (1)
HFTOT(2)
OTREG()

‘ATREQ(2)

cl = 118
1F({PAGE(
HRITE (1
JP 2 PAG

YTl
po 1000

10X = 1D
MACH(IDX

} = 0,0
) =

0
0
.
*
.
.

SOQOe o

0
0
0
0

2.0/(GRAVTY#PI®e2) )
0)) WRITE (10746050}
0T16020)

E (3)

* START OF ‘CONFIGURATION PROCESSING LOOP.
1121, 1CNF

X ¢ 1S16N
) ‘2 0.0

W RR R R R AR R AR AR R RN
ROUTINE NAME ~ PRESSURE DROP COMPUTATION "
FOR ENTIRE CONFIGURATION "

ROUTINE LANG « FORTRAN 'V UNIVAC 1108 EXEC 2¢
PROGRAMMER = R, BOLLINGER 1943 102 256933 *
-
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ARRRRARY CMPCAL ' Antanntn

[

. 58 MFLG({1DX) = 6H

59 "CALL GETCON{10X)

60 € .
"6t € waked BRANCH ‘TO THE REQUIRED CONFIGURATION TYPE. SEE CCHFI6
-1 C #wxd*® FOR BRANCH DEFINITIONS,

X | K4 ' . - ; ’
6y GO TO (100+2009300+400+450+500+1US0+4S0+U00UOSe6N0yTD0+8009900

65 I 23042509270+ 1100)y CFUNCT

" 66 C

. 67 4 RRRAN SETUP THE GAS TYPE ##a#ae

68 C
' 69 100 .1GAS = CFTYPE
| 70 GSTATE ‘= 'ICHF16(S)

. T IF (1GAS ,EQ, JKM) ‘GO TO |10

T2 JKM = 1GAS
T ISIGH =}

LTy ISTRT(1GAS) = 10X 4. |
I {1 Jx =2 0

76 110 CONTINUE

77 K< . . ,

78 IF(1GAS,EQ,2.AND,GSTATE EQ.[) GO TO I}

A £ GO TO 12 .
, 80 111 IF(PAGE(0)) WRITE (10T+6051})
8) HRITE (10T»6020)
82 JP = PAGE(3)
81 € ) ’
ay 112 CONTINUE
85 (4
86 1F(11,6G, 1) GO TO 999
87 1F{1GAS,EQ.2,AND,GSTATE,EQ.[) GO TDO 999
- 88 PRES(IDX) ‘= PRES(I0X -« ISIGN)
© 89 WOOTM(IDX) "= WPOTH(IDX=1S1GN)
.90 "TEMP(IDX) = TEIP({IDX -= ISIGN)
T 60 10 999
92 C . -

93 € wenat PROCESS AN ENGINE wanas
"9y C '

95 200 WOOTN(IDX) := WDOTI(1GAS)
TS PRES(IDX) = GIPRES
N 14 TEMP(IDX) = GITEMP
. 98 WEIGHT (1DX) = ENGHWT

99 GO TO 999

|00 € . .

:o: C wxtxt PROCESS AM APU TURBINE UNIT wewdw

02 €

joy 230 WDOTH(IDX) := WNOTI(IGAS) |

iojoy ‘PRES(1DX) = HEXCOP(1+16GAS)
{08 ‘TEMP (IDX) .= HEXCOT(1+1GAS)
106 G0 To 999
7 €
c wrrx® PROCESS A FUEL CELL #weéae
C

8

9

0 250 WDOTN(IDX) = WDOTI(1GAS)
| PRES (10X) = PRFCOP

2 TEMP(IDX) = TFCNOH(1GAS)
3 1S16H = |

y GO0 10 999

5
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ARAARANR ‘CMPCAL EI1IT22T T

€ seven PROCESS A LINE waeee

300 ‘FLD :n -FRCOEF (1DX Y*LOD(1DX ) /DIAM(1DX)
LOV :&. CFTYPE/IO |
CFTYPE = .CFTYPE = LDV * 10
210 WOOTN(IDX) := WDOTH{IDX=ISIGN)
‘TEMP(IDX) = TEMP{IDX<ISIGN) .
GO 10 S10 . -

raYaXal

_iwwads PROCESS A CONTROL #eeas

400 FLD = FRCOEF{IDX)*LOD(1DX)
10V £ CFTYPE /10,
‘CFTYPE := :CFTYPE = IDV # |0
oxAn(,ox) z Ar;ul(n;Artxnx¢|).oynnc:ox-li)
GO YO M0

#xAe4%  PROCESS A REGULATOR weaww

408 FLD = FRCOEF (INX)*LOD(1DX)
10V ‘= CFTYPE /10,
CFTYPE ‘= CFTYPE = 1DV * 10
DIAM(IDX) = AMINI(DIAM(IDX4!1)9DIAM(IDX=!))
WOOTH(IDX) = WDOTH(IDX=ISIGN)
TEMP(IDX) = TENP{IDX~1ISIGN)

ann

IX = 10X = ISIGN

IF(APRES(1GAS) ,EQ. 0,0) GO TO 406 o
‘DUPREG ‘= (APRES(IGAS) = ANDELP(1GAS)/2,0) = PRES(IX)
PRES(IDX) = PRES(1X) .4 ISIGN # OLPREG

60 Tn Se6l . .

406 CONTINUE
DLPREG = HEXCOP IOXGAS) = PRES(1X)
PRES(1DX) = PRES(IX) ¢ ISIGN * DLPREG
GO To 561 :

Caxnnd PROCESS A FITTING whnen

450 FLD = FRCCEF(IDX) * .LOD(1DX)
LOV = CFTYPE/I0
CFTYPE '3 ‘CFTYPE .= LDV ‘* |0
DIAM({DX) = AH:NI(DIAM(lbxtl)ontlﬂ(tbx-lf)
4o Yo 310

#antd PROCESS A TAP asaas

nAn

TR

[aYala)

500 WDOTH(IDX) :2 WDOTT(10AS)
LLOV ‘= CFTYPE/ZIO
CFYYPE 2 CFTYPE « LDV ¢ |0
FLD = FRCOEF(1DX)*LoD (10X}
TEMP(LOX) = TEMP{1DX=1S1gN)
biaM(tox) = AMINl(D!AH(!DX#I)OD!AHGIDX¢Ii)

" wadte  COMPUTE LINE, COMTROL, FITTING OR TAP DELTA PRESSURE,
810 1x = 10X - 1SIGN

faYata)

~3 NPT NANNININN N LI LIS LI LW N DD AN DA IDSVNVNNVNIVIVNVIOND N = = s
.
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]
(211112 1)

AN Aannn

N AnANnNAN

rYaYala)

nAN

520

530

S40

550

560

561

LCMPCAL ARRRNARS

GO T0(520,550)9GSTATE
meead DELTA PRESSURE WHEN GASEOUS
CALC, RHO OF GAS
‘CALL GSDNST (1GAS,TEMP(IX)sPRES(IX)eFHO})
DELP := cltFLD'(VDOTN(XX)/CNOPER)"ZI(RHoiDIAH(!Dx$'*M)

:wese [F PCT, OF PRESSURE CHANGE EXCEEDS ONE PCT. = RECOMPUTE
#%xas DELTA-P, [F NOT, COMPUTE THE NEW PRESSURE

IF{DELP/(PRES{1x) # DELPj = 0.01)5600560,5%0
CALC, RHO OF GAS
‘CALL GSDNST (IGAS,TEMP({IX)yPRES(IX)4DELP/2, o.nuo)
DELP 5 CI*FLD*(WDOTN(1IX)/CNOPER)*%2/[RHO*DIAM( IDX)Rey )
aswen AGAIN CHECK PCT, OF PRESSURE CHAMGE, IF PCY, EXCEEDS
. 2.0 PCT, COIPUTE ‘THE DELTA=P BY USE OF THE COMPRESSIBLE
AR FLON EQUATIONS, (PEF, ~RPL=TDR=gy=25,VOL, I ,REV, D)
IF(OELP/(PRES(IX) ¢ DELP) = 04028)5609560,540
A= PIDIAM(IOX)**2/576,0
CALL COMFLO(IDXJPRES(IX),TEMP(IX)oFLD,yA, HDOTN(!X)/CNOPER'IGAS.
! DELP) :
PRES{IDX) := PRES(IX) ¢ ISIGN * DELP
GO YQ S61
stexs DELTA PRESSURE wHEN LIGUID

CALL RHOLIQ(TEMP{IX)¢1GAS,RHO)
‘DELP .= CIAFLD* (WDOTN{IX)/CNOPER)##2 7 {RHONDTAM{IDXR) k)

a%an COMPUTE NEW PRESSURE
PRES(lhx) = PRES(1X) -4 ISIGN#DELP
" :keen-COMPUTE ‘THE GAS MACH NUMBER
IF(GSTATE,EQ.2) 60O TO S6|

CALC, RHO OF GAS
CALL GSONST (IGAS'TFNP(IX)vPRES(!DX)oRHO)

IF(GSTATE.EOol) "CALL VGVS{IDX9RHO»1GAS)
"CONYINUE
weaan COMPUTE LINE WEIGHT

IF(CFUNCT,FG.3) 6O 7O 562
1F (CFUNCT,EG,5) GO TO S62
IF (CFUNCT ,EQ,6) GO ‘TO S62
IF (CFUNCT,EQ,7) GO 'TO 562
IF (CFUNCT,EQ.8) 60 'TO 562
60 T0 570
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AARRRANN

232
2N
2%
278
216
237
218
239
240
244
242
2ul
24y
248
246
2ur
2us
2u9
250
251
252,
257
254
255
256
257
‘258
259
:260
261
262
263
264
268
266
2617
268
269
:370
27
272
2711
274
218
216
2717
‘278
219
280
281
282
281
28y
1285
286
287
288
289

~n ANNANAN

CHPCAL
562

ANN N

PaXala

[aXa¥al

[a¥aNal [a]

P Y Y e

o~

(a¥a¥ala¥a¥al

.§70

600

T00

710

720
1730

Tuo

150
160

800

RAANARAS

"CALL .LWEGHT{1DXsLDV}

GO TO 999
“""”COHPUTE.CONTROL' FITTING OR TAP WEIGHT

WEIGHT(IDX) ‘& CFTW (DIAM{IDX)oPRES(1DX) ¢ 1DV}
GO TO 999

" kAnk% PROCESS AN ACCUMULATOR #wkww
PRES(1DX) ‘2 APRES(1GAS)
TEMP(IDX) ‘2 TENP(IDX = I1SIGN)
WDOTN(1DX) = WDOTN(IDX = ISIGN)
INDXAC(IGAS) = 1DX
GO To 999

wArtd PROCESS A TANK OR SUPPLY #ésad

CFT 2 |
INDXTK{1GAS) = 10X

tF(SIPRES(1GAS)CFT]) 720,710¢720
RERRA IF NO TANK INPUT' PRESSURE 1S INPUT USE THE VALUE CAEC;

SIPRES(1GAS,CFT) = PRES(IDX=1S1GN)
GO0 10 740

wkkad CHECK THE TAMNK INPUT PRESSURE AGAMIST THME REOUIRED
‘* CALCULATED PRESURE, IF THE TANK INPUT PRESSURE 1S LESS
* THAMN THE CALC, PRESSURE WRITE A DIAGNOSTIC MESSAGE AND
* SET THE TANK IHPUT PRESSURE = YHE REQUIRED PRESSURE,
wRtkk IF NOT CONTINUE WITH CALCULATIONS,
IF(SIPRES(1GASyCFT) e PRES(IDX=I1SIGNY) 730,Tu0s 740

WRITE (846000) SIPRES(I1GASICFT)y PRES(1DX=1S1GN)
G0 10710

PRES(IDX) .= SIPRES(TIGAS,CFT)
*hekk DO THE SAME CHECKS FOR THE THPUT 'TANK. TEMPRATURE,

IF(STTEMP(1GASICFT)) 76097500760
SITEMP(1GAS,CFT) = TEMP(1DX=1516N)

TEMPLIDX] .= SITEMPUIGAS,CFT)

NDOTH(1IDX) := WDOTN(IDX=ISIGN)
GO T0 999

Akttt PROCESS A PUMP -#dniw

saxend CHECK ISIGN 'TO SEE IF THE CONDITIONS OM pOTH SIDES OF
ket THE PUMP HAVE REEN CALCULATED,

IF(ISIGN.LT,0) GO To 825

96£T66V~OSI'T



Ss-4

'

QQ']QQQQQ

‘290
291
e92
29
294
295
296
297
298
299

w
£
x

T

CHPCAL EIITITYY)

la¥aXa

AnAaNn

nAnNnANn

NnOANNAN ~

8lo

820

82s

1S1GM = e}
aawa® SEARCH FORWARD IN LINE FOR A SOURCE TANK

DO 810 I221DXs1CNF

CALL GETCOM(I2)
IF(CFUNCT,EQ.12) GO 'TO 820
CONTINUE

WRITE(646010) 1DX
CALL EXIT

sewawe WHEN A SOURCE TANK 1S FOUND, SETUP PRESSURE, TEHPRATUEE._

wxxkk FL OV RATE AND FLAG T0 CONTINUE THE CALCULATIONS,

WDOTN(12) .= WOOTN(IDX=1)
107 = 12 = |
10X = 12

PRES(IDX) '=. SIPRES(1GAS, 1)
TEMP (IDX) .2 SITEMP(1GASy1)
60.'T0 1000

‘axava "COMPUTE THE WEIGHT OF THE PUMP, ‘TURBINE, PROPELLANT AND
‘wa*%* MOTOR DEPENDING ON THE TYPE OF PUMP,

eakrd CHECK (CFTYPE FOR HIGH OR LOW PRESSURE PUMP

1S1GH = |

PRFS(IDX) ‘= PRES(IDX+1])
“TEMP (I1DX) ‘= 'TEMP (1DX#1)
HDOTH(IDX) ‘& WDOTM(1DX+1}

JOPTN = CFTYPE/I10
‘CFTYPE = CFTYPE = JOPTN # |0

IF(CFTYPE(EQ.2) GO 'TO 84O
x*#® PROCESS THE HIGH PRESSURE PUMP

"*'**'FOHPUTE'THE PUMP OR TURBOPUMP WEIGHT

JUOPT(IGAS) =JOPTN
PTEMP (1GAS) =TEMP (1DX)
PPRES(1GAS) =PRES(IDX} |
PPDCH(IGAS) = PRES({IDX=1)
‘PDELP = ABS(PRES(IDXel) = PRES(IDX))
PPDEL (1GAS) =PDELP
PWDOT = HPOTN(IDX)/CHOPER
PPWOT(IGAS) =pPHDOT
CALL RHOLIQ(TENP(INX))y1GASsRHO)
PPRHO(1GAS) =RI0

CALCULATE PUMP PARAMETERS

"CALL PARPHMP(1GAS,)JOPTNyPDELP¢PWDOT,PNPSH{IGAS) ¢ RHOyPMEF 4V
I Ev WTy PNSGy HSTGy NPSPR)
PMPEFF(1GAS) = PMEF
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LA A4 1]]

348
9
350

51

352
157

-354
355

356

357
358

1359

1360

LY}

362
367

364

365
366
367

368
369

‘970

7T

nnAn Ann

‘CMPCAL

IRRRRARRE

PMPVOL(1GAS) = V
PMPOW(1GAS) = E

PSPD(16GAS) '= PNSG
PSTAGE(1GAS) ‘= NSTG
‘PNPSPR{IGAS) = NPSPR

[aNaYal

PUWEGHT (1GAS) = WT ‘% (CNOPEPR .4. CNSTEY)

#x#x% CHECK PTYPE FOR PUMP OR TURBOPUMP #ewaw
IF(PTYPE,EQ,1) GO TO 810

xRk "COMPUTE 'THE TURBINE WE1GHT

CALL TURBN(I1GAS.TRAWGT) .
THEGHT({IGAS) = TRBYGT * (CNOPER & CNSTRY)

#xxet COMPUTE THE FLOWRATE oF THE GAS GENERATOR AND 1S WEIGHT
TMEAN| = (TITENP(1) .= TOTEMP(1})/2,0

THEA2 = (TITE!'P(2) = TOTEMP(2))/2,0

CALL CSUBPI(TMEANI#TMRATO( 1) CPEPI)

CALL CSUBPI{TMEAN2THRATO(2) +CPEP2)

DLHTP| = CPEPI * (TITEMP(I) « TOTEMP(!))

DLHTP2 ‘= CPEP2 * (TITEMP(2) = TOTEMP(2})

CALL RHOLIQ(SITEMP(1e})y)yRHOLBI)

CALL RHOLIO{SITEMP(2+1)92¢RHOLOR)

BRAC! = (0,185 * PPRELLL)}/(RHOLQL % PHPEFF{I} & TEFF{i} % DLHTPI)
Cl = THRATO(1) /(1,0 + THMRATO(!))

€2 = 1.0/(1.,0 ¢ THMRATC(1})

1F(PPDEL{2),E0.0,0) PPDEL (2] = EPDELP(2)

!F(PHPEPF(?) £0.0,0) FMPEFF({2)z PEFF(2)

BRAC2 = (0,85 * PPnEL(Z))/(RHOLOZ * PHPEFF(Z) ‘% TEFF(2) ‘% DLHTP2)
€3 = THMRATO(2)/(1.0 ¢ THMRATO(2))

c4 = 1,0/(1,0 ¢ THRATO(Z))

€S = BRACI * (4]

€6 = BRACH % °C2

‘€T = BPAC2 * (3

C8 = BRAC2 » .CY

Dl = (€5 -4 C8 ¢ C6%CT = CS*CB =~ |.0)

WFLOI = {(WDOTI{1) * (CS*C8-C5) ¢ WDOTI(2) * {<CH*CT§i/DI -+ CNOPER
WFLO2 = (WDOTI(1) * (=CH*CT) ¢ WDOTI(2) * (CS*CY = C7))/Di*CNOPER
WFLOY 2 (WDOTI(1) * {CARCE = €6) & WDOTI(2) * (wCgaCT))/DINCNOPER
WF O {(WDOTI(1) * (=Co®C8) ¢ WDOTI(2) ‘% (CG*CB =« CB))/DI*CNOPER
WOGGFR(EI) = (WFLO| & WFLO3) % CNOPER
WDGGFR(2) = (WFLO2 « WFLOY) ‘* CNOPER

n ﬁ

KK = 0
WoOTGI
WooTG2

0,0

0.0

po 815 IZ ‘& | +NDCYCLe2
1

IWDOTJ{KK 1] * (CHACA-CS) o HDOTJ(KKy2] * {=C5%CT) /D).
{WDOTUIKK,1) ‘® (=Ch*C7) & WDOTU(KK,2) ‘% [cSecy «C7))¢Di
(WDOTJ(KKr 1) *" (CECH = C8) o WDOTJ(KKy2) *- (mC&WCT)) /DI
(WDOTJU(KKy 1) :# (=C64C8) ¢ WDOTJ(KK92) % (C5+CB =CB)) /DI _.
(WFLOS + WFLOT)/CNOPER

(HFLO6 -+ WFLOR)/CNOPER

=

B

r

[=]

pac B
nuan

=
=
—
o
N
~3
"wn

HWFLOGSE :
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PRRARRAN
V.

- 406
' %07

oo Ll
N AT —

£
N -
(=)

L2t
ro422
o423
.4y
© 428
Y1
427
Gae
429
©ou30
T8

433
4y
435

437
438
479

Y|
yu2
449
quy
4u5
T
yu?

4uQ

451
452
459
Yy
455
456
457
Y58
459
460
46|
462
669

nAR A N

nN

AN N

~nan

8135

830

8yo

850
860
870
880

‘CMPCAL ARNRNARD

WDOTGI = WDOTG| ¢ WFLOS? # DCYCLE(12)
WDDTG2 = WDOTG2 -4 WFLOAS * DCYCLE(12)
CONTINUE

GHEGHT(1) .= WDOTG! ‘- CNOPER
GWEGHT (2) ‘= WDOTG2 # CNOPER

wwad COMPUTE SYSTEM WEIGHT

ATERM .= 13,824204 .- (o.oulvvaza.racpc( 1GAS  §) o (1.8632927E:E -«

1(TGGPC( IGAS  )*#2)) = (I,10B42IE=8 ‘- (TGOPC( I6AS  )#ey))

BYERt = 7,9470262 -=- (4015616198+7GGPC{ 1GAS 1) -6 (6,46BUOUUESS ‘@

I(TGGPC(1GAS yex2)) o« (3,7946E=8 ‘% (TGGPCI I1GAS yr3))

WTGGA = ATERM & BTERM * WNGGFR(IGAS)/CNOPER
WGTGGA(IGAS) = WTGGA '* (CNOPER + CNSTBY).
WEIGHT (IDX) "= PWEGHT(IGAS) + TWFGHT{IGAS) -#HGTGGA({1GAS)

GO T0 999

CONTINUE
WEIGHT(IDX) = PWEGHT{1GAS)

GO TO 999

wraek PROCESS LOW PRESSURE SYSYEM
wikat FLUID TRAMSFER PUMP

CONTINUE

TF ((SYSMUM,EC,2,0R,SYSNUM,EQ,4) (AND. (SCRIT,EG,2)) GO TO 8Y!
‘CALL FINTAB (HTBID(1S)+16AS)

XTAB(1) = TPEFF(IGAS)I*I0N,0

XTAB(2) .= TPHPSH(IGAS)

IF (TPDFELP(1GAS))B60,850,860

‘TPDELP(1GAS) = PRES{IDX) = PRES(1DXe{)
1F{TPHDOT (1GAS) ) 8808700800

TPHDOT(1GAS) = WDOTN(IDX)/CNOPER

XTAB(3) = TPDELP(1GAS)

XTAB(Y) .z TPWDOT(1GAS)

TPHGHT1GAS) = MIPE(Y,XTABI*(CNOPER & ¢NSTRY]

kkdad ELECTRIC MOTOR FOR TRANSFER PUMP

CALL FINTAB (NTBID(16))

‘GALL RHOLIO(TENP (10X)¢1GASoRHOY

Hp ¢ |uu.o~wnor~ IDX}#(PRES(1DX) = PRES(1DX~11] /{850, 00PEFFARHO®
' MEFF)

KTAB(1) = Hp

XTAB(2) := 118§

FHYOT =2 NlPF(ZpXTAH) * (CNOPER ¢ (hSTBY’

HETGHT(IDX) = EMHGT ¢ TPWGHT(1GAS)

KK 2 0 . .
BWEGHT(1GAS) 2 0.0
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RRARAN AN

46y
1H65.
466
467
hés
469
470
Y7t
ur2
Y73
YTy
475
476
477
478
Y79
480
48|
682
481
48y
485
484
yge-
yag
489
490
49|
492
4913
49y
495
496
4o
498
499
500
501
502
503
50y
505
506
507
508
509
510
Bl
512
513
Sy
55
Ste
517
518
519
520
521

N A onn

A A ANAN

faXaYa)

890

841

900

910

9t

9113

CMPCAL  RRARAAAN

DO 890 12 = 1eNDCYCLs2

KY 8 KK ¢ 1 . . .o . C e .
HP = jyy,0*VDOTJ(KKyIGASY*(PRES(IDX) “=. PRES{I0X .= 1)) /{550, 0%PEFF®
! RHO*MEFF)

PB = HPRTY6,ORDCYCLE(12)/9600.0
BHEGHT(IGASY = BWEGHT(IGAS) + PB/PDONSTY
CONTINUE

60 T0 999

CONTINUE o
WEIGHT{1DX) = WCIRCP{1GAS)
60 T0 999

Ax#at PROCESS A HEAT EXCHANGER *aftaw
IF(ISIGN.GT.0) GO 'TO 910
WRITE (10T,6005) ISIGN

CONTINUE

JX 2 JX ¢}

JHX = U .
HDOTH(IDX) ;= WOOTN(IOX=1816GN)
WDOTCF (JX,y1GAS) = WDOTN{1DX)
UCODE(JXy1GAS) = CODE(10X)

HXOLP = HEXCIP(JXy1GAS) = WEXCOP(JX;?GAS]

IF(HXDLP,GT,0.,0) GO TO 911
UCOOE (UX§IGAS) = 6HMONE
PRES(IDX) = PRES(IDX=1)
TENMP(IDX) = TEMP(IDX~I)
60 TO 1000

"CONTINUE

HEXCOP(JXy1GAS) = PRES{IDX ~ 1)

HEXCIP{JUXy1GAS) = HEXCOP(JX,1GAS) # HXDLP

IF (SCRIT EQ, 1) GO TO q|3

IF (SYSNUM LEG, 2 +OR, SYSNUM ,EQ. 4) GO TO 912
CONTINUE

COMPUTE HEATEX PARAMETERS
CALL HEATEX(IGAS s JHYyWDOTN(IDX) (HEXHIT (Jxe IGAS) +HEXCIT{IX 1GAS Y«
I HEXHOT (JXy IGAS)yHEXCOT (UX41GAS) s HEXHIP (IXy 1GAS) g HEXCIP (JX, 16GAS Yy
2 HEXHOP (JXy1GAS) ¢ HEXCOP (JX¢1GAS) e HXMRAT (UXp1GAS) o HDOTH (JUX,1GAS),y
3 HHXTOT(JX,1GAS))
wetrr ‘CQMPUTE THE GAS'GENEEATOR ASSEMBLY WETGHT kagawn

CALL GASGEN(JXyIGAS)

912 CONTINUE

YEMP(IDX) = HEXCIT(JX,1GAS) -
DLPRES '= HEXCIP(JXy1GAS) = HEXCOP(JX¢1GAS)

968166V -DSIN'I
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i

I ITTI LT

[

) 522
523

Bay

525

526

. 57

!

528
529

530

RN

532
513
534
535

.53

53T

518

539

540
54|
gu2

649
BUy

4S5
L)

g4y

sug
Gu9
650
551

552

553
55y
555
556
557
558
559

. -H60

$61|
662

569
© B8y

565
566

" B6T

568
569
570
571

L6872

579
L]

878

K76

577
578

' 8§79

nAN

ANRND A A A NAP NN N

CHPCAL ,Qa*’aaaw

PRES(IDX)YS PRES(IDX=1S16GN) 4 DLPRES#1S16N
NEIGHT(10X) ‘= WHXTOT (JX,16AS)

ARt EyD oF CONFIGURATION PROCESSING Loop #haww

999 CONTINUE ,
IF (.NOT, PAGE(1)) GO TO 1998

4 .
C w#% pAGE HEADER HAS BEEN MOVED TO STATEMENT GROUP {00
1998 COMTINUE

KFUNCT = FMNAME(CFUNCT) i
WRITE(10T16030)KFUNCT»CODE(IDX) s CFTYPE(CNOPERCNSTBY ISTGNs 10X,

! 1GAS)GSTATE,FRCOEF(IDX ) LOD(T0X) ¢DTAM{TIDX )
2 ITHICK(IDX)oPPES(!DX)oTFMP(!DX)oVDOYN(lDX)Q
b ] WETGHT (I1DX) yMACH(IDX) 4MFLG(IDX)

1F (PRES{IOX) .GE. Da oAND. TEMB(1DX) ,GE. 0.) GO TO 998
HRITE (10T,60u40)
CALL EXIT .
998 IF (CFUNCT.,E0, [3) 1DX = tDT
270 CONTINUE
1000 CONTINUE
1100 CONTINUE
4 , USED BY WEIGHT SUMMARY OUTPUT
KHEND £ 10X |
KOEND = JHSTT .= -2
IF({SYSHUMLER, 2, OR,SYSNUM,EG.4) ,AND, {SCRITSE0.2)§ 60 TO 1150
OUTPUT THE HEAT EXCHANGER AND GAS GENERATOR OATA NERAR
CALL OTPHEX _
OUTPUT ‘THE PUMP AND TURBINE DATA PP
CALL OTPPMP
CALL OTPTRB
1180 CONTINUE
RETURN
AevAr QUTPUY FORMATS
6000 FORMAT(10 #DIAGNOSTIC* TANK INPUT PRESSURE IS LESS THAN THE REQUIR

{ED PRESSURE, YANV PRESSURE SET = REGUIRED PRESSURF T215X i TANK THP
21T PRESSURE = 1,F7,2+'y PEQUIRED PRESSURE = '4F7, z)

< .
6005 FORMAT(10 ##ERRORW: ISIGN =1,13, ' THERE 15 A CONFIGURATION ERROR' /)

C .
6010 FORMAT({ 10 -#ERROR® A PUMP wAS- ENCOUNTERED BUT NO 'TANK CAN BE FOUND,
I PUMP CONFIGURATION INDEX NUMBER = t,19) :

<
6020 FORMAT('0 F CODE FT NO NS 1S 1DX G G6S FCOEF L/0

| DIAM  ITHICK PRES TEMP WDOT WEIGHT MACH M
2FLAGI/e 1)
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L LY EMPeAL RARRRLAR

584 € . . ) . . .

581 6090 FORMATIOXAY12XA89 1308 4y G 80FI2,40v2FB,U92F0, 24P 2.20F0. 22F 0.7
562 19%146)

581 < . . . .

584 6040 FORMAT (TLl, 'a#e TERMINATE ~ NEGATIVE TEMP, OR PRES, AL 1N

[1-19 €

58% 6050 FORMAT(/T38,t%*+ SUNMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETE
587 IRS %ant)

588 e . _ .
589 ) 6051 FORMAT(/T32y tawx SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETE
5580 IRS =~ CONTD, %ww1)

591 C

592 END
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ARARRANG
o

- OOVBIOAL DN —

PRGCEDURE DEFINITI@N PROCESSAR - CNAMES

CNAMES#*: PROC
€
INTEGER ‘FNAME

€ . T
‘COMMON /CNAMES? FNAMEL18Y, LOLO4 1Sy LIC2142%4 L2430 Ty L3(ugYYy
PLUCHP L) LS(YHeB) e LO(UUIy LT(Ue2Y)0 LB(MeT)e LO(YsS)e LIOIUGS],
2 LIN(N920) s L12¢4e28)» L1(4e28) e JFLUID{203) ¢ KFLUID(2+2)

c H .

C NAMES ARE GIVEN IN SR, STODTA

(4 . ) .

END
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*eenaane SUBRGAUTINE COMFLD

FWwN—0O0®™3ONL IN —

N A ARANNAANAANANANAANAA ANNANANAN

ARANN A N

I LI T B NI N N R Y I N URY ST QP G PO Y
ROUTINE NAME « COMPRESSIBLE FLOW EQUATIONS &

EVALUATION ROUTINE *
ROUTINE LANG = FORTRAM V UNIVAC 1108 EXEC 2'
- PROGRAMMER = R, BOLLINGER 1943 102 2693% #
DATE CODED - 3710770 L
L 2R BN 2N 2 NN T BELT BN BN BEE R NN SEE 2ET IED TN REE BRT DN BRYTRE BN N

Y Bz

SUBROUT!NE.COHFLO(IDXvPof}FLDvAoHDOToNoDELP‘
wawad EYPLANATION OF THE CALLING SEGUENCE

R J

. P « PRESSURE

i 3 ‘

T = TEMPRATURE

g ]

‘#* FLD = RESISTANCE COEFICIENTY
*

" A = APFEA

R

‘* WDOT = FLOW RATE

2N

* N « -GAS 'TYPE NUMBER

N = | FOR OXYGEN
. N =2 FOR HYDROGEN
* 17 FOR HE -
X
#wwda DELP .= COMPUTED PRESSURE' DROP
LLOGICAL DIAG
REAL M)y M2y MIMINy MIMAX
INCLUDE -CCNF16G
INCLUDE ‘CIOUNT
INCLUDE .CONST
PATA JBLNKyJAST1yJASTE/ tyre L LT ALY
MFLG(IDX) = JALNK
...*. COMPUTE GAMMA =: SPECIFIC HEAT AT CONSTANT PRESSURE/
SPECIFIC HEAT AT CONSTANT VOLUME
: aua*t FOR A SPECIFIC GAS
IF (DIAG{0,6HCOMFLAY) WRITE (10T+8010) NoPeToFLDsAyWDOT+DELP

IF(N,EO,2) GO 'TO 60
CALL CSUEP(TvPvaCP)

CPI :=

cVi = CSUBV(TvPvN)
GMA ‘= CPI/CV!

GO TO 6%

60 GMA = HPTGAM(P,T)
6% CONTINUE
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ARANAREY

?

)

56
59
60
6t
62
(3
&4
65
66
67
68

AAN AN

AnAANNA AAN

" ¥aXa

AAN

10
20

30
40

nAn A

S0

81
82

81
80

6000

€
6040

"COMFLO ARRRRARR

wxaes COMPUTE MACH NUMBER AT PRIOR CONDITIONS
M2 = WDOT * SORT(FINDR(NJ*T/(GMA®GRAYTY) )/ {Phantty, 0}
wrnwt COMPUTE RESISTANCE COEFICLENT AT PRYOR CONDITIONS

‘FLDMAX = FLODEQ(M2,GMA)
DF = FLDMAX + FLD

‘akaat PYTERATE YO FIND MACH NUMBER AT 'CURENT CONDITIONS

MIMIN

1.E=10
MIMAX !

DO 4O It = |20 o

M1 = (MIMAX « MIMINY /2.0

FAC = FLOCEG(M{yGHA) - DF
IF(ABS(FAC) - 0,00005) SNy50,10
IF(FAC) 20+50:30

HiMaxX = I

G0 T0 4o

HIMIN = M}

.CONTINUE

HRITE (6+6000) M1
w#as® COMPUTE: THE PRESSURE DROP

Al = Miwep

A2 = M2xe2 - . S . . .,
P2OP| = (MI/M2) * (2.0 ¢ (GMA = 140} ® A1)/(2.0 ¢ (GMA = },0)% A2}
DELP = P % (1,0/P20P1 = 1,0)

#wwas SET FINAL MACH NUMBER FROM ITERATION
MACH{IDX) = MI

wraxe CHECK MACH NUMBER, FLAG MACH NUMBER GREATER THAN 0.9
‘* WITH ONE ASTERISK, FLAG MACH NUMBER GREATER THAN
wawa® | .0 WITH SIX ASTERISKS,

IF(MACH(IDX) = 0,3) 80+8048]

IF (MACH(IDX) = 1,0) 82¢87,83

MELG(IDX) = JASTI

60 10 80

MFLG{IDX) = JAST6

"CONTINUE

IF (DIAG(146HCOMFLO)) WRITE (10T+6010) 11eGMA+CPoFLDMAXoM]oM24DELP
RETUPRN

axakt DIAGHOSTIC MESSAGE

FORMAT (10 *DIAGNOSTIC* MACH MUMBER COMPUTATION FAILED ‘YO CONVERGE
INHILE COMPUTING COMPRESSABLE FLOW EQUATIONS, MACH SET = 1,E12,7)

FORMAT (LeflUxeISr10Xv6E(5.6)
EMD
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whantavn  SUBRGUTINE COMPIL

N N AARANAANAN

CEBAPAFBN—OODPNCN L BN~

R4
5010

5020
5030
50139
5040
5050
5060
5062
5070
5080
5090
5100
stio
5120

5130.

5140
5lug
5150
5151

<
6000
6010

6020

R R R E R R I I R T RIS
ROUTINE NAME « DATA INPUT, VERIFY AND ECHO ‘%
ROUTINE LANG « FORTRAN V UNIVAC 1108 EXEC 2%

*
"
R
& PROGRAMMER = Ry BOLLINGER 1943 102 26937 #
% DATE CODED = APRIL FOOLS DAY (970 *
® REVISED « JANUARY 11,1972 R
* REVISED = JULY 1972 i
% PPOGRAMMER = Jo MCKAY D1QUY 201 US(78'*
L I 2 BR BT 2K INT IRT BN BEE B L NNE BN IR 3D N BEL BN BE R R BN J

SUBROUTINE "COMPIL
LOGICAL JPyPAGE

INCLUDE "CACCUM
INCLUDE CAPI!
1HCLUDE CCNF1G
INCLUDE CCHTRL
INCLVIDE ¢peyel
INCLUDE CECLSS
INCLUDE CENG
THCLUDE CFUEL
THCLUDE CHEX
INCLUDE CHSONRC
IHCLUDE ‘C101MMT
INCLUDE CMOTOR
THCLI'DE CNANES
INCLUDE CPAGE
THCLUDE CPUMP
INCLUDE CTANK
THCLUDE CTURBN
INCLUDE "TAHKWY

FORMAT(AGy 1493189 3FS,001592F5.0+SXeAS)
‘FOPMAT(1596F10,.0)
‘FOPMAT(315/7F10,0/F10,0)

FORMAT(IS)

FORMAT(1IF6,016X1Ab)

FORVAT(!GvHFOO 0/15y4F10,0/4F10.0/4F10,0/8F10, 0/SF10.0}
FORMAT (515/RF10,0/8F10, O/FIO 0)
FORMAT (21597F10,0)

FORMAT(F10.0)

FORMAT(IF|0, OOXSOQFIO 0¢FT, 0’

FORMAT (15,5X¢4F 10401
FORMAT(IS)5X3F10.0)

FORMAT (gF 10, N)

FORMAT(IS95Xe5F10,0)

FORMAT(TF10,0)

FORMAT (10F7,0)

FOPMAT (215,6F10,0)
FORMAT(U164SFIO,0/(TFI0, 0))
FOPMAT(TFI0,0/5F10,0)

FORMAT( !0t y38X9A6//21A6/21A6/" 1)

FORMAT (IXA6y 2XAb9 1| XIUr2X1592X1502X1502X0E15,896XFT, 206XF6.2O5XY§0
I 9XF6,21TXFB. 1)

FORMAT('0 *DIAGNOSTIC* THE ABOVE FUNCTION CODE IS !LLEGAL')
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t
!
!
1
'
|

J
KRARPRNR

58
59
60
6!
62
63
64
65
66
67
68
69
70
71
72
73
'3
78
76
17
78
79
80
8
82
8
8y
s
86
87
88
89
90
9
92
93
9y
95
%

97

98
99
100
101
{02
10%

4

OMpIL ARRRRR AR

6030 FORMAT(101998X0A6/1 ')
603) 'FOPMAT( 101,755, 'SUBCRITICAL APU DATA'//)
6032 FOPMAT{'01yT53, 'SUPERCRITICAL APU DATA'//)

6040 FORMAT(SUXI5,2XFA6/(N6XET I, 802XVA48))

6050 FOPMAT('01,38X946//) .o . -

6051 FORMAT(TIgyte | «tyTI6yta 2 m1yTSUsta 3 atyT22o'e 4 «!gT90sin § «f
1 »T103+ 'HEAT EXCHAMGER NUMBER'/T13.'0XYGEN HYDROGEN OXYGEN HYDR
20GEN  OXYGE{! HYDROGEN OXYGEN HYDROGEN OXYGEN HYDROGENM! /)

6052 FORMAT(/////TIBe%e 6 «'4T38y'a T «!yTSUsta 8 a?yTT2s1= 9 .=1,T00,
b te 10 =3, TI10Yy '"HEAT EXCHANGER NUMBER'/T13,10XYGEN HYDROGEN OXYG
2FH HYDROGEN OXYGEN HYDROGEN OXYGEN HYDROGEN OXYGEN HYDROGEN
/)y

6060 FORMAT (4]X1Sy10XIS,T7X4AS)

6062 FORMAT ('0'//IBX'W19A6/7 3JOXITANK'BXIFLUID'OXY, ,.., DI MENS I O
RS 4.4 '/ JOXISHAPE'TX!TYPE' 22XV (FEET) /)

6064 FORMAT (30X 2I112+6X 12,41

AAAN ANRAANANAN

6069 FORMAT{Thg, 'MUNRER OF HEAT EXCHANGERS INPUT =t 21577}

6070 FORMAT(9XIOF9,1¢3XNHAG)

6080 FORMAT(HAXIN)1OXTISyTXUAL/H(Y6X2EIS.8v2X4A67) 0101 ¢+3BXFAS, /U [ 36X2EL
158 42X4AL/) o101 93BXTA6/// (I6X2E15,892X446))

6090 FORMAT (36X2F15,8,2X4A6)

6091 FOPMAT('0 ¢ 47Xy IS¢ 15Xy ' TANK WEIGHT=CONFIGURATION OPTION CONSIDERED
1 Y/4BXe 18, ISXy INIIMRER OF TANK SHAPES IN CONFIGURATION?')

6100 FORMAT(t0130X%9A&/" 1) . .

6101 FORMAT( 101,710, 1OPER,TINE ', T24, 'NON=OPERATING !, THD, IMIB-DEGRAD, ',
I Y54 tUNTTS OPER, 1 9T6T+ 'HORSEPOWER! g T84 'ANB ,PRESSURE' ¢y T98,

2 'POVER~KW!,T1]10, 'REPPES,TIME' /)

6110 FOPMAT(TTo3ELS, 8y 1RySXs4ELS,B)

6120 FOPMAT (1g % ERROR * DUTY CYCLE INPUT TOO LONG'/)

6127 FORMAT(//T18¢'= 6 «'1TY¥6p'e T «atyTSHe'a 8 «1,TT24'a. § «14T9Q,

I t= |0 ~',T107 'HEAT SOURCE NUMBER'/TI%,
2 'OXYGEN HYDROGEN OXYGEN_  HYDR
INGEN OXYGEN HYDROGEN OXYGEM HYDROGEN OXYGEN HYDROGEN!/)

6128 FORMAT(TUY9, 'NUI'BER OF HEAT SOURCES INPUT =1,15//) ; .

6129 FORMAT(TI8ete | «11TIb690a 2 «alyTSUsta 3 1772010 4 «t9yT90pie § =V
I 27103, '"HEAT SOURCE NUMBER'/T13,'0XYGEN HYDROGEN OXYGEN HYPROGFN
2 OXYGEH HYDROGEN OXYGEY HYDROGEN OXYGEM HYDROGEN'/) ‘

6130 FORMAT(IXICI99IXNA6/(IXIOFG, 1o3IXUAL))

6140 FORMAT(T524115+T70s tMOTOR TYPE+/T52,E15.8¢TT0¢ 'MOTOR EFFICTENCY 1,
1 /7S24E1%,89T70, 'MOTDR SPEEDR!/TS24€15,8+T70, 'BATTERY POWER DENSITY
2Y)

6150 FORMAT(SHXIS2X4A6/ (HY6XE1Y.8¢2XHA5))

6160 FORMAT(SHXI5,2XUA6/5UXIS 2XHAL/SUXTIS 2XNAS/SUXTIS,2X AL,

I 7(Y6XEN3,892XH46))

AARRRANARR R AR AR R AR AR AR RN R AN ARAAANR AR ARARRARANRANRA ARSI RARANNRR AR R AR

'lttt'iii'*i*t*iﬁtiﬁlt'iifﬁ*i‘**tt'ttt*tv:ﬁtﬁii'ﬁﬁittliﬁ*iﬁtt'ﬁ'ﬁtiiﬁﬁﬁi

HIENTH .= 0,0

saked INPUT THE CONFIGURATION TALBLE

IF(PAGE(Q)) WRITE(646000) (LO(Tetdol=ta9doqtbitlediotzte2tiodmted)

sawaw CHECK 'MBLK! BEFOR DATA SETUP = INCLUDE ALL DATA BLOCKS -##wan
#wass  REQUIRED FOR THE SYSTEM BEING STUDIED, srnae

96¢ 166V -OSI'T
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RARARRAS

QOB AONMLEWDN—=—C QWO JO AL WN—OODAD>

—— — —— —— ———— —— — ———— —— v ——
E W) DB WD DDV VTOITOITONI U NS = o= —= e

PaXaXa

nANn

laYaYa)

20

30

%

90
100

"COMPIL ARRRARAR

JP '8 PAGE(S)

IERR & O

DO 30 li=],ICNF

READ (1IN,5010) CFUNCTy CFTYPE, CNCPER, CNSTBY, CMTYPE. FRCOEF(!I)

! ' tog({;); DIAM(TI)y CITYPE, ITHICK{I(}, NBAR(11Y,
ODE

2 . 1
"IF(PAGE(1)) WRITE(6+6000F (LO(Tottoleto9ietiliitoddilato2tiodele2)

HRITE (10T96010) CFUNCTy CODE(11)s CFTYPEs CNOPER, CNSTBY, CHNTYPE,
t FRCOEF(31)y LODIIN)e DIAM(11)y CITYPE,

2 ITHICK (2 )y NBARUTIY

wankt SEARCH FOR 'THE CONFIGURATION NAME,

DO ta 12 = 1418
IF(CFUNCT,EQ,FNAME(12)) GO 'TO 20
COMT INVE

WRITE(6+6020)
1EPR .2. TERR ¢ |
GO0 T0 30

CFUNCY = 12

CALL STOCON(II)
"IF(CFUNCT . £G.18) ‘GO TO 1§
CONTINUE

waxad INPUT THE DUTY CYCLE DATA

CONTINUE

IF (1ERR ,GT., 0) CALL EXIT

IF(PAGE(0)) WRITE(696100) (LO(Te6), x=|.o1
WRITE (I0T,6101)

DCYCLY = 0.0
NOCYCL = 0
11 =0

DO 100 I)E}21CDL2,2

NDCYCL = NDCYCL ¢ 2

T117= 11 4 |

READ (11N,5080) DCYCLE(T)je DCYCLE(1l41), PSxtx:). NEOP(11f,
! HP(11)y PAMB(I1)e PKW{11)e RPRTIM{II)
IF(PAGE(1)) WRITE(6+6100) (LO(198)e1=ts9)
WRITFE (10T,6110) DCYCLE(Y)), DCYtLE(!lol). PS!(!I), NEOP(!!).
! HP(11)y PAMB(ID)e PKW(I1)¢ RPRTIM(II)
DCYCLT = DCYCLT + DCYCLE{Il)

KCYCLE = 11 = |

"IF(DCYCLE(L1+1)) 90y

IF{OCYCLE(Y1) )9 1004100

HOCYCL = NDCYCL = !

NDCYCL = NDCYCL = |}

GO Tn (|0

COMT INUE

WRITE(646120)
CALL EXIT

wetk® INPUT THE CONSUMER DATA

968166 V-OSIN'T



L9-9d

}
|
)
)
b
|
|
'

hhAARANA

NPT WN—=0 0@ NT

ANA

N NnAN N n

nAN A N

COMBEL  -hhddddda
18" CGN?!NUt
(IIIolIEoIEUoIiOollI)o SYSNUM
(Y] cont!nur
wwand® READ IN THE ENGINE CONSUMER DATA

IF(PAGE(0}) WRITE{646030 (LO(T1+2)e12149)

READ(5+5020) MENGyGITEMP, GIPRESpTHRUJToPSUBCoEXPRAT'H!XR‘T

WRITE(6+6040) MENGe (L2(Tel)pI=10e)s
| GITEMPo (L2(192)012153)
GIPRESy(L2(T193)912143)y

THRUST (L2( X944 )y 1=143)y

PSUBC »(L2(195)e1z10e)

EXPRAT  (L2(T46) 912103}
HIXRATo{L2({T1T)o2=107)

O NLE AN —

6o 0 119
112 .CONTINUE

' waw READ IN THE APU CONSUMER DATA
lr;PAcE(o)iwaxTe (10T96030) (LO(T+13)e12109)

READ (IINy§)20) NAPU, HPRy FMRy PGG, TIT» TD
GO 70 (I|Ho|l5)o§CRIT

14 CONTINUE
WRITE (10T96031)

READ (IIN,5(130) MRGGCHy MRGGCOy TDGGH, TDGGOy ‘TVH, TVDQ TEMV

4
1is CONTXNUE
WRITE (10T,4032)

e

WRITE (10T»6150) NAPUy (L11(T01)0020st)y HPRy (L11{T02]42E10u)s

! FIR » (Ll'(!'iv.! bel)y PGGy (le(x.u);:=q.u,.

2 TIT o (LIV(TeS)el=0ol)y TO o (LU1(296)01=1eU)y

3 HRGGCH (L1 1 (TeThe T2y, Q)'”RGGCOOlI'0(108)'1=!0H)t

Y TOGGH o (LE1 (109001219 4) 9 TDGGO o (LII(1010) g2=1 4y
S ‘TVH s(LEt{Ietidelztyu),TVO s (LEI(T012)02=10U)y

6 TENV o (LIT(2e13)0l2t,4)

Go To 113

READ (I1INy5130) FMRGy PFHy PFO, TFH, ‘TFO, Tﬁq DELPCP, TENV

WRITE (10T+6!150) NAPU, LIT(Tet)el=loli)oHPR
! FMR ¢ (LI11(2e)el2t+4)9PGG
2 TIT o (Ll!(!oS)ol 1+4),T0
3 FMRGy (L1T1(To14) o120 ot) PFH
) PEO o {L11LTe16)s121.1),TFH
S TFO o (LVICTo1B8)el21y4) TG
-6 DELPCP!(LI'(!Q?O)OI f+U4) e TENV

60 YO 113

120 CONTINUE
#w% READ IM LIFE SUPPORT SYSTEM CONSUMER

v (L1171 oZ)v! Tott)
' (Lll(!v“}'! zlel)e
v (LUT{Te6)a2zt0U)y

elLEN(ToIS) oLl

LIy 17)il=t, W),

e (LU (Ts19) o120l

e (L1 (213} g1z l)
DATA

968166V ~-DSIN'T



89-4

ARAARRRR

212
21
2
23%
236
237
23e.
239
240
r3
u2
2uy
2uy
248
AT
247
248
249
250
251
252
257
254
258
256
257
258
259
260
261
262
261
by
26%
266
267
268
269
270
2T
272
277
2T4
275
276
21T
278
279
280
282
281
28y
285
286
287
288
289

L s Yo Ya B a T s

COMPIL ARNRRRARR

IF(PAGE(0)) WRITE (I0T96050) (LO(2+15)¢1%1,9)

READ (1IN,5{50) MDAVS,NCREWyMRPRES,NDARES+O2FNOMGLKRAT, TLSNOM{ L],
! TLSNOM(2)yRHOPEG{1)+RHOREG (2) s TKFTEM( 1)+ TKFTEM(2)9 TKFPRS (1}
2 TKFPRS(2) ¢y TENVRCABVOL

READ (TINoS151) LINDIA(1]s LINDIA(2)s HTRFLX{1}s Hranxtzi.
1 PLSNOM( 1)y PLSNOM(2)s MTROIA(I)s HTRDIA(2)s
2 HTRLMG(1)s HTRLNG(2)y PSETI, PSET2

WRITE (107461601 MOAYSH{LII{Lr 1)aT128y%)y .
NCPEW s (L13(1s 2)91=194)+NRPRES v (LI3(Le Y)elutoli)y
NDARES e{LI3(Ty U)oI=tou)e02FNOM o (L13(Ty S)el=qel)y
GLKRAT LIy 6)eI=loW) o TLSNOMUI) o (LI T)olmlol)y
TLSEOM{2) o (L13(T0 B)olz=tol)oRHOBEGI! ) o (LI (e 9)el=lol}y
RHOBEG(2) e (L13(1010) o X=tsU) o TKFTEM(I)o(LI(Lal1)01mlol)y
TKETEM(2) o (L1319 12) 0 1m1oU) o TKFPRS{I) 9 (LIY ).l fol)o
TKEPPS(2) o (LI13Iot4)o2loU)yTENVP X1N| 1=)e4)e
CADyOL e (LYSCTg16)el=l o) o LINDTA(L) o (LN ’
LINDIA(2) o (LI3CIotRY oIt gU) yHTRELX(I ) '
HTRFLX (2 LI3CIe20) 0=t pu)sPLSKOMLIY "
PLSHOI(2 13(1922) I-'v“)vHTnDIA(|’0 *
HTRDIA(2 1) ’
HTRLMG(2 ’ .
PSET2

Go T0 11Y
190 CONTYINUE
#%® READ IMN FUEL "CELL CONSUMER DATA

L
LI(1e2U) o 1=ty ) o HTRLNGI
L13(1126)¢1=0o4)ePSETY
L13(T1128)e121e4)

)
)
)
)
)

e

CADP> R ODPAPNLE BN -
o~ o

o (
X
X
o (
o (

IF(PAGE(0)) WRITE(IOT,6050) (LO(T+14)o12149)

READ (IIN,S140) MRFCe SRCFC, QGDTFCe SPLTFCy TFCNOM{|),TFCNOM{2),
' " TF21INe TF2/0Us TFOFC, TFHFC _
READ (1IN,51u0) PFOFC, PFMFC, RMOFIL(f)s RHOFIL(2)s WOVENTsWHVENT,
' DELTCPy TENV, PRFCOP, PONWNOM
- READ (1INyS1Ul) NFCOP, "NFCSTRy PLSET|, PLSET2+ VJANUL(I),
VJAHUL(Z) TKHXDY(!).TKHXD!(Q)
"rend (1IN¢5130) FCVOLTy PRGRAT(1)s PRGRAT(2)s PRGTIM{!]s
i PRGTIM(2)s PRGINT(1)y PRGINT(2)

WRITE (10T»6150) NFCOP 4 (Li2(1e :loH)oMRFCc(LIZ(!o 2)0!:!0“)0
SRCFC (L1 v Yo 2+ QOTFC v (LI2¢Te Ujelztouy,e

SPWTFC e (LY TFCNOH(’)O(Lia‘!' 6)elzleu},
TECNOM(2), (Ll ).TFZI!N o(LI2(1, B)oIntob},

‘TF2100 L!

TFHFC .(Ll

-PFHFC L
RHOFIL(2), {

WHVENT 4 (LI

TENV '(L:l
1

|

§

!

<

1)l
12104y
s12144)y
’lzloq
sI1=1e4),TFOFC IR
v12144)yPFOFC NN |
ol‘loH)oﬂHO‘IL(l)o(Ll
s 121 4 WOVENT (LY
2121, 4) ,DELTCP o (L
' 't“)oPRFCOP o(L:
'

?
'
'
]

POYNMOM s (L
PLSET2 o (L
VUANIDIL(2) g (L
TRIRDI(2Y 0 (L
PRERAT (1), (L

W) PLSETE o (L

—— " o~ o~
-t S8 - Pt PR @ o0 o

!

Tol) y VJANUL {1} e (L)
IOH)OYKHXDX(|)v(L'Z(!vZO)0!=|v9)o
1e4),FCVOLY 11L1211922) 9120 9M),
!

(1
I
1
1
1
1
I
1
| ¥
1
1
12
I, tU) e PRGRAT(2) 9 (L12(Te2U) eIl ol),

OADI>AOD VO NE W —
2222282t lz22tL

P T A R e

(TR AR IR I ]
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69-9

IRRARARNR

PRETIM(1)s(L12{1+25)¢1=1s4)sPRGTIM{2) ¢ (L12{1¢26)el=l0o4)s
PREINT(I o (LI2(Ie2T) oISt ok} oPRGINT (2o (LI2(Re28jol=t ok}

113 CONTINUE

200
210

.COMPIL

E

£
.c
K4
<
.
€
<

LW -

E -

OMMONT>OPICAL NN~

wRrR® INPUYT TANK DATA

IF (PAGE{0)) WRITE (10T36050) (LO(1912)s221¢9)

JiE )

READ (IIN,S060) (NOP (19J)+SATYPE(L )oSITYPE(loJ)vSHYYPE&!vJ)g
SPTYPE(1+J)eSITEMP(14J)eSIPRES(19J)9SPGTEM(I9V)9SOPRES(Y4V)0
SVYPRES(19J) pSHFLUX(T4J)oSITHIK(1,J),FLDLOD(?
SMDIAM(1¢J)sSHOTEM(I9J) 9 SHDELP(19J)eSPOELP{19J)sSGOTEM(T0J)y

SGGPC (19J)9SGMRAT(13J)eSNBAR (1 )yl=z1e2)

WRITE (10T,6060)

WRITE (107,6090)

(MOP (1oU)e12t02) 0 (LT(1022)02t0l),y
(SATYPE(T )oI=1e2)o(LT(1912)01In,4),
(SITYPE(TeJ)oI=102)o(LT(1910)002 0k}
(SMTYPE(T+d)e12002) o (LT(1s 9)el2lyl),
(SPTYPE(19Jd)el2102) o (LT(1013)s121y4)

{SITEMP(1ed)el=102) o (LT(Ty 6)el=lelify
(SIPRES(1oU)elZ1e2) o (LT(1y T)el=toli)
(SPGTEM(1od) o l=to2)a(LT(1915)eInteli),
(SOPRES(TeJd)oI=142) e (LTI} eI=tyly)y
(SVPRES(19d)el2192)e(LT(1y B)ol=tyY),
(SHFLUX(Tod)o22102) 9 (LT(1y S)elz=lpl)y
(SITHIK(IoJd)oI=192)o(LT(Te11)slztoti})y
(FLELOD({T )ol=1,2)s(LT(1, F)sl=t,li),
(SULGPC{T )al=te2)e(LT{Ty H)el=tey),
(SHDTAM(ToJ)rl2le2) e (LT(1y 2)91ztely)y
(SHOTEM(ToJ)ol=la2)e(LT(1018)01=0y4yy
(SHDELP (1ed)oI=te2)o (LT(T916)01S194)y
(SPDELP (T o) alzto2) o (LTC(To1TVelzToli)s

(SGOTEM(Ted)el2192)9(LT(120)91=194)y
T(SGGPC (IeJ)el=le2)e(LT(1019)01=tpl),

(SOMRAT(I4J)e12192)0(LT(1921)01=01sl)
(SHBAR {1 )el=0e2)e(LT(1423)91I=104)

READ (1IN,5062) I4OP)NOSHAP

WRITE (10T7+6091)

IWOP, MOSHAP

CHECK FOR GENERAL TANK CONFIGURATIOM
IF (IWOP. (LT, '2 (OR, NOSHAP ,EQ. 0) GO TO 210

WRITE (10T»6062)
READ
DO 200 1=}yMNOSHAP

(LO(Is10)eI=149)
IN GENERAL TANK CONFIGURATION

READ (11INy5062) JTKTYP(I),JFLTP(T}4XD(T)sYD(1)s2D{1)
WRITE(10T,606%) JTKTYP(1),JFLTP(I)oXD(T)o¥YD(I)e20(1)

CONTINUE
DO 2000 USIM=1,S

1F (INBLK(SYSNIMyJSIMySCRIT) .EG, 0) GO 'TO 2000

GO TO (11001200

13009 1400+ 1500)+JSIM

)oeSULGPC (Y

96€£T66V-DSIN'I



0L-4

LAL L L L)

348

jue-

350
51
‘352
953
%Y
358
‘356
57
58
%9
1360
361

6

1613
Y64
365
366
167
368
369
170
m
172
979
Ty
18
176
khai
378
179
100
981
182
3813
484
388
8%

387

988
989
190
391
192
‘193
Yoy
398

396
497

198
499

4oo

40|
402

409

4oy

405

COMPIL ARRRRAAR

<

[aYaYa)

#a9es INDUT THE ACCUMULATOR DATA

€
100 CONTINUE

1F (PAGE (0)) WRITE(656050) (LO(1+3)012149])

READ (1INy5030) (NAOP(T)oAITYPE(T)sANTYPE(T)sATEHP{})sAPRES{T)o
! AHFLUX(T) o ATTHIK(I)yAVOL(T1)+ADIAM{I) ¢ ANDELP (1),
2 ANBAR (1)e121,2)

WRITE (10706060} (NAOP (T)eI=1¢2)0(LTIT022)012404],
(AITYPE(1)412102) ¢ (LT(T410) 012040},

2 (AMTYPE(1)y 1:!.2).(L1(!. 9)elzieu)
NRITE (167+6090) (ATEMP {1)o1z102)0(L3{1y 1)elzdou},
! (APRES (I1)o12102)0(LT(1olk)elzdoli),
2 (AHFLUX (1) oIzt 0200 (LTITy S)elztel),
3 (AITHIK{I) 02t 92) o (LT(S0llVotalol),
Y (AVOL  {1)9121492)0(L3(T, 2)v1='0“;o
5 (ADIAM (I)e2=102)0(LT(1y 2)e13teU)y
6 (ANDELP(I)o12142)0(L3(1y F)el2lolu),
7 (AHBAR (1)g1=142)e(LT7(1927)01n1,4)

GO To 2000
watAd INPUT THE HEX DATA

lzno CONTINUE

IF(PAGE(0)) WRITE(10T46050) (LO(Yeu)alnly9)

READ(13H,5099) NU'MHEX _ L
READ(11n95040) { (HEXHIT(10d) oHEXHOT (-] oHEXCITL T oo} oHEXCOTLErd] o
1 HEXHIP (19J) ¢HEXHOP (1od) ¢ HEXCIP (10 J} o HEXCOP(39J) e
2 HXHDLP (144 chDLP(!oJ).HxMRAT(!.J).choDE(! J)e
3 Je1,2) 121 yNUMHEX)

WRITE(10T+6069) HUMHEX

WRITE(10T+6051)

WRITE(10T,6070) { (HEXHIT(Rod)ed=10200181 0810 (LU(Te (Fol=0oli]s
1 ((HFX“OT(!pJ)oJ"vZ’o!=|os)o(L“(lo 2)elElel),
] ((HEXCIT(ToJd)odzte2) izt 8 e (Llufls )olziol)y
3. ((HEXCOT(1pd)od=t192) 022008 o (LU{ly U)olzNol),y
U] CIHEXHIP(39J)ed=l02)91=1,S)9(LU{Te S)elxntyl),
5 ((HEXHOP(19J)od=192) 022005 o (LU{Ts 6)elzlrti)e
6 ((HEXCIP (o) odz=le2) oISt oS) e (LU(Te TYol=lol}y
b ((HEXCOP (Toad)odzte2) gzt eSle(Lu(ly B)sl219Yy),
8 COIXHOUP (3 o) od2 10209 1195) o (LM {Te 9)ol=l0Yy)y
9 C{HXCDLP(ToJ)od=te2) 0l eS) o (LU(T, '0)01:"“)7
T ((HXNRAT (1) od=192) 9 =098)p(LU(To?)olatoly)

.IF (NUMHEX ,LE, 5) GO TO 2000
HRITE (10T7,4052)
HRITE(10706070"(HEX“!T(X’J)vd'|02) 126010) 0 (LML |
((HEXHOT (2eJ)od=102)9T726010) s (LU(Yy 2
((“EXCIT(!'J’QJ='02,9’:6.|O)'(Lu(!0 9
((HEXCOT(T9J) gda142)y126,10),(LULT, Y&
((HEXHIP(19J)edz192) 9126410} (LU(ly &
((HEXHOP (T19J)ed20e2) 91280 10) 9 (LU(YY 6
4
8
9
0
|

N nuw II "

((HEXCIP{TgJd)edle2) e 1886 10) s LMY,
(LHEXCOP (19J)ed=192) 91264101 (LU(T,
C{HXHOLP(Tad)edale2)e126410) s ({LU(1,
{{HXCDLP (19 d)ed=192)9126410) 0 (LU
CCHXMRAT (TaJ)odz192) 01560 010) e (LU

LODICANE SN —~

e nn

P 1 St St B S st DB Pl Sl = ¢

jol
)
!
!
!
)
}
i
)

L]
1’
‘
*
]
]
L]
’
'
’
’
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TL-d

LA L

406

458

459

462
63

COMPIL MRARRAAR
GO Y0 2000
C ' . . :
c et INPUT THE PUMP DATA
C

NnOn

nAan

1300 'CONTINUE
TF(PAGE(Q)) WRITE(&¢6050) (LO(1+S)eT=)09)
READ(SoSOSO)(PTVPE(!)vPEFF(X)OPNPS“(!)QPSSPED(!’OEPDELP(!)'illoiso

[ (TPEFF (1) TPMPSH{T) o YPCELP (11, TPHDOT( ’0!"02’!
2 (TEFF(!)'TITEHP(I) TOTEMP (1) THRATO(2 )y TGGPC(T),
3 1=1,2)

WRITE(696080) (PTYPE CI1)ol=1e2) o (LStToldolzlolls

! (PEFF  (I)ol=142)0(LS(102)0l2104)y

2 (PNPSH (1)9121,2)9(LS(1e3) 91214}y

3 (PSSPED(1)a1x192) 9 (LS(Iot)al219U)y

Y (EPDELP(I)s12192)9(LS(1e5)eIz10e4)y

S (LO(Ietl)elm]e9)y s

6 (TPEFF (1),121,2)9(L6(1,1),121,4),

T (TPHPSH(l)v!='92)0(L6(102)'I=IOU)0

8 (TPDELP{I)s1=1,42)elL6(103) 1200l

9 (TPHOOT(I)alci9o2) o (LO(Tol) oIzt oli)y
T (LO(1,8))1 2149)

| (TEFF (I)vl=|v?)olL9(!0|)ol folt)y

2 (TITEMPIT)p2z142)0lL9(102) 020U

3 (TUTE”P(I)OI=I.2)0(L9(IQ3) t=leli)y

y (TMRATO(I) 0 2=192) 9 il (104 o221 0l)

5 . (TGGPC (1)y2=192)s(LIMTeS) o221 u)

60 T0 2000

kRddk TNPUT THE HEAT SOURCE DATA

1400 CONTINUE
IF (PAGE({0)) WRITE (10T+6100) (LO(1¢T)e12199})
READ (1IN,5039) MUNHSO
READ (1IN,5050) ((HSTYPE(1,J),HSMRAT(E, J) HSOTEM{(1, J) HSAEE {1,J),
| HSPRES{1ed)oJd=tie2)ol= loNUMHSO’

WRITE (10T,6128) NUMHSO

WRITE (10T,6129)

WRITE (10T,6130) ((HSTYPE(I,J),J=! 2),[ e 5y (Llﬂ(!,’) 1=t Q),
((HSTQAT(!.J)'J’|02)01 Te S)e(LIO(T92)02=t v“)r
({HSOTEM(Tyu)adzte2)etzly SYe(LIO{193Y0221,4)y
((HSACE (13J)ed=le2)ol=0e S)e(LIO(Tol)o2=1oU)y

. ({HSPRES(1,U)edz142)eI2ly S)e(L10(T45)e1=1,4)

IF (NUMHSO ,LE, S) GO ToO 2000

HRITE (10T,6127)

WRITE (10T46030) ((HSTYPE(T1yJ)edzle2)9026e10)e(LIO(Toldol2 ok}
(CHSMRAT(190)0d=1 o) o169 10) o (LIO(T02) 0220 0l)y
((HSOTEM(T9d) od=192)e126010) e (L10(T03)0Ixtyl)y
((HSAEE (19J)ed=lel)e126010)e{L10(Tol)elzt o)y
((HSPRES (144} J’lo?)'l 6910)e(L1IO(195)eIzNel)

£ -

£ BN -

GO TO 2000
snevs INPUT 'THE MOTOR DATA

1S00 CONTINUE
IF (PAGE{0})) WRITE (10T,6100) (LO(1:9)s1149)
READ(5¢5100) MYYPE2MEFF ¢11SS,PDNSTY
WRITE (10T,6140) NTYPE,MEFF,HNSS,PONSTY
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RAENRNRRE

4oy
465
466
Het

COMPIL MARRRARD

2000 CONTINUE
€

RETURN
END
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|
|

}
1

sewntate  PRACEDURE DEFINITI®N PRGCESSPR - CHNST

1

| CONST®  PROC
: 2
. z c COMMON /CONST/ GRAVTY P1,P1203
) S (4
-6 4 Rkda® CONST VARIABLE DEFINITION
1 .C * )
8 € #* GRAVTY .« UNIVERSAL GRAVITATIONAL CONSTANT
9 (4 H. A .
fo (4 '
H ‘END,
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thaaertd SUBRGUTINE CANSUM

- ————

19

BIONLEWN—O OB~ AL DN —

I s R o I T a I I a I s

SUBROUT INE ‘CONSUM
INCLUDE ‘CCNTRL

GO TD (10,20)s SYSNUM
CALL ENGINE

-
o

.CALL FLORAT
GO T0 99

n
[~}

‘CALL APUFLO
CALL FLORAT
6o 10 99
99 CONTINUE

RETURN
END
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1
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n
v

n
-]

£
.. ]

-]
b

MAIN DRIVER PRGRAM - CBNTROL

€
LOGICAL PAGE
C
THCLUDE "CCNTRL
INCLUDE CICUNT
THCLIIDE CKEYS
INCLUDE CPAGE
€ -

DATA NSPC / 'SUPI 2 TLST'/ iLASY /

C . L
5000 FORMAT(2A692XA4U+3IXATs IXAG/12A6)

5001 FOPMAT(A34A6¢3XvAT91UXeATITHINLLINY
6000 FOPMAT (10'|9X r#we SYSTEM NAME STARTING 1A%, 1IS° IN ERRQR w#ei)
6001 FOPMAT (10'/// WuX't#%%x  yvOU HAVE CALLED FOR 'THE SYSTEM 'A%,A6,

| taent)
€ :
(4 INITIALIZE DATA STORAGE ROUTINES
N4

caLL STODTA

CALL OTUNIT (107T)
K4
€ .

CALL DATE (9400R)
€
C READ NAME AND ‘TITLE INFORMATION
c

READ(5¢5000) MAME,DEPTBLD+EXTCTITLE

MCASE = |

INYGSY & |
c . .
.C READ TABLE INPUT DATA (ONLY ONCE}
¢ .

CALL INTAD
C

I CONTINUE

KEY! = |

KEY2 =0 .

IF(INTGSY.EQ, 1) 6O YO §

READ (5,5000) NAMEsDEPTYBLD4EXToCTITLE

S CONTINUE

READ (l!N,SOO!) Nsvs-Nl.Ncnrt.xurca.novnc

DO 10 !=1,NBR

IF (NSYS LEQ, Nansvstx)) GO TO 20

10 CONTINUE
WRITE (10T796000) NSYS
CALL EXIT
20 SYSNUM 2 T

IF (PAGE(0}) WRITE (xot.soola NSYS Nt

SCRIT = |

IF (NCRIT ,EQ. NSPC) SthT

INTGSY 2 2.

IF (INTGR JEQ. IUSTY INTGSY £ |
X
C READ COMPONENT INPUT DATA
C‘

CALL COMPIL
c.
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RNARRANA

CONTRL POSSPPPS

AANAND AN

DO SYSTEM CALCULATIONS FOR THE GIVEN SYSTEM
CALL "CRYCON

IF ‘THIS 1S AN INTEGRATED SYSTEM = GO READ NEXT

SYSTEM NAME .
IF IT 1S A LAST CARD ENIT

IF (INTGSY.,EQ..2) GO.TO |
CALL EXIT
END '

96E€T66V-OSIN'T
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. .
'ff{'"" PROCEDURE DEFINITIBN PRBCESSHR - CPAGE

| 'CPAGES  PROC: .
i 5 ¢ INTEGER DEPT  ¢BLD . fEXT  oPTITLE,CTITLE,OPTLUN,DOR . TiME
: COMMON /CPAGE/NAME (2)DEPT+BLDyEXToHAXLINy JNUNYPTITLE(6} s
S 1 CTITLEL12),OPTLUN/HCASE DOR (2) ¢ TIME (2]
T3 A
'q < wwa¥# CPAGE VARIABLE DEFINITION
i :? K NAME .= USER'S NAME (INPUTY,
i !s ;E DEPT - USER'S DEPARTMENT (INPUT),
! :2 ‘g BLD = USER'S BU!LD!NGV(IHPUT).
| :;' :g EXT .= USER'S EXTENSTON uNPunT |
'.53 g MAXLIN = MAXIMUM LINES PER QUTPUT PAGE,
21 € JNUM = PROGRAM IDENTIFICATION NUMBER,
i gi ;g PTITLE = Pnocnbn'r!rLe{
| EE ‘g CTITLE = CASE TITLE (INPUT),
D27 4 OPTLUN = OUTPUT LOGICAL UNIT NUMBER,
; gs .E NCASE « CASE NUMBER (INTERNALLY CREATED},
by < DOR .= DATE OF THIS RUN (INTERNALLY CREATED].
;§ <§ ‘TIME « TIME OF THIS RUN { INTERNALLY CREATED),
;: 'ceno

968166V -OSIN'I
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ARARANNS

CAEWN-—OC OBIOAFTDN—

FUNCTI@N CPHI

~c.o.0

FUNCTION (CPHI(T) )
COMMON /RFPR/ RF (109
COMMON /C1GCP/GI(9)

COMMON /SCRH/ X(40)

ROUTINE ‘TO ‘CALCULATE INTEGRAL(CPO DT)

RERF (5)

AKEZRF (6)

T2ETAY

TIeT2T

TH=TIeT

UsG(9)/T i

X(1) 2=, 0/(2,0 w'T2)
X(2) = «1,0/7

X(3)= ALOG(T)

X{y)='7

X(5)=T2/2,0

X(6)= T3/73.0

X{T)= T4/4y,0 L.
X(8lz. UrT/{EXP(UYel,0)
CPHI = 0,0 :

DO | 1=1+8 . .
CPHIZCPHI+X(1)%G(1)
CPHI=CPHI®R

CPHE=CPHI®AK

RETURN
END
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1T TP

NEIN=—COBAP N EWN -

16

FUNCTIN CPIG

‘€
C

X(6)

"FUNCTION 'CP16(T)

DOUBLE PRECISION 69, Uy U2, DU

‘COMMON /RFPR/ RF(10)
.COMMON 2C1GCP/G(9)
COMMON /SCRH/ X(40)

CALCULATE IDEAL 'GAS HEAY CAPACITY, ‘CP

R=RF(5)

AKZRF (6)

T2=TeY

TI=T22Y .

G9 = DALE(G(9))

G9/0BLE(T)
"y,

’ loO/T?
1,0/72
1,0/7

[y
~
au
[t

X(2)
X(3)
X(y)
X(s)

nHHonon
-
o

X(7)
DU = DEXP (V) L

X(B) = SNGL( U2 ‘® DU/ (DU={ ,0D0)**2)
CP16:2 0,0 .

DO 1 I=1y8

CPIGRCPIGHX(IY*G(])
CPIGECPIGRRWAK

RETURN

‘END
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I

CN LB —OOD 30 NE by

v

FUNCTI@N Cps!

.C.Q..

‘FUNCTION CPSI(T) |
{COMMON "/CIGCP/G(9) |

COMMON /RFPR/ RF{10}

"COMMON " /SCREZ X(40)

ROUTINE ‘TO CALCULATE INTEGRAL(CPO/T DT}

RERF(5)
AK=RF (6}

‘TRET*T

TIRTowY

usG(9)/r |

EV EXP(Y)

X(1):2 «1,0/(3,0%7Y)

X(2) =.=1,0/(2,0*72)
X(3) & -=1,0/7

Xt4) = ALOG(T)

X(5) =T

X(6) .2 '72/2,0

X{7) = 13/3,0 | '
X(8) ‘2 Y/ (EU=1,0) = ALOG().0=1.0/EY)
CPS1 = 0.0

DO | I=148 .
‘CPSI=CPSTeX{1)¥%G(])
CPSI=CPRSI*R

‘CPS1=CPSTI®AK

RETURN

‘END
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PITI L

PNCNL DN~ O OD - OII L d

|19

PR¢CEDU§E DEFINITIN PRACESSEBR - CPUMP

AAANANANANAANANNNANANANNAAANANANAANAAAANANAN

NE DN -

o

“CPUMP®. .pPROC
€

INTEGER PTYPEs PSTAGE

COMMON /CPUMP/ "EPDELP(2]4PEFF (2)4PPOCH {2]+PSSPED{2)+PTYPE {2+
TPRELP(2) s TPEFF (2)s TPNPSH(2) 9 TPUDOT(2) ¢ TPHGHT (2) ¢« PTEMP (2}
PPRES (2)+PPWDT (2)yPPDEL (2)4PNPSH (2)4PPRHO (2)4PSTAGE(2),
PNPSPR(2) s PMPEFF (2),PHPVOL (2) yPWEGHT (2} oPMPOH (2)oPSPD (2),
JUOPT (2) )
LPP1(396)s LPP2(Y4)y LPPIL398)s LPPUIY), LPPS{Y)

DIMEMSION UOTPI(12)+UOTP2()12)

EQUIVALENCE . {UoTP| sPTEMP 19 (UGTPI{ 3§,PPRES |

(UOTPI( S5)+PPHDT 19 (UDTPI( T)9PPDEL )¢ (UOTPI( 9)¢PHPSH ),

(UOTR1{11)+PPRHO 1, (UOTP2 yPNPSPR) 4 (UBTP2( 3)4PHMPEFF},

(UOTP2( 5)¢PMPVOL )y (UOTP2( T)+PWEGHT), (UOTP2( 9),PMPON ),

(UOTP2(11)ePSPD ) .

wxea® CPUMP VARIABLE DEFINITION,

PEFF .= PUMP EFFICIENCY,

PMPEFF -=. PUMP EFFICIENCY

PHPVOL = PUNMP yOLUME

PHMPOW .= PUMP POWER

PHEGHT @ PUMP WEIGHT (LBSH

PSPD = PUMP SPEED

PSTAGE .= NUMBER OF PUMP STAGES

PNPSPR = COMPUTED NPSH REQUIRED BY PUMP

PTEMP .« 'TEMP OF FLUID TO PuMp

PPRES -= PRESSURE OF FLUID FROM PUMP

PPWOT .= 'FLOW RATE OF FLUID TO PUMP

PPDEL .= PUMP DELTA=P

PPRHO .= DENSITY OF FLUID YO PUMP

JUOPT .= SELECTED OPTION FOR PUMP ‘CAPABILITY, EQUALS
| FOR MIN, POWER, EQUALS 2 FOR MIN, WEIGHT

PTYPE -= PUMPTYPE = | FOR PUMP ONLY o,
-2 2 FOR YURBOPUMP ASSY,

“TPEFF .« TRANSFER PUMP EFFECIENCY
‘TPNPSH = TRANSFER PUMP NPSH

PP A S I I U I I B S IS S R S AP U A S S
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T TYII Y CPUNP NRRRARAR -

z: 'g : TPHGHT .= ‘TRANSFER PUMP WE1GHT
6? § :.TPDELP--"TRANSFER PUMP DELTAP
6 ' Co .
:z §~ :‘TPH007A.u1RANSFER PUMP FLOW RATE
9
8y 4 * . . e
.1 g -': PNPSH -« PUMP NET POSITIVE SUCTION HEAD,
66 : 3
6T C ': PSSPED ‘= PUKP SHAFT SPEED,
68 C ) .
‘69 C * EPDELP .« ESTIMATED DELTA PRESSURE IN ‘THE ‘PUMP,
70 4 * .
74 € : ‘PPDCH = PUMP DISCHARGE PRESSURE
72 C .. . . .
7 4 * NOTE === THE ABOVE VARIAALES ARE SPECIFIED FOR OXYGEN
v N ) IN THE FIRST WORD AND HYDROGEN IN THE -SECOND
™ € ARRAR WORD,
76 C
17 ‘END
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"."'f""' SUBR@UTINE CPVTD

1

TN = ce e e e o e e

-

COMuUCNLWN—-O OB PNE DN~

‘c..'.

SUBROUTINE :CPVTO(TIDsCPyEV)

.COMMON /CRPR/ "CR{3) /METH/ M
.COMMON "/RFPR/ RF(10)

ROUTINE ‘TO ‘CALCULATE 'CV AND €P FROM THE. EQUATION OF SYATE
pC=CR(2) ‘

“TC=CR(Y)

R .=RF(S)

AKZRF(6)

CALL PFND(TyDoP)
IF(M,EQ,1)60 TO
IF(T,GT TC}GO TO |
1F(D,GT.DC)GO TO 2
CVO2CPIG(T)e(R*AK)

LV 2°CV0 .« (FIHGI[TyD}=FINGI(T,0,00) # AK
“FlzT/D%* :

FRsDPDT(TyD)
FI=0PDD(TyD) .
CPeCVe(FIaF2222/F3)%AK
RETURN

DY = 0,1

‘TIZT4DY

T2eTDT

{CALL LPROP{TI+P1¢4Ds19HeSU1,2)

CALL LPROP(T2¢P24D0o1oHySyU2,2)

CV.2 (Ul=02)/(2,0%DT)

GO 10 1
END

96€£166V-OSIN']
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oot d SUBRZUTINE CPVTDS

CO®~IONREDN—

.SUBRQUTINE "CPVTOB(TB)DB¢CPB,CVB)

COMMON /RFPR/ .RF(8)

WTSRF(T) .

T = 78/1.8 .

D =2 DB * 453.5923TE=3/(WT * 2,83148yTE=2)

[CALL .CPVTD(TyDyCP,yCV) .
CPB 'z CP '» H53,59237/(1.0SUISOIELY #. |, B & :;)
1.8 )

CVB £ CV % 453,59237/{1,0543503E+3 *
RETURN )
END

96€166V-OSIN'T
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T — e = e —

SUBRGUTINE CRYC@N

A A A N AR N

‘20

50
100

200

300
310

150

400

uso

$00

SS0

SUBROUTINE "¢RYCON
LOGICAL DIAGeuP

.INCLUDE 'CCNTRL

INCLUDE (CKEYS

KEY! = 1613

Keo

1F (SYSHUM,NE.2) GO 'TO 10

PO 61 = g2 . ]
KSUBC(24s141) o JAPUS{SCRITs1)

LR
¥
L

i
e 0
LREPT &2 Q

JKH = KSUBC(SYSNUMs1I)

.. IF IERO HAVE REACHED END OF "‘CALLING SEQUENCE

IF (JKM.(EQ, 0) GO TO 2200 L

MDTRC = IS DIAGHOSTIC "'TRACE SWITCH {INPUT IN CONTRL}
IF (MDTRC(JKM) .EQ, 0) GO TO 50

. TURH ON DIAG, TRACE

JP 2 DIAG (=1+6HCRYCON) . .

CALL ROUTINES DEPENDINC ON SYSTEM SPECIFIED (SYSNUMj
GO T0 (100+2009300¢400+1450¢500+5500£00,7009800990041000) 9 KM

CALL ACCRES

GO TO 2000
CALL ACQWT

G0 Y0 2000
GO TO (310+350)+SCRIT

CALL APUSUB
G0 To 2000

CALL APUSUP
GO Y0 2000

CALL CMPCAL
GO TO 2000

CALL "FUELCL
GO T0 2000

CALL .CONSUM
G0 T0 2000

CALL ECLSS
GO TO 2000
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ARARRRNY

S8
59
60

61
62
69
64
65
66
67
68
89
70
T
72
7
v
75
76
-4
78
79
80
8

€1
By

CRYCON
600

ERRRAN A

CALL LIQRES

‘GO T0 2000

(4
700

<
800

900
C
1000
<
2000°

~

200!

~n Nnn

.2100

4
2200 .
¢

CALL ‘TANK
GO T0 2000

KeKel | |
IF (SYSHUM . ,E0, 2) K& 2

CALL 'TSIZE! (K}
G0 10 2000

CALL WTACC
CONTINUE

CONTINUE
IF(LREPT) 10+2001s10

IF (MDTRC{UKI) +EQs D) GO-'TO 2100

TURN OFF DIAGNOSTIC TRACE SENTINEL
JP = DIAG (w2+6HCRYCON)
1a

141
IF{1e9) 2042002200

END OF PROCESS THIS SYSTEM
CONTENUE

PRINT ‘COMPONENT WE1GHT SUMMARY

CALL OTPHSH

RETURN
END
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.9
10
i
|12
1y
1y
"I
‘16
I
g
!
[
E

FUNCTI®@N CSPF21

FUNCTION CSPF21 (THP}
DIMENSION T(9}sCP (9}

DATA ‘T 7 415.,00465.00%510,00545,00575,09590.00810,00660,0¢70040- /7
DATA CP/ 423754,238D9424550,2530002630042700¢428000,3160+,3520 7

DO 10 1=1,9
J =1
IF (T(J) ,GE. TMP) GO TO 20
10 CONTINUE

20 ;r CRCIIRAR
'ﬂ - - N R . .
‘CSPE2) = CP(1) 4 (THP = T(11)%(CPIJ) = CPUTIIZITIY = TU1)]
Z'E’TURN .
T
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dhankads  SUBRAUTINE CSUBP

| SUBROUTENE ‘CSUBP {TEMP yPRES«NGAS 1 C)
2 (4 . . .
‘! [4 ANAAARN AR ERARRAARRARAC AN R RN AR AR R AN RRAANRARARANRR AR ANAANGNEA DR
L} 4
5 C NGAS & | FOR OXYGEN
6 4 '® 2 'FOR HYDROGEN
7 C ‘2 T FOR HELIUM
8 € ‘@ |8 FOR MITROGEN
9 < ' o ) .
lo c 'i’li'ﬁk**tﬂi*i***ﬁi*QQ**ﬁ‘t*.*Qﬁi'QQtQQiQQQ'tﬁ..itttt*..tﬁt"t.tt.-
It 4 :
:a COMMON/CVALUE/ CPON, ‘CVYON, DON
3 C
1y T = TEMP
1 P ‘= PRES
16 ‘TTT = TEMP
r PPP = PRES
8 C. . ..
59 GO TO (19295+59595¢5+51595¢5+5¢S98¢Se891T918)0NGAS
0 c .
21 4 ‘COMPUTE CSUBP FOR OXYGEN
22 C .
21 I .CALL CSUBPY{TTT.PPPy1)
24 . C = 'CPON
25 RETURN
26 €
2T < .COMPUTE :CSUBP FOR HYDROGEN
28 C
29 2 C = HPTCP(P,T)
30 RETURN
N €
32 < FOR ERRONEOUS NGAS INDEX
1 C _
3y 5¢Ce 0,0
35 WRITE (69100) | ) ,
1 100 FORMAT(101420(i%1)e¢ ERRONEOUS NGAS INDEX WAS USED IMN S,R, CSUBP
" S Ye20('%Y) )
18 RETURN -
39 4
4o 4 "COMPUTE .CSUBP ‘FOR HELIUM
uy €
up 17 TR =2 T/717,37
s PR = P/ui,82 )
uy IF{TR,GT, 1.64608y5) GO TO 22
'S : POWER £ eml o 62%ALOGIO{TR)
us G0 TO 24 .
ur 22 POWERZ,5930735918=2, THNALOGIO (TR}
48 2y ACOMST=lQ,**POWER .
49 ‘€ .E 1,252 4 ACONST ‘# PR # 386,3/15u4,0
50 C
51 RETURN
52 o .
53 C :COMPUTE CSUBP FOR NITROGEN
54 < i
55 18 CALL .CSUBPV(TTT«PPP,18)
56 C = CPON

57 RETURN

96€T66V-~-OSIN'I
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CRAROARS
i q e
; 59
1
i
;
1
]
1
i

esunp

END

[ IT121 2T
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swannaws SUBRBUTINE CSUBPV

: é SUBROUTINE ‘CSUBPV(TsP4NGAS)
4
' ) ‘COMMON /CRPR/ CR(3) /METH/ M
Y .COMMON /RFPR/ RF(8)
5 c COMMON/CVALUE/ CPON, .CVON, DONM
6
T IF(NGAS,EG,)) KF := |
8 "IF(NGAS,EQ,18) WF = 2
9 IF(XF,E£Q.  JCALL DATAD2
:O IF(KF,EQ,2)CALL DATAN2
| (4
12 € KF 2} INDICATES OXYGEN
13 C KF =2 INDICATES MITROGEN
1y (4
s Mme
16 C . .
I CALL DFNDB(TePyDe2140)
18 DON =D
19 (4 .
20 CALL CPYTDB(T+DsCPyCV)
21 CPON = CP _
22 CVON = ¢V
23 €
2y C
28 RETURN
26 4
21 END
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*waneate  SUBRPUTINE CSUBPI

FAN=OLOSOAL AN —

—

VOION

" 20

AAN AN ANAAAANANN

nnn

AnAN

ANN

SUBROUTINE (CSUBP{(TyRyC)

COMPUTE SPECIFIC HEAT CAPACITY (IN BTU/LB-DEG R} AT “CONSTANT PRESSURE
FROM THE GRAPHICAL DATA OF THE COMBUSTION PRODUCTS OF H2 QND 02 -as
A FUNCTION OF MIXTURE RATIO AND TURBINE INLET TEMPERATURE,

T = TURBINE INLET TEMPERATURE
R = WEIGHT RATIO OF 02 YO H2 .
€ = COMPUTED VALUE OF SPECIFIC HEAT OF EXKAUST GAS AT CONSTANT PRES,

DIMENSION X(9)s CP(10+9), TT(IO)
VALUES. OF MIXTURE RATIO FOR WHICH CP 1S TABULATED,

BATA (X(I}9I=098)/:89 oSy 1eOv {.%9 2,00 3.0v 4,00 6,0y 8407
VALUES OF TEMPERATURE FOR WHICH CP 1S TABULATED,

DATA (TT(Ljy I=1410)7 1400.0¢ !500.0¢ 1600,0s 1700.Cs 1800.09
' 1900.0¢ 2000.0¢ 2100.0y 2200,00 2300.0/

TABULATED VALUES OF CP AS A FUNCTION OF MIXTURE RATIO AND TEMPERATURE

DATA (CP(Iel)elsiyin)/ Z;MUv 2eUle 2,42%0 2,4Us 2,Ub0 2,475 2,498
Iy 2.515y 2,53 2,545/

DATA (CP(!OZ)OX=|"0)/ 2007’ 2008' 2el0 2:”50 2.'1' 20“" 2."";’
! '20'75' 'Z.IQo 2.21/ . . . .
DATA (CP(1¢3)0121910)/7 1,830 14BUe §,855¢ [,8865¢ 1,88 1,895¢ 1,91
ty 1,920 1,935¢ 14955/ ) . .
DATA (CP(I19p4)el=21000)/7 1.4BSe 1450 1,500 14520 165350 1.5%5¢ 1,560
P 14B75s 1459 1,605/ , . . }

DATA (CP(1+S)oI=1010)/ 1,250 1e260 142759 142850 14295 [o31¢
147250 143350 14345y {,38, . ) . .
DATA (CP(116)1I21910)/ «9651 +9TSe ,985¢ ,995¢ 1,005¢ 1,015 1,028
Ty 1,035 1,050 1406/

DATA (CP(Iy7)elzlpt0)/
I .895/

DATA (CP(1+8)91=t91D)/
! o675¢ 685y 695
DATA (CP(149)elzlslO)}/

o8r ..B10 4829 o870 +84e
«605s 46159 ,825¢ 4635
W61 oSle 2521 o578 Sl

eBS1 .B6e .8Tv o884
+6USy (655, 665
W66 J56s ,57s o584

I «89/
DETERMINE THE INTERyAL CONTAINIMG TURBINE INLET TEMPERATURE,

DO 100 1122410

1211 =1 . .

IF(T LLT. TT(I11)) GO 'TO 150
100 CONTINUE

DETERMINE THE INTERVAL CONTAINING THE MIXTURE RAT1O,
150 DO 200 112249

I

IF(R ,LT. X{11)) GO TO 220
200 COMTINUE

INTERPOLATE FIRST OM TEMPERATURE AND THEN ON MIXTURE RAT1O,
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AEARNRNS

5e
59

csuspt ARIRRR RN

220 CI 2((CP{T1alod) = CPLIod})/Z(TT(IGI) = TY(I)))}R{Y « TPY(1))
Cl = C! ¢ CPULyJY | . . ..
€2 = ({CP(lalodal) « CPUYrJal )INUITT(I01) « TTIIN)INTY = TT(?
€2 =2 C2 ¢ CPUIove)) | . .
€2 ((C2 e CLIZUIX(Jal) o X(JI)I®(R = X(J)) ¢ CI
RETURN
END

i)
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FUNCTI@N CSUBV

N AnAnnnAnnA

AL AN

non

I YaXa

noA

RARRERRRRA AN RRARAR AN RN NRREANRANARRCNERARNAERARNRA RN ANRRRAR AR RS

s.

FUNCTION 'CSUBV{TEMP,PRES,NGAS)

NGAS FOR OXYGEN
. FOR HYDROGEN
T FOR HFELIUM

8 FOR NITROGEN

LI
—— ) -

RRARR AR KRR RAARRERRRANRER RN AR RAAIRPRARRRARRARANTRARAREARARRARANRNRN

COMMON/CVALUE/ CPON, CVONy DON
T = TEMP

P = PRES

TIT = TEMP

PPP = PRES

GO TO (192+5+5+515151595+5+5¢50595+595¢ 17 18) ¢ NGAS
COMPUTE CSUBv FOR OXYGEN

CALL ¢SUBPV(TTT.PPP,1)

CSuBy = CVON

RETURN

COMPUTE CSuBv FOR HYDROGEN

CSUBV & HPTCVIP,T)
RETURN

FOR ERRONEOUS HNGAS. INDEX

csusy = 0,0
WRITE (69100)

100 FORMAT(101,20(1®1)y1 ERRONEOUS NGAS INDEX WAS USED IN S,R. CSUBV

1,20('*1)/)
RETURN

COMPUTE (SUBy FOR HELIUM

CSUBY E.0,748

RETURN
COMPUTE CSUBV FOR NITROGEN

‘CALL CSUBPYV(TTT'PPPylg)

cSuUBV = CVON
RETURN
END’
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PRPCEDURE DEFINITI@N PRACESSPR - CSYSWT

CSYSNT® PROC
PARAMETER JWAZ100, JWB=2S

<
INTEGER "CNUM
€
€ . . .
COMMON /CSYSWT/ CNUMy WTCOMP(JWAsUWB)y WTCUMTTJWAGJWB),
| CHMPCOD (JWA+JWB)s WTSURT ¢ WTSUMT
wrest. CNUM = 'COMPONEMT INDEX 1N SERTAL L1SY
24 ] .
*  YTCOMP .=. 'COMPONENT WEIGHT
R ] . . . .
W WTCUMT = 'SYSTEM CUMULATIVE WEJGHY - IN SERTAL: L 18T
..- .
W :CMPCOD =. 'COMPONENT 1D CODE FROM ‘CONFIGURATION
#  WTSUBT - SUBSYSTEM WEIGHT SUBTOTAL
%
% WTSUMT = .SYSTEM TOTAL WEIGHT'
(21347
END

96£T166V-OSIN'T
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PRPCEDURE DEFINITI®N PROCESS@R - CTAB

CTABY PROC

C
PARAMETER NTBM = 8D , NSB2 = WO
INTEGER 'TLA,TYPE

COMMON /CTAB/ 7LA(N75N).Nv.vaE.N!P.no.xrna(nsszi'VTAa(NSszwo
1 TAB(645),JTABIDNLTEL'

DIMENSION ITAB(645)
EQUIVALENCE (1T28T2B)
##w% CTAB VARIABLE DEFINITION
‘TLA = ‘TABLE LOCATION ARRAY
e 1y FOR UP TO 50 ‘TABLES
NV = NUMBER OF VALUES IN THE INPUT-TABLE (NV<{0{i}.,

“TYPE .o 'TYPE OF ‘THE INPUT TABLE (0 ‘= COEFICIENTy
! = DESCREYE ),

NIP - NUMBER OF TABLE V‘LUES]TO BE USED IN
INTERPOLATION (NIPSNV),

ND « NUMBER OF DIMENSIONS FOR THE INPUY TASBLE

XTAB = ARRAY OF COEFICIENTS FOR. POLYNOMIAL EVALUATION
OR ARRAY OF VALUES OF THE INDEPENDENT VARIABLE
'FOR INTERPOLATION,

'YTAB « ARRAY OF VALUES OF THE DEPENDENT VARIABLE
. FOR INTERPOLATION,

‘TAB « ARRAY OF yALUES OF 'THE REMAINING ND=2
‘1TAB INDEPENDENT VARIABLES FOR INTERPOLATION,
‘END

‘THIS ARRAY CONTAINS THE BEGINNING DRUM ADDRESS

96E€T66V-OSIN'T
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PROACEDURE DEFINITIBN PRACESS@R - CTABA

“CTABA*  PROC

¢ PARAMETER MXWRD = 7000

: COMMON */CTABA/ 1DX1TABLE{MXWRD)
DIMENSION ' ITABLE (MXRD)

€ eoutvalence (TAsLEs1TABLE)

csno

96€166V-DSIWI
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PRPACEDURE DEFINITI@N PRACESSPR - CTANK

CTANK®

C

AARAAANNNANNAANANANANAANANNANANANANAAAN

MMONDIDPODODICTALTIN -

PRQC:
PARAMETER JJA=2,1UBz 1, 1JCe20
INTEGER .SATYPE.SITYPE)SMTYPE,SPTYPE

COMMON '/€TANK/  FLDLOD(1JA YoNOP  (TJAGTUB),SATVPE(TIJA . iy
SGGPC (1JA,1UB),SGHRAT(1U4,1JB)¢SGOTEM(TJASTUB) sSHDELP(TJATUBY,

SHFLUX( XJA.!JB)'SHOTEH( NA.IJB)'SHRI\TE(!JA.!JB).S!PRES(!JA.!JB).

SITEMP(IJA,1UB) SITYFE (TUA,1JB) o SITHIK(TJAGTUB) o SHDIAM(IJA,TUB)
SMTYPE(1JA,1J8) s SOPRES(TUA,1UB) »SPDELP (TUA,1UB) 4SPGTEM(1JA,TUB),
SPTYPE (IJA,1UB) 4 SULGPC(TJA ) o SVLFLO(1JA YeSVOL (1JAGTUBY,
SVPRES(TUA¢1UB) o SWVTOT(TUA,TUB)»TINY  (1JA,TUB},TSA  (IJA,IUB),
THT  (TJAGIUB)oHBPG  (IJA,TJB) s WEPPG {1JAe1JB}WGGAPG(1JA,1UB),
SNRAR (1UA YeWGGP  (TJA,1JB) ,HGGPPG(IJA,TUB),
WGGTOT (1UA JoHGR  (TJA,1UB)yWHETOT(IJATUB)yHLR  (TUA Ve
WLRT  (IJA91UB),WHMPG  (TUA,1UB), WEGTOT(IUA41JB)
WPTOT (1J4 VeHTACG (TUA,1JB) eWTGGH2 (TJASTJB) HTGGO2( 1A 1B
WTHXPG ( TJA ) WTOTP {1Ja Yo WTSYPE({TJA,TJB) HTTOT (1UA Vo
PREGHE (TUCsTJAYTJUB) »SVNT  (TJCoTJA41UB),

WDOTHE (TJC,1JA, 1UB) yHDOTPG (1UC, 1UA,1U8)
,LTll(3.IH).INDXTK(!JA).LTZZ(Z,!).LTZ}(1'H).TCYHT(XJA)

aaxd CTANK VARIABLE DEFINITION
SATYPE = ACQUISITION TYPE
SITYPE .= INSULATION TYPE
“SHYYPE = MATERIAL TYPE
SPTYPE = PRESURIZATION TYPE
SHDIAM = MAXIM(M DIAMETER {FTY)
SHFLUX = HEAT FLUX (BTU/HR=FT##2)
SITEMP .= INITIAL TEMP (DEG, R)
SIPRES = INITIAL PRES (PS1A}
SVPRES = VENTING PRES (PSIA)
‘SITHIK = INSULATION THICKNESS {1IN)
SOPRES 'w- OPERATING PRES (PSIA)
SPGTEM = PRESSURANT GAS TEnp (DEG, R)

SHDELP .= HEX DELTA PRES (PSIA)
SPDELP = PUMP DELTA PRES (PS1A]

SHOTEM ‘= HEX OUTLET TEMP {DEG, R)
SGGPC = P SUB € OF THE GAS GEN. (PSIA}"
SGOTEM »- GAS ‘GEN. OUTLET TEMP,(DEG, R)

AR AR ISR S I AR RS R RS R AR R RS
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R ITTT 1)

laXaXaYaYaXataXaYa)

LTANK

END

RITIIITT N

> . . . . L -
::SNEAR » NUMBER OF LAYERS OF INSULATION ON- TANK

é: WTOTP « TOTAL PROPELLANT N TANK ‘INTTIALLY
1: WLRT = L7QUID RESIOUALS ‘COMPUTED IN TANK

Aka4® SGMRAT = GAS GEN, MIXTURE RATIO
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#saneses  PROCEDURE DEFINITIBN PRACESSER ~ CTURBN

: é CTURBN® PROC
: 4 . . S L.

] COMMON /CTURBN/ TEFF (2),TGGPC (21 ¢TITEMP(2] ¢ THRATO(2) 4 TOTEMP(2),

4 t TTAMD (2) s THPTEL(2) 9y TWGTTR(2) s THMFNZ (2) s TWNDCR(2) ¢ TNEGHT(2)

5 2 WDGGFR{2)yGHEGHT (2) yHGTGGA(2) -

6 3 LTONI(4) o LTBN2(Sy6)

‘7

8 DIMENSION UOTBI(12),U0TB2(6)

9 . . .
"10 EQUIVALENCE _ (UOTBI - o#TTRMD ), (UOTBI{ 3)sTWPTEL}s
Db 1 (UOTBI{ S)eTWGTTR)y (UOTBI{ T)eTWMFNZ), (UOTBI 9).1wnocn;.

12 2 (UOTBI(11)»TWEGHT), (UOTB2 oWDGGFR) o (UOTB2({ 3)4GWEGHT),

3] 3 (UOTB2( 5).NGTGGA)
oy C .

g 4 #wexn CTURBN yARIABLE DEFINITION

14 C _ow

17 < * TMRATO = TURBIME MIXTURE RATIO,

e 4 * )

te C * TEFF .= TURBINE EFFICIENCY.

20 C * )
C 21 C * TITEHP .= TURBINE INLET TEMPRATURE,
22 ¢ w )
.29 c * TOTEMP .= TURBINE OUTLET TEMPRATURE,
1T € * )

28 N4 * TWEGHT = ‘TURBINE WEIGHT
. 26 (4 *

1 57' 4 : GWEGHT .= INTEGRATED GAS GEN,.PROPELLANT WEIGHT
. 28 ¢

29 C : WDGGFR .= GAS' GENERATOR FLOW RATE
T c

1 C ** HGTGGA .« GAS GENERATOR WEIGHT
! ’a C ) . i . . ,

13 € # TGGPC .= TURBINE GAS GENERATOR CHAMBER PRESSURE
S 1 4 L . )

I 1 4 * TTRMD = YURBINE ROTOR MEAN DIAMETER

36 C i ..

7 c ~: TWPTEL ‘= WGT, POWER TRANSMISSION ELEMENY
. 18 4 : . o
. 39 .C * TWGTTR = 16T, TURDINE ROTOR
. up 4 » o : .

Ly < * THMFHZ e WGT, INLET MANTFOLD AND NOZILE
"y 4 * ,

Y3 € * THMOCR - WGT, OF INDUCER ASSY,

by (4 * .

us c * NOTE .= VARIABLES ARE SPECIFIED FOR OXYGEN

us (4 : * IN THE FIRST WORD AND HYDROGEN 1IN

uy € RRERR 'THE SECOND WORD
Y c ’ : T
T ) ENO
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SUBR@UTINE DATAN2

SUBROUTINE DATAN2
COMMON /CEOS/G{41) sEVPNGV(I1) /(!GCP/G!H) JCSL2CLET 2€SV V()
. /CRPR/CR(9) /CTEVP/CT(8) /RFPR/RF(10) /METH/ M

€

Cesoo IF THE PROPERTIES OF NITROGEMN ARE TO BE CALCULATED A CALL ‘YO THIS
‘Coeee SUBROUTINE MUST BE 'THE FIRST CALL STATEHENY'!N THE MAIN PROGRAM -
(4

Covee THE COMMON BLOCKS INITIALIZED IN THIS ROUT!NE HOLD "'THE FOLLOWING
C.... INFORMATION

/CEQS/ Gyl iCOEFF[C[ENTS‘OF‘THE EQUATION OF STATE
/CIGCP/ 'C1G(9) COEFFICIENTS OF THE IDEAL 6AS HEAT CAPACITY EOUKTXON
JCVPN/ GV(I1) "COEFFICIENTS OF THE VAPOR PRESSURE EQUATION

/CRPR/ CR(3) 'THE CRITICAL PROPERTIES IN THE SAME UNITS AS THE
EQUATION OF STATE
CR{1)=CRITICAL PRESSURE
‘CR(2)=CRITICAL DENSTTY
CR(7)=CRITICAL TEMPERATURE

26SL7 SLiTY "COEFFICIENTS OF EQUATIOH USED 'TO APPROXIAMATE
"THE SATURATED L!OU!O DENSITY AS A FUNCTION OF
TEMPERATURE :

"/RFPR/ RF(10) REFERENCE PROPERTIES
R’(l)-RFFFEREH(E FNTHALPY AY TEHPERATURE ‘TOMN
RF(2)=REFFERENCE ENTROPY AT TEMPERATURE 'TOS
RF(V)=TEMPERATURE TOM
RF(Y)=TEMPERATURE TS’
RF(5)=GAS CONSTANT IN UNITS OF EGUATION OF STATE = R
RF (6)=CONVERSION FACTOR 'TO CHANGE UMNITS OF
THE EQUATION OF STATE TO DESIRED ENERGY UNITS
RF (7)=“OLECULAR KEIGHMT
- b - - PF(8)=TRIPLE POINT TEMPERATURE
: RF(9) < HOT USED
RF(10) = NOT USED

JMETH, M INDICATES METHOD TO BE USED IN 'THE calguLgTioN
OF L1QUID PROPERTIES
M=t INDICATES ISOTHERM INTEGRATION THROUGH THE OOME
M32 INDICATES THE USE OF THE CLAPEYROM EQUATION
THROUGH THE DOME

NnAARAAAANAAANAANAANRAAAARNARNDAANANAAANRA

LIS .

60 1) = 0.1362247TE=02
G( 2) 8 0,10703247E+00
G( %) 8 .=0,2u390072E+01
G( 4) = 0,IUI10074SE+02
G( 5) & =0.4223IT43IIE4ON
G( 6) 2 0.,10509860E«03
G6('7T) = =0.11259483E~0}
G( 8) = 0,14260079E=01
6{ 9) = 0,18ub9850E+0%
G(10) 2 0.811I4008E=~07
G(t1):=. 0,2330]165E-02

96€T166V-OSIN'1
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RAAARANS DATAN2Z  Aawanasd

. 88 G(12) =2 =0.50775258E¢00
‘59 G(17) o 0,48502788E=0Y
| 60 GlIY) 2 wl,!!1Y65674F=02
64 G(16) .2 w0, 70THIO2TESOD
62 G{16) 8 0,75170665E=0Y4
69 G(17) .8 «0si116|UI2E=D8
C by o(1g) 8 0,35879656E=01
' 68 6lL19) 8 «0,2017|769E=0%
. b6 0(20) o =0, 69TI17T4YYE+DS -
Y G(21) 8 w0, 11971924Es0
1 &8 6{22) = =0,9752182TE«0?
69 0(21; 8 Q,55463971E408
'r0 0{24) = -0, 179920USE«00
Tl 0(25) & «0,2565829E+0|
R £ Glas) & -0,413T0772E0)
4] {21} = «=0.,25624542E+09
(] 0(28) 2 «0,124222%TE~08
-1 4l29) % -0.,1035565UERDY
.18 0(30) 8 «0.5335991TE=09
1 6(3l) » =~0,7574(541E=0R
. 18 G(32) & 0.58536T1TE=07
179 G(4)) = =0,5600C0N0E-02
' 80 GV({ 1) = 0,8394YDQUEWOY
. 81 GV{ 2) = =0, 18900453E0Y
82 GV( 3):z «0,72B22292E40}
8y GV( W) :er 0,00000000E«D0 .
' 8y GV{ §) = -0,55560638E=0%
8§ GV( 6) ‘= -=0,5944544TE-0S
86 GV( 7T):= 042715433% =0T
87 GV( 8) = .«0,4879535%9E=10
1] GV( 9) = (0,50953¢02E+0Y
89 GV(10} = Q.102235(0E=0}
90 GV(t1) .= 0,19500000E+01
99 GI( 1) =. =0,73521040E40%
' 92. GI( 2) & .0.3u22399RE402
| 9% GI( 3) = «0,55T64B23E400
9y GI{ 4) =  0.35040L23E+0!
' 95 GI( 5) = «0.!7339019E=0Uu
% GI{ &) =  0.,1T465033E=0T"
97 GI{ 7) 2 «0.,356R9203E«}}
98 GI( 8) = 0,10053872E+0}
99 GI(9) = 0,335I4061E+0Y
100 CL( 1) = 0,.10424UD3EWD2
101 CL( 2) = 0.57083T42E402
102 CLL 3) = =0.2u326985E407
103 Ct{ 4y = 0,88516833E40%
10y CL{ S) = «=0.16397680E+0Y
105 CLL 6) = 0,11574320E+0u
106 CLL T) = 0.10182210E4+0)
107 LV 1) = 0,16333345E40)
108 CVl 2) = «0,94043TTIE+D!
109 CV{ ) :=  0.,21852TubE+02
"0 CV{ ') 8 =0, 10268TUHE+DS
Pt CV{ 8y = 0,18794974HE+DY
12 CV( 6) = .=0,1640243TE+0%
s CV( T) = =0.9573163%E=0]
Iy CR( 1) 2  0,33855000E+02
115 CR( 2) =  0.!11210000E402
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'ynh'owa DATAN2 ARRAAE A

116 CR{ %) = 0012620000E+0%
Iy CT( 1) .= =0, U4208479E=02
lig CY( 2) 2 0.,12908809E=0
19 CT( %) = 0,00 )
120 CT{ 4) = 0,00
121 LY §) = 0.00
122 CT{ 6) = 0,00
121 CT(7) = 0,00
12y ‘CT{ 8) = 0,00
128 RF¢ 1) 2 0.,86690000Ee04
128 RF( 2) = 0,19150200E40%
127 RF{ %) = 0,29815C0D0E+01
128 RF{ U) 2 0.29815000E409%
I29 RF( 5) s 0,82057900E-0)
130 RF( &) = 0.10132780E40%
1 PF( 7)1 0,28013400E+02
132 RF{ B} 2 0.,6314B000E«02"
177 RETURN
134 END
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CORAONEFBN—=OOBIORE W=

SUBR@UTINE DATA@2

"SUBROUTINE DATA02

COMMON /CEOS/G(41) /CVPN/GV#II) 1€16CPI6119) ICSLICL(7) NTITed
o /CRPR/CR(3) /CTEVP/CT(8) /RFPR/RFITD) '/METH/ W

€.

Coous IF YHE PROPERTIES OF OXYGEN ARE TO SE CALCULATED A CALL TO ‘THIS

:c.... SUBROUTINE HUST BE THE FIRST CALL STATEHENY IN THE MAIN PROGRAM

EC.... THE COMMON BLOCKS INITIALIZED IN YHXS ROUTINE HOLD ‘THE FOLLOWING
Cooes INFORMATION =

'/CEOS/ G41) 'COEFFICIENTS OF THE EGUATION OF STATE
/CIGCP/ C16(9) COEFFICIENTS OF THE IDEAL GAS WEAT CAPACITY EQUATION
/CUPN/ GV(II) 'COEFFICIENTS OF THE VAPOR PRESSURE EGUATiON

/CRPRy 'CR(3) "THE CRITICAL PROPERTIES IN THE SAME UNITS aAS “THE
-EQUATION OF STATE :
‘CR(}y=CRITICAL PRESSURE
CR(2)=CRITICAL DENSITY
cP(?):CR!T!CAL TEMPERATURE

/CSL/ SL(TY 'COEFFI(!ENTS OF EQUATION USED TO APPROXIAMATE
' ‘THE SATURATED L1QUID DENSITY AS A FUNCTION OF
“TEMPEPATURE

-J€SY/ SyLTH "COEFFICIENTS OF EQUATION USED YO APPROXIMATE
'THE SATURATED VAPOR DENSITY AS A FUMCTION
OF THF TEMPERATURE

‘/RFPR/ ‘RF(10) REFEREMCE PROPERTIES
RF (1)=REFFERENCE ENTHALPY AT TEMPERATURE “TOM
RF(2)=REFFERENCE ENTROPY AT TEMPERATURE 'TOS
RF (3)=TEMPERATURE TOM
RF (4)=TEMPERATURE To0S
. RF(5)=6AS CONSTANT IN UNITS OF EQUATION OF STATE = R
. RF (6)=COMVERSION FACTOR TO CHANGE UNITS OF
THE EQUATION OF STATE TO DESIRED ENERGY UNITS
RF(7)=MOLECULAR WETGHY
RF{g)=TRIPLE POINT TEMPERATURE
RF(§) = NOT USED
RF(10) = NOT USED

/METH/ M INDICcATES METHOp TO BE USED IN THE ecALCULATION
OF LIQUID PROPERTIES
M={ INDICATES ISOTHERM INTEGRATION THROUGH ‘THE DOME
M22 INDICATES THE USE OF THE CLAPEYRON EQUATION
THROUGH THE DOME

ANAAAANARARAANANRNARANAANAANNANNAAARARAANNAAN

Me | .
G( 1) = =0,430904SHE=02
G( 2) = 0,35201737E+00
Gl 3) 2 .=0,58362214E+01
G 4) = 0,24350909E403
Gl S) = -=0,12463612E405
G( 6) = 0,12080882E=03
G{ 'T) = «0,55031700E=01
G( 8) £ .«0,l0775786E=03
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toakenes DATAO2 RAARDANR

58 G 9) = 0,278595T1E40N
89 (10) » .=0,70406717808
1) 8tit) o 0,73428TP2E-02
61 GL12) 2 .=0,593869R2E4+00
62 G013) = .20,676168U2E=04
6% Gliu) 2 0,33034015E0%
by G(iI5) # ..0,85769299E-01
68 G(l&) 2 .-0,T5H8(9{6E-0DS
1) 6{17) ¢ 0,996431836E-07
61 G(IB) &  0,62468]105=0u4
68 6(19) & .«0,73169850E-06
69 Gt20) ®  0411734852E404
10 d(21) 2 .»0,%9p78104E+08
" 6(22) 8 .«0,16682114E40D2
72 G(23) 2 0,10949860E406
79 G(24) = .«0,178UIIEELOL
™ 6(25) 8  0,18752562E401
75 G(26) '8 .=0,94101786E-0U
76 G(27) & =0,57539¢B2E400
7 G(28) = .=0,20715572E-07
78 G(29) = 0,15747135E-0u
79 G(30) » =0,10757921E=09
80 G(31) & .=0,70023840NE-08
81 G(32) = 0,34354651E=07
82 G(Y1) & -=0,56000000E~02
81 GV( ) = =0,55819321E403
8Y GV('2) = .~0,121188TIE40Y
8% GV( 1) = «0,83454212E=0!
:T) Gv( u) = 0,0
87 GV( 5) = .0,16875024E=04
88 GV( 6) = «0,212624TTE=06
89 GV( 7) =& 0,95741097E=09
90 GV( 8) & =0,1661T6UDE=I1
91 GV( 9) = 0,27545606E¢402
92 GV(10) = 0,26603644E«02
97 GV(I1) = 0,19157557E401
9y GI( 1) =.-0,u9819985E¢04
95 - LGI{ 2) 3 0,23I024TTEEHD3
96 GI( 1) := =0,3U556532E401
97 GI( y):= 0435218T6TEOL
98 GI{ 5) & .«0,43542022E=04
99 GI( 6) = 0,1346354E=07
100 GI( 7) :=. 0,16205983Ea10
iot GI( 8) = 0,10314685E401
102 GI( 9) g 0,22391811E404
103 CLU 1) = 0,2I4189195¢02 -
1oy CL{ 2) = 0,63188646E402
fos CL( 9) :5=0,17790822E403 .
106 €L 4) = 0,41295084E40%
107 CL{ 5) = =0,50136455E403
|08 CL( 6) = 0,2uP55815E403
109 CLE T) = 0,1IHUQTUOEOY
1o CV( 1) = 0,18704168E¢0!
Y] CV( 2) = .-0,96025698E¢01
SR CV( 3) = 0,21060675E+02
113 CV( 4) .= .=0,88962992E402
11t CV( 5) .= 0,144633955E40%
s CV{ 6) = =D, 12398431403
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I TTITITITE DATAO2 PTIITY T o

416 CV( T) B =0,83291|53E=01
154 CR{ |} = 0,49T7T0000E+02
18 CR{ 2) = 0,13630000E402
119 CR( 'Y} "= 0,!5458|0DE+O?3
120 CTL 1) 2.a0, 11152354502
e CT( 2) = O0,11140348E-0!
]22 CT( 3) = «0,724326195=0Y4
J23 LT({ 4) B 0,88579161E=0S-
12y CT( 8) = .«0,56777224E-06
1es LT( 6) = 0,18657256E-07
‘126 CT( 1) =.-=0,298997129E=09
et CT( 8) :m. 0,18530363E=1]
128 RF({ 1) = 0,86820000F+04
129 RF( 2) = 0,20503700E40%
"130 RF( 3) .= 0,29815000E+07
N RF( 4) = 0,29815000E+09%
%2 RF( 5) = 0,08205390E+00
199 RF( 6) = 0,10172780E+0%
134 RF( 7) = 0,31998800E402
‘138 RF( 8) & 0.,54751300E¢02
BETY PETURN .

137 END
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Rhekhedt  UBRPUTINE DCALC

" SUBROUTINE DCALC(DyToPeDLyOH)
2 NDATA MAX/90/
z ¢ DATA EPS/1.5E2Y
2 'guu ROUTINE TO PREFORM TTERATIVE SOLUTICN OF THE EGUA?!ON or S?ITE
b a Cosvs DL 18 LOWER ROUND ON BENSTTY
g 'E.... DH 19 UPPER BOUND ON DENSETY
3? 12.... THE DESIRED DENSITY MUST LIE BETWEEN DL AND DM
12 Cooes ALGORITHM 15 MODIFRED VERSIOMN OF
ty Cooes 'A BUADRATIC FORMULA FOR FINDING THE ROOT OF AN EQUATION! BY
:: Lases L1, G, CHAMBERS MATHEMATICS OF COMPUTATION VOL 25 NO {1y APRIL (1971}
< :
16 10820
I 1¢=0
1 2 CONTINUE
&} DisOL
20 D2=DH .
21 CALL PFND(TyDI4PI})
22 CALL PFND(T,D2,P2)
w 2, VI"P'-P
1 au Y2zP2wpP
= 2% 1 1C=1C4st
4 26 : IF(1C,6T,MAX)GO 70§
27 IF (1DS,EQ, 1160 707
: 2e xrqrc.cT¢20)co 10 6
29 DS=(DI%Y2-D24Y1)/(Y24Y1)
0 GO 10 8
" 705 = (DleD2)/2.0
32 8 CONTINUE
1 CALL ‘PFND(T)DS4PS)
kL . YS=PSapP .
1] T DIEDSAYIRYR/([YS.Y2)R(YSLYI)) & -
16 o DIRYSRY2/((Yi{eY2)®{YuyS})) o
17 : o D2rvSRY/((Y2=Y)®(Y2ayS)) .
18 CALL PFND(TyD34P3)
99 ‘YIZPJwP
40 IF(DABS(Y3),LE.EPS)GO TO 3
Yy IF(Y3,G6T,0.0) GO TO 12
k2 IF{Y3,LT.¥1)GO 1O |2
uy- Yizy3 -
Yy (JELE) E%
45 }2 IF(vS,67.0,0) GO TD |9
TS JTF(YS,LT.Y1)GO TO 1Y ¢
wr vizvs o v
ug pi=Ds o
49 13 IF(Y3,LT4040) GO YO {4 8
. 50 IF(Y3,6T,Y2)GO TO 1y 23
S1 ] v2=vy ©
52 HEEDY) b=
51 14 1F(YS,LT7,0.0) GO TO |
Su 1F(YS, cr.vz)co 10 |
L1y vazvys
56 na2=ns

8T GO 10 |




L0T-d

KRARRARY DCALC.  "Refftdan

58 9 CONTINUE
' 99 p=DY
| 60 RETURN ‘ ,
61 S WRITE(64300)ToPeDLaDHaDI9Y19D29Y2405,YSyDAKYY
, 82 300 FORMAT(! :#aa O0CALC FAILED TO CONVERGE #eety),.
5% . ' T 2 1615,/
ey . ! P2 14615, 71/ '
68 K ' DL = "2W6IS. T/
1 s ' DH & '4WwGiB.Ty/y
&1 " ' Dl & 'wGIS.Tv/
48 . ! Yl 2 V4,618,747
1 69 K ! D2 = '4GIS.Tv/
70 N ' Y2 2 19GiS. T/
N . ' DS ‘2 4, GIS. T/
| T2 ¢ ' ¥S 2 'WGIS,Te/
. . ! DI = %4615.71/y
. TH e ' Yy 2 ,615.7)
|15 p=DS
. RETURN
. T 6 COMTINUE
78 105=1t
'19 1C=0
' 80 GO'10- 2
' 81 EMD
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laX2YaYa)

SUBRZUTINE DENS@N

SUBROUTINE DENSON(TEHPvPRES.NGAS.DENSiZEE)

COMMON '/METH/ M

INPUT TO ‘TH1S .SUBROUTINE MUST BE IN BRITISH UNITS
T = TEMP
P = PRES
Me |

IF(NGAS.EQ, 1) KF = |
IF(NGAS,EQ,I8) KF = 2

KF = | CALL IN OXYGEN PARAMETERS
KF 22 (CALL IN HITROGEN PARAMETERS

IF(KFL.EG, 1) CALL DATAO2
1F(KF.EQ,2) CALL DATAN2

CALL DFNDB(TeP¢D¢2+0)
DENS = D
"2EE =2

RETURN
END

96€T166V-OSIN'T




60T-4

LA 2 11 1]

N == = o —m o oo e = -

CODAONLE S N—OQO OO NE BN~

SUBRAUTINE DFND

SUBROUTINE ‘DFND(TyPyDy24K)
.COMMON /PFPR/ RF(10)
COMMON /CRPR/CP(D)

, ROUTINE TO GENERATE TRAIL DENSITIES 'FOR ITERATIVE SOLUTION OF

THE EQUATION OF STXTE FOR DENSITY GIVEN TEMPERATURE AND PRESSURE

‘K20  INDICATES SINGLE PHASE POINT
K =| INDICATES' T 4 P ARE. FOR THE SATURATED L1QUID
K =2 INDICATES. T 4 P ARE FOR THE SATURATED VAPOR

TF((K,LE,2),AMD, (K4 GE,0)jGO TO |
WRITE(6+300)K

300 FORMAT(t :#t# ERROR IN CALL DFND #e#iy/,

. ! K MUST EQUAL 0y e OR 214/,
o ' K = ty110)
RETURN

pC=CP (1)

DC=CR({2)

TC=CR(Y) .

‘R = RF{(S)

IF(K,GT,0)60 T0 S
IF(TL.GR,TC)GO T0 2
VP=VPN(T)

!r(P oLE,. YP)GO TO0 ¥

oLz D<ATL(T)

CALL DCALC{D¢TePyDLyDH)

1 = P/(D*R*T)

RETURN

PL = 0,0

DH=DSATV(T)

CALL DCALC(DeToPoDLyOMY

1.2 P/{D*R*T)

PETUPRN

pL = 0,0 .

DH 3,1 '+ DC

IF((T GT 1000,0) ,AND, (P.LT,300,0)) DHzDC
CALL DCAL((D,T’PvDL'DH)

2= P/{D*R*T) .
RETURN

1F(X,EQ,1)GO TO Y

GO 10 3

END
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SUBR@UTINE DFNDB bl

OV BIONEDN—

SUBROUTINE DFNDB(TByPBeDB,2BeK)
COMMON /REPR/ RF(10D)
HTZRF (T}

T = 78/1.8

P = PB % 4,8947S72E437],01325E4S

CALL DFND(T,P,D,Z,¥) }

DB 2 D% WP '® 2,831884TE=2/457,%9297E
18 = 7 .

RETURN '

END
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PUNCTI®N DIAG

IR I BF I8 I ZED AN L N ﬁ‘j‘t:‘»':":“"’n‘--‘:.i:.-'—: * ‘
ROUTINE NAME = DIAGNOSTIC TRACE ROUTINE &
“ROUTINE LANG » FORTHAN V UNTVAC 1108 EXEC 24
PROGRAMMER & Ry BOLLINGER {94 (02 26933 %
DATE CODED & APRIL 431970 , b
LR BT BT A R N B I T A I S B RN T I I N

FUNETION BRAGLINAME)
'&iiiﬁ‘sxPLANAftoN OF THE CALLING SEQUENCE

EREREE Y

- PRINT FLAG o .

IF 1 2 <2y THE DiacHOsTYC thAcE WILL BE ‘FURNED OFF,
IF 1 a.cty THE DIAGNOSTIC TRACE WI({ BE TURNED aN,.
1F 1 & 0y DIAG WEILL PRINT THE XXXXXX ENTRED MESSAGE,
IF Y2 |, plag WILL PRINT THE XXXXXX EXITED MESSAGE,
tF 2 = 2y D?AG WILL PRINT ‘THE XXXXXX INTRNL MESSAGE,

NAME -« ‘THE NAME OF THE RAUTINE TO BE PRINTED OUT WITH
- 1= 0ele,

LOGICAL PAGE,DIAG
DIMENSION MSG(Y)
DATA (MSG(J}eus!e3)/ENTRED Y VEXTTEDY,  INTRNL Y/

DIAG & ,FALSE,
IF{1)104%40,u0

10 IF(1 .« 1) 20,30,30

20 IFLG:=. 0
RETURN

30 IFLG = | .
IF(PAGE(0)) WRITE(6+6000)
RETURN L

40 JIF(IFLG,EQ.Q0) RETURN
HRITE(6,6010) NAME#HSG(141)
‘DIAG = ,TRUE.
RETURN -

6000 FORMAT(tO**DIAGNOSTIC TRACE®ARY)

4

.C .
6010 FORMAT(1XAby I1XAS)
END
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16

FUNCTI@®N DPDD

Coene

FUNCTION DPDD(TsD)
COMMON /RFPR/ PF(10)

"COMMON /CEO0S/G(41)
.COMMON /SCRH/ X(40)

‘CALCULATES DP/DD OF THE EQUATION OF STATYE

RERF (%)

D2=0%D

D3I=02%D

pU=DI*D

DS=0HND

D6ZD5*D

DT=046%D

D8=DT#D

D9=084D -

DlozDO*D

Dri=Dio*D

D122D1 k%D

D13=DI2#D |

TS= SQRT(T)

T22TT

TIZTART

TUSTINT

GM=G(41) .

F= EXP(GM%D2)
FI=2,00%F*GM*D
F2123,000%F«D2 +F(*DY
F22:5,000%F#Dy oF | *DS
F2327,000%P*D6 oF|*D7
F2uz29,0004F4D8 +Fi*D9 -
F25211.00%F*D)0¢F|*D|}
F26=13,00%F#D124F§7D1 3
X(..1)=2,00%D*T

X{ 2)=2,00*D*TS

_X( ¥3)=2,00%D

XU u)=2,00%0/7
X( 9)=2,00*p/T2
X( 8)=3,00%D2*T
x{ 7123,00*D2

x{ 8)=3,00*p2/T
X( 9)=23.00%D2/T2
X{10)=y,00*Dy*T
X(11)24,00%D3
x(12)24,00%03/T
X(17)=5,00%DY
X(14)=6,00%05/7
X(15)=6,00%D57T2
X(16)27,00%06/T
X(17T)=8,00%D7/7
X(18)28,00%D7/T2
X(19)29,00%p8/T2
X(20)=F21/712
X(21)=r21/73
X(22)=F22/72
X(23)=F22/Ty
Xteu)arF23/v2
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RARRNAR

DPOD

RRARANOR

X(25)=F2%/7%
X(28)=F24/72
X(27)=Fau,ry
X(28)=Fa5/72
X(29)=F25/7%
X(30)=F26/T2
X(31)3F24/73
X(32)=F26/TY
MN=32

0PD0=20,.0

DO 1 K=14N ,
DPDD=DPDD+X (K I*G(K)
DPDD=DPDD4R*T
RETURN

END-
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RAARRANR

DO I o —

FUNCTI@N DPDDB

FUNCTION DPDDB(TB:DB)

COMMON JREPR/ RFU10)

WT=RF(7)

T e TR/.8

B = obe a 453,59297Ec4/ {NT * a.smauvs-ei

DPDDB = DpDD(TsD) * 051 89297E=1 4 |, DII2SE+S/INT 6.89"7972Eﬂ "
i EoB?IbBWE-Z)

RETURN

END
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FUNCTI®N DPDT

Coeee

FUNCYION DPDT(T+D)

COMMON -/CEOS/G(41) |
CoMMON /RFPR/ RFL10)
COMMON /SCRHZ "Xt40)

CALCULATES DP/DT OF THE: EQUATION OF STAYE

RERF(S)
D2=0%D
D3I=D2*D
DU=DIND
DS=Dy#*d
D6=D5*D
DT7=D&*D
D8=DTND
D9=08*D
D10209*D
Dit=D10O"D
Di2=D|twp
D13=D12*D

‘TSz SQRT(T)
:T2zT#T
TIZT2eY
TUZTINT
TSETYRT

GM=G (41 ) .

F= EXP{GM*D2)

X( 1)=p2"

X{ 2y=0D2/(2,0007S)"
X( 1)=20,0

X( 4)zeD2/T2 .
X( 5)=-2,00%02/73
X({ 6)=03

Xt 7)20.0.

X{. 8)=~D3/T2

X( 9)22,00%03/T3

X(10)=0Y
1)=0,0
2)2=D4/T2

3)20,0

Y)a«D6/T2
5)==2,00%D6/73
6)==DT/T2
X(17)=-D8/T2
X(18)=-2,00%08/73
X(19)==2,00*D9/73
X(20)==2,004DI*F/TY"
X(21)y3=3,00%D3I*F/Ty
X(22)3=2,00%D5*F/TI
X{27)a=4,00%D5%F /TS
X(24)2=2,00#DT*F/TY
X(25)8=3,00*D7*F/TY
X(26)3=2,00*DI*F/T3
X(27)z~4,00%09#F /15
X(28)==2,00%D| | #F /T3
X(29)==3,00%DI1*F/Ty
X(30)2=2,00%DI3*F /73
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RAi1212 1)

X(31)2=3.002013*F /Ty

X(32)2w4,004D1 3*F /T8

=32 .
pPDY=0,0

T PO 4 KetaN -
‘DPOT=DPOT4X(KI¥G (K}
DPDTEDPDT4RED

RETURN
END
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FUNCTI@N DPDTB

FUNCTION DPDTB{T8,DB)

COMMON '/RFPR/ RF(10)

WT=RF(T).

T =z TB/1.8 . )

D £ DB w 4SI,89237E=/{NT * 2,8316847E.2) .
OPDTS = DPDT{(T,0) * 1,01325E45/(1.8 * 6,894T572E43)
RETURN

END
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SUBR@UTINE DPDTVP

c.oo.

-SUBROUTINE DPDTVP(TyPyDPDT)

COMMON/CVPN/GLI1) /CRPR/CRIY)
CoMMON /SCRH/ X(40)

CALCULAYE DP/OT FOR THE yAPOR PRESSURE EQUATION
YC=CR(Y)

AsG(l1})

‘T2=TRY

TIZTFAT

Tu=TeTYy

TSRTATY

X(1) = =],0/T2

X(2) = 0,0 -

X(3) = 1,0

X(4) = 2,07

X(5) = 3,072

X(6) 3 4,0*13

X(T) = S5,0%7TY

X(8) ‘= 6,0%7TS

X(9) = t,o/7 . ., s
X(10) 2 {TC=TY** (A=), 0){=A)
DPDT = 0,0

DO 1 I=1y10 .
DPDTEDPDT+X(1)%G(1)
DPDT=DPDT*pP

RETURN

END
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FUNCTI@N DSATL

‘FUNCTION -DSATLIT) . . . .
.COMMON "/CRPR/CR(3) /GSL/G(T)

COMMON /SCRH/ B(U4D)

THIS FUNCTION ‘SUPPLIES AN APPROXTMATE .vALUE ‘FOR THE
DENSITY OF 'THE SATURATED LIQUID

‘TCECR(Y)

Xe(TCaT)/TC
X2sxXnx
X3I=xXnx2
Xy=xaxs3
XSsxexy

B0 2 1,0

B(2)ex

B({Y)=Xx2

Blu)rex3y

B(5Iexy

B(6)=X5 )

B{7) = ALOG(X)
bst = 0,0

00 IV lelyy. . |, |
DSL=DSL+B(1YeG(1)
DSATLRDSL
RETURN

EHD
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FUNCTI@N DSATV

FUNCTION DSATV(T)
COMMON /CRPR/CP(3)./CSV/6(T)
COMMON /SCRH/ B(HO}

Covoe THIS FUNCTION SUPPLIES Ag APPROXIMATE VALUE ‘FoR THE
Looso DENSITY OF THE SATUREATED VAPOR
4

TC=CR()
XS{TC=T)/TC .
Xa=xwy.
X3zxex2
Xy=xnx3
XSzxwxy

B(l) = 1,0
B(2)=X

B(3)=x2
B(4)=x3
B(5)=xu4
B(&)=X5 .
B(7) = ALOG(X)
DSV = 0,0

DO ) 12147
DSV'DSVOB(X)*G(I’
DSV = EXP{DSV)
DSATV=DSY
‘RETURN

END
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#eeasere  PRACEDURE DEFINITI@N PRECESSER - DUMMY

| DUMMY#- :PROC:
35 jc DIMENSION 'SCRTCH(100)
B .c COMMON "/CDUMMY/ 1GRBAG{100)
, »3- ¢ 'EQUIVALENCE (IGRBAGySCRTCH]
- :E 4%%%% ‘COUMMY VARTABLE DESCRIPTION:
:? :g "IGRBAG = A SCRATCH AREA FOR VARIABLE STORAGE WHICH 1$
| :g :qeno NOT TO BE SAVE FROM ON ROUTINE ‘TO ANOTHER,
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SUBR@UTINE ECLSS

SUBROUTINE ‘ECLSS
LOGICAL JPyPAGE

AN

INCLUDE "CACCUM
INCLUDE CAPU
INCLUDE CDCYCL
INCLUDE CECLSS
INCLUDE CEMG
INCLUDE CFLEL
INCLUDE CHEX
INCLUDE CHSORC
IHCLUDE ClounT
THCLUDE CMATRL
INCLUDE COMST
"INCLUDE "CP1IMP
THCLUDE CTANK
INCLUDE TABLOK

DIMENSIOH WDOTX(MHXy2)
EQUIVALENCE (WDOTCF,WDOTX)

JP .2 ‘PAGE{ D]

WRITE (107,6000)

6000 FORMAT(//T38¢ t hhw INITIATE PROGRAM AND CHARACTER!!E LIFE SUPPORT [ 4
SARAMETERS #wadt 2y
HWRITE (10T,6001)

Pa I aYaYls

6001 FORMAT( //72'PARAHETER'071N0'CYCLE-!'.T!6"CVCLE-2'0

I T8y 0CYCLE~1 g TS00 1CYCLE=Y 14 T620 ' CYCLES )y TTUy FCYCLE=S 1 yTRE -
2 YCYCLE«71 4708y "CYCLE=8,T110y'CYCLE=9*yTI121,'CYCLE=IO?/)

" BEGIN COMPUTATIONS FOR SUPERCRITICAL STORAGE

w%# SET SELECTED INPUT PARAMETERS FOR CONVENIENCE

POPOZ“I»SOPRES(l'I)

POPN2 & SOPRES(2¢1)

PVPO2 = SVYPRES(1+1)

PVPN2 = SVPRES(2,1)

YO21N = SITEMP(!1¢l)

‘TH2IN = SITEMP(241)

et COMPUTE QUANTITY OF FLUIDS CONSUMED POR LIFE SUPPORT,
‘®%® LEAKAGEs AND AIRLOCK OR CABIN REPRESSUR1ZATION,COMPUTE
w®® GAS REQD, FOR REPRESSURIZATION AND TOTAL GAS REGMTS,

02MCON & 0,0
02L.CON = 0,0

RRANRAR AR AR RRRERRRRRRAARAAAAARONRARRRANAARRRARRAR AR RAARRARARANAR

ARARRR R R RARARA AR R AR RRRRARAA RN RAR TN ARAR IR ORARARARRR AR ARRARRANANS

QQQQ"Q"*'*.tii*'t'Q"*Q**Qﬁ‘t't*..QQ'"iQtttit.ﬁ*"'Qt‘.i;"ﬁ."'.ﬁitﬁi-
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ITTITII TS ECLSS RRRRERNR

'58 N2LCON =. 0.0

59 1=0

‘60 DO 10 11 := J4NDCYCLy2
Y 1 =11

62 D2MWT1Y) = {02FNOM/2Y,D) ' NCREW » tcvcmm .

6% O02MCON ' 02MCON ¢ O2MWY{(1) . B L8S

&Y . 02LNT(I) = 0.2! * (GLKRAT/24,0) * DCYCLE(11) _

' 68 02LCON = O2LCON o 02UWT(1) P LBS
.66 H2LWT (1) = 0,79 * (GLKRAT/EH 0) * DCYCLE(IN) .

5: . H2LCON & N2LCOM - N2LWT{1) 8 L8S

[ €

69 10 CONTINUE .

70 ‘C : ’ . . - g
i Tl GASWGT = CABVOL/13,274% . "8 AIR AT 14,7 PSIA AND TO F
P92 D2PEPR & 0,21 '* NRPRES - GASWGT : .
‘7Y N2REPR & .79 * NRPRES * GASWGT o

74 02CONS = 02HCOM -¢ O2LCOM ¢ O2REPR . . 8 LBS

75 H2CONS '8 N2LCON -¢ N2REPR 2 LBS

76 €
K12 ¢ ARERRNRRRARRRRRNRARR AR ARRANRRANORAAR R AN AR AR R AR ARRRARANARAA AR RN
|78 [4 '

79 C
. 80 C wx% OUTPUT THE DATA COMPUTED TO THIS POINT #as

81 C ' ’

82 WRITE (107,6002)

83 6002 FORMAT(/T3, {COHPUTE QUANTITY OF FLUIDS CONSUMED ElCH INTERVAL AND

8y IFOP ENTIRE MISSIONY)
-1 WRITE (107,400)

186 600 FORMAT(/)

8T WRIYTE (IOTvbOI) (OZHHT(N)vN- ' XCYCLE)

88 601 FORMAT(TIy'02MHT =0y T13910(FB8.5e4%X))

89 WRITE (10T9602) (O2LWT(N)yN={¢KCYCLE)

90 602 FORMAT(T3'02LUT ='¢T13,10(F8,Selix))
-9 WRITE (10T)»803) (N2LWT(N)sN=leKCYCLE)
‘92 603 FORMAT(TI, 'N2LHT 'y Ti%,10(Fg,5,4X))

9y MRITE (107,604} O2HMCONY o?Lc
M 604 FORMAT (T3, 102MCON =19T|YyFB, 3'7250002LC0N 300711078.3)

95 WRITE (107,405) NZLCOko GASHGY
'96 - 605 FORMAT{T3I, 'N2LCOM '=1,T17,F8, 1.725.'6Asu67 =0.Ti7.Pa L}

9T WRITE (10Te606) OEPFPR' M2REFR
7] 606 FOFMAT(TY,'02REPR £19TI3¢F8,39T25s 'N2REPR :097110F8 )]

‘99 WRITE (107,607) O2COMS, N2CONS
:oo 60T FORMAT(T34102CONS ‘=19T139F8,39T25+ IN2CONS =1¢TIToFB .}

01 <
102 €< %% COUPUTE THE CONTINGENCY n:ssnv: GASES REQD,.FOR THE
10y C ard MISSION
oM N < o . .

108 O02MRES ;& (Q2FNOM/24,0) ' NCREW % NDARES ‘%' 24,0

106 02LRES = 0,21 * (GLKRAT/24,0) * NDARES # 24,0

107 M2LRES = 0,79 * (GLKRAT/24,0} * NDARES ® 24,0

o8 02RES = C2MRES -+ O2LRES 0 LBS

109 N2RES :2 N2LRES B LB8S
0

4% COMPUTE USEABLE 6AS CONSUHABLES "TOTAL

AANA

|

2 .
3 0270TU :=z 02CONS ¢ O2RES 8 LBS
4 N2TOTU = N2CONS .¢ M2RES 8 tes
g .
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RN RARRE:

B S & Y P —
NECLE ELCLFLELELELELT W N R DN N DB DD ANV NN = e -

N

~NOCOOCOCOOONARIAANNNRN

17
172
173

<
.C

la¥aXaXalaXa)

Pa¥a¥aYa)

ECLSS:  ‘"onfnded

~c.-'attwaanoa'a-tuaa'a'uaaaia-iQa'aaaaqn.taataa.aa-'danaibaaa.anaitaiéan
'Cn .

< ‘%% OUTPUT THE DATA COMPUTED TO THIS POINT #ww

C

WRITE (10T+6003)
600 FORMAT(/T3, 'CONTINGENCY RESERVE FLU[DS REGD,FOR MISSION!})

WRITE (10T»600)
WRITE (107¢+608) O2MRESe 02LRESe NZLRES

608 FORMAT(T3,'02MRES =¢+yT13,F8, 39725+ 102LRES =4y TITGFB, 39 TS0, i N2LRES
12'9760¢9F8,3)
WRITE (10T9609) O2RES) N2RES ) .

609 FORMAT(T3,'02RES =ty T13,F8,% e T2%¢ IN2RES :=¢,T37,F8,9)

NRITE (107,600%)
6004 FORMAT(/T73,'TOTAL USABLE: FLU!DS AVIILABLE')
WRITE (10T+600)
- WRITE “(10T9610) 02TOTUe N2TOTU
610 FORMAT(T34102T0TU ‘=1 ¢T13¢F8,3¢T25s IN2TOTU :£4 4 TYT9F8, 9}

##% COMPUTE HOMINAL ELOWRATE AND REPRESSURIZATION FLOWRATE
‘we® FOR GASES, COMPUTE MAX FLOW RATE FOR GASFS,
wxd CCOMPITE QUANTITY GASES CONSUMED EACH INTERVAL

120

DO 15 It = 1oNDEYCLy2

11+ . . . .

WODTON(T) = (O2MWT(]) ¢ O2LWT(1))/DCYCLE(11) 8 LBS PER HR

WOOTMNCT) ‘= ML WT(1)/DCYCLE(LIT) 8 LBS PER HR

1F (RPRTIM({1),EG,0,0) 6O TO 18 )

WDOTOR(1) = (02REPR/NRPRES)/RPRTIM(]) A LBS PER HR

WDOTNR(1) =: (M2REPR/NRPRES)/RPRTIM(]) B LBS PER HR

18 WDTOR2(Y) '= HDOTON(I) ¢ WDOTOR(1) :

woTN2( 1) WOOTHN(I) & wDOTHR(I) 8 LBS PER HR

HWTD2(1) HDOTON (T )*DCYCLE(L1) ¢ wooron(x)'nPRTtH(x) B LRS

WTN2(1) HDOTMN(YY*DCYCLE(LI1) & HWDOTNR({]Y®RPRTYIM(]) B Les
1S CONTINUE

WOTOMX '= 040
WDTNMX = o.o
DO 17 1 'z |yKCYCLE
1r(wnrnz(l) LT, WDTOMX ) GO TO 16
WDTONX = .NDTO2(1)
InAX = 1
16 IF(WDTHN2(1),LYWDTNMX) GO TO 17
HOTNMX = WDTN2(1)
JHAX = 1
17 CONTINUE
WOOTI(1) :2 WDTOMX/360040 0 LBS PER SECOND
WDOT1(2) = WDTHNMX/3600,0 8 LBS PER SECOND
WDOTT (1) := WDOTI(I) - : 8 LBS PER SECOND
WDOTT(2) ‘= WDOTI(2} . 8 LBS PER SECOND

RANEARRRRRRERRRARARARANEARRAARARAARAR AR AR ERENRR RN RN RARAR IR AN A O

ek QUTPUT  THE DATA :COMPUTED TO THIS POINT -wwe
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Ty .C

178 WRITE (10T,600%)

178 6005 FORMAT(/T3,'NOMINAL FLOWRATE, REPRESSURIZATION FLOHRAYE. MAXSFLOWR:
1T 1ATE: AND QUANTITY EACH FLUID CONSUMED PER INTERVAL'Y )
INE B WRITE (107,600}

179 WRITE (10Ts611) (WDOTON(N)eN=!+KCYCLE)

180 611 FORMAT(TI, "HDOTON =1vT13,10(F8,Ss4X))

181 WRITE (10T7,612) (NDOTNN(N).N:I,KCYCLE)'

K 612 FORMAT(TY, 'WDOTNN =14T13,|0(FB,5+4%))

189 WRITE (10T+613) (WDOTCRIN) oN=1¢KCYCLE)

18y 813 FORMAT(TI,"WDOTOR 2t ¢TI13,10(F8,5s4X)) .

188 WRITE (I10Ts614) (WROTNR(M) N oKCYELE) -

186 614 FORMAT(TY, 'WDOTNR £1,T13,10(F8,5,4X))

187 WRITE (I0T»615) (NDTc?(N)9u lyXCYECLE)

188 615 FORMAT(T3ytWDTO2 =19T13910(FB.Se4X)) .

189 WRITE (10Ty616) (NDTNa(N)oN=I.KCYcLE)

190 616 FORMAT(TI, 'HDTH? YeT13,10(F8,SelX))

{91 WRITE (10T+617) NDTOHXv WDTN"X

192 61T FORMAT(T3)tHDTOMX =19T13,F8,32T25¢ 'WDTNMX ='07!1.PB 1)
193 WRITE (I0T79619) (HTO2(N),H=|9KCYCLE)

19% 619 FORMAT(T3,'WTOR2 S'iTlinO(FB.NvWX))

198 WRITE . (I10T2620) (WTN2(N)oN=19KCYCLE)

lgb 620 FORMAT(T3,'WTH2 SUeTIYp10(FB MoLX)}

197 [4

Iza C wrw DETERMINE INITIAL FLUID TANK TEMPERATURES

199 €

200 CALL FINTAB(NTBID(8))

201 XTAB()) = poPO2.

202 XTAB(2) := RHOBEG(])

1207 TEMPO2 = M!PE(?QXTAB)

204 4

‘208 CALL:F!NTAB(NYB!D(H!))

206 XTAB (1) := POPN2 .

20T ‘XTAB(2) := RHOBEG(2)

1208 ‘TEMPN2 = MIPE(2¢XTAB)

1209 €

210 < f'f' DETERMINE "INITIAL CSUBV VALUES FOR TANK ‘T AND P :CONDITIONS:
1l €

212 CISBVO = cSUBv(TEHPoszOPOZoI)

'SI!‘ CISBVN ‘& .CSUBV(TEMPN2+POPN2,18)

20y (4 . o .
‘2:5 C ak® COMPUTE FLUID "COMPRESSIBILITY AT FINAL 'TANK ‘CONDITIONS
216 C

2T IFO =: IGET(TKFTEM(1)sTKFPRS(1)el)

1318 ZFN 2 . 2ZGET(TKFTEM(2)9sTKFPRS(2)¢18)

219 [4 .

220 € wwe  COMPUTE THE PERCENT OF USABLE ‘FLUIDS WITHDRAWN
221 .C rwRe EACH INTERVAL

222 € Lo

‘223 ‘TKOW ‘= 0,0

22w TKNW :3 0,0 -

225 . QDTOMX = 0,0

226 QDTNMX = 0,0

227 HHTOMX =. 0,0

228 HWTNMX = 0,0

229 HWTCTT .=. 0,0

2%0 HWINTT = 0,0

231 THTOMX = 0.0

968T66V-OSI'T
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292
2N
234
295
236
237
218
2%9
240
241
aug
2u3
Uy
2us:
246
_uUT
aue
249
250
251
252.
.25y
254
258
256
25T
‘258
259
260
261
‘262
263
264
265
266
267
268
269
270
271
T2
27y
274
218
276
271
278
279
280
281
282
28y
284
285
286
287
288
289

921-d

ECLSS

Ann

AAA

FaYaXaXa

nAN

“TKN2DP (1)

ARRARRRR

THTNMX ‘=:0,0
THTOTT :2: 0,0
“PWTNTT :2::0,0

DO 20 1:= |yKCYCLE

‘TKOW .2 ‘TKOW .¢ WTO2(1)

TKO2DP (1) .2° TKOW :
TKNW ‘= TKNW o WTN2(1)
*TKNW :

PCOXWD(I) '= TKO20P(1)/0270TY
PCN2WD(T) := TKM2DP(I)Y/N2TOTU

w%* COMPUTE DENSITY OF FLUIDS AS FUNCYION OF PERCENT WITHDRAWN

€l = 144,0/(RHOBEG(1) '® [I1544,2546/31,9988}) -
€2 = {u4,0/(PHOBEG(2) * (1544.2546/28,0134))

0= ((CI* TKFPRS(1)}/(2ZFO * TKFTEM{(]]
0 = ((C2 % TKFPRS(2))/(ZFN * TKFTEM(2))
02RKO(!) '= RHOBEG(1) '*

(1} :z RHOBEG(2) '»

(1,0 «:(PCOXND(T) '* €3} )
(140 = (PCN2WD(T) * C4))

w*® COMPUTE FLUID TEMPERATURE IN TANKS FOR EACH !NfERVAL
CALL FINTAB (NTRID(8))

‘XTAB{|) .= POPO2
XTAB(2) :& O2PHO(T)

N2TENP (1) ‘= MIPE(2,XTAB)

CALL FINTAB {NTBID(Y41))
XTAB(1) = POPN2
XTAB(2) = H2PHO(T)
N2TEMP(1) := MIPE{2,XTAB)

WA COMPUTE SPECIFIC HEAT INPUT (balong FOR FLUIDS. AS F{D.P)
‘ak% ‘COMPUTE 'ENERGY DERIVATIVE (DP/DU} FOR 'FLUIDS AS F{D,P)

"CALL ‘PHTHON(O2TEMP (1) 902RHO (1) s | oPHI o THETA}

DODMOR2(1) = THETA
DPDUO2 (1) =" PH]

CALL PHTHOM(M2TEMP(I)sN2RHO(3)+18+PHIyTHETA)
DGDMN2(1) := THETA
DPDUN2{1) = PHI

‘ARt SITE. CONDITIONING HEAT EXCHANGERS' POR FLULDS

HLSO ‘= OXENTH(POPO2,TLSNOM(1))

HLSN ‘= NIENTH(POPN2,TLSNOM(2))

02H (1) :=: OXENTH(POPD2,02TEMP (1))
N2H(1) ‘= NIENTH(POPM2,N2TEMP(1))
QDTOR(I) ‘= yDTO2(I) ‘% (HLSO = 02H(1))
GDTOMX & AMAX!I(QDTOMXsQDTOR(1)) ..
QDTNR(I) ‘= WDTN2(I) "% (H|SN = N2H(1))
QDTNMX "= AMAX! (QDTHNMX,QDTMR (1))
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, 290 C . ' . . . _

-z;l C wne COMPUTE POWER REQUIRED TO PROVIDE ENERGY IN HEAY XCHNGR,
| 292 € . :
297 HWAT02(1) :2 GDTOR(I) -* 0,293

29y HWTOMX ‘8 AMAX ! (HWTOMX HWAT02(1))
. 298 HHWTOTT .= HWTOTT -4 MWATO2(1)
' 296 HWATN2(I) = ODTNR(1) * 0,292
29T HWTNMX & AMAXT (HWTHHX g HWATNZ(1))
' 298 HHTNTT = HWTNTT - HHATHZ2 (1)

‘299 ¢
,"300 N4 wa% SI7E-02 TANK AND N2 TANK HEAT REQUIREMENTS
301 i 4 . )
302 QDTTKO(L) = WDTO2(I) ¢ paoMo2(1)
- 303 QDTTKN(I) := WOTN2(I) ‘% DADMN2(1}
1304 .C
;-908 K4 CALCULATE 'THE ‘TANK HEATER RATINGS FOR EACH FLUID TANK BASED UPON

908 C INPUT HEATER DIAMETER AHD LEMGTH
;307 C * PROGRAM WILL USE "CALCULATED VALUES ONLY IF INPUT HTRFLX{2}80.0 ‘%

308 C | ‘ .
1309 HTRRA] ‘= (THTOMX/0,293)/{P1 * HTRDIA(|) #w HTRLNG{!}]

‘310 HTRPA2 = (THTNMX/0,293)/(P! * HTRDIA(2) % HTRLNG(2))

31 .

i1k < w#®: COMPUTE ‘POWER REQUIRED TO PROVIDE ENERGY {NTD TANKS

31y C

"y y TWATO2(1) = QGDTTKO(1) % 0,299

A5 THTOMX = AHAXI (THTOMX, TWATO2(1))

‘316 THTOTY = THTOTT ¢ TWATO2(I1)

1T THATN2(I) = QDTTKM(I) * 0,293

18 THTNHX '8 ANAXT{THTHMX» THATN2(1))

319 THTNTY = "THTNTT .« THATN2(I)

1'320 ‘20 COerNus

321 ¢

;ga c TOTWHX ‘= HNTOMX ¢ HWTNMX ¢ THTOMX 4 TWTNMX

323 . :

‘gzu TOTWAT = HNTOTT ¢ HWTNTT .4 ‘'TWTOTT & THWTINTT

1328 €

-gge c ‘TOTPOW ‘= "TOTWATZ1000.0

327 . . Lo

323 C 'nﬂltttﬁ*ﬂﬁttttttﬁ**iQtttitnttﬁQtQQtit"'ittﬁ.'ttﬂtﬁi.'ttt.*'t'itth-

‘329 c .

-3;0 < aa®- OUTPUT THE DATA COMPUTED TO THIS POINT -ea#

391 c :

t432 JP % PAGE(O)" .
11 WRITE (INT96118) .
34 6116 FORMAT(//Tu2, %% CONTINUE COMPUTATION OF = ECLSS ‘= PARAMETERS ###- =
938 1/7/)

338 WRITE (10796001} &8
137 WRITE (10T+6006) 1
118 6006 FORMAT(/T3,'DETERMINE FLUID TANK CONDITIONS FOR DUTY CYCLE) >
939 WRITE (107,600) ©
940 WRITE (10T+621) 'TEMPO2s TEMPN2 . ., e
M| 621 FORMAT(T3,1TEMPO2 BIsTI3,FB,29T25+ ' TEMPN2 =19 T37¢F8,2) ™
11T . WRITE (107,622) CISBVCy CISBVM, 2FO, IFN o ) ©
341 622 FORMAT(TI, 'CISAVO ='yT13,Fa,49T25, 'CISBVN =1,TI7,Fg 4,750, '2F0 o
L4y 129 T630F8, Uy TTYe 1 IRy =-.Tae F8.u)

45 WRITE (101.623) (PCOXWD(N) e N=14KCYCLE)

LT 623 FORMAT(T3,'PCOXWD =1,T13,10(F8,6+4%})

T HRITE (10Tr624) (PCN2WD{N)eN=1oXCYCLE)



8cT-d

ITTII ) ECLSS RARRARAR

48 624 FORMAT(TY 'PCNWD ¢ TI%910(FB,804Y))
9 WRITE (1079625) (O2RHO(N)sN=!liXCYCLE)
1590 625 FORMAT(TI9'02RHO. 249T17,10(FB,uokx))
151 T WRITE (10T9626) (N2RHO(N))N=!sKCYCLE)
152 626 FORMAT(T3,'H2RHO =94T13,]0(FB8usl¥Y)) .
359 ] WRITE (107,627} (O2TEMP(N)sMN=)sXCYCLE)
95y 627 FORMAT( T3, '02TEMP 2tev 3, 10(FB,204y)) "
‘988 HRITE (10T9628) (N2TENP(N)sN=!oKCYCLE)
356 628 FORMAT(TY, TH2TEMP =19 T13y10(FB,204%))
957 WRITE (1079629) (DAPMC2(N) ¢N=1oKeYELED
358 ' 629 FORMAT(T3,'DODIIO2 =19713310{FB,204y))
1959 HRITE (107630} (DODMN2(H)eNz1eKCYCLE)
1360 . 630 FORMAT(TI,'DADIIN2 =1yT13,10(FB,244X))
381 WRITE (10T»631) (DPDUC2(M)eH=loKCYELE)
962 631 FORMAT(TY,'DPDI02 =4eT1p | 0(FB,304X))
. 363 HMRITE (10T:632) (DPDUN2(M)+H=l4KCYCLE)
1364 632 FORMAT(TI,'DPDUN2 ='9T13y10(F8,3s4X})
1965 <
366 WRITE (10T,6007)
46T 6007 FORMAT (/T34 1S12E FLUID CONDITIONEING HEAT EXCHANGERST | -
968 HRITE (10T,400)
1369 HRITE (10T+618) HLSOs HLSN .. .
170 618 FORMAT(T,'HLSO  =19T139FB8,32T2Se VHLSN 29y T374F8,Y)
AT WRITE (10T9633) (O2H(N)eN=1yKCYCILEY
372 633 FORMAT(T3,'02H  ='yT13,10(F8,304X))
373 HRITE (10T634) (N2HIN) Nzl KCYCLE)
YTy 6% FORMAT(TIo'N2H ~ ='y113410(FB,3e4x))
475 WRITE (107+635) (QDTOR(M)yN=!yKCYCLE)
476 635 FORMAT(T3,1QNTOR cteTI%10(F8.1sux))
77 WRITE (IDTe436) (QDTNR(N) N2l yKCYCLE)
378 636 FORMATITI¢'QDTHR =ty TI 3 10(FB,}etix))
1979 WRITE (10T9637) GDTOMXe QDTHMX : , .
‘980 637 FORMAT(TI, 1QDTOMX 219T13)F8, 10725+ 1GDTNMX =99 TI79FB, 1)
381 WRITE (10T,638) (HWATO2(N)sN=1,KCYCLE)
982 638 FORMAT(TI, 'HHATO2 =tyTI3910(FB,204X))
989 WRITE (10796739) (HWATN2(N) M=) 4KCYCLE)
38y 639 FORMAT(T39"HWATN2 =1,T13310(FB,2+4X}))
485 WRITE: (10T,6U0) HUTOMXy HHTHNNX . L
1386 640 FORMAT(TI'HWTOMX Z19T139F8,21725¢ tHHTNMX S197379F8,2)
387 HAITE (10T9641) HWTOTTs HUTHTT . .
" .9p8 64l FORMAT(T3y 'HWTOTT =19 T13oFg, 1aT2Se "HHINTT 249 T379F8, 1)
989 WRITE (10T+6008)
- 1990 6008 'FORMAT(/T3y1S1ZE FLUID TANK HEAT REQUIREMENTS!)
1391 WRITE (107,600) ’
392 HRITE (10T,642) (QDTTKO(N),N=V, K(YCLE)
193 642 FORMAT(T3s'00TTKD ='.Tls.10(ra 1elix))
3%y WRITE (10T,647) (QDTTKN(N)eNS14KCYCLE)
4985 643 FORMAT(TI,'ODTTKN =0,T13410(F8,194X))
396 WRITE (10Ts644) (TWATO2(N)eNzlekeYCLE)
997 644 FORMAT(T3s ' THATO2 2951 39 10(FB Iakx))
998 WRITE (10T,645) (THATN2(M)sNZ1 o KCYCLE)
399 .. 64S FORMAT(T3,'THATN2 Bt TI3,10(FB, tslx))
0O - WRITE (10T 646) THTOMXy TWTHMX
401 646 FORMAT(T3,y ' TUTOMX =19 TI39F8, 197250 THTNMY B‘ov17ors 1)
‘402 WRITE (INT,670) HTRRA1s HTRRA2
4013 670 FORMAT(T!.'OZ TANK HEATER RATINGE! Fb,19TIS9 N2 TANK HEATER RATING
YOy 'F6¢”

405 €
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I
106
HOT
408
409
At
iy
Mt
41y
Yy
Mg
416
Hry
Mg
big
420
H]
‘yae
421
2y
429
y26
H2T
428
'yae
‘4130
H?l
M32
ERE]
43y
‘415
436
43T
418
Yye

1489

469
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nAan PaYaYa

nANn

aAnan A

‘ECLSS QQ*"Q!'
C " .w#% COMPUTE FLUID DENSITIES AT FINAL ‘TEMP,AND PRES;CONDITIONS
€ _

"TKOMXT = 0,0

TKNMRY =. €40

00 10 L= 4,KQYCLE

TKOMXT := AMAX!(TKOMXTy02TEMP(1))

TKMMXT 5. AMAXT{ TKNMXTyN2TEMP (1))
30 CONTIMUE

.CALL DENSOM(TKOMXTyTKFPRS{1]¢1¢RHOEND (|} ¢ZEO]
CALL DEHSON(TKHHXToTKFPRS(Z),2.PHOEND(2)oZEN)

#%% CONPUTE WEIGHT OF RESIDUAL ‘FLUIDS IN TANKS

WTRSID(1) = (RHOEMD{!)}/RHOREG(|)*(1,0a{RHOEND(]/RHOBEG(1)}i ]
1 * (D2CONS -4 O2RES)
WYRSID(2) .= (RHOEMND(2)/RHOBEG(2)#(1,0«(RHOEND (2) /RHOBEG(2)}})
1 * (N2CONS .4+ N2RES)

#%e COHPUTE VOLUME OF THE FLUID TANKS

VOLTK{1) = {02TOTU -¢- WTRSID(1))/(0,97#(RHOBEG(!) -= RHOEND{!}})
VOLTK(2) & (M2YOTU ¢ WTRSID(2))/(0,9T#(RHOBEG(2) = nuoeno 2)))

%% COMPUTE AREA OF SPHERICAL FLUID' TANKS

ARETK(1) & Y4,8Y ‘W (VOLTKfI)'*O 467)
ARETK(2) & 9 BY % (VOLTK(2)%wD,66T)

#%* COMPUTE HEAT LEAK INTO FLUID TANKS

QLKOTK := 0,0

QLKNTK = 0,0

1= 0

DO. 40 1) ' 24NDCYCLy2

éALLITroLo(TENVR 02TEMP(]),SNBAR( 1), sxtnxk(l.li.srrvrztl.li ‘TOCND )
GoaLK(!) 2 TOCND '®- ARETK{I) * DCY(LE(XI)

ALKOTK .z QLKOTK +- QO2LK(1)

caLL Tcowo(feuva.nzT:HP(!).snaAR(z).srruxx(zol)osrTvPE(z'l)oTNcND)
QN2LK (1) = TNCHD ‘* ARETK(21 * DCYCLE(I!)
QUKNTK 'z QLKNTK & QN2LK(1)

40 CONTINUE

#xn COMPUTE GUANTITY OF FLUIDS yENTED DURING MISSION INTERyALS
wwd AND TOTAL FLUIDS VENTED DURING THE M1SS1ON

Wvo2 & 0,0

WVN2 = 0,0 .

PVNTO £ SYPRES{Isl)

PYMTN £ SVPRES(241)

00 90 1 & |yKCYCLE

CSBVN2 = CSUBV(O2TEMP(1{4POPO2¢1)

CSBVM2 = CSUBV(N2TEMP(1)yPOPN2+18)

QREGDO(T) ‘= ((VOLTK(I1}#CSBV02)748.3) # (PVNTO = POPO2} # {44,0
QREGDN(1) ' ((VOLTK(2)*CSBVHN2)/549) -x- (PVNTN ‘= POPN2) ‘¢ 144,0

96E£T66V-OSIN'T



08T-d

(12401213

4oy
h8%
Lk
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478
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nan

Aana

45

u?

40

MRRRRNA

1P (GREQDO(1§,67,002LK{1)] 60 TO us

DELG = .002LK(1) = QGREQDO(1)

WTVNTO(1) '= DELG/(CSBVO2 #. 02TEMPIT) -« ({PYNTO/POPO2} .= 1,04}
WV02 '= WV02, e WTVNTOLT)

1F (GREODM(1},6T,GN2LK(2)§ 60 TO Uy

DELGH = onZLK(I) .= QPEODNI(T)

WIVNTN(T) = DELGN/(cSBVNz « N2TEMP(L) o {EPVNTN/POPN2) « 130))
WUN2 2 HVN2 & WIVNTN(D)

1F{Wv02,L7,0,0) W02 2 0,0

xr(wVNz.LT.o 0) WVNZ2 = 0.0

CONTINUE

wed COMPUTE GUANTITY FLUIDS LOADED tNTO "TANKS

TOTWTLI) & 02T0TU .¢- WTRSID(1) & wvo2
TOTWTL(2) = M2ZTOTU & WYRSID(2) & WVN2

f’ﬁ*iCOMPUTE DIAMETER OF FLUID TANKS -« ASSUMED .SPHERICAL

DETK(1) = (11,9098 (TOTHTL(I)/RHOBEG(I’)f'*0.11¥-t'iZ.O
DITK(2) = ({1.9098 ‘% {(TOTWTIL(2)/RHOBEG(2)) }**0,33) % 12,0

ek COMPUTE FLUID TANK INSULATION WEIGHT

e SITYPE(Iy1)
SITYPE(B.\)

171 e
112 =
'; WTClol) 8 NOP(Eol] * ARETK{1) * RHOTCITI] * STTHIK{ (s f o
‘PIW

Tt2+)) = NOP(201) % ARETK(2) * RHOR(fT2) ' s:vutx(z (DY}
st (COMPUTE DIAMETER OF FLUID TANK vchUH JACKETS

DIVJ(I) & DITK ¢ 1,60
DIVJ(2) & DITK -+ .85

. W*%COMPUTE WETGHT OF FLUID TANK: PRESSURE VESSELS
MATL! = SMTYPE(Iol) .

CALL “FINTAB (NTBID(9)4MATLI}
FTUXE = MIPE(1yTKOMXT)

“THKMTI = (1,0 % POPD2 * 3,0 * (DITK(1)/2,01)/FTUx!

IF (THKMTI, lT MINTHK (MATLI)) THKMTI -2 MINTHK (MATLI§
MATLR B SMTYPE{24!)

"CALL 'FINTAB(MTBID(9)+MATL2)

FTUX2 ‘& MIPE()yTKNMXT)
THKMT2 2- (1,0 ‘% POPN2 * 2,0% (D!TK(E)/?.O))/FTUX!

'!F(?HKHTZ.LT HINTHK(HATLE)) THKHTz B3 MiNYHK(HATL!)

WTPV(I) 2 1,95 % ARETK(1) % RHOL(MATLI) -# {THKMYI/12,0)
WTPY{2) :& 1435 * ARETK(2} # RHOL(MATL2) -w {THKMY2/12.0]
wwr COMPUTE WEIGHT OF vACUUM JACKETS ‘FOR FLUID ‘TANKS
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rpaRens.

822"
523
52y
528
526
[T
529
hae
%30
3]
592
%79
53y
5138
‘538
53T
538
‘539
‘540
54
542
‘543
Suy
KUs
Kus
BT
Bl
549
550
1551
552
5513
554
/555
556
557
558
‘559
‘560
‘561
562
‘563
56y
565
566
1567
568
‘569
570
571
572
813
‘STY
575
576
BT
‘578
‘579

aAan A n

' YaYa XaYs)

cLss

6009

647
648
649

6010

650
651
6011

652
651
854
655

TTYITITY)

ASSUME :SPHERICAL ‘VACUUM JACKET(HARD :SMELL) 806378 ALUMINUM
MATLY = 3 ..
CALL ‘FINTAB (NTBID(9)eMATLY)
FTUXY & MIPE({1,TENVR)

THKMTY -3 (1,0 % (POP0O2/2, 0ye {DIVIITY/22,0)§/FTUXY
-xr(mxnn.u MINTHY (MATL3§) THKMTY -2 MINTHK (MATLY]

“THKMTY = (1,0 w (POPNZIZ 0) » {D1IVIi2) 72, 0))/FTUX9
‘XF(TPKHT“ LT H!NTHV(HATL?)) THKMTY -t MINTHK (MATLY}

HTVJO ‘= (P1 % (DIyJ(1)**2)/144,0) * RHOL(MATLY) ‘% ¢THKMTIZ12.0]
WTVUN = (PI -® (DIyJ(2)®*2)/[Ul,0) » RHOL(MATLY) * {THKMTU/12.0)
‘%% ‘CONPUTE TOTAL WEIGHT OF TANK

NHTTOT(1) :& WTPV(L) ¢ NTVJO ¢ TINT(I4t)
HTTOT(2) '= NTPV(2) -« NTVUN & TINT(21)

AR RN AR ARARN RN IR R AN AN AR AR R RN AR AERARARA NI NARA RN NARRANO RO AD

" -ax® OUTPUT THE DATA 'COMPUTED TO THIS POINT -###

JP = PAGE(0)

WRITE (10T:4116)

WRITE (10T+4001)

WRITE (107,6009)

FORMAT (/T34 IDETERHINE FLUIO DENSITIES AT FINAL DUTY CYCLE Conpitio
INS AND DETERMINE RESIDUAL FLUID QUANTIES')

WRITE (1079600}

WRITE (10T¢647) TKOMXTy TKNMXT

FORMAT(T3, 'TKOHXT ='vT|1 F8, 2.7250'TKNHXT !'.T’?oPQ 2)

WRITE (10T¢648) PHHEND(I)o RHOEND(2)

‘FORMAT (1, 'RHOEND=02 21y T15¢F8,4s T27, RHOENDaN2 = 5Tu20F8,4j
WRITE (10Ty649) NTRS!D(l)v WTRSID(2)

‘FORMAT (T34 IWTRSID=02 8'07!5vFB-!97270'NTRS!D-NZ l'oY“?oFB.’)
WRITE (10T,6010)

FORHAT(/TQ.'DETERH!NE FLUID TANK VOLUME AND SURFACE AREAS')
WRITE (1074600

WRITE (tor.bso; VOLTK{ 1), VOLTK(2) - .
FORMAT(TYy 'VOLTK=02 '='sTPIS;FB8.39T270 'VOLTKaN2 21 ¢TU2,FB.3)
WRITE (!0Tv65|) ARFTK(1), ARETK(2)

FORMAT (T3 tAREA=D2TY =t TISoF8.3+T279 1AREAGNITK a!.THE'FB 1)
WRITE (10T,6611)

FORMAT (/T3 IDETERMINE HEAT LEAK InTo FLUID ‘TANKS AND QUANTITY gf V

1ENTED FLUIDS IF VENTING 1S REQUIRED!)

WRITE (107,600)

HRITE (10T,4652) TOCMD, TNCND

FORHAT(T30'TOCHD =teTI3gFB. U T25¢ ' THCND ‘217374 FB )
WRITE (10T74¢65%3) (GO?LK(N)lN 1oKCYCLE) .

FORMAT(TI,'Q02LK =99 TI3410(F9.693X))

WRITE (10T,654) (QN2LK(N)yN={yKCYCLE)

FORMAT(T I, 'Qu2LK =1, TI3,10(F9,643X))

WRITE (I0T¢655) QLKOTKy QLKHTK

FORMAT(TI, 'QLKOTK =19T139F9,69T2S 1QLKNTK ='-1‘70P9 6)
WRITE (10T7,6%6) (QREGRO(N),N=1,KCYCLE)
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eeT-d

RN NNS

580
581

582

583
584
565
586

587

588
589
590
591
592
591
594
598
596
597
598
599
600
601

602.

603
60
605
806
607
608
609
610
611
612
619
614
618
416

61T

618
6l9
620
62|
622
629
624
625
626

627

628

-629°

630
31

632
61y

6y
635
636
637

nAaRAn

‘ECLSS

636
657
658
659
660

6012

6013 FORMAT(/T3,'DETERMINE PRESSURE VESSELs VACUUM JACKET, INSULATION,

a¥a¥aYa)

661

662
663
b6Y4
685
666
667
668

AARRANR N

FORMAT (T3, fQREQDO =t ¢TI, 10(FB,3s4X})

WRITE (10T,457) (QREQDN(N) . Nutl,KCYCLE)
FORMAT(T3) 'QREQON £y TI13310(F8,904X))

WRITE (107,658) (HTVNTO(N)+N=1eKCYCLE)

FORMAT (T, 'WTVNTO =14T19y|0(FB,3e4X))

WRITE (10T79659) (HTUNTN(N)oN=IyKeYCLE)

FORMAT(TRy 'WTVHTN ‘=49 713,10(F8,30lix))

WRITE (10T+660) WVO24WVND N L
FORMAT(T3) 1HVO2  Z1¢T139F8,70T250 1HVND  -BE¢T174P8,1

HWRITE (10T,6012) :
‘FORMAT(/T3, 'PETERMINE QUANTITY oF FLUIDS LOADED INTOD TANKSS )
HWRITE (107,600}

WRITE (10Te660) TOTWTL(!)y TOTHTL(2]

FORMAT (T3, 102=1.0ADED =ty T17,Fg, 39 T30, IN2«LOADED ‘= yTUY,Fg Y|
HWRITE (10796019

IAND TOTAL FLUID TANK WEIGHTS!)

‘HRITE (1079400}

HRITE (10T,662) DITK(I)y DITK(2)
FORHAT(T3"DITY-OZ"OTIS'FB 207300 1DITKaN2= g TH24F8,2)
HRITE (10T9663) TIWTIIsl)y TINT(240)

FORMAT(TY, ITIHT=0221yTIS,FB, 3+ T30 ITINT=N221,TH2,FB,)
WRITE (I0T,664) DIVU(I)y DIVI(2)

FORMAT (T3, 'DIVJ=02=11TI5¢F8,29 T30+ 'DIYJaN2=t yTU24FB,.2)
WRITE (1079665) ROFTU(!), ROFTU(2)

FORMAT(T3) tRHOFTU=022 19 TIS1FB.TeT309 tRHOFTU=N2Z9 ¢ TU2,F8,7)
WRITE (10T,666) WTPV(1), WTPV(2)

FORMAT(T3) 1HTPV=02 ='oTISsFB.20T300 'WTPVaN2 ='oTH2,F8,2)"
WRITE (10T9667) WTVUO, WTVUN . o
FORMAT(TI tWTVU=02 =t19T|SeFB.29TI0) 1 WTVU=N2 ‘=19TH2,F8,2)
WRITE (10T,668) WTTOT(1),WTTOT(2)

FORMAT(TYs 'HTTOT=02 "vTIS FBe29T300 'WTTOT=N2 =49 TH2+FB.2) "

.QQi't*l'l***t’*iﬁ*t"iiti..ﬁ*ﬁ'il'ti‘Q.iﬁ.tﬁiﬁ"ttit*.ﬁﬁ'i‘;‘..""

x® COMPUTE WEIGHT OF' 02 HEAT EXCHANGER

| .
0 : @ NO FINS ON ELECTRIC HEX

WOOTX(JX91GAS) & WOTOMYX
UCODE (X9 1GAS) & HXCODE(J! 16AS)
HEXCIT(JXs1GAS) ‘& TEMPO2
HEXCOT (JX,1GAS) "= TLSNOM{I)
HEXCIp(JXy1GAS) = paopo2
HSQREQ(JUXy 1GAS) .= GDTOMX"
ELCPOW(JUXy1GAS) (= HWTONX

CALL HEXELC(  1yHEXCIT(JxsTGAS) o HEXCOT(JUxs16AS) s HEXCIP (UKo 1GAS),
! HTRELX (1) o LINDIA{1) s HDOTX (JXe 16AS )y 02RHO( TMAX s 1F TN,

2 WHXTOT(JX,1GAS) HXCOLP (UK 1GAS) o UOA(UXo TGAST s DHEUXs TGRS y

3 HLNGTH(JX;16AS))

%% CONFUTE WEIGHT OF N2 HEAT EXCHANGER
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ANARRRRY

618
639
640
641
642

64y

64y
6uS
646

64T

648
649
650
‘651
1652
:65%
654

e ¥ataXaXaiaYaYa)

. Yalalala)

-ECLSS

e

"R

too

150

ERARRAAN

16AS = :2 ..
IFIN = 0 8 NO FINS ON ELECTRIC WEX

WDOTX (JX¥1GAS) & WDTNMX

UCODE (JX¢1GAS) = HXCODE(JX.!GAS)
HEXCIT(JXs1GAS) = TEMPN2
HEXCOT(JX,1GAS) & TLSNOM{2)
HEXCIP(JX,1GAS) .= POPN2
HSQREQ{UX¢ 1GAS) = ADTNMX
ELCPON{JXy 1GAS) := HWTNMX

calL HEXELC{ l!vHExC!T(JX IGAs)oHEXCOT(JXo!GAS)oHEXC!P(JXoIGAS)o
| HTRFLX(I),LINDIA(Z)oHDOTX(JleGAS).ozRHO(JHAX)o;F!N,
2 WHXYOT(JX, !GAS)oHXCDLP(JX-XfAﬂ)'UOA(JXoIGAS).DH(JX'IGAS).
3 HLNGTH(JX,1GAS))
we® OQUTPUT 'THE HEAT EXCHANGER oArgsnnm

CALL OTPHXE

RRRRARRR R AR A AR A RARRRARRAARRRAR AR RN N RN EARNERRRAAARAAIRARRNNAANS

wwt QUTPUT 'THE POWER SUMMARY DATA -#ee
CALL OPTPOW

RERRRRANAARERARRRRARARR AR AR RO RERARARGARARAERONAIINRRARORRARARS

wrd COMPUTE THE TANK ENERGY HISTORy AND HEATER DUTY CYCLE ##a#-

TIMING £ |;o
PTANK{ ‘= POPO2
-PTANK2 :3 -POPN2

Lt 20
bo |00 Kl 2 yMDCYCLYD.
L2 Lf-

TlMtLl) = hCY(LECKl)
CONTIHUE.

B PER10OD DEFINED BY "GAS FLOW

W

DO t&p J| :& 2.HDCYCLIR
L2 =12 ¢ |

“THONOP (L2) :8 DCYCLE(JH)
"CONTINUE
PIME & 0,0
TKOW ‘2. 0,0
STKNW :3 0,0
QICUNO & 0,0
N2CUMN 8 00

DO 110 K:& {yKCYCLE
IF(TIM(K) ,EQ,0,0) 60 TO |60

NTP o TIM(K) * 6,0
WDTOT0 = WOT02(K) /6.0
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RARRANAY-

696
697
698
£99-
‘700
701
702
703
04
708
706
707
708
709

-~
o

PN B B P P R I R P
VNN F W~

‘5%

.ECLSS KRRAFRRRE

‘WOTNI0 ‘£ WDTN2(K)/6,0
JP = PAGE(0)

WRITE (1074700)
T00 FORMAT(/Tu2,tawe COHPUTE ‘TANK ENERGY HISTORY AND HEATER DUTY CYCLE
| *anry)

WRITE (10T9701) Ky TIM(K]
701 FORMAT(/TS,1SYSTEM DUTY CYCLE NUMBER 1,1ty TYSy tCYELE 1S 'yF6ole? H
INURS IM LENGTH!)

G0 T0 170

160 CONTINUE
1F (THONOP (K) (NE,0,0) ‘G0 TO (61 :
JP = PAGE(0) -
WRITE (10T4700) :
WRITE (10T,162)

162 FORMAT(TSy! wheaw THERE IS An ERROR Iy THE DUTY CYCLE DATA tupyr o

tewast /TG, 7 ae THE ‘CALCULATION WILL CONTINUE, OMITTING THE NON=OPE
2RATING PERIOD 'w#?)
GO TO 110

161 CONTINUE

JP = PAGE(0)
WRITE (107,700}
WRITE (I0T,701) Ky TNONOP{K)
WRITE (10T, 163) TNONOP(K}

167 FORMAT(/TSy? *##= THE SYSTEM IN A NON=DEMAND DUTY CYCLE PERIOD FoR
179F6,20! HOURS,*/TSy! -#a THE ANALYSIS FOR THIS PERIOD CONSIDERS ON
2LY SPACECRAFT GAS LEAKAGEY)

NTP ‘= TNONOP(K) ‘* 6,0
WDT030 =. (0,21 * .GLKRAT/34.0)/6,0
WDTN3D = (0,79 * GLKRAT,24.0)/6.0

-|70 CONTINUE

WRITE (107,702) K

- T02 FORMAT(/T3o'TINEYyT11y'GAS 197200 'PER=CENT! ¢TI%0 ' DENSTTY! y THY,

[} 'FLUID‘QTS?Q'THETA'OTb"'FHI"77|O'G/REOD'O’B'O'G-CUH"T9|"TANK'
297100 'Q~HTR, ! 'T||09'HEATER'/T||0'FL0N'QTZO"N!THDRANN"THV"TEMP.
"'79’1'PRES.'07'000'“5@0 'vfl'00'7’"E-ON'/T"’("!N)"7fl"(LHS)"
'“'TZOp'(PERCENT)',T’?O’(LB/(F)'vTU%-'(-R-)'07530’(B/L5)'o7620

S '(P=CF/B) 1 TT24 1 (BTU) 'y T8Iy (BTU) 'y T9( o0 (PSTA) 'y T100s" (BTU} Iy

6 THIOW Y (HMIN, Y 7TTE9102/N21,T220102/N20,

7T T?“"OZ/NZ'OTHNV'OP/NZ"T53v'°2/N2'oT620'02/N2'v7721'02/N2'078l0
8 '02/N2'91°|7'oz/Nz'oT'OOQ'Oz/NZ"Tl|0,'02/N2"T|50p'CYCLE -'ol“/)

LPRES = 0
ik =2 0

DO 120 1 :& |yNTP

!F(LPRFS.EO.l) 60 10 i1
{F (RPRTIM(K}),0T,0,0) GO ?o 1t
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ARRARAR RS EcLssS EYYIITTIS

54 ‘TIME :2 TIME 4 1040

788 .C

756 TKOW :2 "TKOW ¢ HDTO30

157 TKODP ‘= "TKOW

158 PRNW -2 TENW & WDTNID

759 TKMDP :2 TKNW

760 GO 10 113

761 N«

762 11! LPRES '® LPRES ¢ | . .

769 RPTIME =2 RPRTIN(K) 'w: 60,0

"T64 116 COMTINUE , \
168 TIME '= TIME ¢ (RPTIME/!0,0)

756 1K = IK e | . -
C 767 TKOW ‘= TKOH + ((WDTO2{K) * RPRTIMIX})/10,0})
768 TKODP = ‘TKOY ' o
769 TKNW = 'TKNW - ((WDTN2(K) * RPRTIM(K))/10,0})
770 TKHOP = "TKHW o L

T HWDT00 = (WDTO2(K) ‘% -RPRTIM(X))/10,0
772 WOTN3IO0 .5, (WDTN2(K) “»- RPRTIM(K)) /10,0
T3 IF(IK,EQ,10) 1K =2°0

774 60 YO 113

‘175 C L
776 112 TIME .= TIME ¢ (0,0
717 € ..
T8 ‘TKOW '=. TKOW «- WDOTON(K) /8,0
179 TKODP = 'TKOW
780 TKHW ‘= “TKNW ¢ WDOTMN(K)/6,0
781 TKHMOP = TKNW

782 NWDT0J0 '= WDOTOM(K) /6.0
783 WOTNIO 3 WDOTNH(K) /6,0
£ GO TO L%
785 € ’

786 <
1787 € :
788 113 CONTINUE
789 4
790 ‘PCOXH '=°TKODP/02TOTU
91 PCN2W 2 "TKNDP/M2TOTU

792 {

79% ¢ L . .
79y €1 3 JU4,0/(RHOBEG(]) ® {1544,2546/31,9988))
798 €2 = |U4,0/(RHOBEG(2) * (ISUU,2546/28,0134))
794 €32 1,0 ((Cl * TKFPRS{1))/(ZFO » TKFTEM(I])}
197 C4.2 1,0 = ((C2'* TKFPRS{2))/{2FN * TXFTEM(2)))
798 (4
l-7299 ¢ o .

800 ORHO := RHOBEG(!) ‘* (1,0 .« (PCOXW * C3))

801 NRHO := RHOBEG(2) ‘% (1,0 .« (PCN2W # 'CU))
I.802 .c ' . L
.-80% "CALL 'FINTAB (HTBID(8))

80y. XTAB(1) := PTANKI
1 808 XTAB(2) 'z ORHO )

806 . OXTEM 2 MIPE(2,XTAB)"
. .807 €
, 808 CALL FINTAB (NTRID(Y!))
. 809 XTAB(|) := PTANK2
. 8lo XYAB(2) 'z NRHO

81 N2TEN '= HIPE(2yXTAB)
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AAARARAR:

L]
gu2

BuSs
8ug
8uT
8ug
849
850
851
852
859
854
855
856
857
858
859
860
861
862
8613
864
‘8685
866
867
868
869

ECLSS

122

123

130
135
140

227

I

"CALL PHTHON(OXTEM)ORHO¢ 1 ¢PHI¢THETA)

DADMY{ = THETA
DPDUI = PHI

CALL PHTHON(NZTEH,NRHO'IOoPHIQTNETA)
DODM2 = THETA -

0PDU2 = PHI

QDTTK| ‘= OTOYO "¢ DAOMI
QDTTK2 'n- WDTN3O '#» DQDOM2
QICUMO ‘7 QICUMO -« ADTTK}
Q2CUMN = Q2C¢UMH .« QDTTK2

CALL BETAB(OXTEM,ORHO, |yBEYTAO)
CALL BETAB(NZTEMyNRHOy {8¢4BETANY

.CALL .CSUBP(OXTEMyPTANK|,]¢CPO)
CALL CSUBP (H2TEMyPTANK2, 18+ CPN)

DELP1 & TIMINC % ((DPDU!/VOLTK(1)) :#. ({=CPO/BETAO}#WDYOY0{ )
DELP2 = TIMINC * ((DPDU2/VOLTK(2)) ‘% ((=CPN/BETAN}®WDTNYO))

PTANK2 ‘= PTANK2 ¢ DELP2
PTANK! ‘= PTANK] ¢ DELP!

IF(HTRFLX(2),LE,0,0} 6O YO {22
QHTR| = PT -# HTRDIA(I) # HTRLNG(1) * HTRFLX(2)/60,0 8 PER MIN,

QHTRY & P] ‘% HTRDIA(2) % HTRLNG(2) ‘% HYRFLX(2)/60,0
GO Y0 129

CONTINUE B

GHTR| =. (P] % HTRDIA(I] # HTRLNG()) * HTRRA1}/60,0 8 PER MIN,
QHTR2 .2 (Pl '* HTRDIAt2) ‘* MTRLNG(2) * HWTRRA2)/60,0 B PER H!N.

.CONTINUE

IF{PTANKI ,LELPSETI) GO TO: 130
GO0 TO 13%

QELCI .= 0]CUMO

HTROM] = QELCI/GHTR)
IF(PTANK2,LE.PSET2) GO TO 140

"GO0 TO I8

QELC2 = Q2CUMM
HTRON2 ‘= QELC2/GHTR2

CONTINUE

!F(PAGF(Z)) GO T0 227
GO T0 228

WRITE (107y702) K

JP 2 PAGE(6)
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|
[
)
!
I
1
)

i'ﬂ"t't

8710
87
872
87y
874
875
876
87T
878
879
880
88|
882
188y
L1 ]
‘8 8%

ARA ANANAAAN A A n

ECLSS ARARRA RN

c 228 CONTINUE

WRITE (107i707"71”EOWDTO70 s PCOXWORHO yOXTEM DRDM| s DPDU ¢ QDTTK ] ¢
! GICUMO,PTANKI9GELCIoHTRONI yWDOTNIO yPCN2W,NRHO,N2TEM,DADM2,
‘2 OPDUR2+QOTTK290A2CUMNIPTANK2yQELC2+HTRON2 . \ . .
703 FORHAT(T‘!F9.2'T'|9F6.33T2lQF6.§'7120FB.SfTU’oFb.ZfTSEOF6.Zi76|0”
| Fﬁ-2077|IF6.l0730'F700fT90vF7.29799IF7.05T109'FT}2/T||0F6.1OTZ|O
2 F6051TI00 850 TUIIF6.21T520F6.020T6I0F8,29TTIoF8,1¢TB0+FT,0+T900
3 FT.2¢7994F7.0¢T109,F7,2)

IF(PTAMNKI,LE,PSETI)
IF(PTANKI| ,LE,PSETI)
IF(PTANKL,LE,PSETI)
IF(PTAMNK]) LE_PSETI)
IFtPTANK? ,LE,PSET2)
IF(PTANK2 ,LE,PSET2)
1F (PTANK2,LE,PSET2)
IF(PTANK2,LE,PSETZ2)

120 CONTINUE
110 (CONTINUE

CALL LSSCHP

WRITE (107,6099)

HTRONI =
QELCI = 0
aIcuno =
PTANK) =
HTROM2 =
GELC2 = O
A2CUNN =
PTANK2 =

IF(IX.67,0) GO TO 118

RRRNREARRANAARA SRR AR AARRARNRRRRARRNACARRARNRRANNERRRARNNENRNRR NN ERAN

Qii'.iQitﬂt*t**'.ﬁﬁ'..iﬂt*"'t*ﬁﬂtt‘.ﬁiQQ.Q*Q*QQQQ"Q“‘QQ"."t'i'iﬂ

aw® DO ‘THE ECLSS (CONFIGURATION ANALYSIS -déa:

ARRRRRARRRARARANARARARARANARRARRRRAROAR AR AR IRARRAARRARRARAASREARARA AN

8009 ‘FORMAT(////7/T28 ¢ |2(1#R*Rant | /T26, 13( 1 RadaaRt /7725, ikhasd "THE SUP
1ERCRITICAL 'EC~LSS CALCULATIONS HAVE BEEN COMPLETED waaawi)/ 728,
2 K2Utaknnant)/T25, 2(Voknnant )/ /) 1))

RETURN
END
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ARNRARNY

NESIMZCoBIGNEDN—

18

SUBR@GUTINE ENGINE

A AnANnAAAAA

Aann

nAn

AnA A A

nAaNn

T T QT T TOT S SRS IRL B TN Y B BT T RTSr Srarers

‘% ROUTINE NAME = ENGINE WEIGT AND TOTAL B4
L IMPULSE PROPELLANT WEIGHT %
" . 'CALCULATION ROUTINE Rd

o ROUTINE LANG = EDRTAAN V UNIVAC 1108 EXEC 2%
‘4 PROGRAMMER .« R, BOLLINGER 1949 102 249%Y- #
% DATE CODED e« 3/9/70 :
R R I E BEL I N7 BRSO S Sy & t

SUBROUTINE 'ENGINE

LOGICAL DIAG
LOGICAL PAGE,JP

INCLUDE CCNTRL
INCLUDE CDCYCL
INCLUDE CENG

INCLUDE "C16LINT
INCLUDE ‘TABLOK

waaws ‘CALCULATE THE ‘ENGINE WEIGHT

lF (DIAG(0y6HENGINE)) WRITE (107,6000) NENG ¢ GITEMP THRUST, PSUBC,
EXPRAT

IF(SYSNUM,EQ.5) GO 7O §

CALL FINTAD (NTBID(1))
XTAB(1) :2 GITEMP

XTAB(2) -2 pPsuBC .

XTAB(3) :2 THRUST

ENGHT = MIPE(?}XTAB) ‘* NENG

wmaed CALCULATE THE SPECIFIC IMPULSE

‘CALL ‘FINTAB (NTB1D(2))

XTAB(1) :2 GITENP
XTAB(2) := NIXRAT
ISP ‘= NIPE(2+XTAB)

G0 10 1S

‘CONTINUE
waend CALCULATE THE OMS ENGINE WE1GHY

CALL FINTAB (NTBID(10))
XTAB({]) ‘= PSUBC
XTAB(2) := "THRUST

ENGWT = MIPE{2,XTAB) ‘% NENG

anens CALCULATE OMS SPECIFIC IMPULSE

CALL FINTAB (NTR‘D("),
XTAB(1) = PSUBC
XTAB(2) = MIXRAT
!SP:='HIPE(20XTAB)
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ARARNNR Y

‘58
59
60

l

(3]

62’
6y

L6y

65

-1}

67
68
69
70
4

'
73

20

€

nAanNnA

NGINE IS
IS CONTINUE

rewad CALCULATE ‘THE FLOW RATE
sewwen (CALCULATE THE TOTAL IMPULSE PROPELLANT WEIGHT

KNT 2 0
TIPRT = 0.
HDOT = 0.0

D0 10 1) := |.nocch.z
KNT = KNT ¢ 1
!P(DCV(LF(XI)) v 100
WDOT| = !ABS(NEOP(KNT))'THRUST/(PSY(KNT)'!SP’
TIPWT 2= TIPWT -4 KDOTI*DCYCLE(II)
WDOTJ(KNTy2) = WDOTI/Z(MIXRAT ¢ 1,0)
WDOTJ(KNT, 1) 2 WDOTL .= WDOTJILKNT2Y
IF (NEOP(XNT),LT,0) GO TO {0
WDOT .= AMAX| (WDOTWDOTH)
10 CONTINUE
WDOTI(2) '= WDOT/(MIXRAT ¢ 1,0)
WOOTI(1) = WDOT = WDOTI(2)

IF (DIAG(1y6HENGINE)) WRITE (10T+16000) KNTISPoWDOTyTIPWT)ENGNT
! HDOTTo ((HDOTI(1od)elet o kNT)oda1y2)

JP & PAGE(0)

HWRITE (6+4100)
:R:YE (60610') ISPy ENGNT)WDOT I o WDOTL () oWDOTT (214 TEPHT
ETURN

6000 FORMAT ('4'{uXeISe10X16E]1S.6/(BEIS.H)) -

6100 FORMAT(//T38, *#%* INITIATE PROGRAM AND CHARACTERIZE CONSUMER PARAM
IETERS ##*i///)

6301 FORMAT(T60, ! * COMPUTED ENGIME PARAMETERS ‘#1//TH5, 1ENGINE ISPF,
| TBOYEIS.8/TUSy 'ENGINE VEIGHT a (LAS)1,TBOsEIS.8/TUS, ' TOTAL 'ENGINE
2 FLOW = {LB/SEC)"yT80,E15,8/Tys, 'ONE ENGINE OXID,FLOW RATE=({LB/SFC
3) 'y TBOYEIS,8/TUSs ' ONE ENGINE FUEL FLOW FATE-(LB/SEC)'0TBOOE|5 8/7y
4Ss ' THRUST IMPULSE PROPELLANT WGT.'+TBOYE!S5,.8)

END
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BSORAEW—

FUNCTI@N FINDR

FUNCTTON FINDR(N) .
DIMENSION G(18) . . .
DATA G .  /MB.Y10T66.8040,6T¢766.0042.01096.38¢28.62¢

| 96435028.62055481940067990477¢16,78137,0¢11,90033.501386.%¢

2 55,161/

FINDR=G(N)
RETURN
END
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ARENANA N

PNV EFIN=OOBIONTIN~

-—— e ——— - —

FUNCTI@N FING1

EC.--Q

Ec,...

FUNCTTON ‘FING{T4D}

COMMON/CEOS/G(U1)
COMMON /SCRH/ X{40)

ROUTINE TO .CALCULATE INTEGRAL({R/Da|/Da*2(DP/DT}} DDJ
WRITTEN “T/18/71 A MYERS

n2=D*D
npI=D2%D
DHEDIND
D5S=Dunp
D6=D5*D
DT7=D&*D
0BzDT*D
D9=DB*D
DIO=DO*D -
TS= SART(T)
T2=TAY
TI=T20T
TUITI*T
THSTYe?Y
GM=GLLT) .
Fe EXP(GMwD2)

GIEF/(2,00%GM)

62'(F'02~2 00%G1}/(2,00%GH)
GIZ(FaDY=Y4,00%G2)/(2,00%GM)
GHZ (F*D6=5,00%GY)/ t2.00%GM)
G52 (FeDg=g,007G4)/(2,00%GM)
Gb’(F'DIO-IO 00%G5)/{2,00%6H)

X0 1)3=D

X{ 2)z=D/(2,00%TS)
X({ 3)=0,0

X( 4)zeD/T2

X( $)22,00%0/73

X( 6)z=D2/2,00

X{ 17)=0,0

X( 8)= 02/(2 00#72)
X 9)=02/7

=0,0
D?/(! 00*72)
0,0

DS/(S 00#72) .
2,00%D5/(5,00*TY)

n i ll "

X(186)=D6/(6,00%T2)

X(17)=07/(7,00*72)
X{18)=2,00%D7/(T7.00*TY)
X(19)=D8/(Y4,00"TY)
X{20)=2,00%G1/TY
X(21123,00%G1/Ty
X{22)=2,00*G2/7%
X(23)=4,00%G62/7S
X(24)=2,00%G3/1T3
X{25)=23,00*G3/TY
X{26)=22,00%Gu/T?
X{27)a4,00%Gu/78
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RARAANE-

-FINGH

ARRARRER

X(28)22,00%65/73
X(29)23,00%65/Ty
X(30}=2,00%G6/TY
X(31)=23,00%G6/TY

X{32)=4,00%G6/T5

FINGI=0,00

00 1 I=i,9%2 .
FINGI=FINGI+G(IXnX (1)
RETURN

END
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wrasaaes FUNCTI@N FING2

—— e ——— e~ ——

VBN ONE AN~ O OBYONEIN—

‘Conee

FUNCTION ‘FING2{T,D)
COMMON/CE0S/G(Y41) |
COMMON /SCRH/ X(40)

ROUTINE 'TO ‘CALCULATE 'INTEGRAL((P/D**2urY/D}) DD}

D2=D#*D
D3I=D2*d
pu=03%p
DS=Du»p
D6=DR*D
DT=04%D
08=07%0
D9=D8*D
DIO=D9*D .

‘TS= SQRT(T)

T2zT#T
TI=T20T

TYSTInT
TS=TYAT
GMz6 (Y1) L

= EXP(GM®D2)
GI=F/(2,00%6M) . = .
G2z (FxN2=2,007G1)/(2,00%GN)
GIZ(FaDy«y,00%G2Y/(2,00%GH)
GUZ(F*D6=6,007GY) /7 (2.00%CM)
G5z (F*D8=8,00%GY) /7 (2,00%GM)
G6=(FaDI0=10,00065)/(2,000GM)
X{ t)zDeT
X{ 2)=Dp#TS
X{ 3)=p
X{ 9)=o/7
X{ S)=0/T2
X¢ 6)=D2+*7/2,00
X( 7)=p2/2.00 .
X{ 8)r=02/(2,00%T)
( 9)=02/7(2,00%72)
0})=D3*T/9,00

11=03/7.00
2)=03/(3,00*T}
7)=D4/Yy,00 .
4)=D5/(5,000T)
5)=205/(5,00%72)
X(16)3D6/(6,00#T)
X(17)=07/(7,00#7)
X(18)=D7/(7,00*T2)
X{19)=D8/(8,00%12)
X(20)=G17T2
X(21)=261/TY
Xt22)=62/72
X(23)=62/T4
X(24)=63/T2
X(25)=63/7)
Xt26)=64/12
X(27)=64/TY
%{281=265/72

X(29)=65/13

|
]
]
|
|
t
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NRARNARY

98
59
60
6|
© 62
67
-6y
65

FING2

AARARRAR

X(30}=266/T2
X({31)s66/79
X(32)=66/TU
FING2=0,00"
00 1 1=1y%2
FING2=FING2
RETURN -
END

SGLIYeXIT)

96E€T66V-DSIN'T



Sy1-d

ndnnne FUNCTI®N FING3

FUNCTION FING3{T+D})

o
2 COMMON/CEQS/G (4T
‘-z' c ‘COMMON /SCRH/ X(40)
i . N »
5 Cosse ROUTINE TO CALCULATE INTEGRAL((T/D#%2)#(D2P/DT2) DD}
é C
N 4 D2=0%p
o DI=02#D
‘9 oN=DIND
1o D5=0u*D
] D6=D5#0D
12 OT=D6%D
ny DB=DTAD
Iy D9=0DA*D
s D10=D9*D
16 TS= SQRT(T)
17 P22TWT
18 TISTRRY
9 TYU=T3I*Y
20 TSZTYWT
121 GH=G (YY) ..
22 F= EXP(GM#*D2)
2y Gl=F/(2,00%GM)
2y G22(FwD2=2,00%G1) /{2, 00%GM)
.as GI=(FADYay ,00%G2) /(2.00%GM)
| 26 GUZ(F*D6=6,00%GY)/(2,00%6M)
& S GS=(F*N8e8,00%GU)/(2,00%GM)
28 GO={F2D10«10,00%G5)/(2,00%GM)
29 X{ 1)=9,0
10 X( 2 --o/(u 00%TS)
N Xt 3)=0,0
92 Xt “):2 00*D/t12
8} X( 5)=26,00%D/TY
L X( .6)=0,000
15 X( 7)=0,0
1 X({ 8)=p2/12
ki X( 9)=3,00*p2/7%
-9p X(10)=0,000
9 X(11)=0,0
T X(12)2(2,00#03) /(1 D0%12)
L4y %{13)20,0
b2 X¢iy =(2 00*06)/(5.00072
| 4y X(15)={6,00#05)7(%5,00%TY
-4y X(16)=D6/(1,00472)
L) X(17)=(2,00*D7)/7(7,00%Ta}"
s X(18)=(6,00407)/(T;00¢TY
MY XU19)=13,00%DB)/{4,D0*TY
Y X(EO): +000%G61/T9
49 X(21)=1 z.OOth/Tu
50 X(22)26,000%62/7%.
.51 ) X(23)220.00%G2/7S
52 X{24)z6,000#63/19
1) X{25)=12,00463/T4
sy X(26)=6,000%G4/T3
L1 X(27)=220,004G4/TS
56 X(28)=6,000%G5/73

57 X(29)z12,00%65/T4
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AR RAEY

FING?

ARRARRNR

X(10}26,000%66/T%
X(3)}212,00%G66/T4
X{32)220.,00%66/1%
FING320,00

DO | 121432
FINGIZFING3+G(1)*X(2)
RETURN

_END
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LT~

bbbt LD SUBR@UTINE FINTAB

1

" € N R I T IR DI RTRC SO Y T P SUI I B N7 T I A &
2 € #® ROUTINE NAME < FIND AND 'INPUY THE MASTER &
oy ¢ * . TABLE OF -A .SET OF TARLES %
e € M ROUTINE LANG « FORTRAN V UNEVAC 1108 EXEC 2%
5 C % PROGRAMMER = R, BOLLINGER 1949Y {02 :269%9
) i 4 :# DATE CODED e 379770 e
L3 K4 QQQ**Q'QQ'Q‘Q.Q'Q..Q'Q'.
N € : .
‘fg -SUBROUT!NEfFlNTAB(MTN)
X3
;:l K4 *'*" EXPLANATION OF THE CALLING SEQUENCE
2 C
Iy € ' MTN = MASTER TABLE NUMBER, THE INDEX OF THE ARRAY ‘TLA
u € - (SEE PDP CTAB) WHICH POINYS 'TO THE PROPER DRUM
18- € AtAAd LOCATION FOR THE TABLE,
1 {d o -
"y LOGICAL DIAG
] [4
19 TNCLUDE CIOUMT
20 INCLUDE CTAB
‘gl INCLUDE :CTABA
2 € L. . . .
2y IF (DIAG(0,6HFINTAB)) WRITE (10T,6010) MTNsTLA(MIN}
24 JYABID := MTN ) .
-1 IF (TLA(MTN) .GT, 0) GO TO 8
, 26 WRITE (107,6020) MTN -
2T CALL EXIT
' 28 S 'CONTINUE
.29 101 . = TLA{MTN}
20 NOD !TABLE(!DXl)
"3 '!F(ND LE,2) GO TO ‘20
32 €
1% NDM2 = ND = 2
W DO 10 1=} NDM2
5 10X1E = 10Xt + )
C % NP 'z ITABLE(IDX!)
) A ITAB(1s1))-= NP
T po 10 f2= lvNP
9 10X1 = 10X1 ¢ | .
LT ‘TAB(12 0!01!) TABLE(1DX])
o ug 10 CONTINUE
u2 €
by 20 10x1 & IDX) & |
iy 1F (D!AG(lrbHFlN7AB)) WRITE (10T,8010) NDo((?lB(!vJ)oJalo!)olll06)
ug RETURN
1) €
yr 60!0 FOPHAT (41 14X 1782187 (30XSEIS, 13
ue . o )
) oozo FORMAT ('0'/7 20X ts#%x | OAD TABLE NO,!1us! ‘SEFORE.-YOU ‘TRY''TO USE
Y 1 IT., -#hw1)
LY END '
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AANRRRRS

CPRrP AT AN -0 SDIC AL WV~

20

N AAnANAAN ARRANANRNNAND

FUNCTI@N FL@DEQ

TS S

D »
Q
(=
2.
o 2
= .
mas:
z"

DATE CODED = 1/!0/70

AL B IRt PO THL B B T BN BN R L N JNEINE JNE BEL R DN BEL IEE BN f

FUNCTION FLODEQ(MyG)
<ta'*- EXPLANATION OF THE CALLING SEQUENCE
* #t .« MACH NUMBER
. G = SPECIF1C HEAT AT CONSTANT PRESSURE/

T

REAL M

MSQ =
‘FLOOEQ =
!

RETURN
END

[ 424

'MSQ

Hﬁiz ,

(
"

Lo
2,

0 -
0+

SPECIFIC HEAT AT CONSTANT VOLUME

. MS n,/(annse) 4 (6 & 1,0)%ALOG({G +-|.0§%MEQ/

{6 0} * M50)1/(2.0 * G)

N EE R . Y . R AN N ' Te .vf
AME « FANO LINE o ONE DIMENSIONAL %
COMPRESSIBLE=FLOW FUNCTION
FOR ADIABATIC ‘FLOW AT i
COMSTANT AREA WITH ‘FRICTION -#
ROUTINE .LANG = FORTRAN V UNIVAC 1108 EXEC 2%
PROGRAMMER = R, BOLLINGER 1943 |02 26931 *

96£T66V~OSIW'I
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renanpes

CONONE BN~ COBEPB L DD —

PN s YataYaXatataXa)

SUBR@UTINE FLE@RAT

€

"

R R L I R RN S TR B ST R R NSO ST
: ROUTINE NAME « TOTAL FLOW RATE FOR H2 AND '#

02 COMPUTATION, v
ROUTINE .LANG = FORTRAN V (INIVAC 1108 EXEC 2%
PROGRAMMER o JuA, MCKAY 19«49 z?l'xu9|7g *
DATE CODED = FERRUARY |97% REVISED) #
L I TR LR IR I T T e ety

A s i

SUBROUTINE FLORAT

LOGICAL DlAG
REAL ICINyICOUT
REAL K1sK2sKT1eKU KG9 K& KTyKE

IHCLUDE :CCHTRL
INCLUDE CENG
INCLUDE 'CFLRAY
INCLUDE "CHEX
THCLUDE :CPULIP
IMCLUDE CTANK
THCLUDE CTURSBN
INCLUDE :CIOUNT

DIMENSION EQI3{2)1EQ24(2]EQST(2)1EQS8(2)

EQUIVALENCE (EQIT9K1) e (EQ24,K2) e (EQ1TI(2) 9K} 0 (EO24{2] oKY]
| 9 (EQST9KS )9 (E068¢K6 )¢ (EGST7(2)eKT) e (EBLB(2)9K8)

!F(DIAG(O,bHFLORAT))HRITE&!07b6020) WDOYle TOTEMP, 'TITEMP, 'TEFF,

{ EPDELPy TMRATO

IF (DXAG(OobHFLORAT)) WRITE (10T,6020) HEXHOT(I.').HEXHOT('.!’.

[} HEXCOT(1o1)y HEXCOT( 19209 HXMRAT($o1)9 HXMRAT{192) s HEXHIP(]» l)
29 HEXHIP(1y2)

13 = ¢
ISFLG = | )
IF (SYSNUM ,EG, 2) 1% = )
IF (SYSNUM ,EQ, 2 .AND. SCRIT (EQ. .2) ISFLG = 2
DO -20 T1=t142 .
GO TO (14912} ¢ 1SFLG
YERM| = O,
TERM2 = 0,
1F (HEXHIP(Z.XI) «EQe¢ 0.) GO TO 18
CONTINUE
TERM FOR HEAT EXCHANGER NOo. )
AVGTH = {HEXHIT(I3,11) & HEXHOT(I3.11)) ¢, 2.0
CALL 'CSUBPY (AVGTHoHXMRAT{19411),CPHEX)
DIH = CPHEX #* (HEXHIT(I3,11) = HEXMOT(13,11)} _
CALL ENMTHOH (HFXCIP(I3o!l)’HEXCIT(livliﬁollo!Clnf
CALL ENTHGH (HEXCOP(l!o!l)oHEX(OT(!?v!l)ollo!COUT)
DIC = ICOUT = ICIN
TERMI = DIC / {DIH*(1, OeHXMRAT(T111))
GO TO (16)18)2ISFLG

t6 CONTINUE

TERM FOR PUMP "TURBINE
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EARERRS: FLORAT PPTTTTTIN

58 AVGTT 2 (TITEMP(TI1) -« TOTEMP(21)) 7 2,0
59 ‘CALL CQUBPI (AVGTTyTMRATO(11)sCPEP) | .
60 CELMTP = "CPEP ‘# (TITEMP(]!) = TOTEMP(I1})
61 CALL RHOLIO (SITEMP()e1)e1)sRHOLO) i
62 TERM2 = 0,185*EPDELP(I1) / (RHOLO'PEPF(ll)'YEFFIIIY'DELM?P
61 | *(1,0¢TMRATO(I1)))
64 18 "CONTINUE
6% c .
66 € B . CALCULATE THE K=TERMS
67 EQIY(I1) := "TERNI * HXMRAT(I13s11)
68 EO24(11) ‘= "TERMI R
69 EAS7(11) ‘& TERM2 ‘4 "TMRATO(!11)
70 E06B(11) :8 TERM2 :
i + 20 'CONTINUE
T2 < ) )
is) DENMHX ‘2 K| -4 KY ¢ K2RKY & Ki®KU « |,0
';u c DENMTB = KS ¢ K8 .4 K6#4KT .= KG#K8 = |,0
5 €. .
76 WFLOY = {WDOT1 *KY - WDOTY o WDOTI(2)%KD) /7 DENMHX
';7 MWFELOY = (HDOT!(:)'KI ‘w HDOTI(2) -« WDOTY  #K2) / DENMHWX
8 €
79 WFLOT B (wDOTt ‘K8 .« WDOTY L wDOT!l!?'K?f 7/ DENMTB
80 WFLO® 2 (WDOTI(2)#KE -« WDOTI({2) -= WDOT1 #K&) 7 DENMTB
8l €
82 WFLOI = K| :x WFLOY
8% WFLO2 ‘2 Ky » HWFLOY
8y WFLOY = K2 '# WFLOY
85 WFELOY ‘& KY & WFLOY
86 €
8Y HFLOS 2 K & WFLOT
.1 WFLOG & KT :% WFLOS
89 WFLOT ‘28 K& & WFLOY
go c WFLOB = K8 :® WFLOS
| : '
92 € SET UP COND!T!ON!NG FLOW RAY! EGUAT!ONS
293 WDOHXTO = WELOI o WFLO2
9y WOHXTF :m WFLOY ¢ WFLOY
95 - K4
98 WOTPTO ‘& WFLOS o WFLOS
g; c WOTPTF :2 WFLOT ¢ WFLOS
99 WDOTT(1) = WDOTI(|) -4 WOHXTO 4 WODTPTO
;oo ' HDOTT(2) ‘2 WDOT1I(2) -¢ WOHXTF ¢ WOTPTF
01 €
j02 G0 TO (30,32)918FLG
j0% 4 " OUTPUT.TURBINE GsG, FLOWRATES
104 30 CALL OTPFLY
108 GO T0 Y , .
106 €. OUTPUT HEAT EXCHANGER 6.6.'FLOHRATE§
|07 12 'CALL OTPFLX :
j08 €
}?9 ] 34 .CONTINUE
0 € : L. ) L ) . ..
i IF (DIAG()96HFLORAT)) WRITE {10T7+6020) K1sK2eKI9KUoKSvKEoKT KB,
12 ' DENMHX ¢ DENMTB
1y .€
11y RETURN
[ C
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thhhdadd

16
e
118

FLORAT ARAEAARS-
6020 FORMAT (el uxysE18,8/7(18X6E15,6))
" Emd
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TRRRR AR SUBR@BUTINE FUELCL

’ ; ‘SUBROUTINE FUELCL
3' LOGICAL JP,PAGE
] INCLUDE 'CACCUM
[} INCLUDE "CAPU
T INCLUDE cDCyCL
8 INCLUDE CEMSG
9 INCLUDE CFUEL
10 INCLUDE "CHEX
3] INCLUBE ¢HSORC
12 INCLUDE CTIOUNT
Iy INCLUDE CMATRL
Iy CINCLUDE CONST
11 TNCLUDE CPUMP
16 INCLUCE "CTANK
tr INCLUDE TABLOK
1] C .
19 DIMENSION TIM{12)
20 DIMENSION HDOTX(HHXoai
21 EQUIVALENCE (WDOTCFyWDOTX]
22 ' o
21 C RRRRARNRRRRRARRRARARARRR AR RARARARA AR AR RARAARAAANAARRAN NN AR RN RN AN
2y € :
25 JP 2 PAGE(0}
26 €
27 WRITE (10T¢6000)
28 6000 FORMAT(//T18y thnn- !N!?lATE ‘PROGRAM AND CHARACTER!!E FUEL CELL PARA
29 THETERS. wwst)
30 WRITE (107¢6001)
M 6004 FORMAT( ’/Tz'PARAHETER'oTIH"CYCLE-I"TEGO'CYCLE-E‘
92 f T1SqICYCLE-i'pTSOO'CYCLE-H'.TéZo‘CYCLF-ﬁ'oTTQo'CVCLE-b'eTBbo
73 2 ‘CYCLE-7’uT?Bo'CYCLE~B‘.T|IOo'CYCLE-?"YIZI"CYCLE-!O’/)
Y €
% < : . . . . A .
LTS € RRRARRRARAARE RN ORARRARRA AN ARAR N RN AR RANRR QAR ARANRNARNARAARRORAANENARNR
T €
18 K4 BEGIN COMPUTATIONS FOR SUPERCRITICAL :STORAGE
9 € e Lo
uo C RRRARERARNARRAAAANA R AR AR RRAAAN I AN ER NN AR ARN R RN AANANNENRANRRRANS
L] <
42 C wwn SET SELECTED INPUT PARAMETERS FOR CONVENIENCE
43 < '
4y PCOFC ‘2 SOPRES(1+1)
us PCHFC .= SOPRES(201)"
LT3 € . .
ur € wna COMPUTE TOTAL ELECTRICAL POWER SUPPLIED FOR MISSION,
L1} € .
Yo POWTOT = 0,0
50 120
St no s ]! : 1oNDCYCLy2
52 1= 1 . . ,
59 PONTOT H PONTOT -4 PKW(1) . DCYCL!(!I) R NEOP(!) i POWER "IN ‘KWeHRS
5y 5. CONTINUE :
58 €
56 € anw COHPUTE QUANTITY OF REACTANTS CONSUMMED FOR POWER
ST K4 wxd COMPUTE FLOWRATES OF EACH REACTANY FOR EACH INTERVAL

96€T166V-OSIN'I



es1-4d

1
ARARNARE -FUELCL ARRARARK

1] 4
59 wnronp 2 0.0
60 1-
61 oo 10 1) :=2 1 4NDCYCL,2
62 1z o-l
63 unm) PRW(1] » ncYcLEm) * SRCFC * NEOP{1)
o4 WRFORP 2 WRFORP -¢ WRP(1)
65 €
66 10 CONTINUE
67 K4 :
68 c “*R% OXYGEN CONSUMPTION
69 c ‘
70 Ct = HRFC/{MRFC ¢ 1,0}
71 WOCONS= WRFORP #* Ci
172 € .
13 < #%% HYDROGEN :CONSUMPT10N
\TY R d , ,
5 C2 = ,QO/(”RFC L 2 I.O)
T8 WHCONS= WRFORP % (2
17 g4 -
70 PO It 1 I.KCYCLE
79 HORFP(!) ‘= WRP({1) * €|
80 WHRFP(1) = VRP(1) % C2
8] €. ]
:H WDTFCO(1) = 1) -w SRCFC » C!
81 HDTFCH(I) & PKW(1) - SRCFC -#-C2
' By 41 . CONTINUE
108 .
ge (3 #%% MAX 02 AND H2 FLOW RATES
8T (4 .
,eg PKWMAX = 0,0
. 89 po !S‘I,: FeKCYCLE
.90 TE(PKW{]).L.T,PKWMAX) :GO TO 1%
9| PKHMAX = PKW{l)
) :2 15 "CONTINUE
7 K :
' WOOTHX (1) & SRCFC® PKWHAX * €4 8 LBS, PER MR,
'zs . ' WDOTMX (2) = SRCFC :® PKWMAX * €2 _ 8 LBS, PER WA,
6 .t
' 9T WDOTI (1 ) '® WDOTMX(1}/3600,0
98 WOOTI(2) ‘= WDOTMX(2)/3600,.0
. 99 X3
100 WRITE(I0T,6004) .
101 6004 FORMAT(Th, 'COMPUTE 'TOTAL POWER AND 'FLOW RATES!)
102 WRITE (10Ty672) .
109 672 FORMAT(! 1)
10y C
105 WRITE (10T+601) POWTOTy WRFORP
106 601 FORMAT(TUy tPOWTOT=1,TI3,F8, z.rzs.'unvonrnv.rav.ra.|5
1ot WRITE (xor.soz) (NRP (J) e d=1eKCYCLE)
108 602 FORMAT(TY) 'WR SV 9TIV 10(FB.3eNX))
|09 WRITE (107.603) (Io c2 . .
110 601 FORMAT{TY,1C| Z1T[34F8,39T2500€2 B1yTIT.F8,Y)
"1h WRITE (10T,604) WOCOMS,. WHCONS
NEE 604 FORMAT(TH ¢ 'WOCONSE ¢ T131FB8,2¢T25¢ 'WHCONSE! yT3T9FB, 3]
1"y WRITE (10T9674) (WORFP{JjyJ=1eKCYCLE)
EER 6Ty FDRHAT{TH;'HDRFP ='.TH'[O(F8 2:4X))
g WRITE (10T+675) {WHREP(J)yJ=lyKCYCLE)
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ewnanaen.  FUELCL RARAAR AR

e 675 FORMAT(Thy iNHREP 21 ¢TIV 1Q(FB8, 204X |
(e WRITE (107¢605) (WDTFCO(J) el eKEYCLE)
118 605 FORMAT (YU 'WDTFCOZ! o T{ %y {O(FB.2,4X))
119 WRITE (10T+606) (WDTFCH(J)eds=lyKCYCLE)
120 606 FORMAT(TYy 'WDTFCHEToT{ 30 |0(FB.20¢4X) ]
121 WRITE (10T,609) WDOTMX({{), WoOTMX(3)" L
122 509 FORMAT(TUy TWDOTHAX~02 S*yF10,34730 'WDOTHAX=H2 21 4Fi0.%)
12y ‘ WRITE (10T¢677) WDOYI())y WDOTI(2) . .
| ay 673 FORMAT(TUy tHDOTT02 209F 12,8170, ' WDOTIeH2 20 4F12,8)"
125 < . , e
”lab c"Qtﬂ.l*ﬂtfttitﬁﬁ'ttittt*ﬁ"itﬁttttttQ.Qt'.Qﬁttttp.tttltt'.'t.t.'t".tl
leT (4 : . .
:ge c sw#® DETERMINE AVERAGE SPECIFIC HEAT OF ‘FREON COOLANT
9 C )
1%0 THF2E 3 (TF21IM ¢ 'TF210U}/2,0
In CF21z CSPF2I(TMF2]) i
;;z QF21 .= CF2l * (TF2LIN = TF210U) 8 HEAT VALUE BTU/LB
3 4 N . . )
]aq € HARARARAANRRA R R AN AR AN RARNRRARAN AR RNARARARRRARANRARRRAAANRARANAANRAARNAAAN
135 c X
136 € “w%% "COMPUTE 'TOTAL HEAT REJECTED AND HEAT REJECTED FOR EACH
{31 € k% OPERATING INTERVAL 8Y FUEL CELLS
38 <
139 QFCTOT =: 0.0
140 1z0
141 , DO 4O 12 :2 |oMDCYCL,2
142 Tl . . \
lyy QAVAIL(I) := GDTFC * PKW(1) # DEYCLE{12) ‘* NEOP{I)
1y € . ,
}us WOTF21(1) = QAVALIL(T)/QF2Y
" fue < _
fur QFCTOT ‘= GFCTOT .0 QAVAILLD)
148 40 "CONTINUE
{u9 €
{50 NRITE (107,672
151 WRITE(10T+4005

16008 FORMAT (Tu, FCOMPUTE ‘FUEL ‘CELL HMEAT REVECTION DATAI)-
WRITE (107,672)

WRITE (10T1607) PKyMAXy ‘THMF21 . .
60T FORMAT(TU, 'PKWHAXS! ¢TIV IF8. 207259 VTHF2) (23 yTYTFB, 2}
WRITE (10T+608) GF21s CF2{ . S ..
608 ‘FORMAT(TH, 1QF2] 'R'sTI139F8,20T2S+1CF2] n1yTIT,F8,2)
WRITE (10T,610) (GAVAIL(J)sJzleKCYCLE)
610 FORMAT(TY, TQAVAILSyTIYy10(FI0,002X))
WRITE (10T,611) (WDTF21{J),u=t,XCYCLE)
611 FORMATCTH TWDTF2121 4TI 10(FI0,102X))
WRITE (107,612} OFCTOT 4
612 FORMATUTY, 1 QFCTOT= s TI34F10,1)

€ RRRAARRAAARARR AR A ARNRRR A AN AARANARRRRARAVARAARAANRRANRARNARNANARANNN AR
C . .
(4 *t* DETERMINE ENTHALPY OF FLUIDS FEEDING FUEL CELL
c ‘ .
HFCO ‘= OXENTH(PCOFCyTFCNOM( 1))
HFCH ;&8 HYEHNTH{PCHFCo TFCNOM(2))
C

NNH4NOC O CORCOCCNANNAAND
WN=C VRIONEFWIN=-OIBICNL DN

G RRRRARAREAR SR AR AR R AR AR R ARR AR AR AR RARRANARO RN OAARARANR AN RAR AN
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;
AR AANS

174
178
178
17T
170
179
1180
18]
182
183
8y
]85
,lﬁb
187
‘IBB
189
‘190
‘191
192
"9
19y
i19s
196
197
1198
199
1200
0l
202

AnnAn

nan

Ann

Annnnn

‘FUELCL

ARARA RN

DETERMINE INTTIAL ‘TANK TEMPERATURES

:CALL ‘FINTAB(NTBID(8))
‘XKTAB (1) ‘e PCOFC

XTAB(2) = 70126

‘TEMPOR 2 MXPE(z.xTAa)
‘CALL FINTAB{NTBID(T})

XTAB{1) ;& PCHFC
XTAB(2) = 4,365

'TEHPH24= MlPE(?bXTAB)

nan

"DETERMINE INTTIAL .CSUBY YALUES FOR TANK T AND P CONDYTIONS

"CISBYO & .CSUBV{TEMPO24PCOFC, 1)
CISBVH = CSUBV({TEMPH2,PCHFC,2)

"COM

coM

PUTE 'THE '‘COMPRESSIBILITY OF H2 AT TEMPERATURE 'TFH AND PRESSURE ‘PFM
I . .
PUTE ‘THE COMPRESSIBILITY OF 02 AT TEMPERATURE ‘TFO AND PRESSURE PFO

“TKTO 2: 0,0
‘TKTH = 0.0

1=0
DO us50. XI 2 oNDCYCLo2
121+

ZFO @ ‘ZGET({TFOFCsPFOFCo)

‘CALL ZFIND (TFHFCoPFHFCy2,ZFH)

¢
coM
IN

PUTE 'THE 'PERCENT OF USABLE H2 AND 02 WITHORAWN UP ‘TO.'TH1S POINT
THE MISSION

“TKTO :2 "TKTO .¢- DCYCLE(I!) ‘% wOTFCO(T)
'Txozwo(x) 2 'TKTO
“YKTH ‘2 TKTH - DCYCLE(I!) “® WDOTFCM(1)
-rxnzwo(x) ‘2 "TKTH

.COM

ESTIMATE RESERVES AY :20 PERCENT

PCWDOR(1] ‘= TKO2WD(IT/(WOCONS & 0,2 #: yOCONS]
PCHDH2(T) & TKH2WD(1)/(WHCONS ¢ 0,2 * WMCONS)

PUTE 'THE DENSITY OF H2 AND 02 AS A FUNCYION OF PERCENT WITHDRAWN.

1€3 2 140 = {(0,0427#PFHFC)/{ZFHATFHFC)}
‘€4 2 1,0 = ((0.04253*PFOFC)/(LFO*TFOFC) j

"

*RR

‘COM
DEN

RHOTO2(T) ‘= 70,126 % {1,0 = (PCWDO2(1) * C4})
RHOTH2 (1) = 44365 ® (1.0 .= (PCWOH2{1) @ €Y))

BRNARARRARARRRRARRNARRNA AR RANRR AR S AR ARRAARRARANANNAA RN O RRAANR AN N

PUTE 'THE "TEMPERATURE OF 02 IN STORAGE TANK AS A FUNCTION OF
SITY AND PRESSURE,.

96€T66V-DSIN'L
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ARRRANRNA

212
3}
2%
215
236
237
218
2139
240
eul
242
2uy
2uy
248
- 246
au?
248
2u9
250
25!
282
251
254
255
256
&5T
258
259
260
261
262
26%
26M
‘265
‘266
287
268
269
270
271
272
273
274
215
278
21T
278
279
‘280
281
282
283
284
285
286
287
288
289

FUELCL RARRIN N

€

nAaNnNn

NnanNnAn

[ Yo laXaYa)

aAANAA A A A AAAAAN

CALL FINTAB (NTBID(8))
XYAB(1) = PCOFC
XTAB(2) .= RHOTO2(1)
TKO(I) ;= ‘MIPE(24XTAB)

COMPUTE ‘THE 'TEIIPERATURE OF H2 IN STORAGE TANK DURING ‘TINME' lNYERVAL
THETA(I) AS A -FUNCTION OF DENSITY AND CONDITIONED PRESSURE,

CALL'FINTAB (NTRID(TY)
XTAB(I) 'z PCHFC .
XTAB{2) := RHOTH2(1)
TKH(I) = MIPE(24XTAB)

iit.tﬁ"i'*iﬁQ.QQQQQQt.t'*'*‘QQitt.ﬁt.it"'iﬁ..Q.t'QQQ'QQ.Q.Q‘Q.'..."'

##% COMPUTE SPECIFIC HEAT INPUT (DO/DM) FOR 02 AND H2 AS A
* FUNCTION OF DENSITY AMD STORED FLUID PRESSURE

CALL PHTHON(TKO(1)9yRHOTO2(1) 0t ¢PHISTHETA)
DADNO(1) & THETA .

CALL FINTAB (HTBID(Q)’
XTAB(1) .= PCHF

XTAB(2) = RHOTHZ(I)
DODWH (1) :2 MIPE(2,XTAB)

ARARRRARNRARRAR AR AL RRARNAANARAAGAIRRAA AN ORRNARNRRARRNAARANAARCORARS

kx® S17E 02 CONDITIONING HEAT EXCHANGER

HTKO(I) = OXENTH(PCOFCyTKO(1))
QIODTR(I) = WDTFCO(1) * (HFCO = HTKO(1))
WOTIFO(L) = QIODTR(1)/QF21

ww® SITE H2 COMDITIONING HEAT EXCHANGER
HYKH(T) = HYENTH{PCHFCyTKH(1})
. GIHDTP(X} = WDYFCH{I} * (MFCH = HTKH(1))
WOTIFH(1} = OTHOTR(1)/qF2!

ATARRRAEENRRRARRANRARRRRRNAAR S AARRARRSAAAAARARARANAOAAANINARARRAARR AR

et SI7E 02 TANK AND H2 TANK HEAT REQUIREMENTS
‘Q20DTR(I) :@ WDTFCO(T) ‘% DADWO(Y)
Q2HOTR{T) ‘@ WOTECHIT) ‘% PADWH(TY
WOT2FO(1) .= -G200TR(1)/QFR1
WOT2FH(I) .= QZHDTR(Y)/GF31

BRNRERRARARRRRRRRARRARRRE IR AR VANARRAR AR ARRRAAR AR RAANERARAARNARIRRARY

wk# COMPUTE ‘THE:.ENERGY DIRIVATIVE (PHI) FOR 02 AND H2 AS A
™ FUNCTION OF PRESSURE AND TEMPERATURE FOR CONST vOL

96€T166V-OSIW'1



LST-9

1

RaRRRND

290
1291
292
29
294
298
298
297
298
299
300
901
‘302
30y
904
305
306
307
308
409
310

-b

PRVE T S Jorauryor Jory

b D wad o wak
T s P T R
N LW -

NP o e - o p —
CO®ICNEBN

FUELCL MECERNIR

450

6006

613
614
615
6168
617
61g
619
620
621
622
621
624
625
626

6116

-6007

827

CSBVFO(1) := CSUBV(TKO(1)oPCOFCol)
CSBVFH(1) := CSUBV(TKH(1),PCHFC,2)

CALL PHTHON(TKO(T)sRHOTO2(1)¢1yPHIyTHETA)
PHIF02(1) = PHI

(CALL FINTAB (NTBID(40))
XTAB(1) ;= PCHFC
XTAB(2) .= RHOTH2(I)
'PHIFHZ(I) = MIPE(2,XTAB)

.CONTINUE ,
WRITE (107,672}
WRITE(10T,6006)
FORMAT(TU, 'DETERMINE ‘TANK ‘CONDITIONS 'FOR DUYY eYeLEij
WRITE (107+672)

HRITE (10T4613) HFCOs HFCH

FORMAT(TUy IHFCO =1,TI%FB8.2+T25¢ tHFCH E1yTYT¢F8,.2)
WRITE (10Ts614) TEMPO2y TEMPH2

FORMAT (T4, 'TEMPO22 ' yTI34F8,20T25¢ ' TEMPH2E 1y T37,F 8,3}
WRITE (10T+615) C15BVOr CISBVH

FORMAT(TUy 1CISRVO=?yT134F8,3¢T25s 'CISBVH=1yTIT,FBLY)
WRITE (10T+616) (TKOcND(J)oJ 1¢KCYCLE)
FORMAT (Tl 'TKORWD="!yT13,10(FBa2e4X))

WRITE (10T»6!17) (TKH2WD(J)edzlyoKCYCLE)

FORMAT (Tl TTKH2WDE 9 T134 1O(F84204X))

WRITE (107,618) (PrHDOZ(J)odtloK(VCLE)

FORMAT(TY, 'PCWDO2=!,TI3,10(FB,3,4X)}

WRITE (101v6l9) (PCHDH2 (\J) + =1 1KCYCLE)

FORMAT (Tl 'PCHWDHR= 1y T133 10(FBsIeliX))

WRITE (10T¢620) C3» CY . .
FORMAT(TY,'C? 21, T1Y,Fg,2,T25,'CH  £1,7Y7,F8,2)
WRITE (10T7¢621) (RHOTO2(J)sJ=1oKCYCLE)

FORMAT(TU, 'RHOTO2E»TI3» J0(FB.3sUX))

WRITE (10T,622) (RHOTH2(J)sJ=leKCYCLE}
FORMAT(TY, TRHOTH2= ', T13, JO(F8,3,4X)}

WRITE (10T+623) (DGDWO(J)} 9=l eXCYCLE}
FORMAT (TUy 1DODWO =V, T139 [O(FB294X))

WRITE (10T9624) (DADHH(J)yJs!eKCYCLE)

‘FORMAT(TY, 'DADIH =1, T13910(F8,2+4X))

WRITE (10T0625) (TKO(J)e=14KCYCLE)

FORMAT(TU,'TKO. ='yT13310(FB.2+4X))

WRITE (10T96268) (TKH(J)yJ=1¢KCYCLE}

FORMAT(TU,'TKH  =',T13,10(Fg,2,4X))

JP = PAGE(O) -
WRITE (IOT16116)

FORMAT(//TH2, ' #%% CONTINUE COMPUTATION OF FUEL CELL' PARAMETERS tas

1)

HRITE (10T7+6001)

WRITE(10T,6007)

FORMAT (Th, 'DETERMINE ‘HEAT AND HOT FLCW REGU!REHENTS = EACH DUTY*CY
1CLE')

WRITE (10Ty672)

WRITE (I0T,62T7] (HTKO(J}4J=1KCYCLE)
FORMAT (Tl HHITKO  SteT13010(FBsTelX))

96£166V-OSIN'1
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i?ttiitt' ‘FUELCL ARANAR AN

s WRITE (10T7,628) (HTKH(J),J=]XCYCLE)

9 628 FORMAT(TUTHTKH =0y TI%)10(FB,Te4X))

150 WRITE {107+629) (QIODTR{J)eJr)sKCYCLE)

351 629 FORMAT(TY,1QIODTR=YyTIS1Q(FB.teX))

152 WRITE (107,630} (QTHOTR(JJeJ=(eKCYCLEY

359 630 FORMAT(TUy'QIHDTRE!yTIF910(FB. lolX))

A5y WRITE (107+631) (WOTIFO{I)+dntyKCYCLEY

485 631 FORMAT(TU, tHOTIFOT o TI3y{0(FB,304X))

956 . WRITE (10Ty632) (WDTIFH{J}eJZtKCYCLE)

T 632 FORMAT(TY» *WDTIFHE 4TI 10(FB.3o4X))

958 WRITE (107,633) (Q20DTR(.J)edzlKCYCLE)

159 633 FORMAT(TYy 'Q20DTR=Y 4TI {0(FB.|euX))

360 WRITE (10T¢674) (Q2HDTR(J)ed=!eKCYCLE)

361 634 FORMAT(TU» 1Q2HDTR=V yTI391O(FB. I oliX))

1362 WRITE (10T9635) (WDY2FO(J)sJd=)eKCYCLE)

16% 635 FORMAT(TY, '\DT2FOZ 4 T13910(FB.304X))

64 WRITE (10T9636) (WDT2FH(J)sJ=1eKCYCLE)

;gz ¢ 636 FORMAT(TUy 'WOT2FHEY 4 T134 10(FB,3ekX))

36T HWRITE (10T,672)

168 i d

169 WRITE(10T,6008) .
370 6008 FORMAT (T4, 'DETERMINE ENERGY DERIVATIVE «EACH CYCLE'|
471 WRITE (10T,472)

972 € L i

37y WRITE (I0T,637) (CSBYFO(J)eJz)eKCYCLE)

ATy 637 FORMAT(TY'CSBVFOS!TI13s|0(FBaIelX))

375 WRITE (10T,638) (CSBVFH{J)yJ={¢KCYCLE)

376 638 FORMAT( T, "CSBVFHR? \T13, 10(FB.304X))

377 ~ WRITE (1079639) (PHIFO2()eJelyKCYCLE) -

1978 639 FORMAT(TYy 'PHIFO2=1yTI3¢)0(FBsTelX))

179 WRITE (10T,640) (PHIFH2(J)sJ=1,KCYCLE)

:ao 640 FORMAT(TU, 'PHIFH2=1,T1%,10(F8.3¢4X))

484 < S . e L
382' K4 Q't'tttti'tittlttt*it'a'nﬁﬁ'nit..Q.Qnt.tt.t'Qtt'.ntttttt"t'ﬁ"i'ttq.t-
489 £

98y € e CHECK 'TO ASSURE ADEQUATE SUPPLy OF FUEL ‘CELL. REJECT HEAT
‘988 <

986 ‘ QTOTR = 0,0

387 DO SO0 1 = (¢KCYCLE . .
988 QSUMR(I) 'z QIODTR(I) -+ OLHDOTR(1) ¢ G20DTR(1) & G2HOTR(1)
%89 DAANET{1) = GAVAIL{I) = QSUMR{])

1390 QTOTR ‘= QTOTR -+ QSUMR(!)

19 500 CONTINUE

992 ¢ .

1193 ‘QREXCES = QF¢TOT .= QTOTR

39 ¢ .
vags §< ww® COMPUTE MAX FLOw RATE OF 'F2| COOLANT REQUIRED,
396 . )

397 WF2IMX 2 0,0

1998 DO SO I = |4KCYCLE

199 IF(WDTIFO(I),LT.WF21HMX) GO 'TO 502

400 WF2IMX = WDTIFO(1)

401 $02 IF{WDTIFH(I).LT.WF2IMX) GO TO 50)

402 WF21HX = WDTIFH(T) .

403 S03 IF(WDT2FO(1),LT.WF21MX) GO 'TO SOu

4oy WF21MX = WOT2FO(1)

40% S04 IF(WDT2FH({1).LT.HF2IMX) GO TO 50!
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hhhddbdd
466
4o
40

c3crfam—o

PR Yy

rorrrc
N NN =
wN—0-0

n A" N nn

C
£
<
<
C

C

FUELEL FYTYYYYY)

so0!

£

508

506
So7

6009

(1]]

642

(.13 ]
(L1

Sto

NnNANA

HERIHR 3 wbtaFH(t)
CONTINUE

DUAMIN ‘& DAANETLI)

DO %05 § = 24KCYCLE ,

IF (DAANET(1),E0.0,0) 60 70 505
DOAMIN '8 AMIM1(DRAMIN,DGANET(1))
CONTINUE

IF(DQAMIN) S06,506,507
CONTINUE
CONTINUE

WRITE (107672}

WRITE (107,6009) .
FORMAT (T4, "CHECK .ADEGUACY' OF REJECTED MEKY ‘SUPPLYI)
WRITE (10T9672)

HWRITE (10Ty441) (QSUMR{J)eJ=1eKCYCLE}

FORMAT (TN *QSUNR :21yT{39 JO(FBelsUXY))

WRITE (10T,442) (DQANET(.))¢+J=1+KCYCLE)

FORMAT(TU, 'DOANET=',T13,10(F10,042X))

HRITE (107,643} QTOTRy QEXCES ..
FORMAT (Tl 1GTOTR :eyT) 3, FB, |1 T2S, 1 OEXCESE' sTITF 12,0}
WRITE (10Te644) WF2IMXe DOAMIN ,
FORMAT (Th, TWF2IMXS ! T|9,Fa,2,T25, 'DAAMINE !y TIT,F 12,0}

AR RN RN AR R A RANAR R AR AR RRAARER A RARN R AR RRANRRA AR AOARANAARARNA RN

wan "COMPUTE 'THE WEIGHT OF PROPELLANT "TANK HEATER CIRCULATING
* COMPRESSCR, FIRST COMPUTE THE MAXIMUM HEAYT FLOW ‘RATE
%% REQUIRED INTO THE TAMNK

‘TKOMAYX '2 0,0

TKHMAX = 0,0

AMXTKO = 0,0

OHXTKH .= 0,0

DO S10 ! :3 JeKCYCLE

AMXTKO = AMAXI(AMXTKO,Q20DTR(1))
QMXTKH = AMAX!(GMXTKH,Q2HDTR(1))
TKOMAY = AHAXT(TKOMAXyTKO(T}}
'TKHHAX'=‘AMAX|(TKHHAXjTKH(I))
CONTINUE

waw 'COMPUTE ‘'THE SPECJFTC HEAT AND -DENSITY OF H2 AND 02 AT
‘# 'THE FIMAL TEMPERATURE AND PRESSURE

PRFCHM(|) .= PFOFC
PRFCHN(2) ‘= PFHFC

CALL DENSOH{TKOMAXyPRFCMN{ 1)1 yRHORIN{|)¢ZEE]"

"CALL GSDMST(2+TKHHAXoPRFCHMN (2)»RHOFIN(2))
"CALL "CSURP (TKONAX,PRFCHMN{ 1), 1yCPFO)
"CALL CSUBP {TKHNAX,PRFCMN{2),2,CPFH)
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ARARRNNN-

N6Y
465
X7YS
467
468
469
470
471
472
479
4Ty
478
476
41t
478
479
yeo
489
482
G819
hay
4es
Hoé
487
488
989
490
491
492
491
49y
495
H9s
wor
498
499
500
50)
. 502
50%
S04
505
506

— QO OBNONREWN

IAASAAAAND A
TIN = = o oo = e e

nnonn

AR N Anon

e YaYats)

6010

sys
846
647
648
649
850

20°

‘FUELCL ARARRAAR

WDTCFO ‘&' QMXTKO/(CPFO ‘# [TF2IIN -« 100, -= TKOMAX))
WOTCFH := QMXTKH/{CPFH '* {TF21IN = 135, .- TKHMAX) )

WOCMP 'z (0,01455 % DELTCP '* WOTCFO) /RHOFING )
WCIRCP (1) = WOCMP

WHCHP £ (0,01455 '* DELTCP % WOTCFH) /RHOFIN(2)
WCIRCP{2) ‘= WHCMP

_HRITE (10T+672)

WRITE(107,6010)
FORMAT (T4, LCOMPUTE WEIGHT OF CIRCULATING PUMPS FOR YANKS')
WRITE (107,672)

WRITE (10T¢645) TKOMAXe TKHMAX

FORMAT (T4s FTKONAXS1 ¢ T|30FB. 20 T250¢ FTKHMAXE sT3T0F8, 2}
WRITE (10To646) QMXTKO, QMXTKN

FORMAT (T4, 1QMXTKO=1 o T|3,F8, 1, T250 'GMXTKHZ ! yTIT,FB 1 §
WRITE (10T¢647) RHOFIN(I)s RHOFIN(2)

FORMAT (T4, ' RHOF1Na023' ¢ T15¢FB4 30 T30y ' RHOFINH22 ¢ TU24F8, %)
WRITE (107,648} CPFOy CPFH

FORMAT({TU,1CPFO  =1yTI99FB.70T2501CPFH' £94TY7,08,3
WRITE (10T,649) WDTCFO, WDTCFH

FORMAT (T4 "HDTCFOZ o TE39FB. 21 T250 {WDTCFHEY yT37,F8,2)
WRITE (10T¢650) WOCMPy WHCHP

FORMAT (TUy tHOCHP £14T|39F8.20T250 1HHCHP 895 T37F8,2)

ARRARERRRARRARRARRARRARNRRRARRRARN AR NN ARIAANARAR AR AN RACNNNRARAROR AN

‘wand COMPUTE RESERVE REACTANT QUANTITY

POWMAX :2 0,0

120 ,

Do zg 11 :2 1eNDCYCLy

1 = * | R o
POWHAX := POWMAX -#- PKHMAX '* DCYCLE(T!1) ‘* NEOP(!)
CONTINUE

# SET RESERVE AT [1,§ PERCENT OF MISSION ‘EXTRAPOLATED MAX
POWER REACTANT REQIITREMENT #

WRMAX .= SRCFC ‘% POWMAX

WRRSRy := SRCFC * POWMAX % 0,118
WORSRY ‘= WRRSRy ‘% €| n Les,
WHRSPV := WRRSRV * €2 A Les,

#%% ‘COMPUTE WEIGHT OF RESIDUAL REACTANTS,
WTRES(1) '= (RHOFINCI)/RHOFIL(1)IN(E,0/11,0a(RHOFING 1} /RHOFILIIT) )
1% (HOCONS -4 WORSRV .4 WOVENT)

WTRES(2) := (RHOFIN(2)/RHOFIL{2))I*(L, 0/(|.0-(RHOF!N(2)IRHOF!L(2)‘3)
I '® (WHCONS -¢ WHRSRV -¢ WHVENT)
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222
823

FUELCL  wnaaeane

L B a T a s Xa

ann

0 A nan

###:COMPUTE WEIGHT OF PURGE REACTANTS FOR ‘PUEL CELLS.
AMPHRS = (POWTOT :# 1000,0) /FCVOLT
PURGAS(1) :a PRGRAT(1) % PRGTIM{I) * (AMPHRS/PRGINTLj)
PURGAS(2) := PRGRAT{2) :# PRGTIM(2) * (AMPHRS/PRGINT?2])

NPRGE1 ‘= AMPHRS/PRGINT{1}
IF(PRGINT{1).€Q,0,0) NPRGEI = 0
NPRGE2 ‘= AMPHRS/PRGINT (2]
IF{PRGINT({2),EQ,0,0) NPRGE2 2 0

JP = PAGE(D)
WRITE (10T6116)
WRITE (10T7,600})
WRITE(10T,6012)
6012 FoRHArtru.'coMPUTe RESERVE, RESIDUAL AND PURGE REACTANT QUANTITTES
1)
WRITE (107,672}
WRITE (10T4¢6%51) POWMAXy WRMAX
651 FORMAT(TU, 1POWHAXZTT)30F8, |1 T25e 'HRMAX R44TYT,F8,2)
HRITE (10T,652) WRASAV, WORSRV, WHASRY
652 FORMAT(TY, '"HRRSAV='yT]3sF8, 2.125,'Honsnv=|.rs1,ra,z,rua,|uugsgv.o,
I T04F8,2)
WRITE (10T+654) NTRES{1§y WTRES(2)
654 FORMAT(TY, IWTRES=02 219FT,2¢T25, tWTRESaH2 :R1 4P, 2)
WRITE (10T,682) AMPHRS, NPRGE|, NPRGE2
682 FORMAT(T4y'7OTAL AMPERE=HOURS =1+F 10,2740y 'NyMBER OF FyEL CELL Py.
IRGES « FOR OXYGEN SIDE 1S7,Ily?suFOR HYDROGEN SIDE 1St,14)
WRITE (10T,683) PURGAS(1)y PURGAS(2} , L.
6873 FORMAT(TH, 'QUAHTITY OF PURGE GAS USED 1S = OXYGEN!,F6,24 .« HYD
IROGEN'+F6,2)

%% "COMPUTE yOLUME OF THE REACTANT TANKS,

VOLINK{1]) = (WOCONS o WORSRY -4 WOVENT o WTRES(!) 4. PURGAS({I}frii07"

| » (RHOFIL(I) = RHOFIN(1§))

VOLTHK(2) & (WHCONS ¢ WHRSRY - WHVENT .4 WTRES{2) s PURGAS{2} )20, 08
| * (RHOFIL(2) -» RHOFIN{2}))

44 COMPUTE AREA OF SPHERICAL REACTANT ‘TANKS,
AREATK(1) B 4,84 % (VOLTNK(|)#%40,566)
AREATK(2) ‘0 4,84 ' (YOLTNK(2)%*0,866)

WRITE (1079672’
WRITE(20T,6011)

6011 FORMAT(TUH, 'COMPUTE 'TANK VOLUME AND SURFA(E AREA! )
HRITE (107,672)

WRITE (10T¢655) VOLTNK(1)s yOLTNK{2)

655 FORMAT(Tl, 'VOLTNK=0221 ¢ T|5¢F8,20 T30+ ' VOLTNKaH2Z ! ¢ TY24F 8, 2)
WRITE (10T+656) AREATK(1)e AREATK(2)

656 FORMAT(T4,!'AREATK=0221+715,F8, a.ﬂn.'Anearx.uz-"vuz.n 23
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‘#w%COMPUTE HEAYT LEAK INTO REACTANT TANKSeopER HOUR AND ‘TOTAL

GUEAKO = 0.0
QLEAKH = 0,0

=290
DO 30 1 =.29NDCYCL02
= 1¢

CALL TCOND(TENV TKO(!)!SNBAR(')oSlTH!K(I'I)oS!TYPE(lol)o?OCOND)
QLKO(1) .3 TOCOND 'w AREATK(I) * DCYCLE(1!)
QLEAKO .= QLEAKO -« QLKO(I)

CALL TcOND(TENv.TKH(!).snann(a).sxvnrxczol).srfvpzta.l).vuconoi
QLKH(1) = THCOND 'w AREATK{2) * DCYCLE(I!)
QLEAKH := OLEAKH -4 QLKH(I)

.CONTINUE

L T d L T T e e T T PR e TT TP Y

BEGIN CALCULATING WEIGHT OF H2 VENTED DURING THE MISSION, FIRSY
‘COMPUTE 'THE SPECIFIC HEAY OF H2 AT T= TKH(1) AND P= PCHFC

WVHO := 0,0
WVHH :z 0,0
PVENTO := :SVPRES( 1))
PVENTH .2 ‘SVPRES (2, 1)

‘D0 S50 I:z |oKCYCLE
£58v02 :

2 :CSUBV(TKO(I1+PCOFC,y )

CSBVH2 = :CSUBV({TKH(1)ePCHFC,2)

QRADOZ .z {{VOLTNK(1)#CSBYVO02]/48,3) * (PVENTO = PCOFC] # 144,0
GRAOH2 .= ((VOLTNK(2)®CSBVH2)/776,%) * (PVENTH o PCHFC) * {u4.0
IF(GRQDO2,GT.OLKO(1)) Go To 3¢

DELG = QLKO(I) = QRGDO2

WVENTO ‘= DELQ/(CSBVO2 * YKO(!) * ((PVENTO/PCOFC) = |, 0))

NVHG 3 WVHO ¢ WVENTO

IF (GRQDH2,6T,.QLKH{1)) GO To 32

DELGH '=m GLKH(I) - QRQDHE

WVENTH ‘= DELOH/(CSBVHR # TKH(T) ‘' ({PVENTH/PCHFC] .= 1,00}
WVHH 2 WYHH -¢- HVENTH

.CONTINUE
"COMPUTE RESULTANT TOTAL WEIGHT OF VENTED SASES,

IF (WYHO,LT,0.0) WYHO :& 0,0
IF(WVHH,LY,0,0) WVHH & 0 0

WOVENT :& WVHO
WHVENT ‘= WVHH

WRITE (10T/,672)
NRITE(10T,6013)
FORMAT (Tt , 'COMPUTE HEAT LEAK AND VENTED REACTANT QUANTITYS |
WRITE (10T,672)
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WRITE (10T¢657) (QLKO(J)yd=]oKCYCLE)

FORMAT (TUy 1QLKO R'¢TI%910(ETsYUrIX)

WRITE (107¢658) (QLKH(J),Je|oKCYCLE

FORMAT(TU, YOLKH @'y T19,{0(E9,4sIX))

WRITE (107+659) GQLEAKO y GLEAKH o .
FOPMAT(TY 'QLEAKOZ! 9y TI34E10,507304 ' GLEAKHE ¢ TY94E10,8} "
WRITE (107+660) WVHOy HVHH , '
FORMAT(TUY, 'WVHO :2',T|3,Fg, 2,725 'WYHH m',T99,Fg, 2}
HRITE (10T9661) WOVENTs WHVENT X N
FORMAT(TU s THOVENT= )T 99FB, 24 T250 'WHVENTR ! yT974F8, 2]

ARRERARRIRR RN AR R SRR AN AR N AR AR RAARRNERARNARARRARRARAARRRRARRA RN

-wat COMPUTE REACTANT LOADED INTO TANKS
wntbrL(l)-a (HOCONS 4 WORSRY ¢ WOVENT 4 WTRES(1) -4 PURGAS{1}}
WRTOTL{2) :2 (WHCONS + WHRSRY ¢ WHVENT ¢ WTRES(2) 4 PURGAS{2})
%4 COMPUTE DIAMETER OF REACTANT ‘TANKS .= ASSUMED SPHERICAL
oxArK(lzzu s:;.ooqav- «wnrorL(v)/RuorxL(I)jiﬁﬂo.iaj»d~vé;o

DIATK (2 1.9098 & (WRTOTL(2)/RHOFIL(2)))**0.%)) & 12,0
ITANKI = 0

IF(DIA?K(I).GT.?KHXDI(l)’ TTANKI = | .

ITANK2 2 0

IF(DIATK(2),GT,TKMXDI(2)}) TTANK2 3 |
‘w2® ‘COMPUTE REACTANT 'TANK INSULATION WEIGHTY

171 = SITYPE(Le1)
IT2 = SITYPE(241)

TIWT(gel) = NOP(1yl) % AREATK(1) # RHOT(ITI} * SITHIK{I+1§/12,0
)12

TINT(201) = NOP(2y1) ** AREATK(2) % RHOI{IT2) ‘* SITHIK(2,!
‘##% ‘COMPUTE DIAMETER OF REACTANT TANK VACUUM JACKETS

OTAVJ(1) ‘s DIATK(I) -+ (VJANUL(I) * 2.0)
DIAVU(?) :a DIATK(2) ¢ (VIANUL(2) * 2,0}

wat COMPYTE WEIGHT OF REACTANT ‘TANK PRESSURE VESSELS
MATLY = SMTYPE{141)

'CALL FINTAB(NTRID(9)¢MATL))

FTUX} ‘= MIPE{1)TKOMAX)

‘THKMY| = (140 '# PCOFC % 2,0 # (DIATK(1}72.0})/FTUR!

IF(THKMT1, LT MINTHK (MATLY)) THKMT! ‘& MINTHK(MATLI)

MATL2 = SHMTYPE(2.1)
CALL FINTAB(NTBID(9)+MATL)Y
FTUX2 = MIPE (14 TKHMAX)

THKMT2 = (1,0 #» PCHFC * 2,0 #» (DIATK(2)/2.0)}/FTUXS.
IF (THKMT2,, LT MINTHK (MATL2)) THKMT2 ‘z. MINTHK (MATL2)
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WTPVT(1) :@ 1,38 @ AREATK{1) ‘* RHOL(MATLI) * CYHKMTT/12.0}
NTPVT(2) :m |.3% ‘%« AREATK(2) * RHOL(MATL2} % {THKMY2712.0)

A% "COMPUTE WETGHT OF VACUUM JAZKET FOR REACTANT, TANKS'
ASSUME SPHERTCAL VACUUM JACKET (MARD SHELL) 606)1aTh ALUMINUM

MATLY =219 L.
CALL FINTAB (NTBID(9)eMATLY)
FTUXY a8 MIPE(1yTENV)Y

THKMT3 .= (1,0 & (PCOFC/2,0) ® (DIAVY(L)/2, 0))/?70!1
'!F(THKM71 LT, H!NTHK(HATL?)) THKMTY ‘= MINTHK(MATLY)

THKMTY = (1,0 % (PCHFC/2,0) * {DIAVJI2)/2,0))/FTUXY
JIF (THKMTU LT MINTHK(MATL3)) THKMTU = MEINTHK(MATLY)

WTVJ(1) e (PT % (DIAVJLI|#*2)/144,0) ' RHOL(MATLI}®TTHKMTI712.0]
HTVU(2) = (PT-# (DIAVJ(2)##2)/144,0) ‘% RHOL(MATLS}#{THKMTUZ12.0]
4t COMPUTE 'TOTAL WEIGHT OF TANK

NTTOT(!) :2 WTPVT(I) & NTVJLI) & TIWTLI i
WITOT(2) '@ HTPVT(2) ¢ HTVJ(2) # TINT(241)

WRITE (107,672)
WRITE{10T,6014)
6014 FORMAT(T4, 'COMPUTE PRESSURE VESSEL, VACUUM JACKET, INSULATION AND
ITOTAL TANK WEIGHTS!)
HRITE (107,672)

WRITE (10T+662) WRTOTL(1}s WRYOTL(2)

662 FORMAT(TU IWRTOTL=02=1t9TI84FB, 207109'HRTOTL-H!:'.T“?.PO 2’
WRITE (107,663) DIATK(1)}, DIATK(2)

(.13 ] PoRHAT(rH"DIATK-oa BYeTISeFB, 207300 'DIATKRN2 £ o743, F8,2} "

€

JF(ITANKI EQ,1j WRITE (10T.680) Dlnrx(ly.rxnxox¢|§
680 FORMAT( ! wwe 02 STORAGE TAMK DIAMETER 1¢F8,24! !NCNES EXCELDS TH
1E MAXTMUM ALLOWABLE PRESSURE VESSEL DIAMETER OF ,F&.2¢ ! INCHES, 14/
12 TSe'ADDITIONAL TANKAGE MUST BE PROVIDED, ##w1}

IF (TTANK2,EQ, 1) WRITE {10T+681) DIATK(Z)QTKHXD!(!)
681 FORMAT( ! -#%% H3 STORAGE TANK DIAMETER 'yF6.2¢' INCHES EXCEEDS “TH
{E MaXIMUM ALLOWABLE PRESSURE VESSEL DIAMETER OF f,Fg.2, 'INCHES, !,/
2 TSe'ADDITIONAL TANKAGE MUSY BE PROVIDED, #®%t)

WRITE (107¢6A4) TIWT{Vei)e TINTI24}) ,

664 -FORMAT (T FTIWT=02 B1sT{5¢FRe2+TI0¢ 'TINTeH2 E1yTU24FB.2)
WRITE (1074665) OIAVJ(1}y DIAVI(2)

665 FORMATITU,'DIAY =02 =1sTI15sFB,2+T30, ' DIAV aH2 ‘BTeTH2,FE, 2)
WRITE (10T,666) RHOFTU(I). RHOFTU(2)

666 FORHAT(TH.|RH0FTU-0"‘I'Y|5vF8 797307 IRHOFTU=H2Z 1 9 THR FBL T}
WRITE (10T,667) WTPVY(I!)e WTPVT(2)

667 FORMAT(TH 1YTPYT=02 81¢T{5¢FBs2+TI0¢ "WTPYT=H2 -2 e TH2FB.2)
WRITE (10T9668) WTVJ(1)y WTVJ(2)

668 FORMAT(TUp tHTVU=02 21¢T)59FB8,2¢T30¢ INTVJ=H2 819TH24FB.2)
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i..tﬁﬂﬂﬁtﬁtﬁﬁttﬂQﬁ?"ﬁ'*'.ﬁﬁ.ﬁtt.QtQQQQ.Qﬁtiitiiiﬁ'ﬁﬁﬂtiﬁitﬁ'ﬁﬁ“ttii

WRITE (10T,669) NTTOT(lje WTTOTC(2)
FORMAT(TU s tHTTOT=02 R12TI5¢FBs20TI09 1WTTOTwHD ‘214 TH24FB,2})

*a% GOMPUTE WEIGHT OF FUEL CELLS

FCWGT '8 PKWMAX * SPWTFC % {NFCOP ¢ NFCSTB)
ENGNT -2 'FCHGT

WRITE (107,672
WRITE(10T,6015) NFCOPy NFCSTB

6015 FORMAT(TY, 1COMPUTE WEIGHT OF FUEL CELLS',T9%5,13,2X, iOPERATING ANDY

© 1917,2Xs 'STANDBY!)

670

RRRRRRRARARNAARAARERERRRRNRARRANRARRA AR AN RAANAR AN ANARANRAONRAANRR AR

100

120

WRITE (1079672}

WRITE (10T,670) FCWOT
FORMAT (T4, 'FCHGT =V¢TIS,F8,2)

ax® "COMPUTE WEIGHT OF HEAT EXCHANGERS
“* FIRST :COMPUTE THE HOT FLUID TEMPERATURE DROP
Cowkd 1N CTHE SERIES HEAT EXCHANGER SEOGUENCE

DTOIMX ‘= 0,0
DTHIMX = 0,0
DTO2MX = 0,0
OTH2MX := 0,0

DO 100 1 = 1+KCYCLE |
DYOIMX ‘= AMAXI(DTOIMX»WOTIFO(1)
DTHIMX ‘= AMAXTI(DTHIMXWOTIFM(])
. DTO2MX = ANAX)(DTO2MX,WDTY2FO(1)
. DTH2MX = ApNAX) (DTH2MX s WDT2FN( 1)
CONTINUE - .
IF(DTOIMX,LT,DTO2MX) DTOIMX & DTO2MX
IF(OTHIMX,LT,OTH2HMX) DTHIMX = DTH2MX
~JF(DYOIMX, LT, DTHIMX) DTOIMX & DTHIMX .
WOTFMX = DTOIMX

)
}
)
)

atootx = 0,0

DO 110 1 '5lyKCYCLE
IF(G1ODTR(1).LT.G]ODMX) 6O 'TO e
QLOOMX = QIODTR(T)

tHAXO = g

CONTINUE

QIHDMX = 0,0

00 120 I = |yKCYCLE
IF(GIHDTR(1),LT,QI1HDMX} GO 'TO 120
atnonx = QIHDTP(I)

IMAXH =

CONTINUE

T2F2| 2 TF21IN « (QIODTR{IMAXO)/(CPBY » WOTFMY))
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‘TIF2) 2 "T2E2) = (GMXTKOZ(CP2) # NOTFMX ) ) -
TUF21 2 TIF21 = (QIHDTR{IMAXH)/(CF21 ‘% WOTFMX) )

“TSF21 = TUF2) = (GMXTKH/{CF21 % WDTFMX))

JX 2 0

QTREQ(1) :z 0,0

AanANn

QTREQ(2) ' 0,0

"' "COMPUTE WEIGHT AND CHARACTERISTICS OF 02 HEX BETWEEN

02 TANK AND FUEL CELL

X 2 JX 4|
1GAS =1
HDOTX (JX¢1GAS) = WDTIFO(IMAXO) " LBS PER HOUR
UCODE (JX9IGAS) = HXCODE (UX+1GAS)
HEXHIT(JX, IGAS) ‘= TF21IN.
HEXCIT(JXy1GAS) = TKO(IMAXO)
HEXHOT(JX,!GAS):B YaF2l
HEXCNT(JXy IGAS) '= TFCNOM( )
HEXCOP({JXy1GAS) ‘2 PCOFC = 3,0
HEXCIP(JXy1GAS) & PcOFC

HSQREQ(JXs1GAS) := G 10DMX
QTREA(1GASY .= QTREQ(IGAS) ¢ HSQREQ(JXe16AS) "

‘CALL csunp(ryo(anxn).Pcorr,|.cPcLortux.xcasi)
THF211 © (TF21IN ¢ 'T2F21)/2,0

CPF211 = CSPF2] (TMF2I1)

'CPHOTF (JXs 16AS) = CPF2I1

.'.‘.

HSGCPE(JX,1GAS) = CPF2IY
HSGTOT(JX,1GAS) ® QIODMX/(CPF2IL * (TF21IN = T2F214]

WOOTH(JXy1GAS) = QIODMX/{CPF2I1 * (TF21IN = T2P2{}}

.CALL HEXF21(1GAS+Q 1ODMXyHEXCIP (JXs T1GAS ) s WHXTOT {JX» 1GASH )

"‘ COMPUTE WEIGHY AND CHARACTERISTICS OF H2 WEX BETWEEN
H2 TANK AND FUEL .CELL

JGAS = 2

HOOTX(JUXy1GAS) = WOTIFH(IMAXH) ‘8 LBS"PER HOUR
UCODE (UX41GAS) = HXCODE (JXs1GAS)

HEXHIT (JX,1GAS} = T3IF2!

HEXCIT(UX,1GAS) = "TKH{IMAXH}

HEXHOT(JXy 1GAS) :& TYF2|

NEXCOT(JX;IGAS)'='TFCNOH(2)

HEXCOP(JUXy1GAS) = PCHFC = 3,0

HEXCIP(JX,1GAS) := PCHFC

HSOREQ(JX» 1GAS) ‘& QIHDMX
QTREA(1GAS) = ornsa:xons, -+ HSOREQG(JXs16AS)

CALL C§UHP(TVH(1MAXH) PCHFC,2,CPCLDF LJX,26AS )

THF212 ‘= (T3F2) & TMFZI)/Z-O
CPF212 = CSPF2I(TMF212)
CPHOTF (JXs1GAS) = CPF2I2

96€166V-OSIN'T




L91-49

I i

870
871
872
87y
87y

875

876
877
878
879
8eo
ey
882
883
88y
885
886
887
888
889
890
891
892
891
89y
895
896
897
898
899
900 .
901

@O E W —

b 60 DDDO OO

D O0DHOOO
TV T —
CVNFWwN—~QO0

527

NnAanan n

A Tala s I s

FUELCL
HSGCPE (JX,16AS) ‘& cPF212

AR RR ARy

HSGTOT(JX'!GAS) & QIHDMX/(CPF212 (TIF21 = T“FZ;!S
WDOTH(JXe IGAS) = QIHDMX/(CPF212 * (TIF21 .« TUF2{

"CALL HEXF21 (1GAS»QIHDMXyHEXCIP(JXs 1G4S T » WHXTOT{JUX) 16ASH)

"* ‘COMPUTE WEIGHT AND CHARACTERISTICS oF 02 HEX' BETWEEN
02 'TANK CIRCULATOR AND 02 “TANK

uxe Jx ¢ |
1GAS = | .

WDOTX(JXs1GAS) = WDTCFO
UCORE (JXy 1GAS) = HXCODE(JXe1GAS)

HEXMIT(JX)1GAS) ‘& T2F2)
HEXCIT(UX,1GAS) '= TKO(1)
HEXHOT(JX;!GAS)'R'T?le
HEXCOT(JXyIGAS) = TKOMAX

HEXCOP (JX41GAS) & PCOFC
HEXCIP(JX,2GAS) '@ PCOFC 4. DELTCP

HSOREQ(JUXy1GAS) = GMXTKO
QTREO(1GAS) = OTREQ(1GAS) ¢ HSGREQ(JX¢16AS)
CALL €SURBP({TXO(1)yPCOFC, |9CPCLDF{UX,y1GAS))

THF213 = (TeF2I -+ T!FZ])/Z.O
.CPF213 = CSPF21(THF213)

CPHOTF (JXy 1GAS) = CPF21Y

HSGCPE(JX,1GAS) ‘= CPR21Y,

HSGTOT(JX,1GAS) = QMXTKO/(CPF21Y * {T2F21 = 13:2;55
HDOYH(JXoIGA%) 2 QMXTKO/(CPF21Y # (T2F21 -« TIF2!

CALL HEXF21{1GAS)QMXTKO\HEXCIP(JUXs 2GAS) ¢ WHXTOT{JX¢ 16AS))

wwe COMPUTE yWEIGHT AND CHARACTERISTICS OF ‘H2 HEYX BETWEEN
) H2 ‘TANK CIRCULATOR AND H2 "TANK

1GAS 2 -2

NDOTX (JX)I1GAS) = WDTCFH

UCODE (JXy1GAS) '8 HXCOCE (JXy1GAS)
HEXHIT(JXy1GAS) :2 T4F21
HEXCIT(JX,1GAS) ‘= TKH{I)
HEXHOT (JX» 1GAS) .= ‘TS5F21

HEXCOT (JUXy1GASY) ‘= TKHMAX
HEXCOP{JX,1GAS) & PCHFC
HEXCIP(JX,1GAS) ;& PCHFC + DELTCP

HSOREQ(JX+16AS) = QMXTKH .
QTREN(1GAS) = QTREG(TGAS) -+ HSOREQ(JXy16AS)

"CALL CSUBP(TXH(1)PCHFECy2¢CPCLDF{JX,16AS8))
THF21Y = (TUF21 + TSF211/2.0

CPF21Y = CSPF2I(THF2IY)

"CPHOTF (UXy 1GAS) '@ CPF214

HSGCPE (JXy1GAS) = CPF21Y
HSGTOT(JUX,1GAS) ‘= ANXTKMZ{CPF214 * (TUF2! w. Tgrzl})
WDOTH(JXy IGAS) = QMXTKH/ (CPF214 % (TYUF2] « TSF21
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g;g p CALL HEXF2! (1GAS»QMXTKHoHEXCEIP (JUX e 1GAS) o WHXTOT (UK 1GAS) )

91} 4

912 .CALL OTPHXF

9133 [4

§I < . . - . e
9‘)5 (4 RARANRRAARRAARRRANRRN AR AR N ANIARARARANAANAARRRRAAANRNARRRANARNRRRRENERR
996 4 ' Lo )
:;T' (4 wwd COMPUTE THE TANK ENERGY HISTORY AND HEATER DUTY CYCLE ‘#ew-

8 i 4 .

919 TIMINC := 1,0 8 PERIOD DEFINED BY GAS FLOW
uQ PSET| = PLSET!

94y PSET2 = PLSET2

9u2 PTANK] = PCOFC

SAk PTANK2 = PCHFC

Quy C

‘Qus Lt =0

ou6 DO 200 K| = 1,NDCYCLs2

T L s Lt e .

oys TIMILY) = DCYCLE(KI)

949 200 "CONTINUE

950 €

951 TIME .= 0,0

952 ICHT0 = 0

9% ICHTH 2 0

954 TKOW := 0,0

9458 YKHW = 0,0,

956 QiCuM = 0.0

957 a2CUM = 040

‘958 C .

959 DO 210 K = JoXKCYCLE
.'960 X4 L .

961 CTIM 2 TIM(K) % 60,0

962 IF(CTIM.LT,.1040) GO YO 2|1

969 MNYP = (TIM{K) :*.6,0) ¢ 0,6

96y WDTO30 = WDTFCO(K)/76.0

‘968 WDTHI0 = WDTFCHIK)/6.0

966 GO TO 212

967 K4 .

968 - 211 NTP = CTIM + 0,6

969 WDTO30 ‘= WDTFCO(Ky/60,0

970 HWOTHY0 = WOTFCH{K) /40,0

97y Rd .

972 212 CONTINUE

979y JP = PAGE(0)

974 JP 2 PAGE(10)

975 & .

976 WRITE (10Ts700) . . .. e
T T00 FORMAT(/T{2,twnn COMPUTE TANK ENERGY HISTORY AND MEATER DUTY CYelLE
978 1 wrwry)

979 € ' .

980 WRITE (107701} Ky PIM(K] . . U
981 701 FORMAT(TS,'SYSTEM DUTY CYCLE NUMBER 3S. 9,14y ?80s tCYCLE IS §1yF6,2¢
982 | tHOURS IN DURATIONt)

489 (4 .

98y -WRITE (IOTyT02) K . . : ;
985 702 FORMAT(TI20) 1 CYCLE =ty 12/ T4yt TIMES ¢ T1] ¢V GASY;T20¢ ' PERCCENTI T3Y,iD
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NRRNNNRNY-

0000V OOO

o
n
o

oo
N o
- -

1024
1028
1026
1027
1028
1029
10%
1031
1032
1033
104
103s
1036
1037
1098
1039
1040
o4
foue
Houy

‘PUELCL AR ARR RN

TENSITY! TUY, IFLUTD I (TS, FTHETA  T6Y, (P yTT(, 1QREQD Yy T8{y fGuCUHT
29T9V0'TANK!.TIOOO'G-HTR.‘oTl|0;'HE&7£ROITIl.'FLOH'iTZOo'w!THDRANN!
JoTUUG I TEMP (19Tl o tPRES ' yTI00)'REQD,* ¢TI 109 'TIME=ONT 4 T12], ' HEATER?

HATRr (MIN) Sy TIEe v {LBS) Y9 TR0, Y {PERCENT )14 T330 0 (LB/CPj1oTUY,y i (mRajliy

TS0 1 (B/LB) 1eTHly HIP=CF/B) "y TT2,1{BTU) Y, 7B,V (BTU) 1 T, 1 (PSTA)T,
671009 1 (BTU)VoT110sV (MING)VoTI21 0 CYCLE/T119102/H214T22)02/H2!

TTIN 102/H2V g TUH e 102/H2 e TR Y4 102 /H21 ¢ TE24 102 /H21 v TT25102/H2V 4 T8,

NnAA An

226

224
22

22%

nn

222

8102/H21 4Ty 102/H219TI009 102/H21eTI[09102/H214T12141002/H21/)

DO 220 1 :c 14MTP
- SET TIME COUNTERS TO APPROPRIATE TIME SUB-INTERVAL ‘%

1F(1,G6T.1) GO TO 226
PTIME = CTIM ¢ TIME
"CONTINUE

DTIME = PTIME = TIME

IK2 = DTIME
IF(CTIM,LT,10.0) 'GO TO 225
!F(DT!”E.LT.IOQO) 60'70'22‘
IK2 = 0 )

‘TINE = TIME ¢ 10,0

‘G0 TO 222

DTIME .2 PTINE . TIME
TINE 3. TIME ¢ 1.0 :
1K2 = IK2 = |

WDT030 '= WDTFCO(K)/60,0
WOTHI0 = WOTFCH(K)260,0
GO Tn 222

‘TIME := 'TIME ¢ 1.0
IK2 =0

"CONTINUE

‘TKOW .= TKOW ¢ WDTOI0
‘'TKODP = "TKOW

‘TKHW .= TKHH -¢- HOTHID
‘TKHDP -2 "TKHW

PCOXy 2 “TKODP/{wOCONS ¢ 0,2 ‘® yOCONS)
PCH2W = TKHDP/ (WHCONS. ¢ o2 '* WHCONS)

€3 2 1,0 e ({0,042T%PFHFC)/{ZFHTFHFC))
€Y = 1,0 = ((0,04253*PFOFC)/ (ZFO*TFOFC))

ORMO := 70,126 * (.0 = (PCOXN % CY4))
HRHO = 4,365 * (1,0 = (PCH2W % €3))

CALL FINTAB (NTBID(8))
XTAB(1) = PTANKI
XTAB(2) := ORHO
OXTEM .= MIPE(2,XTAB)
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LTI TITS

1ouy
1045
1046
1047
1048
1049
1050
1051
1052
1059
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
107
1072
1079
10Ty
1075
1076
1077
1078
1079
1080
1081
1082
1089
1084
1085
1086
1007
1088
1089
1090
1091
1092
1093
109y
1095
1096
1097
1098
1099
1100
1101

-FUELCL PYTTITe

‘CALL -FINTAB. (NTBID{ ‘7))
XTAB{1) 'z PTANK2
XTAB(2) ' HRHO ‘
H2TEM -2 MIPE(24XTAB)"

€
€ , . A
CALL ‘PHTHON{OXTEMy ORHO¢ | 9 PHIyTHETA)
DaDM| = THETA
DPDU! = PH!
€ _
CALL ‘FINTAB (NTBID(S))
XTAB( 1] := PTANK2
XTAB(2) '= HRHO )
DADM2 ‘= MIPE(2yXTAB)
€ ' ..
CALL FINTAB (NTBID(40))
XTAB(1) := PTANK2
XTAB{2} = HRAHO .
DPDU2 .= MIPE(2,XTAB)
€
€
GDTTK) = WDTO30 '* DADMI
QDTTK2 :z WDTH3IO ‘% DADM2
arcuM = GICUM ¢ QDTTKY
02CUM -2 G2CUM & GDTTK2
€ - . . )
"CALL ‘BETAB{OXTEMyORHOy | yBETAG)
CALL FINTAB (MTBIDING))
XTAB(#) = PTANK2
XTAB(2) :2 H2TEM
RETAH = MIPE(2,XTAB)
€ _ _
CALL :CSUBP {OXTEMyPTANK |41 €P0O)
CALL .CSUBP (H2TEM)PTANK2¢ 24 CPH2)
€
€ . . .
DELP| = TIMINC * ((DPDUI/VOLTNK(1)) # {(<CPO/BETAO}#WDYOYO} ]
DELP2 '3 'TIMINC*. ( (DPDU2/VOLTNK(2)) ‘#: ((=CPH2/BETAH) ¢ WOTHS0} §
€ .
PTANK2 :2 PTANK2 ¢ DELP2
PTANK! .2 PTANK] - DELP!
€ . . , ‘
QHSF21 := ((GDTFC ‘% PKW(K) % NEOP(K)})/60,0) #0,7%
€

IF({PTANKI| ,LE.PSETI) G0 'TO 1130

GO Y0 1358
130 QTANK ] :z -QICUM

HTRON| :=° @TANK] /QHSF21

ICHTO = ICHYO & |
138 IF(PTANK2,LE.PSET2) GO TO 140

60 YO 118 -

40 QTANK2 ‘2 Q2QUM

HTRON2 = QTANK2/QHSP2|

ICHTH =2 ICHTH o |

(4
118 CONTINUE
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FELELLE CELLE L AP DD BB DD BTVOTITVIVTONI NIV IY om e s o o v o = = O O O

FUELCL ' wRtadane

IF(PAGE(2)) GO 'TO 227
60 T0 228

227 WRITE (10T¢702} K
JP = ‘PAGE(6)

228 CONTINUE

€ , .
WRITE (107,703) TIMEsWDTO30 »PCOXW¢ORHO(OXTEM,DADM o OPOU »GDTTKI o
I QICIMyPTANK I ¢ QTANK ) ¢ HTRONI 9 ICHTO ¢ WDTHI0 s PCH2WoHRHO H2TEM, DOADMD,
2 OPDU2,GDTTK2902CUM JPTANK2,QTANK2 JHTRON2oJCHYH
70 FORMAT(TIoF9.20TI10F6e30T219F6,50TYI0FB,5vTHTIF6,20T520F6,24T8)0
| F6.20TT1eFb. o TBOOFT,0vT900FT,20T009PT,0¢T1099F 7,20 T120¢16/T11,
2 F6e3r T2l 1F6.50TI29FR SoTUYIFE,20TS20FA,29TH1sF86,29TT19Fb. 19 TRO,
3 F7.00T90¢FT.2¢T99¢F7.00T109+F7,207120416)
< : -
IF (PTANKI ,LE,PSETI) HTRONI = 0,0
1F(PTANKI,LE,PSETI) QTAMK] & 0,0
IF(PTLMKI LE,PSETI) GICUM = 0,0
1F (PTANK! JLE.PSETI) PTANKI &= PCOFC
IF(PTANK2 ,LE,PSET2) HTROMNZ = 0,0
IF(PTANKD LE,PSET2) QTANK2 B 0,0
1F(PTANK2,LE,PSET2) Q2CUM & 0,0
IF(PTANK2LE.PSET2) PTANK2 = PCHFC
¢ . )
¢ IF(1K2,6E,1§ GO TO 22y
' IF((1K2,EQ,0)+AND, (DTIME,LE,D.0)) 60 TO 227
¢ | .
c IF(ETIMLLTA1040) 60 TO 239
) TFQ(DTIME,LT, 10,0 ¢ANDs (OTIMELLELO,0)) 60 TO 284
.c 229 CONTINUE
" 220 CONTINUE
c . .
223 CONTINUE
g
210 CONTINUE
K . o . o o
K4 ".thl'ttﬂ'Q*QQ"QQii.*"'.Q*ﬁ'.'Q""ﬁ'QQ'Q"Q""'Q'Qi't.ﬁ'.ﬁ'.ﬁ.'t'
¢ ! A

WRITE (10746099 . e e,
6099 FORMAT(///7/T2%voaanee: THE SUPERCRITICAL FUEL CELL :CALCULATIONS HaA

IVE BEEN .COMPLETED ‘wa#a#ni)
€

|
RETURN
€ ‘

END
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ARRRARNSE:

P IO AL A= -G -30 AL BN —

FaYaXa)

ARA N A

n

AnA 4 A A

SUBR@UTINE GASGEN

SUBROUTINE 'GASGEN(UXe16A8)

INCLUDE CDCYCL
IHCLUDE CHEX
INCLUDE CHSORC
THCLUDE CTANK

taker COMPUTE “THE ‘HEAT SOURCE PARAMETERS,
WGGFU (JUX,1GAS) & 0,0
WGGFX (JUXy1GAS) & 0,0
HGGSBT(JXs1GAS) 2 0,0
HSOREQ(JX,1GAS) & 0,0
HSGTOT(UXy16AS) = 0,0
HSGCPE(JXs 1GAS) := 0,0

JHSTYP .2 HSTYPE(JXy 1GAS)
GO TO (10420030} JHSTYP
waw® ‘FOR GAS GENERATOR ONLY AS WEAT SOURCE

10 HSGSUM = 0.0
DO Y0 12 = |NDCYCL,2 . )
HSGSUM & HSGSUM 4 WDOTH(JXs1GAS) * DEYCLE(12}
40 CONTINUE :

WGGFX(JXy1GAS) 2 HSGSUM .o WGGFU(JX, [GAS) ,
WGGSRBT (JX, [GAS) '8 WGGSBT {UX,1GAS) o WGGFX(JXy1G6AS)
WGGTOT(IGAS) & WGGTOT(IGAS) o WGGFX(JX,1GAS)

ATERM = 17,824204 = (040[11782I*HSPRES(Jxv1GAS]) .4 | 1.86329276:8 »
1 (HSPRES (JXy16AS)#*2)) = (1.108423El #- (HSPRES (JX» 1GAS j##3)§

BYERM = T,9470262 = (405638198 *HSPRES{UX¢16AST T ¢ {$oUSBYBUNERS @
1(HSPRES (JX1 JGAS)#%2)) .= (3,7946E-8 :w (HSPRES(JXe1GAS)##Y))

HSWGHT (UX ¢ 1GAS) '© ATERM .. BTERM & WDOTH{JX,1GAS)
HXASSY (JXs1GAS) = WHXTOT{UXs1GAS) + HSWGHT{Jx:16AS)
RETURN '

awxee FOR WASTE HEAT ONLY AS HEAT SOURCE,

20 HSGSUM = 0,0
DO S0 12 = [+NDCYCLy2 .
HSGSUM :3 HSGSUN -+ WDOTH(JUX+3GAS) * DCYCLE(12)
50 CONTINUE

"CALL CSUBP) (HSOTEM{JUX+1GAS) 4HSMRAT (X ¢ 1GAS) yCPEG) . . .
HSGREQ(JX.IGAS& = HSGSUM ‘% CPEG* (HEXHIT(JUXy1GAS) «HEXHOT(JX¢16AS §
OTREN(1GAS) = QTREQ(1GAS) + HSAREG(UX¢16AS) )

HSGTOT(JUXy1GAS) = HSGSUM )

HFTOT(1GAS) = HFTOT(IGAS) ¢ HSGTOY (UX,16GAS)

HSGCPE (JX, IGAS) & CPEG
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1

\

58

59

60
&)
62
69

-6y

65

66
6T
-68

naN

\GASGEN ARRRREAD
RETURN
‘#wane ‘FOR GAS GENERATOR AND WASTE HEAT BOTH AS' HEAT SOURCES,
30 WGGFU(JXIIGAS) = HSAEE(JXs1GAS)/((Y,11625 -+. HSMRAT{JX, 16AS]
1 (046875 # HSHRAT(JXy1GAS) = $,87%)) & (HEXHIT(JIX¢1GAS) -u:
2 HEXHOT (UX416AS)))
GO To 10

END
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SUBR@UTINE GETC@N

€

6000

JJCNFIGUT]

R IR LA IR RO RN ST AT BT P S AR IR IR W
® ROUTINE NAME « ROUTINE TO UNPACK THE FIRST "
" HORD OF 'THE CONFIGURATION
h TABE, -SCE S,R, "STOCON FOR

2] WORD FO3IMAT

% ROUTINE LANG = FORTRAN V UNIVAC 1108 EXEC 2+
‘# PROGRAMMER .« R, BOLLINGER 1643 102269393

‘* DATE CODED = 3/11/70

LT I I I ST IR0 SPT R SR T U TSN ST ST SEE U TR JRT 29T SRF TRL IR

"‘SUBROUTINE -GETCON(1DX)

f*i": EXPLANATION OF THE .CALLING SEQUENCE
A td IDX = INDEX OF 'THE CONFIGURATION TABLE

LOGICAL DI1AG
.INCLUDE CCNF16

INCLUDE ClOUNT

DO 10 It = |eb : . .
) & IPBYTE(CONPIG(IDXo!)o119048)
CONTINUE

IF (DIAG{1,6HGETCON)§ WRETE {10T,6000) 10X,1CNFI16
PETURN .

FORMAT (14! jUXy715)

EMND

*

R ]

'S
"
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Nnon

FUNCTIBN G@BMTRY

FUNCTION 'CONE (RyH)
INCLUDE :CONSToLIST

' VOLUME OF "CONE (CIRCULAR)
CONE = ‘PI®R*R*H '/ 1,0

RETURN
VOLUME OF CYLINDER (RIGMT=CIRCULAR)
ENTRY CYLNDR (R,H)

'CONE = PI*R#R*H

RETURN
VOLUME BETWEEN CYLINDER AND -SPHEROID
RROT 1S ALONG AXIS OF ROTATION

EMTRY CYLSPH (RROT,R)

COMNE = P!'RtR'RROT / 1.0

RETURN , .
VOLUME OF .FRUSTRUM OF 'CONE (CIRCULAR}:

ENTRV FRCONE (RyHyR2)

CONE -= -PIWH® (R#*R -¢ R2#R2 ¢ R*R2) / 1,0

RETURN . .
VOLUME OF HEMISPHERE Ot HALF OF SPHEROID
RROT 1S OM AX1S OF ROTATION

ENTav HSPHER (PROTHR)

COME = PI203*R*R*RROT’

RETURN :

; VOLUME OF SPHERE OR SPHERO10

RROT IS ALONG .AXIS OF ROTATION

ENTRY SPHERE (PROT,PR)

CONE = 2,0%P1203*R*R*RROY"

RETURN

AREA OF :CYLINDER
ENTRY ARACYL (ReH)
CONE 'z -2,0*P1#R*H
RETURH
I
AREA OF *FRUSTRUM
ENTRY AREAFR (Pi1HyR2)
CONE = PI*(R4R2)*SQART (H¥H4{R=R2)R"2)
RETURN

AREA OF HALF' OF SPHEROID
RROT ALONG AX1S OF ROTATION
ENTRY ARSPHR (PROT4R)
!F (RROT ,LE, P) GO TO (10
ROTARED ABoUT MAJOR AxX1s
E = ECCENTRICITY FOR ELLIPSE
E ' SQRT (RROT*RROY -« R#R)/RROT
COME = PI*R®(ReRPOT®ASIN{E)/E)
RETURN
!F {RROT ,EQ, R) GO TO lgo
ROTARED ABOUT M!NOR AX1S
€= SGRT (R*R = RROTH*RROT) -

COME = pr-(awno«naov'nnor/«z.-e)7'ALoa««l.oz)/(l.-:ii)-

RETURN
AREA OF HEMISPHERE
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59
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GOMTRY T Y )

120 CONE := 2, #PL#RAR
RETURN
EMD
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SUBR¢|UT|NE HEATEX

T E L R T ey
* HEAT EXCHANGER DESIGN ROUTINE '»
‘% UNIVAC 1108 FORTRAN V ‘%
‘¢ DATE CODED JULY 279197 '+
* g, MCKAY BLDG 201 XuS5178 ‘%
* REVISION JUNE 1972 -
; * REVISION 2 AUGUST" 1972 »
| L I 287 JRT B 2T SR JFI 21 IEL JET IBT JNK JRT B NRY B

SUBROUTINE HEATEX(!GAS.JHEX.NDUTC|91HIN0TCIN THOUT, TCOUT.PHXNO
L PClNoPHOUT.P(OU?.OFRoNDOTHloTOTHHX)

REAL 1CIN{ICOUTINTU

- INCLUDE "C1OUNT

INCLUDE CHEX

1NCLUDE TABLOK

DIMENSION rnqz}«ratz).riiay.rqu).rStza

DATA  F|/700.¢1804¢7 F2/1604935¢/ F1/278,2459, 4/ F“/??l.“vlﬂ?.ﬂ/
1| F5/50041350./

C . .
6010 FORMAT (Y0'T10ytwwen: SPECIFY COLD FLUID TYPE -#awat)

6020 FORMAT (101710 ¢###x® ERROR TERMINATION IN HEATEX wwaawdj

6030 FORMAT (101T10y " *%% THERMAL BYPASS REQUIRED -#w#nd)

6040 FORMAT (10FTI0gtw%% TaHOT(OUT) > ToHOT(IN) wwel)

6050 FORMAY ('07TI0y!#*% TaHOT{IN) MUST BE < 3500 DEGeR ‘#we!)

6080 FORMAT (101//T10yt#%® TCR 21F7,3¢! OUT OF RANGE .we HEX, NO; 1%
1Y GAS 'TYPE'I2¢? SUBUNITII2p! #ewt)

6080 FORMAT (10'TIOy!#%#% PCIN ='FG,2s! HOT {N RANGE w##ij

6090 FORMAT ('OVTI0g'R¥% TCIN =1F9,2¢" € IFQ,2y1 #nnt)

6100 FORMAT (10VTIOyta#® TCOUT 21F9,20" < -1 FO.201 #anif

~nen

AN N

PO 3000 JKM=1yY
NCVG ‘=2 0

INTTIALIZE OUTPUT VARIABLES
DO 12 1:z 1,3 |

TCRU (JHEXy1+1GAS) '8 0,0
FHOTHU(JHEX,141GAS) 8 0.0
FDPCU (JHEX,1,1GAS) = 0,0
CRU  (JHEX,1+1GAS) 8 0,0
NTUU  (JHEX,151GAS) :2 0,0
UAU  (JHEX,1,16AS) 8 0,0
WOUAU (JVEX,141GAS) & 0,0
WTHXU (JHEXy141GAS) = 0,0

12 CONTINUE

' a4 THE O/F RATIO 18 RESTRICTED TO ONE, PCOUT-AND PHOUT -##¢
w%% MUST BE SPECIFIED e
or s |,

Wbote = wborel
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CRNANRA R, MEATEX RARRAANR

58 WDOTHI .80,

59 c .. _1GAS B | OXYGEN , '®= 2 HYDROGEN
[-1¢] 1F 11GAS ,0T, O .AND. 16AS JLTe 1 GOT0 110

6} WRITE (107+6010)

62 RETURN

67 110 COMTINUE ,

64 (4 . CALC, ‘PRESSURE DROPS

65 DPH = PHIN = PHOUT

66 DPC = PCIN .« PCOUT

.34 (4 CHECK 'FOR ACCEPTABLE PRESSURE DROPS
68 IF (DPH (LE, O,Y%PHIN) Gn To t20

69 DPH = O,UePHIN

70 PHOUYT = PHIN = DPH

14 120 fF (bPC JLE, 0,25%PCOUTY GO 'TO 190

T2 bPC & 0,25 * PCOUT

T PCIN = PCOUT 4 DPC

Ty 130 CONTINUE

1% 4 CALC, TEMPERATURE DROPS
16 DTC = TCOUT = TCIN

™ DTH = THIN .= THOUT

78 DHCIN = THIN « TCIN

79 c

20 FWDP = 1,0

81 FWOF = 1,0

82 4 "CALCULATE ENTHALPY OF COLD FLUID
813 CALL EMTHOH (PCINyTCINYIGAS,ICINY

8y CALL ENTHOH (PCOUTyTCOUT,I1GAS,1COUT)

-1 K< FxND CHANGE IN ENTMALPY tCOLD FLUID]
86 DIC = ICOUT = ICIN

87 € ‘CALC, P(SAT)

88 PSAT = ,126 % PHOUT % OF .

89 3 . LOOKUP T(SAT}

90 CALL FINTAB (NTBID(29))

91 THSAT ‘2 MIPE (1+PSAT) .
92 C . . CHECK FOR POSSIBLE CONDENSATION
99 IF (THOUT ,GT. THSAT+30,j 60 YO 230

9y THOUT = THSAT + 30,

95- DTYH = THIN = THOUT

26 230 IF (THOUT .LT. THIN) GO TO 240

9T WRITE (10T+60U0)

98 GO TO 4000

99 240 IF (THIN ,LE, 3500.) GO TO 250

100 HRITE (107,6050)
101 GO TH 4000

lo2 280 CONTINUE

oy -~ ¢ CALCULATE EFFECTIVENESS
104 1SW 8 |

105 TCOSAY = TCOUT

106 EFFC:a DTC / DHEIN

|0y 260 EFFH = DTH '/ OHCIN . ,

lo8 ¢ CALC, EFFECTIVENESS' SUM
:?g c EFSUMa EFFC ¢ EFFH

111 (4 CHECK RANGE OF EFFECT, SUM
{12 143 (EFSUH .OE. a, 9) a0 To 100
11 GO TO (270+280)+1SH

Ity 270 THOUT 'z ‘THSAT -¢ 30,

AL} DTH = THIN .« THOUT
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1

annrRane MEATEX AR R

1e I1SW = 2
1T GO ‘YO 260 , .
| 1e 4 ' IF 'EFSUM ‘CANtT BE RAISED BY THOUT, ‘THEN CHANGE THE
19 < ‘PARTIAL TCOUT BY USING A BYPASS
120 280 EFSUM = 0,5 )
S F-1] XTCO := "THOUT = DHCIN/2,0
ooje2 € THERMAL BYPASS
Loy WDOTC = WDOTC*DTC / (XTCO-TCIN)
C 12 "TCOUT = XTCO
125 DTC = TCOUT = TCIN
P o126 WRITE (107+6030) )
Col27 CALL ENTHOH (PCOUT»TCOUT; IGASICOUT)
"o]2e DIC = ICOUT = ICIN ]
129 300 IF (EFSUM .LE. 0.91) GO TO 310
130 EFSUM = 0,91
b ] THOUT = DTC ¢ THIN = EFSUM*DHCIN
132 " DTH 'z THIN « THOUT
AL 310 CONTINUE . ) o
;I 4 ‘ OF INPUT = LOOKUP ¢ SUB P (COMB.PROD.}
Nk 1 ISW2 & | B
136 .CALL 'FINTAB (NTBID(24))
SN 312 XTAB(I} .= (THOUT -+ THIN) / 2,0
1] XTAB(2) := OF
139 ACSBPH 'z MIPE (24XTAB)
) DIH = ACSBPH*DTH
T fuy WDOTH| = WDOTC*DIC/DIH
142 ACSBPC := DIC / DTC
.4y .€C 2= WDOTCRACSBPC
;o luy. ‘CH = WDOTHI®ACSBPH
[us CMIN = CC
[46. 1F (CHIN 6T, CH) CMIN = CH
a7y € FIND EFFECTIVENESS
I jug EFFT ‘= :CCRDTC / (CMIN®DHCINY
L1 1F (EFFT LT, 0.9) GO TO 320
150 GO TO (3149314320}, 18H2
15t W ISH2 = [SH2 ¢ |
. 152 EFFT :3 0,895
L3 "“THOUT = ‘THIN - EFFTXCMIN / CH®DHCIN
. 154 DTH = THIN « THOUT
155 G0 T0 312
| 156 320 TCSAT ‘= 'TSAT (PCOUT)1GAS|
15T C .. -
|ge 4 wa% SUBDIYIDE HEAT EXCH, ACCORDING 'TO HEAT ‘TRANSFER' 'RANGE ww#
159 C
160 IF (PCIN ,GE. 10,0 ,AND, PCIN ,LE, 2250,) GO TO 340
Y WRITE (107,6080) PCIN
162 GO TO 4000 .
16y W0 IF (PCIN ,GT, F1(IGAS)) G0 'TO 370 . )
|64 1F (YTCIN LT, F2(1GAS) .OR, TCIN ,GT, 'TCSAT) 60.T0 400
165 IF (ABS(TCOUT<TCSAT) ,GT, 0,0054TCOUT) GO 'TO 380
166 .c HAVE BOILING SUB=UNIT OMLY
167 {SU:z 8
168 GO TO 460 .
169 350 IF (TCOUT ,LE. 500,) GO YO 360 . .
170 .C HAVE BOILING, PARALLEL, .COUNTER«FLOW SUBUNITS
b1 1SU = 11
rre -GO 'TO usQ

Ty < HAVE BOILING AND PARALLELSFLOW SUB=UNTTS
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ARRRRRNR

1Ty
t78
176
T
178
179
180
181
182

HEATEX

ann

380
‘370

380

390
400

410

420

430

440

uso

460

470

RRRRRRAN

Isu = 10
GO TO Y60
IF (TCIN LT, ‘F2(1GAS) ..0R. TCIN (GE. PILIGAS)) 40 "TQ 400
IF (TCOUT.,GT. FI(1GAS)) GO 'TO 380
150 HAVE SUPERCRITICAL SUBUNIT ONLY
=y

GO TO 460
1IF (TCOUT .LE. 500,) GO ‘TO 390
. , HAVE SUPERCRITICAL, PARALLELs, COUNTERSGFLOW SUBeUNITS:
SU =
GO TO 440 ..
o HAVE SUPERCRITICAL AND PARALLEL FLOW SUPUNITS
I1sU =
GO TO 460
IF (TCIN LLUT. 500,) GO0 TO 4iO
HAVE COUNTER FLOW SUBUNIT ONLY
1Sy e |
GO 'TO 460 . . .
1IF (PCIN ,GE, F4(JGAS)) "GO 'TO u20
IF (TCIN ,GE. TCSAT) GO 'TO 430
WRITE (10T96090) TCINyTCSAT
GO 'TO 4000 o
IF (TCIN ,GE. F3(IGAS)) GO TO 430
WRITE (10T+6090) TCINyFI{16AS)
GO T0 4000
IF (TCOUT .LE. 500.) GO TO 440
HAVE PARALLEL AND COUNTER FLOW SUBUNITS
1sU = 3

6O TO 460 B
IF (TCOUT ,GT. FI(1GAS)} GO TO uS0
WRITE (107+4100) TCOUT,»PI(1GAS)

G0 TO 4000
HAVE PARALLEL FLOW SUBUNIT ONLY
1SU = 2 )
' HEAT EXCHANGER NOW SUB=DIVIDED
CONTINUE
NSU = O

DO 470 I=Yyjem!

NKU = 2#%(lal)

IF (AND(ISUsHKU) .NE. NKkU) 6O TO 470
NSU = NSU .o

NSS = 1

CONTINUE

1IF (NSS ,EQ, ui NSS 2 %

NST = 4 .= NSS

NSS :® NST .¢ | = NSU

%% NOW GO THROUGH REQUIRED SUBUNITS AND- COMPUTE: PARAMETERS wew

FPCIN = PCIN

‘FTCIN = “TCIN
-SDPC = .0.
“TOTWHX = 0.

‘DO 2000 1S=NSS¢NST

‘THREE POSSIBLE SUBUNITS
‘SET TEMP,9 AND PRES, LIMITS EACH UNIT

968166V -OSIN'T
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"'QQ'Q"

232
33y
2
‘235
236
23T
278
239
240
241
2u2.
23
auy
‘Qusg
eué
24
‘aug
‘a49
250
251
252
25Y
a5y
1258
1256
st
2%8
259
260
261
262
2613
264
268
266
26T
268
‘269
1270
271
272
27y
274
278
216
-
278"
‘279
1280
‘281
‘282
289
28y
288
a8y
288
:g89

i

HEATEX

480

490

530

AARRRANR

60 TO. (480+5301570)1S
BOILING OR SUPERCRITICAL
IF (1SU (LE, T) 60 'TO 490
BOILING
FTCOUT ‘= 'TSAT (PCIN«DPC/2,¢1GAS)
GO TO 590
SUPERCRITICAL
FTCOUT = "TCOUT ,
IF (TCOUT ,GT. F3(IGAS)) FTCOUT = FI(16AS)
GO T0 590
PARALLEL FLOW UNIT
1F (ISU..LE, }) GO 'TO 540
FYCIN .2 ‘FTCOUT

‘FPPCIN = 'FPCOUT

540

870

580
590

600
610

FTCOUT = 'TCOUT ,
IF (AND(1ISUy1) JNE. 0) FTCOUT = SOO,

GO TO 590
CQUNTER FLOW UNIT
1F (1sU .EG. {) GO TO s8¢
FTYCIN =2 FTCOUT
FPCIN = FPCOUT
FTCOUT ‘= “TCOUT
CALL ENTHOH (FPCINyFTCINGIGASoFIIN)
1F (DPC.,GT, 0,) GO TO 600
FOPC = .Z*FPCIN / NSU
GO To 610

,CALL ‘ENTHOH (FPCIN-DPCIa,pFTCOUTQ!GAS.F!OT)

FDPC = OPC / DIC'% (FIOT=FIIN)
CALL ‘ENTHOH (FPCIN=FDPCyFTCOUT¢16ASsFLOT)

FDIC := ‘F10TFIIN

'CALL ‘TCRCAL (THIN,THOUT, FTCOUT'FTC!NQTCRH!N.TCRHQK,IERR)‘

630
840

FOPC = DPC ! DIC ».FDIC
IF (1S ,EQ, |) FOPC ‘= FDPCIa-
FPCOUT := FPCIN -= FOPC
FWDTH = WDOYC*FDIC/DIH
. PRES « TEMP .SUBUNIT RANGES HAVE BEEN SET
{ERR = 0

IF (IS (NE, 3) GO TD 630
COUNTER ‘FLOW.

60 TO 640
SUPERCRITICALy BOILING. OR PARALLEL
.CALL 'TCRCAL {THIN,THOUT,FTCINyFTCOUTyTCRMIN,TCRHAX, IERR)
IF "(1ERR ,NE., 0) GC TO unoo
DETERMINE NUMBER OF HEAT ‘TRANSFER UNITS
FDTC ‘= FTCOUT = FTCIN
FEMX .z DTH
IF (FOTC ,GT, DTH) FEMX =: FDTC
FEMX := FEMX/(THINAFTCIN)
FDIM :z WOOTC*FDIC/FHDTH
AVCPC .= FDIC/FDTC
AVCPH 2 FDIH/DTH
CHIN ‘= WDOTC*AVCPC*3400,
CHMAX 'z -FWDTH*AVCPH*3600,

CR ;=2 CHXN

IF (CMAX ,GE, .CMIN) GO TO 470

LR ;2 "CMAX

CMAX = ‘CMIN

CMIN = CR
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ARAARRRN:

290
291
29%
294
29%.
‘296
29T
:298
‘299
300
301
102
‘40%
304
30%
406
07
308

HEATEX

nn N an

670
680

690

700
T10

720
T21

722

723

T24%

725

T30

5an-qanié

CR 2 CR/CMAX .

GO TO (680¢690¢700},18

IF (ISU LE, 7) GO 'TO 490
BOILING

NTU ‘2 -=ALOG (1,0<FEMX)

GO TO 710
SUPERCRITICAL OR PARALLEL

NTU =2 -=ALOG (! ,=FEMX=CRW#FEMX} /7 (1.0eCR)

GO TH TI0
COUNTER FLOW

NTU = ALOG: ((l.-FEHX?/(l.-CR'FEHX)) / (CRel,}
'CALC, UA FOR EACH UNIT

UA ‘2 NTURCMIN

IF (1S..GT, 1) 6D 'T0 720

IF (I1SU ,GT, 7) GO 'TO 720
CALCULATION FOR -SUPERCRITICAL ONLY

GOPC := FOPCW#FS(IGAS) / FTCOUT

.CALL 'TCRCLC  (IGAS,GDPC,FPCINyDPHyPHIN,TCR}

IF (TCR ,6T, !0,0) TCR = 10,0
CALL WOUACL (WOUA)
SPECIAL 'FORM OF WEIGHT CAyC, ‘FOR SUPERCRITICAL
HWTHX .z WOUA%UAR(1,4TCRY/ (| ,+TCRMAX)*TCRMAX/TCR
GO TO 740

CALC, 'TCR FOR 02 OR H2

'CALL TCRCLC (1GASyFDPCyFPCINyDPHIPHINSTCR)

.. IS 'TCR WITHIN ACCEPTABLE RANGE
IF (TCR (LE, TCRMAX) GO YO ‘724
MUST L.OWER TCR
LOWER {DPC/PCIN)

.CALL "TCRLOW (FPCOUT,1G0)

GO TO (721¢722)+16G0 .
TRY RAISING (DPH/PHIN)
DPH ‘& 2,*DPH
IF (DPH LE, JY4*PHIN) GO 'TO 723
PHIN :@ PHOLIT / 0,6
DPH '= 0,4*PHIN
CALL ‘TCRCLC (1GASyFDPCyFPCINyOPHIPHINSTCR]
IF {TCR .LE, TCRMAX) -GO 'TO ‘7130

NCVG = IS
ETCR := "TCR
G0 T0 730

PHIN := PHOUT ¢« DPH
CALL TCRCLC. (IGAS¢FDPCyPPCINyDPHyPHIN TCR)
IF (TCR ,GT. TCRMAX) GO TO ‘722
. . 'CHECK 'FOR TCR 'T00 LOW
IF (TCR.,GE, TCRMIN) GO 'TO 730
" RAISE (DPC/PCIN)
CALL TCRRAZ (FPCOUTy1GO)
GO TO (724y725)91G0
CONTINUE
NCVG := 1§
ETCR & TCR - .
CALC,. (W/uUA)

CALL WOUACL (WOUA}

CAUCULATE WEIGHT FOR THIS SUBeUNIT
WTHX .z WOUA * UA

TOTAL HEAT EXCHANGER WEIGHT
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i
)
!
l
|

I Y

B UTE

1349
350

51,

952
1353

1954
958!

356

.’91.

959
460
i 361
762

6y

b 364
| 1968
366

967

1
|
+
1
1
|
| :358
)
;
)
!
i
|
!
|

368
1969
970
S g
' 372
973

11378
11376

377

I -378
319
' -380
;1381
© 382
' :98%
| 138y

ATy

MEATEX

C
‘¢

RRERORRE

TUO0 "TOTWHX := "TOTWHX ¢ WTHX

-SDPC := .SDPC -« FDPC

‘TCRU  (JHEXy1S¢1GAS) :® TCR
FHDTHU(JHEXy 1S9 1GAS) = FWOTH
FOPCU (JHEXy1Sy1GAS) '= FDPC
.CRU (JHEXy 1Sy IGAS) := CR
NTUU  (JHEXy1S»1GAS) ‘@ NTU
Uay (JHEXy 1Sy IGAS) :2 UA
WOUAU (JHEXy1S91GAS) ‘2 WOUA
HTIHXU (JHEX,1S,IGAS) :® WTHX

‘€
.2000 .

3000 -

4000

CONTINUE

PCIN ‘= PCOUT -¢ SDPC
“TCOUT = 'TcOSAV .
IF (NCVYG ,EQ. 0) ‘GO 'To uolo

CONTINUE

WRITE (I0T+6060) ETCRyJHEXsI1GASINCVG

GO T0 40il0
CONTINUE
HRITE (10T+6020)

.CALL EXIT

€
4010 .

CONTINUE
CPCLOF (JHEXy 1GAS)
CPHOTF (JHEXy IGAS)

'EPSLNC(JHEX1GAS)

"TISU(JHEX 1GAS)

EPSLMH(JHEX ¢ 1GAS)
EPSLNS(JHEXy 1GAS)

NSSK{JHEX,1GAS) :
NSUK (JHEX s I1GAS) -

IF (TOTWHX (LT,..5.

RETURN

‘END

e ACSBPC
8 ACSBPH
e: EFFC

o EFFH
=: EFSUM
1sU

NSU
0) "TOTWHX =-5,0
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snnnwane SUBR@UTINE HEXELC

A (4 o o e e
a C WRRRRRAARRARARAARARANARRRN AN R RN ARNNAR RN AR ARANIARNNANERAARAARANRARAANEAN
Y R4 . L
Y K4 ‘THE SUBROUTINE COMPUTES THE WEIGHT :AND DELTAP: 'FOR ELECTRICALLY
S € HEATED HEAT EXCHANGERS EMPLOYING YNE PROCEDURES SET FORTH 1IN
6 < AR=DES REF ,MAN, =EXT PPESSN,SYS,FOR ‘CRY0D,STOR,SYSTEMSyAReT] =755,
] € SEPT,1091971, HAS9-|GQS’ {NASA=HOUSTON),
8 .C ) o ..
9 ¢ wnve NOTE THAT PROGRAM ASSUMES 'THE HEATER FLUX (HF2(Q/A)REF,)
10 .C * ‘'TO BE RATED AT A REFERENCE TEMPERATURE OF 340 DEGREES .
1R < ‘* RANKINE, (SEE AR«71«7537+8EC,5) IF A DIFFERENT REFERENCE
12 c ‘* 'TEMPERATURE. IS TO BF USED, THEM 'TREF! MUSY BE CHANGED,
&} C wx®R A NI-FE ALLOY RESISTANCE WEATER ELEMENT 1S ASSUMED,
Yy €
s e PROGRAMMED BY <= R,F,HAUSMAN, DEPY 62=i3, 10Uy LMSC, 2-]947%
16 K4 . . . .
f" [ t'ﬂﬁ.ﬂ".k'it#ﬁt.*'ttttfl*t't.*#*tt*.Q*'ttﬁttittt*tﬁtttﬁﬂQlﬁﬂt"iﬁt.t
¥:] K4
19 “SUBROUTINE HEXELC({NGASyTINyTOUTY,PIN HF.LD!A.wDOT.RHOGAS.!F!N.
20 ! HEXWGTy OELTAP, UOA. DHy HLNGTH)
121 €
22 REAL MASVELy LDIA
2y €
24 TNCLUDE 'CIOUNT
‘2% INCLUDE "TABLOK
26 K4
2T OH = LDIA:® 2,0
28 T = TIN
29 T2 = TOUT
30 PI = 3.141593
3 TREF ‘= 360.0
132 (4
X PCI := '736,9 f OXYGEN "CRIT, PRES,
L pCc2 = 187,5 8 HYDROGEN CRIT,PRES,
15 PC3 2 u93,2 ) 8 NITROGEN CR!T PRES.
36 .C
AT ¢ wxt CALCULATE THE MASS VELOCITY
38 c
39 10 .CONTINUE
40 €
-:| MASVEL = WDOT/(PIWDH)
Ha. € . L
4y € ane CALCULATE "THE OVERALL HEAY ‘TRANSER COEBFFICIENT .ale
Wy €
48 IF(NGAS,EQ, [} KGS =2
Yo "IF(NGAS,EQs2) KGS:= |
LA TF(NGAS,EQ¢{8) KGS :m 2
Yo CALL FINTAB (NTBID(YI)eKES)
‘49 XTAB(1) = PIN
50 'XTAB(2) = MASVEL .
81 UOA = MIPE(2,XTABY
K2 < ..
53 [4 oan "CALCULATE "THE VARIABLE VALUES FOR HEX LENGTH -EQUATION
oY €
L1 TMEAN = (712 « T1)72,0
56 call CSUBP(TMEAN.P!N;NGAS'CPBAR)

59 BONE :z P1:# DH % HF ‘% TREF

968166V -OSIN'T
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ARRRRRNY HEXELC ~ta'"in-

S8 BPID ‘2 :2,0 ' (BONE/(PI#*DH})
59 PHIONE =" ({(T2#*2)~ (Yt'*?)!/BPlD)
-60 ‘PHITWO "= (ALOG(T2/T1))/U0A
6) ¢
| -:e c A% COMPUTE :CORRECTION FACTOR BETA FOR ‘PHITWO
69 €
TS IF{NGAS,EQ,|) POPC .3 PIN/PC|
65 IF (NGAS,EQ,2) POPC '= PIN/PC2
'66 IF(NGAS,EQ,.I8) POPC = PIN/PCY
6T C
69 ‘CALL 'FINTAB (NTBID(MY))
Y XTAB()) := -POPC
. sevn = MIPE{1+XTAB)
T €
T2 .c *w% EVALUATE HEX=LENGTH EQUATION
™ c .
;u HLNGTH -= MASVEL :® CPBAR ‘% (PHIONE + BETA®PHITWO)
‘18 €
‘76 4
CoTT 20 .CONTINUE
, T8 <
! ';9 < waw (COMPUTE  HEX ‘WE1GHT
0 ¢ ,
1 "IF(NGAS.EQ,|) GO 'TO 30
. 82 IF (NGAS,EQ.2) GO 'TO 40
' 8y IF (NGAS.EQ,|8) GO TO 4O
boooey 90 HEXWGT ‘= 0. 1519984 W (DHaw|,08379) :# HLNGTH
.85 GO T0 SO
I .86 4O HEXWGT .= 0.0950445 ® (DHw#],061) * HLNGTH
| .gv' S0 COMTINUE
8 L . o
39‘ ¢ %% IF ANTI-BURNOUT FINS ARE USED .« ‘COMPUTE 'FIN WEIGHT
] ¢ )
:l IF(IFIN,EQ,0) GO 'TO 60
92 c . .
Zv' 'FINWGT 'z 0,20688T21 :® (DH#*9,19204) ‘& HLNGTH
Y €
: 35- < «ann ‘COMPUTE HEX ‘TOTAL WEIGHT
. 6 c
-g;' c HEXWGT ‘& HEXWGT -¢ FINWGT
‘99- 80 .CONTINUE
100 C .
l :gl < saaw 'COMPUTE HEx :DELTAP FOR FLUID CONSIDERED
! 2 < .
109 ‘CALL FINTAB (NTBID(4S))
P1oy XTAB(1) :2 HLNGTH
105 XTAB(2) ' MASVEL
:oo SIGOLP ‘E MIPE(2,XTAB)
or ¢
108 DELTAP := .SIGOLP/({RHOGAS0,076%)
109 ¢
{10 RETURN
Y 4

12 ‘ END
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N AN N A AN ANNAN

SUBR@UTINE HEXF21

20

30

40

50
80

T0

SUBROUTINE :HEXF21 ( 1GAS+QREQPCINgHXNT]

% DATA (CONTAINED IN THIS SUBROUTINE CAME FROM ‘THE FOLLOWING

‘* SOURCEy FREON=2! CRYOGENIC HEAY EXCHANGER PARAMETRIC DATAy=

IF(16AS,EG,2) GO YO 70

1F (QREQ,LE ,50000,0,AND.GREG, GE, 10000.0,AND,PCIN,GE, 600, ]
IF (GREG,LT,50000,0,AND.QREG,GE, 10000,0,AND,PCIN,LT,600,)
IF (GREA,LT, 10000,0,AND,GREG,GE, 700.0,AND,PCINJGE.600,)
IF (GREQ,LT,10000,0,AND,QRES,GE, T00,0,AND,PCIN,LT.600,)

!FkGREG.LE.70000.O.AND.QREG.GT.SOOOOoO.AND.PCIN.ET;bbo;j

IF (QREN,LE,%0000,0,AND,QREQ,GE,40000,0)
IF (GPEQ,LT,40000,0,AND,QPEG,GE,30000,0)
IF(GREA,LT,30000.0,AND,QPEG,GE,20000.0)
IF (OPER.LT(20000,0.AND,QREG,GE, 10000.0)
RETURN

1F(GREQ,LE,.50000,0.,AND.QREG,GE,40000.,0)
1F (GREQ,LT,40000,0.,AND.QRER,GE,30000.0)
1F (GREQ,LT,30000.0,AND,.QPEG,GE,20000+0)
IF (GREQ,LT, 20000,0,AND,QPES,GE,10000,0)
RETURN

1F (QREG,LT, |0000,0,AND,GREG, GE,2000,9)
IF(GPEOoLT. 2000,0.,AND.QREQ, GE. 700,73}
RETURN

IF(QREQ4LT,10000.0,AND+QREG,GE, 2000,0)
1F(QREG,LT, 2000,0,AND.QREG,GE, T00,9)
RETURN

RETURN
1F (GREQ,LE,70000,0,AND.QREB,GT,50000,0)

‘RETURN

IF {GREQ,LE,60000.0.AND,QRES,GE,50000,0)
IF (BPEQ,LT,50000.0,ANDGPEQ,GE ,40000,0)
1F (GREC,LT,40000.0.AND.QREG, GE, 30000.0)
IF (GREQ,LT,30000,0,AND,BRES, GE,20000,0)

.JF(QREG,LT,20000,0,AND,QREGR,GE, 10000,0)

IF (GREQ,LT, 10000,0,AND,QREQ,GE, 2000.0)

HXWT’
HXWT -
HXWT
HXWT -

HXWTY -

HXWY

HXWT -
HXWT

HYWT
HXWT -

HXWT
HXWT .

HXWT

HXWT
HXNWY -
HXWY ‘=

HXWY

HXWT
HXWTY

anw AIRESEARCH REPORT NO, 7i=7720s D7D, 9e22«71,

1F (QREQ,LE,70000.0,AND,GREQ,GT,50000.0,AND,PCIN,GE,600,)

0,80
0,65

0,“‘5
0,25

0,60
0,40

0425
0,18

0.%0
0.10

0420

0,08
!F(OREG.LE 70000,0,AND,QREG,GT,.50000,0) HXWT 2 1, o0

IF(GPEO, LT.ZODO-O.AND QREQ,GE.50.0) HXWT 'z 0,15

RETURN
END

‘80
G0

GO

ao:
‘GO
‘ao-

10
0
“T0
‘0
o
0

10

20

30
uo
S0
40

96€166V-OSN'I
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FUNCTI@N HPTCP

FUNCTION HPTCP(PRESsTEMP]
HPTCP=PTHEAT(PRESy TEMPy | )
RETURN

END

1291 0001

1292 0002

129% 0003
1294 0004

96£T66V-OSIN'T
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FUNCTI®N HPTCV

FUNCTION HPTCV(PRES,TEMP
HPTCV=PTHEAT(PRESyTEMPy2
RETURN

END

129% 000}
1296 0002
1297 0009
1298 oo0Y
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I
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FUNCTI@N HPTGAM

'FUNCTION HPTGAM(PRESyTEMP)
HPTGAM := ‘PTHEAT(PRESyTENMPy 3)
RETURN

END

1299 00014
1300 0002
1301 000%
1302 000U
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Pa¥a¥aXaYaXaXa)

FUNCTI@N HPW

R R T I T S TN T TP SO P P
ROUTINE NAME « HEX PROPELANY WEIGHT CALC, *

" PROGRAMMER = R,.BOLLINGER 1943 102 26933 *
DATE CODED = 4/21/70 , .
BR R RN R R R AR R A R R R R R R

PSR

FUNCTION HPW(JUX+1GAS)
HPW & 0,

RETURN

END

“ROUTINE LANG « FORTRAN V UNIVAC 1108 EXEC 2%

968T166V-OSIN'I
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SUBR@UTINE HTLEAK

n Nan

SUBROUTINE HTLEAK(TENVyTFLO;TFLHsNSVH)

MRx THIS 1S CURRENTLY A DUMMY ROUTINE

WSVH := |,0000

RETURN
ENng

96€166V-OSIW'L
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fERARANE FUNCTI@N HVAP

FUNCTION HVAP(NyTy1)

" .
2 DIMENSION HVBP(]7),R(17)
v DATA(HVBP 1) ¢ 121ot7)/91,620 108, 9071580106, 377850210.218159,219.2,
Y § 81499227,971.5+589, 10!78.!0‘025 8¢123,9208400),/
g DATA(R(I)!I"Itl?)/HS.’!QTM:. YN0.6T1766,8942.01096,35+28,63+96.18
4 1-928,62955.810H4046T990¢TTr16¢8¢36.95¢11.9933.59386.37
- IF(N,EQ,2,0R.N,EQ,4) GO TO §
B HVAPZHVDP (1) % { {1,5T/TBOLLIND ) /11 4 <TSTARTING JTBOTLING ) Jow; 98
‘9 | «R(N)®Tx2/778,%
10 RETURN . . ...
" S HVAP=Z=(60,05404476,42U5654T=] 4176269 | *T#T4,026014 (212 T*TATa
12 | «2099265 1 EaInTH S VISUY2IELRTRAT
& ] RETURM
Iy END
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enantane

PN FAN—CO® 40N BN —

FUNCTI@N HYENTH

- FUNCTION HYENTH(PRESyTEMP)

DIMENSION LOC(29) #JP(24) 4MX{24)90BP(24) 1 DP (24} ¢BT{ 295 4DTT24)4PS(20)
1yTSE20) s TL{I0) yHS{10)y H{1183)
DIMENSION AA( 99)+AB(100)sAC(I110)0AD(1O1)¢AE{IO1joAF{113)0AG{10%)
I sAM(132),A1(106)sAJ(119)sAK 10U} sALL 21)

EQUIVALENCE{ HoAA)s( H({ QujsABIel H( 194)¢AC) s H{ 10“)0AD)
! v ( H{ 40S)9AE)}( H( S08)¢AF) e ( H( 619)9AG)s( H( "722)4AH)
2 o HU 83U)9AT) s ( H( QUO) AU el HUI0S9)sAK) o H{116%)¢AL)

Dﬁ?A,LOC/,,'bv!lr“6v9O’lH§vl§7vl77ol95023|v26lv2791306v378p“9|’ﬂ68
l0558v6l2»6“2'682v8ﬂ1v8921l0289l0710||O?v|llZv'lZlvll?OvllbO/

DATA UP/3139374150215030615139306099999¢99845011099T71505/

DATA MX/1olo 092030000t oo Vo loleNeTeTeTeTo303¢9¢Te 159303/

DATA BP/0yrwl100¢9009069.9999999¢0¢9300.92645,2891175, 681587 8“00.0
1264542091 175.68+0495874841887+84029349210.9440.88+293. 9zv175.1§z.|

276.3521049 1174568/

D“TA DP/|SOOQ'3°00'QUQ'|OQO|Q'5°°°o'|'00-"'75 63'291 929[‘06.960
1293920 117566802934¢920 146981 TIeUBeTI LB IE TUITIUBY IS TUY (U, 6960
21446069 T7.3481H4. 0889144696/

DATA BT/?OOO-'?OOO-'3000.'3000o'3000-0‘0000|70.090.'90,v90.'90.o
1324930,6127.97546959, HQTZ.'720059-9059-U'6H.8'99 4e28,89¢SU,0
25000, 95000¢950004¢5000495000./

DATA DT/5004150041500¢9200452004950000110e0184018,¢88er18,¢7:2¢S,4
1e5, "1702'|08'1-6'306’|08'.°|' 89re990%5.401,8/

pATA Ps/l.ozzvz.oﬂnos.oIu.ozﬁ.vw?.o69.o°9.oIZG.-'SI.'I65.9r16.oIRZ
To?IBS o9 186,59187¢25¢18T7.46875018T745060187.6385,,

DATA 76724.845027¢07229481¢33407936418+39.96¢4Uel12048,33151.9T7954,
179056¢72157,80058¢57¢58,99¢59,18+59,29¢59,+59, 153059-?56v$9 LY

DATA 7L./24,84602T741751029,310931429993341T6134.962¢1%6.6T72738,917
139,904e41,456/

DAYA HS/-IS?.&Z'-"b.Sbv-'|s!76'-95 “6'-75-59'-56.000-’6.910-'7 99
F¢0,69919,30/

DATAAA/|0120.0|0750.'IO?BO..|2690.vI2720o9l2750.plﬂ780.o|H780.o|“8
11064217060, 169604216%6000197006919330,919260,210720.910720,910730.

T 2012710912700 127009 149204014810, 2 1478009176209 I TIH021T0%0,¢2]

339049 19940,1195804910720,2 10720492 107204¢12T730,912710.912700,¢15020
Yoo [4910,91U850,918000,217550+117330,022560,021170,+205204910720.01

50720,¢107204910720¢¢11520,9115004011500,¢115204012360.¢1232040 1291

60091232047 13260+¢11318049 131500013160, 01U250.914090,9140400r $HOSO0.r

TISHO0. 215090, 114980, ¢ 1909 167800 162204216030.01603040185006¢178

840117200, ¢ 712007206804919)10,918560,+18430,+234R8049210%04920]70.
9¢199804727100:023410¢922100,9215204910720.91072091072049107204/.

DhmAAB/!O?ZO-'IIS“O.'II520.o|l520-!IlSlO-'!I$l0.ol£“l0.vl2370.vl2)

1604¢12350,9123404713790,¢13300,9132604+132304913220,914520.¢14390,

201425000 142100 0 141TD0? 15900, 21556009 15400+2153104016250,49176804¢17

V060691678040 166206016500,120030+218970,018490,018210,¢18020,923180
Uer2IN404720670422021009198904927390,1246806923470,¢2275001222604¢9

529604928900412708049260004925260+21663c91THB,rIU0To 9352401515 0052
67240693509 7056498783498901,910720¢¢10820.9419,70385,5+3T7,10386,1¢
TH01450830,71823080826,21835,998510001261,91270411282.912974¢13}5a0!

B8668¢9188T,v1T06er 1 T2Uer ITUTer102020129410159,0189,04182,29209.4022

91e10278,99262460284, 80299-!O?Zl-?0150-8o162.7018’.v¥l9.992°.M/

DATAAC/UY6,8¢88.3UrB86,3087.94191.61196,519102.20182,40155,2¢152:590
1153650156, 10159¢90232450220.02019¢60218420218,990221,19299.0291,1028

0001

0002
0009
ooou
0005

0006
0007
0008

0009
0010
oot
ool2

001y

0oy
0015
oolé
oot?
0018
oote
0020
0021
0022
0023
0g2u
0025
0026
0027
0028
0029
0030
0031
00%2
0033
0034
0015
0036
0037
00138
0019

. Q040

oout
oou2
ooy
oouu
0ouS
0046
oou7
ooys
o0ou9
0050
00S!}
00%2
00S%

0002

000N
000%
0004

0007

0009
ooto
ool

0019

0014

001s
0016

00T

oots
o0ol9
0020
o0o2!
0022
0023
002y
0025
0026

00271

0028
0029
0030
0031
0032
0033
003
003S
0038
0037
0038
0039
0040
oouy
oou2
004Y
00Ny
oous
0046
oon%Y
oous
00“9
0050
0051
0052

00SY’

0054
005S
0056
00S7
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¥61-d

LTI TS HYENTH  Araansawn

98 26429284,7283,70284,8936U4,3¢357469393,20350.80350417950.8¢49),89udy 00%y 0098
g9 3.81“22.9’H20.9v“I3.9'H|9.0126-00l09.2008.33791.88088.3“020!,9v|!8. ‘0055 0059
60 N“vl77'21|68.7'|5Zo“’265.312$5.'v2“6-20?38.60232-57325olv3l7}“v?l0. 0056 0060
61 BUII0Y 429299, 138U TvIT8e803TToM0 36845936, ToUHB,BollyY Setili0, 39438, 00S7 0061
62 6“3]080222¢2'|7”J7'r26-90266-9v233o7l20Io9'3!3.5v288.U026501v362§U9 0058 0062
6y TIH2eTe325 s 1ot INe50398,T9138U,99U65.89U5",3944B8,89236,5T1=.695135,58 0059 006%
b4 91-2“.27v||9370H6o520-|0-ulOZW-SI959.lHr5.035019oliT’.lH72200505ﬂn9 0060 0064
6% 99+88,32940,42972.099104T7759,98090,22¢222,980,69109,3¢140,1¢102,2/ 0061 0065
66 DATAAD/lzqoIv|59-v-BS.Sﬁv-TéoI70-66.88--57.67vchﬂoﬂﬂ'i19.6§v-76.[H 0062 0064
6T 112b6T,02r=574861=48,TH1+39¢639=30.421=b5,U4690564631UTeTT1n38.020m2 0063 0067
68 :29-83"20.811-53.‘3!!-‘45.09'-'!6'“0-!7-86.-!9.ISv-IO.Hh-_-UO.Zh-?a.? ‘0064 0068
69 ) 3890240231158 0 ecToliTr|olTre25:TUHr|B.560=10s9¢02,960541Up13e64¢m? 0065 0069
‘70 YeB8ra3u58y Ul 110.88118.6126464rTo3U9)2.46918,68¢025,57932,85940,42 0066 0070
T 5925099294549 IHeB3r U1 04INTB215U0F9US56994T61¢5]147995T423963.43 0067 0071
72 6970029966481 156.5T069¢531TU129T79.68186,988,3UrBb,398TeM191461+96 0068 0072
el TeS10102¢29=129 4112481 =l19.80=115,90110,390=105:59m(00.81=94.08¢w 0069 0073
™ 89! o3 Tr=l !9 el IUeral 0 UslO05.80a]0],2¢=96,5)129],8R¢9a8T7,21¢=82, 0070 0074
75' 9‘“1-I07-‘h-I03;"'-99.26v99h.980-90.6'-86.l9n8|o7!'-71.231-72.§8/_ 00Tt 007S
T6 DATAAE/w92:.7 7989, 71 9e86,231=82,46s=T8,4T2eTl,3T1=T0.191=65,231=6} 0072 0076
T 1e4Ben73,570nT2:89mT06TT 167,93 02bU,br0b],0=5T,2053,280=U0,]emb], 0073 0077
‘78 22B1=U9.STr=51e8T0w50:9 ) 0aly8,T4e=45,9reL2,T1=39,2LenI5, 44239, 0wiR,9 007y 0078
79 I1m26,491m30,H)12306399m284889=26:559=23,740=20,45046,52040472¢37,0 0075 0079
80 UEeIN,6693340201932438932,04932,06932,49088,56979:51¢T2.99968,32065.0 0076 0080
8| 51962699610 11060¢1159,63012604911T7480109.20103.8098,.33095,1191,88¢ 0077 0081
82 6904119884391 m30e391029¢649=28:88102T¢7212264559=254[51=234TU1m22, 0078 0082
8y TTre20e459227463902234339022.720221eBU1020,7Trl9:571niB8,2Upa|b.82¢m 0079 0083
8y. BISe1TratbaliTrmlbe5%re]6e2T0015:65101U,00alT,Tbr1e12,581m)],279~9,.08 0080 008y
8s V1eBaBIruT 5] 109¢561mP423108,610TeT592b,T72+05,5T1=U,(Ur=.85¢922,07/ 0081 008§
86 DATAAF/=2,561=2.55 w20 |Bral o550maTro301.697,6815.THIU,TErH, 384,45 0082 00RG
‘87 19408595, 516431 Te o 16eT e 1369301297011 o5Tot 143001459 11.88¢12,5% 008% 0087
89 21365212602112245020428019.02¢1843991842Ur18eUVIr18a89r{9.T136+36131 0084 0088
89 Foll 2802126472025 4T025¢22¢25:15025,4025,89+46,524U40.72+37,01934,6 008S 0089
9% UB6r32421932438132.04932¢06132:49095,17980415¢65.54153.27044,02037,3 0086 0090
94 5Br32.5597286950264210 11572104+ 1992¢37081405970.96962.55055.86¢50,6 0087 0091
92 62946,5290132.60123:20 113069100994 .83986.45079,09¢T72.87967.54014T,7 0088 0092
913 T30, 7ol 4123030115030 1074601005994, 1T7988,560161,60154,59147,3 0089 0093
9y. Boll0,29133,20126030119eBe113,T010T7o50ITH.T1168,T0162,60156.69150,5 0090 009
95 FeIlU, B 138e50 132,40 126U 1 TT U 161,69 14T, U0121,8095,2v186,30171,77 0091 009s
96 DATAAG/ 1654 138,88 ii5sT0 195000181469 166.89150,5¢132¢69204,¢191,40 0092 0096
M PITTe9 16339140 T9212490200.2918BaToTT75.50161¢69222,20210.3¢198,5 0093 0097
98 21860691 T4,T1=30:411w300639230:671=30:59+030,39¢222,5¢=23,0%0=23,44 0094 0098
99 3102306022306 30=13.860wlU,969=185:T0]6,18116,4T70eU,3Tr=b,l1UYpaT re 0095 0099
(1] B, 28 ymB891be o YetibreSYre|69eeBSelTaT9919.9%0110(8994170¢7,68430, 0096 0100
101} 5652125:289214520 18,7 Tr 164 Tr44,02037,38032,55120:.95¢0264219-26,U8+227 0097 0101
jo2 60269=2T7,921=28,451028,921029¢31229,621229.88+230,1¢x30.289=30,41¢= 0098 0102
IO" ‘72'002"’22-'|"2’09'23.75'?2"'-38vuzucq"29036"29.’7""}26006""260120 009° 0103
lﬁq 8'2601469"1{-'9‘47""60‘45"'7.67"'8068"'9-5"‘20025"20'BS"2|l-’7"2| 0100 010y
Ios 94810222, 199m22¢S51=8,03¢tw]0clbralleBliralI 2lrelteltralS5,28r=16,09/ oto! otos
106 DATAAH/«164TT1=1T7e351e17:850w18.181,01923.05005.3T70T.22128,72¢-9, ot02 0t0é
joT 1969l le0lrelleFecl2,66tm1Te310elVeB6r9,U]115,120148Treeblrel,brely, 0103 007
108 23905581 mb¢T720wTeb6998652029412020, 7101440104106, T20Uolr1,990,28 0104 01080
109 V=] o 1902 420 =T TPl IT 3, HS125:2U9 19,2521 Belto4591B8.THIE,SUl, 0105 0109

ito UTIe a1 T11,8Tr088045,95¢36+T79029.U49234801F:UNe]6e0T113:2%91140299, 0106 0110
I S120Te5106,149560 319474949 39,94933035928.09923,89020,51017,T6115,44 0107 0111
112 601 FeH9011496066466958,2195042304 014937, 1T7932425928,21024089922,11 oloe ort2
13 TrlFeTB1Te T 1T S5696T03215%TV1052¢629U6.2691404810360293203502% 11 0102 0113
1y 8264 3Tr2Ys 151824459 TSoll16843Ur61.5¢55,119249,35944,34240.03936.35¢2 otto ortu
18 93421 10730.52188.81182,65¢T64120690669163449ST 6695249477824, TU/ ot1tl oS
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i
!

atnqﬁﬁar

N—Ca®-3o

)
'
|
!
.2
2
2

129
124
12%
126
12T
128
129
130
i3
132
13
134
135
[36
137
138
139
140
141
142
™y
vy
V' qg.
146
1w
148
149
{50
151
na2
157
1184
158§
156
AST
158
159
160
161
162
163
164
165
‘]6&
167
168
1 169
170
AT
172
179

HYENTH ARARAAAR:

DATAAI/HO-ZH'??LET&QS,l?bBO.lva!.lSvT?HZ?i?]o’GOGS.SHv60.6|095.69
FeS1,3947,7,44,02,104,9498,001990,23,81 ,37¢T1,12¢59,16,45,59,31,88,
2204959 112439107.39100e8193.63185.67976.79066495156,39145,95¢120.Us
'3|l5-80|IO-ZvIOHo2'°7675v90-73v83-I8175r|066-661l27,6v|21-60|l8(10|
Y1349 107.8910241095,850809,29082,4S¢134,80130,40126,10121.8¢11644¢]
S11e10105¢8010045995,!1T165.16951,82¢m3,8T9=10.850al4,260al8,5TveiB.
-617v-|9.82'-a|.020-22.eloo-22.92.-23.699--2‘0.180-2‘0.°9p-25.'§‘09~26,0“g
7-260"807’4. |3067.69'57016'19-09'5099"’q230-7$61'-‘00%2'-‘2v6§’-‘“.
8379154781 m]6¢981w|BirelB8,99rm19:69+220,39¢=21,02983.0% 77, 1T+70.%
9614779504 1Te3169811204Br3eS5rm106099al,U3r06,93128,%9al0.U490e]l.B6/

DATAAUZ= 130030 140U rally, 94989 0UIBYLSH T 06072,8L965,52156,5H 04k
|099I’30.6' |7.92'°-9'40'4.890l-'SIv-I.2“'-3.H‘!'-'S.ZZv-b,'TE'-3-03v°‘4,°8'
290771860 1618140T 1754206901961 059952.8U042,58031064022:32015,%60
J106STr6s94 1L 28910950 ,01999,8419642T7992.24987:87¢83,15977.97+72,2%
Yrb65.86958,68150.6T142406973459026.31020.4U915.88¢12.2%909,41eiQU.Tr
5101¢399T¢67193482180,72185.3980454075.38089.76163,6%+56,98049,93,4
63-76935.§Hv29o9612“.89120.7|vl09-l'|05.9ol02.6999.07v95.q9v9l£5c$7
Te5182.95vT78¢39973016067,981624130564027050020H44414938,T79933.45+71,0
837¢310¢20410¢t8403957430000009000974690T2:99H4%4904004¢110,9089,8462
9¢20.9040124,2¢ 10Te498%3:2894840200013T7451 '2’.5"0509?8|.’000 'SO.T/
‘-DATAAK/|?8.80lZU.90!08.§18§.9v|6H.|)l53.69|H2.v|28.9o|l!.?pl??;yvl
1679 '58-1 "47-9 l3‘4.8078.8162.1v'45.'u0. '0.'89.8078.1'6'.'“l,?'ZQ.I'
298.8990.1978499604112748910607099:5191,1080.6065.2¢114,0107,8¢100.

38992.8¢83,11120480115429109422102+5¢95,9197004919330.919260.923000

Y492204009218104927350,1252600924730,921390,919940,¢19580,9027180,02
5358049226804936230¢928590,926650412256Cs12)1T04920520.930320.92664
60¢125020414221042350606131640+903296049289004127020,124000,0252604¢
T4013049343306731T1049301309290504¢49050.+41170.¢37530,+35320,+338
B10+95961041149530424UT 10414 1T750+93969049T11900¢592U049532104149420,
9rH6T50¢+829204969950406291049583104¢55C204727100.023410,922100.7
DATAAL/215204¢31750926350492444049235604037810.9030000027280.¢260
170944900, 9344804 9130730,9029050¢95381049399004034870.9326106¢63710,
2946340,939810.9368504/

P=PRES
IF(P.LT,1,0) P=1,0
IF(P,LY,1,0) P=1,0
T=TENP
IF(T,LT,3000.,0) GO TO S
IF(T,GE.6000.0) T29999,99999
IF(P,LT.30.0Q) GO 'TO 3
IF(P,LT,80,0) GO TO 2
!F(PQLTnSOOQO) G0 To t
N=1 '

Ni=2%
GO T0 33

I N=22
Nis26
GO T0 13

2 N33
Ni=27
GO 10 33

3 IF(P,LY,5,0) GO TO 4
N=Y '

Niz29
Go To 33
4 Ns%

0y7
0ty8
0149
oiso
0t1s1
012
0153
0I5y
0155
0156
0is?
0158
0159
0160
016t
0162
0163
oteu
0165
0166
0167

VMNP AT DN

0159
0154
01ss
0156

0157
0158

0159
0160
0161
0162
0163
0164
01658
0166
0167
0168
0169
0170
017!
orre
017y
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9%6T-4d

ARARNRAR

I T4

178
176
1T

178
179
180
181

00000000 ®DD
NOFNFWN—O 0D

HYENTH

13
(L]

16

17

19
20

2!
22

RRARRAA N

Ni=28

GO T0 33

IF(T.LT,180,0) 6O ‘TO 70
IF(T.LT,500,0) GO YO &
Nz6

GO Y0 1

N2?

GO T0 11

IF(P,LT,1175,68) GO TO 8
IF(P.LT,2645.28) GO TO 7
N8

GO TO0 13

N=9

GO TO0 1

IF(P.LT 587 8“) ao 70 9
N=10

GO 10O 33

Nzl

GO 'TO 33 ) i
IF(P,LT,I[75,68) GO TO 12
!FEP;LT.26H5.28) GO TO 1|
Nzl2

GO Y0 130

H=13

GO 70 30

IF(T.GE,59.4) GO 'TO IS
N=IY

1F(P.GE,187,6385) 60 TO 30
PO 13 122,20
IF(P=PS(I}))I4sl4eld
CONTINUE

1=20

THITS (el b4 (TS(I)=TS(1=1j)#(PaPS(1el))/(PS{1)aPS{tai])

IF(T,LE,TM) GO TO 3D

GO 70 23

1F(P,LT.293, 92) ‘GO 'TO ‘20
IF (P.GE,587,84) GO YO 18
IF(T.GEL,T2.0) GO TO 7T
N=t

GO 70 313

N=20

GO0 T0 33

N=|7

G0 YO 33

!F(; LT, 75,6) GO 'TO 19
N—

GO T0 3%

N=16

GO 70 313

IF(T,GE,72,0)60 TO 22
IF(P.LT.176,352) GO TO 2%
IF(T.LT,65,T7) GO 'TO 2i

‘N=21

GO TO 33
N=22
GO T0 33
N=18

0168 017Y
0169 OITS
0170 0176
oIy 017y
orr2 o178
017% 0179
0174 0180
ots olI8r
0176 0182
0t77 0183

0178 018y |

0179 018§
o180 0186
o8l 0187
0182 0188
0183 0189
o184y 0190
0t8s o0t9l
0186 0192
0187 0193

0188 019y,

0l189 01958
0190 0196
0l91 0197
0192 0198
0193 0199
0194 0200
0195 0201
0196 0202
0197 020%
0198 0204
0199 0208
0200 0206

0201 0207

0202 0208
0203 0209
0204 0210
0205 0211
0206 0212
0207° 0213
0208 021y
0209 o021!S
0210 0216
o211 o217
0212 o218
0219 0219
024 0220
0215 022!
0216 0222
0217 02213
0218 0224
0219 0228
0220 0228

0221 0227

0222 0228
022% 0229
0224 0210
0225 0231

96E€T166V-OSIN'T
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|

)
1
KNRRRARNS

‘a2
213
‘2%
235
216
23T
238
‘239
1240
a4
il
247
24y
‘2us
246
euT
248
249
‘250
as|
252.
259
254
25%
‘256
28T
258
259
260
261
262

HYENTH

29

30

RRRRRA D

ao T6 13
N=23

1F(P.GE, 117,568, AND,T.LE,63,) N=2u.
3

GO Y0 3%
FEP/587,.84

1=2F

IF(1.G6T,8) I=8
Fl=1

FaF«F1
FP=t,0=F

TORFRNTL{T41)4F*TL{143)

M

IF(T,GE,TQ@) GO TO 3%
HYENTHZFP*HS (Tod JaFtHS (L02)
RETURN
IF(T.LE,5000,)NI=N
FP=(P«BP(N))/OP(N)

1IP=FP L .
IF(IP,GT.MX(N)) IPEMX(N)
Fl=tp

F2FPaF1

FP=1,0sF .
FT=(T«BT(NI))/OT(N)
IT=FT

FI=17

FFaFTaF]

FT=| ,0«FF

IZITH P (N} IPeLOCINI)
JaleJP(N)

HYENTHZFPAFT*H( T} 4FRFTRH{ 141 ) 4FPAFERH (J) 4FEF*H(Jal )

RETURN
END

0226
oz22T
0228
0229
0230
0231
0232
027"
023y
0215
0216
0237
0213e
0239
0240
02y
02y2
0243
o2yy
02y5
0248
02y7
o2ye
0249
0250

‘0251

0252
02513
025y
0255
0256

02%2
0233
0234
023
0236
0237
02138
0219
o240
o2ut
o2u2
0243
0244
o2us
02us
02uy
o2us
02ue
0250
0251
0252
0253
0254
025S
0256
0257
0258
0259
0260
0261
0262
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A A a ancnnandn

SUBR@UTINE INTAB

ann A

5000

5010
5020
5030

5040
5050

‘50560

la¥aXa)

6000
6010

6020

6030
6040

6080

6060

6070

6080
6090
6100
6110
6120

61130
6140

6150

6160

6170
6180

LR RN I BRI ST I I I I T N A RN RS
* ROUTINE NAME - "PABLE INAUT ROUTINE >
% ROUTINE LANG -« FORTRAN 'V UNIVAC 1108 EXEC 2m
* PPOGRAMMER « R, BOLLINGER 1943 102 26931 '
‘" DATE 'CODED - 3/4/70

‘* REVISED = JUNE 1971 ,, DEC, 1971% '*
% PROGRAMMER e J, MCKAY [9«43 201 4%1T78 ">
R R R R R R N T ey

SUBROUTINE "INTAB

INTEGER TITLE,OFT

.LOGICAL JP,yPAGE

INCLUDE CIOUNT
INCLUDE CTAB
INCLUDE CTABA

DIMENSION "TITLE(4) s ICMT{14) yLABY{3+5)oLABX (Y} +LABY{S)s11(8}"
weard INPUT FORMATS

FORMAT (4A6y21616Xs16)
FORMAT(1346442)

FORMAT (3A46,17+5€10,0)
FORMAT(6A692E12,0)
FORMAT(316)

FORMAT (6E12,0)

FORMAT (515)

rankt OUTPUT FORMATS
FORMAT(10!yTUIgtanaad EXC HO OF TABLE DATAwneneq,

1 /7 TSH+4A6,T100s 1 TABLE NO,'14//)

FORMAT (!0 ‘**ERROR** THE NUMBER OF DIMENSION IS WRONG, Np :z 1,185}
FORMAT(T2613A6+A2)

FORMAT (10 #**ERROR*% THE NUMBER OF POINT 1S WRONG, NP = 1y 18)
FORMAT (T36y3A6+12Xe5F13,4)

FORMAT('Q :#*ERROR** THE NUMBER OF DATA POINTS IS HRONG NV = 1,181
FORMAT (10 #*ERRQR** THE TABLE TYPE IS WRONG. TYPE = 'vl%)
FORMAT( !0 :AxDIAGNOSTICH#% THE NUMBER OF INTERPOLATION POINTS 1S WRO

ING, HIP & 1,151, MIP 1S 'SET EQUAL 'TO 1,1%)

FORMAT (752,3A642XsF12,4]

FORMAT[TS2,F12,455XF12,4)

FORMAT(TS52,F12,4) )

FORMAT (TI89F 12,4 2XF12,4¢5XF 12440 2XF12,4]
FORMAT(T18,F|2,4s2XF2.4)

FORMAT( 1075341 COEFTCIENTS ! 46X o ' COEFTCIENTS /0 -1
FORMAT(101THY o 1x "o I3Xs ¥ Ty 16X0 X s EIxo 1Y)

FORMAT (10 #XERROR®* THE ABOVE TASLE NUMBER 1S LESS THAN 0 OR GREAT

1ER THAN 8q1t//)

FORMAT('0 ##p1pGNOSTIC** THE ABOVE TABLE HAS ALREADY BEEN INPUT, ¥

IHIS TABLE sHALL REPLACE THE PREVOUS TABLE,!)

FORMAT (10 '*ERROR* THE TOTAL SIZE OF THE TABLES HAS EXCEEDED ‘7000,

| THE REQUIRED SIZE IS '416e%, RUN TERMINATED,')

FORMAT ('0'T7SX!TOTAL TABLE STORAGE ='16)
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TS INTAB -adaqaét*

58 6200 FORMAT (1QiS6XITABLE INPUT SUMMARYt!// 28XYTABLEISXTTITLE OF ‘TABLE!
59 | I2X'NUMBER OF! g¢X'NUMBER OF!'6X'NUMBER OFt/ 29X 'NUMBER!T4g,
60 2 'DIMENSIONS'SX 'SUBTABLESIOX 'HARDS /)
61 6210 FORMAT (28XIUs2X94A699115)
62 £220 FORMAT {10V T90+1NO, WORDS THIS TABLE' 1w)
63 C
6w c werwd INTTIALIZE ‘THE ROUTINE
. 68 K : B _ .
66 C NPRT = 0 PRINT ALL 'YABLES (! 'TABLE/PAGE)
6T € NPRT = | PRINT NO TARLE OUTPUT
. -6B (4 NPRT > | PRINT aALL TABLES (NO PAGE EJECT)
69 K4 NPRT2 > 0 AND NPRT ‘= | PRINT SUMMARY
.70 .c
Tl INTAP = NTAPE!
72 10TAP = NTAPEI
™ READ (11IN,5060) IFT,OFT,NPRT,NPRT2
™ IF (IFT ,EQ, 0) GO TO S
T8 IF (IFT JGT, 2) INTAP = IFT
.76 READ (INTAP) TLAsNV
oy READ (INTAP) (TABLE(JKM)yJKHME]NV)
;T8 REWIND .INTAP
CT9 KHURDY ‘= NV
80 GO To 350
B4 €
©82 § KMURD| :='0
I8y IF (NPRT ,NE., 1):GO TO 2
B 1" IF (NPRT2.,EQ, 0) GO TO 2
885 IF (PAGE(0)) WRITE (10T,6200)
86 2 'CONTINUE
'37' 4 anwax START OF 'TABLE INPUT LOOP
8 C
89 ‘DO 290 1= yNTBN
go KMUD := KMURD!
| < .
92 [4 *"" INPUT TITLE -« THE TABLE TITLE,
9y C ND = ‘THE NUMBER OF DIMENSIONS OF ‘THIS ‘TABLE.
9%l < '* NG = THE NUMBER OF "COMMENT 'CARDS FOR THIS TABLE
95. € B 1P = PLOT OPTION, NOT IN MATH -MODEL .
< ge C AR (SEE AUXILLARY TABLE PROGRAM)®
9 C .
, 98 READ (11N.$000)'Trrue.No.Nc.Nr
99 IF(ND,LE.0) GO 'TO 300
100 ‘IF (NPRT ,EQ, 1) :GO TO 100!
101 1F (PAGEéO)) WRITE (107»4000) TITLE,NT
(L H] JP 3 PAG
10y 100! CONTINUE
1oy © KMURD] ‘= ‘KHURD} ¢ | ,
10s IF (NT ,GT. O (AND, NT ,LE, NTBN) -GO TO y
1068 HRITE (6+6150)
ior CALL EXIT
1o W IF(TLA(NT),LE.O0) GO TO &
109 HWRITE(646160)
110 6 TLAINT) "= KMURDI
1t ITABLE(KMURDL) = '‘ND
(2. i 4 ,
“'!‘ € Aatrt TEST INPUT -VALUE,
4 c . . .
His IF (ND ,6T. | LAND, ND LT, T} 60 YO -20
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WRITE(6,6010) ND
CALL 'EXIT

" a%sax IF THERE ARE ANY ‘COMMENT :CARDS ‘POR ‘THIS PLOT PRINT
skane THEM OUT,

IF (NC ,LE. 0) 60 YO 4O

00 30 12 = |4NC

READ(5+5010) ICHT _
IF (NPRT ,EQ, ) GO 'TO ‘30

IF (PAGE({]) WRITE (10T+6000) TITLE.NT
HRITE (646020) 1CMT

CONTINUE

kakws INITIALIZE ‘'THE INPUT OF YHN ND = 2 INDEPENDENY
wkdwd VARIARLES,

NDM2 := ND = 2
NXYT = |
IF(NDM2.,EQ.,0) GO TO 90

“1F (NPRT ,EQ, 1) GO TO %p

1F (PAGE(NDMZOI)) WRITE {10T+56000) TITLENT
wweas INPUT ND = :2 INDEPENDEND VARIABLES,

PO 80 12 .t |eNDM2

READ(5+5020) (LABY(T¢22)¢121s3)eNPo(TAB(T41il2] 0 01 oNP]
IF (NP,GT, 1 AND.NP.LT.6) GO 'TO 60

WRITE(6,6030) NP

CALL 'EXIT

NXYT ‘= NXYTRNP

- IF (NPRT ,EQ, |) GO 'TO ?

T0

nnn

‘5
80

90

tao

NRITE(6'6ORO) {LABV(1, 12?0! |03)9(YAB(!0|v!2)vlllONP)
CONTINUE
KMURD| ‘= KMURDI ¢ |

'ITABLE(KHURDI) 2 NP

DO TS 13=)¢NP
KMURDL = KMURDI ¢ |

*#%x  STORE THE (ND=2) - {NDEPENDENT VARJABLES IN TABLE ARRAY

“TABLE(KMURD 1) := TAB(I9¢1412)

CONTINUE

axwax IF PLOTING S DESIREDs INPUT THE PLOT LABELS AND
sewwe ‘THE MIN/MAX VALUES OF THE INDEPENDENT VARTABLE,

READ(5+5030) LABX)LABY ¢ XMIN ) XHAX

nane START OF ‘THE LOOP TO INPUT THE VALUES-FOR EACH
* OF THE ‘THO DIMENSIONAL TABLES WHICH MAKE UP ‘TWE MAIN
wxax® ND ODIMENSTONAL ‘TABLES.

11{1) & .-
DO 100 12 = 2+%
11{12) == |
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ARRRNRAR INTAD RN NARR

Iy <4
18 DO 280 I2:= JoNXYT
1 1T8 K< .
nr K4 ewdnd INPUT 'THE 2D TABLE HEADER CARD AND VERIFY THE DATA,
e ¢ ® NV .« NUMBER OF DATA POINTS IN THE TABLE
179 < ‘* "TYPE .« ‘TARLE TYPE (SEE CTAB)
180 K< mwann N1p  » NUMBER oF POINTS T¢ BE USED FOR INTERPOLATIONS
181 c , .
182 READ(5+5040) NVsTYPESNIP
18% IF (NPRT .NE. 0) GO TO tQ0Ou
18y IF (PAGE(Q)) WRITE (10T+46000) TITLE,NT
185 1004 ‘CONTINUE
, 186 c .
L IF (Nv.,GT, 0 (AND, Ny ,LE., NSBZ) GO TO 110
1188 WRITE (646050) NV
189 "CALL EXIT
© 190 (4 L . ..
19 110 IF(TYPE,EQ.0,0R,TYPE,EQ,|) GO YO 120
192 HRITE(6+6060) TYPE
ey ‘CALL EXIT
L] €
19% 120 .1IF(TYPE,EQ,0) GO TO 130
. 196 "IF(NIP.GT, | (AND,NIP,LE,NV} GO ‘YO 1130
T NRITE(6v6070) NIPoNV
;198 NIP :z NV
, 199 C
1580 :g akdeh OUTPUT 'THE HEADER '‘OATA TO DRUM
1201 €
‘202 130 ITABLE(KMURDI#!) :=° Ny
20y "ITABLE (KMURD! - 2) = TYPE
120y ITABLE(KMURD|#9) = NIP
1208 ¥MURD| := kMURD} ¢ 3
206 (4] ..
207' .C wanad INPUT, ECHO AND OUTPUT 'TO DRUM THE 20 TABLES.
‘208 (3 :
209 tF (MPRT .EQ, 1) GO TO 170
210 II(NDM2) := MOD(TT(NDM2) & |o2TAB(I,NOM2})
el IF(NDM2,EQ,0) GO TO IT0
212 !F(NDHZ;EG.I) G0 'TO 150
213 NOMI := NDM2 = |
21y < '
218 DO (4O I3:2 NOHYelewl
216 !F(II(I!#I) GT,0) GO 'TO |50
21T ‘11(13) = Hoo(!l(lt) ¢ 19ITAB (101
2lg 140 CONTINUE
219 €
220 10 DO 160 13 = t-Noﬂz
221 10X ‘= l!(l?)
‘222 WRITE(646080) (LABV(! !!)v!' »3) ¢ TABLIDX, 1Y)
22y 160 CONTINUE
‘22u. 4
‘228 170 'IF(TYPEJEQ.|) GO 'TO 210
226 < )
‘551' € wnnrd COEFICIENT 'TABLE INPUY
8 C .
229 READ (5+5050) (XTAB(I)yIxlyNy)
‘230 DO 175 173:= |eNV

231 KMURD| ‘= KMURDY ¢ |
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ARAANANS

232
213
2
'27%:
236 .
23T
238
279
240
L1
242
243
auy
‘248
2H6
N7
:aug
249
1250
251
.252‘
25%
1254
1255
256
257
258
‘ah9
260
261
262
263
‘a6s
266
26T
268
269
‘270
34
2r2
2Ty
274
2758
276
27T
‘278
279
‘280
281
282
287
28y
'285:
286
&8
‘288
‘289

INTAB

175

180

190

nnn

210

218

1005

220

2%0

280

290

¢

300

!
IF (NPRT.,NE, I) WRITE (107,6220) KWRD
.CONTINUE

ARANRANR

“TABLE(KMURD!) = XTAB{IY)
CONTINUE

IF (MPRT ,EQ. 1) -GO 'TO 280
WRITE(6+61130)

If(Nv.GT.SOj GO 'TO 180
Nl =

N2 = NV
GO TO 190

N2 = NV = 60

wner(s.aoqo) (XTAB(1) ¢ XTAB(1450) 0181 ,N2]
N1 ‘N2 -+

IF In .cr. 50§ ‘GO 'TO 280

N2 = 50 o

WRITE(696100) (XTAB(T)y2aNtyN2)

‘wxna% DESCRETE 'TABLE INPUT
READ(5+5050) (XTAB(I)¢YTAB(I}e2aleNY)

DO 2§15 13 'z oMV
KMURDI. = KMURDY ¢ | .

"TABLE(KMURD1) = XTAB{I3),

TABLE(KMURD I+NV) = YTAB(1Y)

.CONTINUE

KMURD! '= 'KMURD| -+ Ny

IF (NPRY ,EQ, 1) GO 'TO 1008
HRITE(696140)

CONTINUE

IF(NV;GT;GO) GO 'TO 220

Nt =

N2 = NV

GO T0 230

N2 '= NV .= B0

NRITE(6y6I|O) (XTAB(!)oYTaB(!)oXYAB(!.SO)«YYAB(!.SO)O!:!'Nz)
Ni 2 N2 ¢ |

IF (NI ,GT. S0) GO 'TO 280

N2 = 50

CONTINUE

IF (NPRT.,EQ, 1) GO TO 280
WRITE (696120) (XTAB{I)2YTAB{1)sI2N|oN2)

CONTINUE

KWRD '3 KMURD| '»-"KMUD . i e

IF (NPRT ,EQ, . .AND. NPRT2 ,NE, 0) WRITE (10T,6210) NTyTITLE,
NDoNXYToKWRD

IF (KMURD| .,LE, MXWRD) 60 ‘TO 310

- HRITE(646170) KMURDI

310

CALL EXIT

IF (OFT ,EG' 0§ GO TO 350

“IF (OFT ,GT, 2) 10TAP = OFT

WRITE (IOTAP) TLAWNY
WRITE (10TAP) (TABLE(JKMjsJKMn!eKMURD])
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29

294

295
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END 'FILE "10TAP
REWIND 10TAP

350 WRITE (10T+6180) KMURD!
RETURN

‘END
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AT T SUBR@GUTINE LIQRES

'| € waQmw'tt*tntn'ﬁ'tmmtﬁatm
2 < % ROUTINE '‘NAME = LI1QUID KESIDUALS . w
e e " DETERMINATION ‘ROUTINE | L
Y4 € % ROUTINE .LANG ‘= FORTRAN V UNIVAC 1108 EXEC 2%
33 € % PROGRAMMER = R, BOLLINGER 1943 10226913 »:
6 < % DATE ‘CODED .« $/15/70 e
T 4 " REVISED - JULY 1672 e
‘8 C % PROGPAMMER = J. MCKAY DIGY3 201 YyS{78:%
9 C RN AR Rl R R R R R R R RN
1o C
:, SUBROUTINE LIOGRES
2. €
K3 INCLUDE 'CTANK
Iy C
:5 DIMENSION €5T(2+9)

6 €

T DATA (CST{Is1)el=1v2) /7 ,022 +,001% /
e DATA (CST(192)011¢2) / 001 +,000858 ¢
19 DATA (CST(Is3)elI=1s2) / .00075..000|qu /

20 € .

‘§| ¢ wanke ‘THREE TYPES OF ACQUISITION DEVICES ARE AVAILABLE
2 <
2y € 10X = o 'SURFACE TENSION DEVICE .
ay: € 10X .= 2 POSITIVE DISPLACEMENT DEVICE
25 < DX = 8 DIELECTROPHORETIC DEVICE
26 (4
2T ‘DO 1000 Typ=jy2
28 10X := .SATYPE(I])

29 IF (1) ,EQ. .2 ..AND, IDX ,GT, I) GO 'TO 100
30 c OXY, SURFACE TENSION ONLY
3 1F (NTOTP .LE.,looono ) 60 'TO 100
32 WLR .= 2200, + .008*(WYOTP « {00000,)
1Y GO TO 200
Iy 100 WLR(I{) := CST(LIsIOX *HTOTP (21}

15 200 'IF (HLRT(IlyI)..GT. WLR(I1})) WLR(1)) = WLRT(T1e1)

36 1000 CONTINUE
17 ) RETURN
98 END
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'asawenwe SUBRBUTINE LOCAT

——
N-OCbL®JonE Wi~

A anannnAn abnnanan

10
20

26
0

R IR JE SO0 TR R TR GNTE S T PPN QPSP S ae
ROUTINE NAME « LOCATE AND INPUT 'THE TABLE "
‘YO BE LOOKED=UP
ROUTINE LANG = FORTRAN V UINTVAC 1108 EXEC 2'
PROGRAMMER = Re BOLLINGER 1943 (02 269” ’

- DATE CODED - %/9/70
R R T R N S S B T I YRY P Gt SO S S t

TSRS R

SUBROUTINE .LOCAT (MNT)
wweww EXPLANATION OF THE CALLING SEQUENCE

3] 3

' 'NT = THE 'TABLE NUMBER WITHIN A MASTER TABLE, THAT IS,

A THE MUMBER OF WORDS TO BE SKIPED TO FIND THE
HRARR DESIRED TABLE 1S 200%(NT=}),

LOGICAL DIAG

INCLUDE CIOUNT
INCLUDE CTAB
" INCLUDE 'CTABA

NT = TABS (MNT) .

IF (DIAG{0»&HLOCATE)) WRITE (IOT+40C0) NToMNT,1DX!
10X := 10X!

NTMI = NT = |

IF(NTMI,LE.Q) GO 'TO 20

DO 10 11 = 1oNTHI

MM -2 | o
IF(ITABLE(IDX¢1),EQ,)) MM = 2
10X = 10X -4 MM#TTABLE(IDX) # 93

Nv = ITABLE(IDX) )
‘TYPE := ITABLE(IDXel)
NIP = ITABLE(IDX¢2)
IDX := IDX ¢ 2

DO 30 1| := feNV

IDX = IDX ¢ ¢

IF (MNTY oLT. 0} .GO 'TO 26

XTAB(11) = "TABLE(IDX) ,
IF(TYPELJEG.|) YTAB(I1}) = TABLE( IDXeNV)

GO T0 130

SHITCH DEPENDENT AND INDEP,. VARIABLES
"XTAB(I1) := 'TABLE (IDXeNV)
YTAB(11) := "TABLE(IDX)
{CONTINUVE
IF (DIAG(|+4HLOCATE)) WRITE (10T7,6000) NV, TYPE.N!P'!DX XTAB(I).
! XTAB(NV).VTAB(I)oYTAB(NV)
RETURN

6000 FORMAT (te714Xo41506E15.6)
’ END
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wwanwnwe  SUBRGUTINE LPROP

" 10 10 1
-

¥ YR — . .
CODIOALWN—OQ 0B VIE BN —

AnannnAa

SUBROUTINE LPROP (TyPsDeKyHeSoUs2)
"COMMON /RFPR/ RF{10)
‘COMMON /METH/ M

ROUTINE 'To .CALCULATE 'THE PROPERTIES O? THE L 1lqU1D
K =1 "INPUT IS T ¢ D

K ‘=2 INPUT IS T ». P

K 23 INPUT IS Ty Pe ¢ D

IF{M/EG42)G0 'TO |

:CALL VPROP(T¢PyDyKeHsSsUs2)

RETURN

R .=RF (%)

AKZRFE (&) .
IF(K,EQ,|1)CALL PFND(T,D,P)
IF(K.EQs2JCALL DFND(TePyDs 2120}

VPSVPN(T) , .

. CALL DFND(TyVPsOSVeZl92)"

T"CALL VPROP(TyVPPDSVy lyHSV4SSVyUSV42SV)

VSV = 1,0/05V
CALL DFND(ToVPoDSLaZio !}
VSL = 1,0/DSL

.CALL DPDTYP(T+VP+DPDT)

HSL=HSV<T*DPDT*(VSVaVSL)*aAK
SSL3SSVe(HSL=HSVI/T

USLzUSV4 (HSLaHSV}a (VR (VSLVSV])nAK
DLD = ALOG(D) |

DLS = ALOG{DSL} .
FIDZRADLD=FINGI (TD)

FISzR*DLS-FING! (ToDSL)

F2D2FING2(TyD}4RAT*DLD
F2SSFING2(T,DSL.) $R*THDLS
§=SS|=(F [D=FIS)*AK .
UsUSL4 ((F2D=F25)<TH{F(D=F1S] y*AK
HzU -+ (P/Dy*AK

.22 P/(D*R*T)

RETURN
END
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wwwnaens SUBRGUTINE LPROPB

Loc-4

* SUBROUTINE .LPROPB(TB¢PByDBsKeHB,SBeUB,28)
.COMMON '/RFPR/RFL10)
WTZRF(T)
T = 7B/1.8.
P = PB* 6,894y7572E¢%/]. 01323EeS
D iz DB 457,5923TE=3/(NT :# 2,8314647E~2]
CALL LPROP (T+PeDyKeHISrUs2)

NEAN=—COBIOA TN~

@ P® {,01325E45/6.894T3T2E+Y
oe ‘@ D WP % 2,8716847E2/451,99237EwY
[ HB = H'® 453.59237/(1.0543502E¢3 * WT)
{ UB = U 4§I59237/(1.0543502E¢3 ¢ WT)
¢ $B = §* 453,592377(1.0543502E43 * |8 WT).
| B =12
H RETURN
' END
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SUBR@UTINE LSSCMP

AN n nNanaon

aan

€
¢

€
€

-SUBRQUTINE LSSCMP

wa% ‘THIS :SUBROUTINE PROYIDES ECLSS .CONFIGURATION ‘COMPONENT
‘* SIZING AND PRESSURE DROP DATA FOR OXYGEN AND NITROGEN
waw FLUIDS,

INTEGER GSTATE
LOGICAL 'RAGE, JUP

IHCLUDE [CACCUM
"INCLUDE :CCNF16
INCLUDE .CCNTRL
INCLUDE "CDCYCL
INCLUDE 'CECLSS
INCLUDE CENG
IMCLUDE "CHEX
INCLUDE (CHSORC
INCLUDE CIOINT
THCLUDE (CNAIES
"INCLUDE .CONST
INCLUDE "CTANK

wxent INITIALIZE 'THE ROUTINE

10X = 0
ISIGH = |
JKM = 0 )
HIENTH = 0.0
HWGGTOT( ) = 0.0
WGGTOT(2) = 0

HFTOT(1) : N

HFTOT (2) : .

ATREQ(!) - R

QTREQ(2) . . .
€12 1 152,0/(GRAVTY®PTI#®#2)
IF(PAGE(Q)) WRITE (10T+60%590)
HRITE (107446020}

JP = PAGE (3)

0
0
0
0

OO0

wxwuk START OF ‘CONFIGURATION PROCESSING LOOP

DO 1000 It=|yICNF
I0X = IDX .+ ISIGN
MACH(IDX) = 0.0
MFLG(1DX) = 6H
‘CALL GETCoN{IDX)

#wew® BRANCH ‘'TO THE REQUIRED CONFIGURATION TYPE, SEE CCNF1G

wadAr FOQR BRANCH DEFINITIONS,

GO 'TO (100+200+300+400+450¢500¢450¢450+400,40506005700+8000900s
1 .230,4250¢270¢ 1100} CFUNCT '

sRrAR SETUP ‘THE GAS TYPE tkww
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}

|
|
|
Mwparnae  (SSCMP AARRRERA-
, .

}
1

58 <
59 100 '1GAS & CFTYPE
60 “GSTATE = ICNFIG(S)
! 61 "IF (I1GAS ,EQ. JXM) GO TO 110
w 62 "JKM = 1GAS
: 6% ISIGN = |
| 64 - ISTRT(IGAS) ‘= IOX ¢ |
| 68 Jx =20
' 66 110 .CONTINUE
| 8T € : . .
68 1F(1GAS,EQ, 2,AND,GSTATE,EQ,1) GO TO 1t
| 69 60 YO 112 ) .
j 70 111, IF(PAGE(0Q)) WRITE (IOT»6051}
‘ T CHRITE (10T+6020)
! 72 P 2 PAGE(Y)
7% K4
! ™™ 112’ CONTINUE
* 4 < : )
} 6 “IF(11,EQ,1) ‘6O YO 999
| 1T PIF(16AS,EQ, 2,AND,GSTATE,EO,}) GO TO 999
< ‘78 PRES (IDX) '= PRES{I0X -= ISIGN}
i 79 'HDOTN(IDX) = WOOTN(IDX=1§16N}
, 60 ‘TEMP(LDX) :2 TEMP(IDX -« ISIGN)
i 8t .60 TO 999
) 82 .C '
1 87 ¢ wwrex PROCESS ‘THE ECLSS wwaan
8y. < ‘ ,
( 8s 270 WOOTN(IDX) := WDOTI(IGAS)
\ 86 PRES(IDX) 2 PLSMOM(1GAS)
i 8T [TEMP(1DX) = TLSNOM(I1GAS)
1 88 ‘G0 'TO 99
‘ -89 €
| 90 K wrnwr PROCESS A LINE wwwnw
9 € '
' 92 300 .FLD = FRCOEF(IDX)*LOD(1DX)/DIAM(IDX)
‘ 9% LDY = CFTYPE/!10
! -9y "CFTYPE "= CFTYPE = LDV % O
98 310 WDOTN{IDX) = WDOTN{IDX=18IGN)
; 96 TEMP(IDX) .= ‘TEMP{IDX«ISIGN)
\ T ‘GO TO 510
' 9e < -
i 99 ‘¢ nkwan PROCESS A CONTROL -awann
| too K2 . . .
"o 400 FLD = ‘FRCOEF(1DxYxLOD(1DX)
| 102 10V := CFTYPE /10
103 ‘CFTYPE = :CFTYPE = 10V ‘% |0 .
T ‘DIAM(IDX) ‘= AMINT(DZAM{IDX41)9DTAM{]OXm]))
;108 .GO TO 310
106 C . )
[ :37- ;g- menwt PROCESS A REGULATOR s
‘ 8 ¢
'jo9 40S FLD ‘= FRCOEF(IDX)®LOD(1DX)
1o 10V = CFTYPE /10 .
AT 'CFTYPE = [CFTYPE = 1DV % jo .
[ R Y] DIAMLIDX) ;= AMINI(DIAM{IDX+1)i0IAM(]1DXwl))
ity WOOTN(IDX) := WOOTN{IDX=ISIGN}
TS c ‘TEMP (1DX) .= "TEMP (J10X=1SIGN)
18 R
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DR WD DD BB WV AN ) == = = ==
DNdOVIFWN—OCOBACNA LTINS OD O

FrErL£fErLw
CONIrSaN—-0-0

ey
jug

1160
161
162

16Y

16%
166
167
168

169
170

172
17y

nan

nAAN Ann

nna nonn o

AAN

LSSCMP

406

4s0

RRRRRARE

I1X = 1DX .« ISIGN

IF (APRES{]GAS) ,EQ, 0,0) ‘GO 'TO u0é

DLPREG := {APRES(1GAS) ‘= ANDELP(}GAS)/2,0} -=- PRES{IX]
PRES(1DX) ‘= PRES(1X) 4 ISIGN ‘* DLPREG

GO YO 56}

"CONTINUE

DLPREG ‘= HEXCOP(1yIGAS) = PRES{IX)

‘PRES(1DX) ‘= PRES(IX) ¢ ISIGN :% DLPREG
‘GO To Sé6!

#xaxt PROCESS A FITTING #wwnen
FLD = FRCOEF(IDX) "*.LOD(IDX)

" LDV .= CFTYPE/!O

500

510

520

521
522

530

531!
532

"CFTYPE = CFTYPE .« LDV * |0
DIAM(IDX) ‘= AMINI(DTAM{EDX+1)¢DTAM(IDX=1])

GO 10 310
‘wndkw PROCESS A TAP :annan
WDOTN(IDX) := WDOTT{IGAS)

LDV ‘= CFTYPE/!10

CFTYPE = 'CFTYPE = LDV '* [0
FLD -= FRCOEF (1DX)Y*LOD(10X)

‘TEMP(IDX) = YEMP{1DX<ISIGN)

DIAM(IDX) = AMINI{DYAM(IDX+{}sDIAM(IDX«1})
axknk COMPUTE LINEs ‘CONTROLs FITTING OR TAP DELTA PRESSURE,

‘IX = IDX - ISIGN

wnekr DELTA PRESSURE WHEN GASEOUS

CALC, ‘RHO OF 6AS
IF(1GAS,EG,2) GO TO 52!

‘CALL ‘DENSON(TEMP(IX) sPRES{1X} 0 1+RHO,2E0)
‘G0 1O 522

CALL DENSON(TEMP(!X)vPRES(IX)'ISvRHOQZEN)
‘CONTINUE

DELP := :CH#FLD* {WDOTN{EX) ZCNOPERY##2/ (RHO®DIAM( 1DX Y##u )

wwtwn IF PCT, OF PRESSURE CHANGE ExCEEDS ONE PCT) .« RECOMPUTE
weewe DELTAP, ‘IF NOT, COMPUTE THE NEW PRESSURE

1F (DELP/(PRES (LX)} -+ DELP) = 0,01)%60+560+530
‘CALC, ‘RHO OF GAS

IF (1GAS.EQ,2) GO 'TO 531
.CALL ‘DENSON{TEMP{1X)yPRES(1X)¢DELP/2,001+RHO;ZEO]

GO T0 %32
(CALL DENSON(TEWP(IX)OPRBS(IX)ODELPIZ.O.IGoRHOQZEN’
"CONTINNE

DELP := CI¥FLD®(WDOTN(IX}7CNOPER)Y##2/(RHONDIAM( EDX yRat)

wenxr AGAIN (CHECK PCT, OF PRESSURE CHANGE, IF PeT. EXCEEDS

96ET66V-DSIN'T
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ANRnRarn  LSSCHMP, ARRRNwwd

L. C ‘* 2,8 PCT, :COMPUTE 'THE DELTA«P BY USE OF "THE COMPRESSIBLE
i :;S Ig SARNAR FLON EQUATIONS, (REF,wRPLETDR=SY=25,VOL, 1 ¢REV.D)
' 3 . . . .
) I;?' c "1F (DELP/{PRES(IX) -o- DELP} = 0.028)84055804540
R ] : )
ro1Te S40 A = PI'DIAM(IDX)**2/576,0
, 180 IF(IGAS,EQ.2) GO 'TO Syt . ,
el CALL "COMFLO(IDXsPRES(IX)yTEMP(1X)sFLDyAsWDOTN(IXT/CNOPER, | ¢DELP}
182, GO YO Sy2 . _ . L S ,
. 183 541 (CALL (COMFLO(IDX+PRES(IX) yTEMP(IX)sFLDoA9WDOTN(1X] 7/CNOPER 18, DELP] -
I8y S42 ‘CONTINUE
| |8s: N . .
186 ‘PRES(IDX) := PRES{IX) -¢ ISIGN ® DELP
1o18T GO TO -561
© 188 C
| 189 C aanke ‘COMPUTE NEW -PRESSURE
190 € . .
! |3| c S60 PRES(1DX) ‘= PRES(IX) -4 ISIGNW®DELP
1192,
| 193 C exnxs "COMPUTE THE GAS MACH NUMBER
19y <
| 19% .C , . .CALC, 'RHO OF GAS
196 "IF(1GAS.EQs2) GO 'TO SS! i .
Ioer {CALL DENSON(TEMP (IX)¢PRES{1DX) s ¢ RHOyIEO}
, 198 G0 TO 582 . .
D199 561 .CALL DENSON(TEMP(IX)*PRES(IDX)9s18+RHO¢2EN)
, '200 5§52 CONTINUE .
. 1201 € ) .
202 "IF(1GAS,EQ.2) GO 'TO S8y
ey "CALL VGVS(IDXeRHOy | )
L0 GO TO 5%%
. 1208 55y CALL VGVS(IDXsRHO»18)
‘206 55S "CONTINUE
207 ¢
, ‘208 561 :CONTINUE
209 .c . :
3 ‘2}0 ‘€ wankd COMPUTE LINE WEIGHT
211 <4 .
o2k "IF(CFUNCT,EG,3) GO 'TO 562
2y "IF(CFUNCT,EQ,5) GO 'T0 862
|2y IF (CFUNCT EQ,.6) GO 'TO .562
pels (JF(CFUNCT,EQ,T) ‘GO 'TO 582
o 2lé JIF (CFUNCT,EQ.,8) GO 'TO S62
PN . ‘GO TO STO
Cor218 € .
bo2le ‘6§62 :CALL .LWEGHT(10X+LDYV)
220 C .
Coe21 160 TO 999
;222 K< .
-5 < wkand -COMPUTE CONTROLy ‘FITTING OR TAP WEIGHT
22y c . . . _ .
- ST0 WEIGHT(IDX) = CFTW (DIAM(IDX)sPRES(IDX)¢1DV)
'o226 G0 TO 999
1 22T [ PN
¢ 228 (4 ‘wnnwk PROCESS AN ACCUMULATOR manawn
| 1229 C .
-5 ] 600 PRES({1DX) := APRES(1GAS)

2% “TEMP (1DX) := TEMP(IDX .. 1SIGN)
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RRRNDANN

a2
2%
2
2%
236
23T
238
239
240
24
242
24y
22Uy
245
246
24T
2u8
249
250
251
‘2592
28
254
‘25%°
256
28T
‘258
259
‘260
261
262
6%
264
268
‘266
26T
‘268
269
270
44!
212
273
2Ty
275
276
2TT
278
279
1280
‘281
‘282
28y
28y
‘288
1286
a8y
288
‘289

N AAAAANND

AN AAN A

ann

ndn A

nan A

LSSCHP

700 C

710

720
730

T40

750
760

8oo

900

90

ARRANA RN
WDOTM(IDX) = WDOTN(IDX = ISIGN)
INDXAC(1GAS) = IDX
GO TO 999 :

hktwk PROCESS A TANK OR SUPPLY warawn

FT:2 | .
INDXTK(I1GAS) = IDX

IF(STPRES(LGASCFT)) 72047109720

awwk IF NO TANK INPUT PRESSURE 1S INPUT USE 'THE 'VALUE CALC,.

SIPRES(IGAS,CFT) ‘= PRES(IDX=ISIGN)
GO TO T4C

wxwnk "CHECK THE TANK INPUT PRESSURE AGANISYT THE REQUIRED

** 'CALCULATED PRESURE, IF THE ‘TANK INPUT PRESSURE 1S LESS

t* “THAN ‘THE '‘cALC, PRESSURE WRITE A DIAGNOSTIC MESSAGE AND
‘® SET THE TANK INPUT PRESSURE = THE REQUIRED PRESSIURE,
"f*** IF NOT .CONTINUE WITH CALCULATIONS,
IF{STPRES (1GASCFT) -= PRES{IDX=1SIGN)) ‘7304740, 740

WRITE (6+6000) SIPRES({1GAS+CFT)s PRES(IDXeISIGN)
GO 70710 .

PRES{1Dx) .= SIPRES(IGAS,CFT)
wawa® 00 THE SAME CHECKS FOR THE INPUT 'TANK TEMPRATURE,

TF(SITEMP (FGAS)CFT)) '760,750+T60
SITEMP(IGAS,CFT) ‘= TEMP (I1DX=ISIGN)

TEMP(IDX) ‘= STITEMP(IGASsCFT)
WOOTN(IDX) :m WDOTN{IDX=1SIGN)
WEIGHT(IDX) = WTTOT(IGAS)
GO Y0 999
GO 'TO 1000

wkwkn -PROCESS A HEAT EXCHANGER :wwawe:
IF(1SIGNJGT,0) GO TO 910

WRITE (10T,6005) ISIGN

.CONTINUE

JX 2 JX e |

JHX = oJX

WOOTN(IDX) :m WDOTN(IDX=ISIGN)
WDOTCF(JXy1GAS) := WDOTN(1DX)
UCODE (JXy IGAS) = 'CODE(IDX)

TEMP{IDX) ‘= HEXCIT(JXy1GAS)

DLPRES := HXCDLP(JX¢IGAS) .
PRES (10X )= '‘PRES(IDX»ISIGN) ¢ DLPRES®ISIGN
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|
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'

L

1290
29}

292
29%

294

1298
" 296

297

‘298
299

1300

301
1302

130y

308
906

Ann

nANn

LSSCHP ARRANRRR

HEIGHT{IDX) -2 WHXTOTtJX,1GAS)
aennt END OF CONFIGURATION PROCESSING LOOP ##saw

999 CONTINUE
IF t.NOT, PAGE(1)) GO TO 1998

wa% PAGE HEADER HAS BEEN MOVED TO STATEMENT GROUP 100

1998 CONTINUE
KFUNCT :3 FNAME (CFUNCT)
WRITE(10T,6030)KFUNCT, CODE(1DX) ¢ CFTYPE,CNOPER, CNSTBY 1$TON; 10X,
! 164S,GSTATE,FRCOEF(T0OX),LOD(IDX)DIAM({IDX),
2 ITHICY(!DKIoP’ES(!DX’vaHP(!Dx)OHDOTH(!DX)v
3 WETGHT(10X) ¢MACH(IDX) +MFLG(1DX),
IF (PRES{10X) .GE, 0. oAND, TEMP(IDX) ,GE, 0.) 6O 'TO 998
HRITE (10T,6040)
"CALL EXIT
998 CONTINUE

200 ‘CONTINUE
230 :CONTINUE
250 CONTINUE
1000 .CONTINUE
1100 :CONTINUE

< USED BY WEIGHT SUMMARY OUTPUT
KHEND ‘=2 IDX = |
KOEND = IHSTT = 2

€

.C
RETURN

c ,

¢ wxtnt QUTPUT FORMATS

€

6000 FORMAT(t0 *DIAGNOSTIC® TANK INPUT PRESSURE 18 LESS THAN ‘THE 'REQUIR
1ED PRESSURE, TANK PRESSURE SET '® REQUIRED -PRESSURE,?/1SXeTTANK NP
2UT PRESSURE "= 14FPT7,2¢'y REQUIRED PRESSURE & ',F7, 2)

< . .
6005 FORMAT(10 ‘##ERROR##% ISIGN 219134 !THERE 1S A CONFIGURATION. ERROR?/}
€
6010 FORMAT (10 -#ERRORe A PUMP yAS ENCOUNTERED BUT NO ‘TANK:- CAN BE FOUND,

I PUMP CONFIGURATION INDEX NUMBER = 1t,1%)

€ . :

6020 -FORMAT('0 F  CODE FT" NO NS IS lDx G GS FCOEP L/o
{ . DIAM ITHICK PRES TEMP WDOT WEIGHT MACH M
2FLAGY /7t 1)

N4 . . T . o el
6030 FORMAT(2XA3+2XA6013981UsF . 80F12.4¢2F8,492F9,2:FB,USFB,UsF10,Ts

13Xy 86) .
< . PR
60“0 FORMAT (Tuyy *wew -TERMINATE -« NEGATIVE TEMP, OR PRES,. 'wawi)

6050 FORMAT(/T38, ta#w :SUMMARY 'OF COMPUTED SySTEM CONF!GURKY!ON PARAMETE

IRS wawt)
K4 . .
16051 FORMAT(/T32, t##a :SUMMARY  OF COMPUTED SySTEM CONFIGURATION PARAMETE:
IRS ‘= 'CONTD, whwi)
<
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*wewnane SUBRGUTINE LWEGHT

R IR LI SUNT SN A D IR T J0T T S N M
t* ROUTINE NAME = LINE WEIGHT COMPUTATION .
% ROUTINE LANG ‘@ 'FORTRAN V UNIVAC 1108 EXEC -2%
& PROGRAMMER = Ry BOLLINGER 1947 102 2691y '
w DATE 'CODED - 3/17/70 ) . LA
% REVISED o 12aiT=7] {RFH)

I
1
|
.
[
|
|
1
!
i R R N T IR S NI IR TR I I I I N rpropepre
]

.

[3)

SUBROUTINE .LWEGHT{I1DX.LOV}

f*?'*:.EXPLANKTION OF 'THE CALLING SEQUENCE

i
‘ .
| . .

| wReAR 10X .« INDEX OF 'THE CONFIGURATION TABLE,

\ .

LOGICAL 'DIAG

INCLUDE "CCNF16G

INCLUDE "CMATRL

INCLUDE :CONST

INCLUDE ‘TABRLOK
1

IF (CMTYPE,LE.S§ GO 'T0 S
IF{CMTYPE,EQ,4) GO 'TO %0
IF(CHTYPE,EQ,T) "GO TO 60
CONTINUE
I ehnae |LOOK UP FTU {S1) FOR LINE
IF(DIAG{0,6HLWEGHT) ) WRITE (696000) RHOL(CHTYPE)¢RHOZ{CMTYPE
CALL ‘FINTAB (NTBID(18}eCHTYPE)
XTAB{])2TEMP (1DX)
Sﬂ" MIPE()4XTAB) -

y-wn-w:coupurE‘fHE-ruthuess FOR ‘FTU

'THKL = PRES(IDX*DTAM(1DX)%2,5/(2,0%S1)

JKM 2 0 o ..
IF, (PRES{1DX} .GE, 1000.] JKM = §
1F, (PRES{1DX) (GE. 3000.} JKM = 10 - .
IF, (THKL . LE, MINTHK(CMTYPE#JKM)) THKL ‘= MINTHK tCMTYPE+JKM)
| .wwwwe ‘COMPUTE ‘THE WGT/FT FOR THE TUBING OR PIPE MATERIAL
uﬁtrrw:«rxei DIAM(IDX) ‘# THKL :* RHQL(CMTYPE)/INY,0
GO TO €T19720739THs75ioLOV
Lownran - cOMPUTE ‘EQUIVALENT LENGTH OF FITTING
| AW:FOR A Y=yAy TEE

FLOD :3 4,75 ‘% DIAM(1DX)
GO TO 80

968166V -0SIN'T
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ARRRNANS

58

59

60
61

62
63
64
65
66

6T
68

69
‘10

nAn

laXaXa

AnAa aan N nan

n

Aon a

Ann

.LWEGHT

73

T

5

S0

ARNRARANR

‘A% FOR A 3eWAY 'TEE

FLOD := "3,75 '* DIAM{1DX)
GO To 80

“#% ‘FOR A 90 DEG,ELBOW

FLOD := :2,75 % DIAM(1DX)
GO TO 80

w% ‘FOQR A 45 DEG.ELBOW

FLOD = {,75 '* DIAM(1DX)
GO 'To 80

“Awadw (COMPUTE ‘THE WEIGHT OF A FITTING
HEIGHT (10X) .= WGTFT ‘% (FLOD/12.) * 1.25
RETURN

“Awwwe 'COMPUTE ‘“THE WEIGHT OF A LINE
NEIGHT(1DX) = WGTFT * .LOD(IDX)/12.

“Anawe (COMPUTE THE WEIGHT OF THE INSULATION

WI(10X) := PI:% ITHICK(IDX) '* LOD(IOX) '» RHOYLEITYPE) ‘& (DIAM{IONS"

4 ITHICK(IDX)/2,0)/1728,0

IF(D1AG( ) s 6HLWEGHT) ) WRITE(6+6000) THKLoS)oNGTFT
RETURN

CONTINUE

‘awxa% COMPUTE WEIGHT OF -yACUUM JACKETED CRES' LINE: (3217947}

AYE! :3. 04217684

BEE! & =6,69016E=01 . .
WGTFT .2 1,0/ ((AYE1)4(BEE|y=DT1AM(10%))
WEIGHT(IDX) := WGTFT & LOD(IDX) /12,

IF (DJAG(1y6HLWEGHT) JWRITE (6¢6000) AYE1+BEENIsDIAH{1DX) o+ WGTFTY -
'

60

.Lop¢rox)y
RETURN

CONTINUE

awanw ‘COMPUTE WETGHT OF yACUUM JACKETED ALUMINUM LINE (2219}

AYE2 :z 0,559277

BEE2 :=z .42,00888E=02 = .
WGTFT :2 | ,0/7((AYE2)+(BEE2)«DIAM(1DX))
WEIGHT(IDX) = HGTFT:®* LOD(1IDX)/12.

IF(DIAG(16HLWEGHT) § :WRITE(6¢6000) AYE24BEE2¢DIAM{10X) oWGTFTy
!

LoD (10X}

96€T66V-OSIN'T
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8124

RARRRRR SUBRGUTINE MATHAX

1 SUBROUTINE PUMPEF (KUp)
2 C :
'y INCLUDE "CIOUNT
y "INGLUDE -SPUMP.LIST
L3 “INCLUDE 'TABLOK
.y C
T DIMENSION PCRIT(2)yCRTMP{2) .
8 DIMENSION CTI(2)19CT212)9CTI{2)0CTUI2)4CTSI2]0
'9 ! "CHI(2)9CH2(2) 1 CHI(2) 1CHU £2) ¢ CHS (2)
0 €
i DATA PCRIT '/731.379+ 187,506/ CRTMP '/ 278,237+99,984,
12 DATA CT1 /alee¥/ CT2 /4894827 CTY /,48y,.521/7.CT4 /. .‘!12».'”'4/ .
Iy 1 €15 /,21854.26857 CHI /,31902127 'CHE /8110473 CHY /4199 ou08/
Y 2 CHY /400016+.000123/ CHS /0.4,0051%/
15 c . , . .
16 6001 FORMAT (10'20xi*#» 'TCR(MINj -> TCR(MAX) CHANGE DESIGN POINT -whaij
rr <
Y] €
9 , DO 100 K=lsyKUP
20 NSG = NSG ¢ DNS/XNS
21 < o . )
‘gz < ‘CALC, SPECIFIC SPEED (NSS})
Y C
24 NSS == NSG*XNS
25 € _ o
26 € ‘FIND HEAD ‘COEF, PSI :m F(NSS)
2T (& .
:28 .CALL 'FINTAB (NTBID(19))
.29 ‘PST :m MIPE (1oNSS)
‘30 4 ) ,
3 C 'FIND AD1ABATIC EFF, NUZ ‘= F{NSS|
32 € )
TTs 'CALL ‘FINTAB (NTBID(20))
Y NUZ :=° MIPE (1sHSS)
35 € o
136 € CALC, IMPELLER 'TIP SPEED (U}
3T € . '
18 U= SQRT (32,2%H/PST)
19 C
40 ¢ CALC, IMPELLER DIAMETER
4| .C .
2 DI = 229%U ‘/NSG
uy ¢ ‘ ‘
Wy < FIND ‘EFF, QUOTIENT
45 < , ..
uh ‘CALL 'FINTAB (NTBID(21))
41 EFFG .= MIPE (1401)
4e: C ' o
u9 < CALC, PUMP HYDRAULIC EFF
50 C .
51 NU(K} = EFFQ*NUZ
52 100 :CONTINUE
5% €
8y RETURN
55 c
56 € USED By 'THE HEATEX ROUTINE
8T .C
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MATHAX EITIITTT Y

ENTRY ‘TCRCAL (THAyTHByTCA TCBYTCRMNyTCRHX Y TERRY .

€ ‘CALCULATE TCR MIN

“PCRA = (THA=1800,)/(1800,=TCA)
‘TCRB := (THA=1800, ) /{800, =TCB)
IF (TCRA ,LT. 0.) TCRA = 0.

IF (TCRB LT, 0.) TCPB = 0

TCRMM = TCRA

“IF (TCRA ,LT. TCRB) TCRMN = 'TCRB

< CALCULATE TCR MAX,

‘TCRA = (THA®S550,)/(5%0,=7CA)
‘TCPB := (THR=550,)/(550.,«TCR)
lF (TCRA-.ETO o.) TCRA =.5000,
IF (TCRB ,LT, O0.) TCRB ‘= 5000,
TCRMX ‘2 ‘TCRA
IF (TCRA ,GT, TCRB) TCRMX = TCRB
IF (TCRMX ,£Q, S000,) IERR := |
IF (TCRMN LLT. TCRMX) GO To 200
WRITE (I10T+6001)
1ERR := |

200 RETURN

USED BY THE HEATEX ROUTINE

ENTRY 'ENTHOH (PEyTEoKGyENTH)
IF (KG <GT. 1) GO TO 300
ENTH = OXENTH (PE+TE)
RETURN ,

300 .ENTH := HYENTH {PE,TE) ~
RETURN

FIND DENSITY OF 02 OR H2 (LIG, OR GAS}:

ENTRY FONSTY (1GyTEMP,PRES.RHO)

IF (PRES ,GT, PCRIT(1G) ..AND., TEMP.,GY, CRTMP(16}} <60 Yo 400
LI1QUID STATE

CALL RHOLIQ (TEMPy16¢RHO]
RETURN

o

ENTRY GSDNST (1G+TEMPyPRES.RHO)

< DENSITY AMD I RETURNED

ENTRY GSZONS (IGyTEMPyPRESoRHO¢Z)
~ GASEOUS 'STATE
WOO CALL ZFIND {TENPyPRES»1G2)
RHO = 44y s#PRES / (z'FlNDR(IG)'TEHP)
RETURN

USED BY THE HEATEX ROUTINE
ENTRY ‘TCRCLC “{IGASyFDPCyFPCINyDPH,PHINyTCR}

FOPORC := ‘FDPC / FPCIN
DPOPH = DPH '/ ‘PHIN
(£ CALC, 'TCR FOR 02 OR H2
490 TCR = CTI(IGAS)'(FPCIN"CTZ(!GAS))/(PH!NO'CT$(!6AS))
! ‘W (FOPOPCH#CTY (1GAS) )/ (DPOPH*aCTS (1GAS))
G0 T0 S00

A ann
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MATHAX

500

510
520

glll147117%7 0
ENTRY WOUACL (WOUA)
CALC, {W/UA)

ALPHY 2 CHU{1GAS)*FPCIN 4. CHS(1GASY*PHIN
WOUA = "CW I (16AS)/((FPCIN®RCH2({1GAS) )% (PHINR®CYI(1GAS) ) } ¥EXP {ALPHW)

1S IT HYDROGEN
IF (1GAS ,EG, |) GO TO 500

FOR H2 OMLY
WOUA := WOUA / ((FDPOPC**0,248)*(DPOPH®®0, 16561

.CONTINUE

RETURN

ENTRY TCRLOW (PPCOUTs16GO}

LOWER TCR VALUE
FOPOPC := 'FDPOPC -/ -2,
IF (FDPOPC ,GT, 0,00!) GO TO SI10
160 = 2 .
FDPOPC '= ‘0,001
GO 'T0 520

ENTRY TCRRAZ (FPCOUT,160)"
RAISE TCR VALUE

FDPOPC := 2,0 » FOPOPC

IF (FOPOPC ,LT,.0,20) -GO'TO S10

160 = 2 B .

FOPOPC = 0.20

GO 'T0 S20

160 = | Lo .

FPCIMN '= FPCOUT / (1, .« FDPOPC)

FDPC ‘= 'FPCIN = FPCOUT

Go To 490

END
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FUNCTI@N MIPE

10
‘20

30

L LTI S RN B TR AN ST ST SR
n ROUTINE NAME -= MULTI=TABLE INTERPOLATION &
AND POLYNOMIAL ‘EVALUATION &
'.' ROUTINE LANG ‘» PORTRAN V UNIVAC 1108 EXEC 2
' PROGRAMMER .= R, BOLLINGER 194% 102 269‘!1 t
m DATE CODED ~ 3/3/70
% REVISED = SEPTEMBER 14,1971 '
™ PROGRAMMER = J, MCKAY [9m43 201 X45{78
tt'ttttt*ﬁﬂntt*Q'ﬁ*ttttt*‘

FUNCTION MIPE(HL XVAL)
wwwnn ‘EXPLANATION OF ‘THE 'CALLING .SEQUEMNCE

NL - 'THE NUMBER OF LEVELS OF INTERPOLATION OR ONE
LESS THAN 'THE NUMBER OF DIMENSIONS OR ‘THE ‘NUMBER
OF VALUES IN THE ARRAY XVAR,

XVAR = AN ARRAY OF INDEPENDENT VARIABLES ON HHI(H
‘TO INTERPOLATE OR EVALUATE POLYNOMIALS,.

LOGICAL D1AG
REAL MIPE

INCLUDE :CIOUNTY
INCLUDE ‘CKEBYS
INCLUDE :CTAB

DIMENSION XVAL(S)yYVAL(32)9KNT(S) oL (S)oNTD(6) s TABI {68}
I ITAB!(645)

EQUIVALENCE (TABI¢ITABI,TAB,ITAB)

seanwn LOCATE THE POSITION IN EACH OF ‘THE ‘FIRST NLe{ TABLES: or
wwaxd ‘THE INDEPENDENT VARIABLE AND STORE THE INDEXES IN KNT,

MPX iz |
CONTINUE ‘ e ) e, . L
IF (DIAG(G+6HMIPE ) WRITE {10T+6000) NLo{TAB{1¢1jite]e8},

(XVAL{T) o2l oNL)
!F(NL GT,1) GO 70 §

:CALL.LOCAT {MPX)

NLTRL = |}

"CALL "TEL{XVAL (1) ¢YVAL(I)§

GO To 220

NLM! = NL = 1}

DO- 70 It := }eNLMI

NTAB| = ITABI{ loll) .

IF(XVAL(21) = TABI(2411)] $0+50,10
IF(XVAL(I1) = TABI(NTABLodo21)) 20460460

Dg 10 tz ‘e |oNTABY

I -

IF(XVAL(II) - TABI(!aolo!l)) 40s4u0e30
.CONTINUE
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CRaRRARR:  MIPE  RNRANARe

58 40 KNT(I1) = 13 =« |
59 a0 To 70
60 K<
1] S0 KNT(11) := )
62 GO 10 70
6% €
1] 60 KNT(11) := NTAB! ‘= |
65 70 .CONTINUE
[.T.] .
67T € kaark CoMPUTE THE TABLE NUMBER oF THE XY TABLES FoR
68 C anwwd INTERPOLATION,
69 c ’
70 NT =2 :2%%NLM]
T NLTBL = NT
‘72 DO 110 Il=)yNL
T 110 NTD(11) := NT / 2%n{1tel) . : .
™ € CALC, INTERPOLATION LEVEL COEF,
7% LINLMEY = |
76 IF (NLM! EQ. O} GO TO (2§
T7 DO 120 1izMLMI¢2sal
‘78 120 L(Irmp) = LQTDY % DTABI(1o11) O .
79 € "COMPUTE THE ID NO, OF THE ‘XY SUB&YABLES
.80 ¢ USED FOR INTERPOLATION
81 125 DO 140 1l yNT
82 KYB = |
8y DO 130 I2=aNLMY . . .. ..
8y 130 -KTB '3 KTB ¢ L(12)Y% (KNT(12)={eMOD(11ef NTO(12))}/NTD(1241))
8s C LOOK UP SUBTARLE LOCATION
86 (CALL LOCAT (MPX*KTB) . .
8T K4 "COMPUTE THE YVAL FOR XY«CURVES OR
-1 (3 . POLYNOMIALS
89 LCALL 'TEL (XVAL(NL) YVAL(IN))
90 1IF (KEY2.,EQ, KEYl) RETURN
94 140 .CONTINUE L . ; , L
92 IF (DIAG(2:6HMIPE )) WRITE (107+6000) KNToNT o (YVAL{1)sIxi4NT)
91 [4
Y € mandd COMPUTE THE FINAL yALUE OF yyaAL
95 .C
928 D0 2i0 Il = NLMlyfoml
9T KYVAL = | ’
98 10Xt := KNT(I1).+ 1 . P . L.
99 FAC = (XVAL(IT) = TABI(IDXI HI1t})/(TABI(I0X141,21)aPRABI(IDXI;21))
jo0 K4 '
10t DO 200 12 := 1sNT2 . . . i
fo2 YVAL(KYVAL) ‘= (YVAL{I2¢1§ = YVAL(12))®FAC ¢ 'YVAL{I2 )
10% KYvaL iz KYVAL &
“fom 200 [CONTINUE
108 < .
106 NT = 29%(f|al)
107 210 'CONTINUE
jo8 N4 , .
109 € wadwk SET"THE ANSWER AND RETURN TO THE CALLING PROGRAM
j10 .C:
1 220 MIPE := YVAL(!) i . o
e IF (DIAG(1s6HMIPE ) WRITE (10T+6000) NTDsYVAL(I)
1y RETURN -
Tt ¢ .
I8 ¢ RYMIPE CAUSES INOEP AND DEP:yAR TO SyITCH
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L1

MiPE T TIT

ENTRY RVMIPE (NLsXVAL)
¢ ‘

MPX .3 =]

GO, . T0 1
‘€

6000 FORMAT (iefjuX 17,5118/ (30XSEIS6))
‘END ’
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ANARARNR

COBECNEBN~

N Ann

FUNCTI®N NIENTH

FUNCTI1ON NIENTH(PRESyTEMP)
ROUTINE CALLS 'STEWARTS 02-N2 PROPEATIES PROGRAM
REAL NIENTH

CALL ONPROP(TEMPsPRES)DXsENTHIBoSXoUXs2IX018)
NIENTH = [ENTHIS

RETURN
END
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|
|
!
| \
aswenane SUBRGUTINE BNPREOP
T .

i ' SUBROUTINE ONPROP (TEMPyPRES,;DENS,ENTH,ENTR,ENERG, ZEENGAS )

I

!

|

T
2 c ‘
'y COMMON "/METH/ M
Y ¢ ,
) 5 € INPUT 'TO "THIS .SUBROUTINE MUST BE IN BRITISH UNTTS
6. € -
P €
8 ‘T8 ‘2 'TEMP
|9 PB 2 -PRES
{10 DB 2 -DENS
o M= )
©o12 < , .
by IF(NGAS,EQ. 1) KF ‘= {
Loy IF(NGAS.EQ.18) KF = 2
1 1 ¢ '
T c KF .2 | :CALL IN OXYGEN PARAMETERS
i {;‘ < KF 22 CALL IN NITROGEMN PARAMETERS
C ! .
T IF(KF,EQ, |} CALL DATAO2
} 20 IF (KF,EQ,2) CALL DATAN2
21 € : , .
|22 IF((TB.GT,0,000) ,AND,(PB,GT,0,000)) GO YO §
gv‘ IF((7B.GT,0,000),AND.(DB,GT,0,000)} GO YO 10
I 2y < .
I as S CALL PROPB(TBsPBDBy | yHBySByUB2B)
[ 26 DENS = DB
2T ENTH := HB
I 28 ENTR :2 SB
| 29 ENERG ‘2 UB
© 30 ZEE = .28
| LY ¢
I RETURN
'y K3 .
P 10 CALL PROPB(TB+PByDBy2,HB;SB,UB,28)
35 PRES := PB '
36 ENTH '3 HB .
;T ENTR = .SB
38 _ENERG 'z UB
19 ZEE = 18
40 c
L3 RETURN
42 €
w9y END

v

96£T166V-OSIN'L



9gc-4

"RARRRED

N0 O®O AL B0~

SUBR@UTINE BTRTNS

I I Ya X a)

6020 FORMAT(IHQyT29y re#w: SUMMARY OF COMPUTED HEAT EXCHANGER=GAS GENERAT

GENERAL "OUTPUT ‘ROUTINES
SUBROUTINE OTPHEX
LOGICAL 'JRyPAGE

INCLUDE :CACCUM
INCLUDE (CAPU
TNCLUDE "CCNFIG
INCLUDE CECLSS
INCLUDE :CENG
INCLUDE (CFLRAT
INCLUDE 'CFUEL
INCLUDE (CHEX
INCLUDE "CHSORC
INCLUDE 'CI10UNT
INCLUDE (CNAMES
INCLUDE CPUMP
“INCLUDE (CTANK
INCLUDE .CTURBN

DATA  IDMHX/ MHX/

< . N
6010 FORMAT(1HQOyTI9y +ewe SUMMARY OF COMPUTED HEAY EXCHANGER: CHARACTER!S

TTICS #R%1//750, 1FOR UNITS ¢ TT730A69T93,468)

1OR CHARACTERISTICS :m#w1t)
6025 FORMAT(1HO¢T36y bens SUMMARY OF ‘COMPUTED WASTE HOT' GAS UTILI2ATION
IPARAMETERS :###t)

6026 FORMAT(IHOYT36¢ twan SUMMARY OF COMPUTED "FREON COOLANT UTIL!ZATION

6030 FORMAT(1HO¢yT35y "% SUMMARY OF COMPUTED HEAT EXCHANGER CHARACTERIS

IPARAMETERS ®#*1)
ITICS ‘== .CONTINUED -#enw1)

6040 FORMAT([HOyTYOy twme SUMMARY OF '¢OMPUTED PUMP ¢HARACTERISTICS FOR T

1HE SYSTEM #awt)

6050 ‘FORMAT(1HO¢T36y tuun SUMMARY OF COMPUTED 'TURBINE CHARACTERISTICS FO

IR 'THE SYSTEM ##ni)

16060 ‘FORMAT(1HQyTI6, t¥hn SUMMARY OF COMPUTED TURBINE GAS GENERATOR CHAR

TACTERISTICS wawr)

6065 FORMAT(///Thbyia%n ECLSS ENERGY REGUIREMENTS SUMMARY www- 1}

60T0 FORMAT(1HQOoTHOy v %% INTTYAL TANK SIZING CALCULATIONS #wwwy)

6080 FORMAT(IHQ,TUT, '*%% FINAL TANK SIZING CALCULATIONS ‘wwwt)

6090 FORMAT(IHOyTUTy ' oan KACCUMULATOR SIZING CALCULATIONS wfwt)

-6100 FORMAT(IHOyT39 "wnn TANK ‘PROPELLANT ACGUISITION DEVICE COMPUTKTION

{ARw?

6110 FORHAT(|H0vT5lv'*** 'COMPONENT' WEIGHT' SUMMARY werisf Tavel,,, OXIDY
TZER 4oe'T87¢'as. FUEL 00.' 7 73"'-------.!79|0""""’/ T"s"COMPON
2ENTITS2, T INSULATIONYTO8 1COMPONENTTTT 124 t INSULATIONS 2 T114¢COMPON
JENTIT279 1CODEYTIB 'WT, (LBSj1T529tWT. (LBS)'TT71+1COMPONENTITST,
YICODE 1Ty 1WT. (LBS)TTI129 WY, (LBS)?/)

6112 FORMAT(IHO,yTUT, "**#* (COMPONENT WEIGHT SUMMARY TOTALS ‘##wt)

6120 FORMAT(IHO TS24y tann COMPIITED FLOWRATE DATA #mwel)
6130 FORMAT(IHOyTUTy tnnw INITIAL APU PROGRAM CAL(ULAT!ONS R1IANY)

| TYO, 'PERCENT!T6 1y FTOT, FLOWRATE'!'TBS, 'EXHAUST TEMP,Y /
2 T2Se LCYCLE!THRy 'HoPo 'T631 ' (LB, /MIN, ) 17879 1 (DEG, = R)'/

6132 FORMAT (TH&y I#%% APU MIXTIIRE RATIO IS NOW SET AT14FS5,24! ‘wawiy)
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I
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i
f
]
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58

. S

60
1]
62

- —— O
NE@N—C0

OTRTNS ARARRARY

6140 FORMAT (2UX14+E20¢603E2Y4,6)

6150 FORMAT(IRO TSyt *#* APU CALCULATIONS .= CONT, wnniy

6160 FORMAT(THY4etwn® ApU MIXTURE RATIO IS NOW SET ATIFS 200 wwhiyyy
[ “TYTeiere APU SUPERCRITICAL CALCULATIONS #awl)

6161 FORMAT(4X12,8E15,6)

-ble'FOP"AT(IHO Ti4e PCONDITIONING GAS REGDIThl, TWGT, .CONDITIONING GAS

‘TT4+ "CONDITIONING GAS “EGD'TIOH.'VGT. CONDITIONING GAS
2V/T2y'CYCLEYTIS, ' ACCUMULATOR TO APU!? THS, 'ACCUMULATOR 'TD APU!Y
3 ‘TTSe 'TANK TO ACCUMULATOR! T10S, "TANK 'TO ACCUMULATOR'
TooU(BXIOXYGEN'EXTHYDROGEN' Y /)

/
6164 FORMAT(IHO 'Tiy,'CONDITIONING GAS PEGDrTuu, 'WGT, connxrtontns GAS
K

TThe'FLOW TO ACCUMULATOR! TIOI.'EXNAUST PROD, ¢
2 /TZc'CYCLE'Tzlo'FOR TANK® "TS)s'FOR TANK'T78,1 (EACH CYCLE)?

3 Tlotv'SURPLUQ'/Téo?(axIOXVGEN'SXIHYDROGEN'!/)

6166 FORHAT(UHO T16,'REFERENCE FLOW TO! Tu4, 'TEMPERATURE OF FLU!n'
t "T75+VPERCENT OF USABLE! Y104, 'HEAT XFR, INTO ‘TANK!
2 ITZ"CYCLElTlSv'SUPPLEMENTAL G, G.! Tuby 'IN STORAGE TANK!
7 TT6¢ IFLUID WITHDRAWN! Ti084 ¢ (EACH CYCLE)?
4/ “ToeW (BXIOXYGEN AX THYDROGEN') /)

6168 FORMAT(IHO 'T16+'ENERGY DERIVATIVE! ‘T44y 1COR, COND., GAS REQD,!
1 Ty 'CORe WGT, (COMD. GAS? .
2 /TZ,‘CYCLE'THS.’TAHK T0 ACCUMULATORY TTu4y 'TANK 'TO ACCUMULATOR?
T6¢I(BXTOXYGEN'E8XYHYDROGENY) /) , , . .
6170 FORHAT(IHO ‘TH4s 'COR, COND. GAS READ,! TT4y 'COR, WGT, COND, GAS!
|/T329'CYCLE'T500'FOR "TANK' TBOy'FOR TANK'
"T3672(8X1OXYGENtBXIHYDROGEN' ) /)
ot FORHKY{’QXIEOGFIS 6}
6172 FORMAT(TUYy twe® ApU MIXTURE RATIO 1S NOW SET ATVES 2y0 77
‘T8¢ Vaww APU SUBCRITICAL CALCULATIONS wwet),

GITe FORHAT(IHO "Ti4e rCONDITIONTING GAS REQDITHUy IWTG, CONDITIONING :GAS
e TT4s tCONDITIONING GAS REGDITIOU, ¢ WTG, CONDITIONING GAS

E'IT20'CYCLE'TISv'ACCUVULKTOR T0 APU! T4S, fACCUMULATOR 'TO APUY
L "TTS 'PUMP 'TO ACCUMULATOR! "T106, tPUMP 'TO .ACCUMULATOR'
4/ ‘ToeU (BXVOXYGEN'8XIHYDROGEN'}/)

NIENTH = 0,0
. DO OUTPUT FOR ALL HEAT EXCHANGERS

10M2 :@ -2 IDMHX

IDMY :z .IHIDMHX

I0M6 'z &*IDMHX

00 140 JX=1 ¢ NUMHEX

KVL = 0 , .

IF (NSUK(JXe1)4EQ,0) KVL ‘& KVL & |

IF ( NSUK(JXe2).,EQ,0) KVL 2 KVL ¢ 2

MVL & 3. KgVL

IF lNVL.EG.O) GO 'TO 140

IF (PAGE({ 0}) WRITE (10746010) UCODE(JXol)pUCODE(JXoa)‘
JP = PAGE (IT)

.CALL ‘SPACE . .
‘CALL OQUTPA (SeLHXI+HVLeJFLUIDYJFLULII(1,+2))
CALL SPACE

00 100 12=1y11
JSM 2 (12=1)*IDM2 o JX
JLM 3 JSHM « I10HHX

CALL OUTPF (4¢LHX2{ 1912} pMVL eUOTHX(JSM) s UOTHX (JLM) §
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OTRTNS

100

110
120

12%

RARRRR IR

CONTINUE .

Jt 2 NSSK(JXel} = 1

J2 = NSSK(JXe2) o |

MXNSU = NSUK(gXel)

IF (MXNSU LT, NSUK{JX»2)) MXNSU = NSUK(JXe2]

DO 120 121 MXNSU

IF (PAGE(||)) WRITE (10706030)

NTIRE VT

Ki =1 o , . Sl

1F ‘J' +EQs | <AND, IISU(JXO') +6T, T) K! ‘8 0
Ja 3 J2 ¢l

K2 =§

IF (J2 JEQ, | (AND, 1ISU{JXy2) 6T, T) K2:2° 0
NVL =20 ) ]

IF (J1 JLE, NSSK{JUXpl)#NSUK{UXel)=1) NVL = NVLel
1F (J2 ,LE, NSSK(JX9p2)}eNSUK(JXy2)wl) NVL B NVLe2

.CALL SPACE
"CALL OUTPA {MoLHX|(1910)¢NVLIUNAM(19J14K1) sUNAM(] §U24K2) }
"CALL ‘SPACE

DO 110 I3=),8
JSM = (I13=1)*IDM6 ¢ (Jla])®IDHHX ¢ JX
JLM 2 (13« )%IDME & (J2=])*IDMHX ¢ IDM3 ¢ JX

CALL OUTPE {UoLHXI{1913) ) NyLoUOTHY (JUSM) sUOTHY (JLM) §
-CONTINUE

CONTINVE .
IF (PAGE( 2)) WRITE (10T,6090)
CALL SPACE

"CALL OUTPF - (H'LHXI(!v9)oHVLvHHXTOT(JXol)oHHXTOT!JX'!,)

JP ‘= -PAGE (10)

JSTYP ‘= HSTYPE(JXy2)
IF (USTYP.EQ,2} GO TO 12%

WRITE (10746020)

.CALL SPACE

'CALL OUTPA (SoLHSI+MVLeJFLUID»JFLUID(142))
CALL .SPACE

CALL OUTPF (SeLHSI(1v2) yMVLHDOTH(UXs |} ¢ WDOTH(JIXe 21}

CALL OUTPF (SeLHSE{193)oMVLyNGGFX(JXe 1) s WGGFX(JIXe2)
‘CALL OUTPF (SyLHSI{)o4)¢MVL HSWGHT(UX, 1), HSWGHT(JXy21)

CALL SPACE
CALL OUTPF (SoLHS|(106)sMVL HXASSY (JX¢ 1) o HXASSY (IXe2§)

IF (JSTYP ,EQ. 1) GO 'TO IO

CONT INUE
WRITE (10T.6025)
CALL SPACE

CALL OUTPA (SerLHS2(1+6)yMyLyJFLUIDWJFLUID(1+2)}

CALL SPACE . ) .
CALL OUTPF (SoLHS2(1¢1)sMVLyHSGEPE (UX¢1)oHSGCPE (X921}
CALL -OUTPF (SeLHS2( 19219 MVLyHSQREQ{JX e 1) +HSAREQ(UXe2})
CALL OUTPF (S,LHS2(1¢3)yMVL,HSGTOT (JXy1),HSGTOT(JIXy2))
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nennenen

T
yt?%
176
11T
178
lite
8o
181
a2
‘183
18y
s
4186
1188
189
190
9t
w|9z
il9‘!

9y
lTeg
‘196
l19r

OTRTNS

alaXa L)

NN Aan o

140

142

141

‘-ttatyabi

CONTINUE . e
IF (PAGE { 5)) WRITE (10T796030)

.CALL "SPACE . . .
LALL CUTPF - {SoLHST 11959 39WGGTOT o WEGTOT(2))

CALL SPACE ) ..,
.CALL OUTPF (SeLMS2{1+4)99390TREQ({!)+QTREQ(2}}
CALL OUTPF (SeLHS2({1+8)s39HFTOT(1}sHFTOT(2))

RETURN
I
ENTRY OTPHXF
rewd OUTPUT FUEL 'CELL HEAT EXCHANGER PARAMETERS

1DM2 = 2#1DMHX
DO ) JX £ |¢NUMHEX

‘!F(PAGE(O)) WRITE(10T46010) UCODE(JXs|}4UCODE(JIXe2}"

JP 2 PAGE (17)
MVl = 3

CALL SPACE
CALL OUTPA (SeLHX39MVLoJPLUIDWJFLUID(1025)
‘CA$L SPACE

DO 142 12 = 148
JSM:z (12a1) '* 1DM2 - JX
JLM ‘3- JSM -4 1DMHX :

‘CALL OUTPF (u.Luxz(v.12).HVL.uorux(an).UOTchJLn)5
.CONTINUE

"CALL ‘SPACE

"CALL OUTPF (MeLHXI{109)sMVLyNHXTOT(UXy 1) o WHXTOT(UXi2) )

NR!TE-(IOT'6026)
CALL SPACE | . L,
CALL QUTPA (SoLHS2(196)9MVLyJFLUIDJFLUID(1+2))

"CALL SPACE

CALL OUTPE {SeLHS2{ 10 1) yMVL HSGCPE (JXs 1) ¢HSGEPE {IXe2] )
CALL .QUTPF (5¢LHS2( 192} sMVLHSOREG (JXs1)9HSOREQ(UXe2))
CALL OUTPF (SpLusg(Ii!).HVL'HSGTOT(JX.l).HSGTOT(JXi!))

(CONTINVE

CALL SPaACE

"CALL OUTPF (SsLHS2(1v¢4)9s99QTREQ(1)¢QTREQ(2})
CALL OUTPE (SoLHS2(157)939WNpTENX oWDTFMX )

RETURN

‘ENTRY OTPHXE

| aw OUTPUT 'THE ECLSS HEAT EXCHANGER PARAMETEAS:

JOM2 :2 : 2% 1 DMHX

DO, 143 JX ‘= 1 ¢NUMHEX

!F(PAGE(O), WR!YE(!OTIOOIO) UCODE(JXQ()OUCODE(JXQE’
JP = PAGE (IT)

MVL = 3

‘CALL 'SPACE
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AR RA NN OTRINS ARRAR AN

292 "CALL OUTPA{S9LHX3)MVLyJFLUIDJFLULIO( 1Y) )

23y CALL .SPACE

2N DO 144 12 = 142

2% JSM = (12-1) ‘% IDM2 .¢ JX

236 JLM = USM .4 IDMHX 4 o .
237 CALL OUTPF (4oLHX2(1512) yMVLsUOTHX(JISH) »UDTHX LILM} §
218 144 CONT INUE

239 < . . . CL

240 .CALL OUTPF (4yLHX2(194) sMyLoWDOTCF ({JXs ) sWDOTCFIUX 2}
2ut . CALL OUTPF (LoLHX2( 1012y ¢MVLIUOA{JXy 1) UOA{JXe2) "
242 CALL OUTPF (YoLHX2( 19 13)oMVLeDH(JXe]) oDH{JXe2)) ]
24y CALL OUTPF (UyLHX2( 1y [U) 4MYL HLNGTH (X, |} gHLNGTH{ X, 25
24y CALL SPACE : _ S
.2us CALL OUTPF (MoLHXT(1¢3) o MYLIHXCOLP (JXe 1) o HXCOLP{JXy2) )
24 CALL SPACE , .
24T CALL OUTPF {MoLHX1 (199} 9 MVL o HHXTOT (JXy | ) o WHXTOT{UX¢27)
248 CALL .SPACE o
249 CALL OUTPF (SsLHS2(192)eMVL HSGREDG (JXy |)oHSQRER (JXy27 )
1250 143 CONTINUE

251 <

1252 RETURN

251 €

254 , ENTRY OPTPOW

255 €

'§:$ < w#% QUTPUT ‘THE POWER REGUIREMENTS 'SUMMARY
25T <

258 WRITE (107,4065)

259 CALL SPACE

260 CALL OUTPF1 (S¢LHS2( 18} yHWTOMX)

261 CALL OUTPE! (SoLHS2(1y9) HWTHHX)

262 CALL OUTPF| (S,LHS2{1,10),THTONX)

26Y CALL QUTPE! (SaLHS2(1e11)y THTNHX)

264 CALL .SPACE )

265 CALL OUTPFI (SeLHS2( 1912y TOTHMX)

266 CALL :SPACE

‘267 "CALL OUTPFI (SsLHS2(1913),TOTWAT)

268 CALL SPACE

269 CALL QUTPF{ (SsLHS2(1slUj,TOTPOM)

270 <

271 RETURN

272 €

27y €

274 ENTRy OTPPHP

275 3 _ OUTPUT PUMP PARAMETERS

276 IF (PAGE( 0j) WRITE (10T,6040)

21T JP ‘= PAG (;I)

278 "CALL SPACE .

279 CALL .OUTPA (U4sLPPSeSrgFLUID, gFLUID(1e2})

280 ‘CALL SPACE

28| DO 200 I=|¢é

282 12 = 2%(Twl)el .

283 'CALL OUTPF (34LPPI(151),3,U0TP1(12),U0OTPI(2244}))

284 200 CONTINUE

285 CALL SPACE A

286 :CALL OUTPI (4+LPP2+3+PSTAGE,PSTAGE(2))

287 DO 210 I=146

288 12 =2 2%(1=1)4! _

289 CALL QUTPF '{3sLPP3(151)y3,U0TP2(12),U0TP2(1244))
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2N
292
291
294

'29%:
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1336
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140
4t
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4y
‘48
3 LT

B Lh&

OTRTNS RRARAN NS

210 CONTINUE
CALL SPACE ,
CALL OUTPI {MeLPPUy3»JJOPT»JJOPT(2))
RETURN
" _
ENTRY OTPTRB
3 ‘ DO OUTRUT FOR ‘TURBINES
JP = PAGE {19)
WRITE (107+46050)
CALL SPACE , .
CALL OUTPA (UsLTBNI 39 JPLUIDsJFLUID(192))
CALL SPACE
DO 300 l=)y6
12:2 2%(fel)el
CALL OUTPF (S,LTBN2(1,1),3,U0TBI(12),U0TBI{12e1})
300 CONTINUE
WRITE (I07,6060)
CALL "SPACE
CALL ‘OUTPA {5¢LHSI»3eJPLULD,JFLULD(1+2))
CALL SPACE
DO 310 1213
12 2 2%(lal}el
CALL OUTPF (S+LHSI{IsTe1§,3,U0TB2(12)4U0TB2(22e1])
110 CONTINUE
RETURN
K2 .
ENTRY OTPTSZ (IFLG)
4 _OUTPUT TANK 'SIZING PARAMETERS
JP = PAGE (0)
JP 2 PAGE ({IT)
IF (IFLG ,EQ, '2) ‘GO TO uoo
WRITE (10T,46070)
GO .TO 410
Y00 WRITE (107,6080)
410 CALL SPACE .
CALL OUTPA (1y6H + 35 JFLUID e JFLUID (142))
CALL -SPACE _ .
CALL OUTPT (3eLTZI{1011999NOP  oNOP (241}
CALL OUTPI (3+LTZI(1¢2)¢9ySHTYPESSHTYPE(241))
IF (IFLG . EQ, .2)
1CALL OUTPT (3oLTZI(153)s32SITYPESSITYPE(241]]
CALL QUTPE (3eLTZ1(1ok)y3yWPTOT oWPTOT (2} }°
CALL OUTPF (3+LTZI(1¢5),9)SVLFLOSVLFLD(2) )
CALL OUTPF (3sLTZ1{1014) 53y TCYHTSTCYHT (2} )
CALL OUTPF (3-LTZI(loé)v!pSHDlAH'SMD!AH(aol))
CALL OUTPF - (3+LTZ1I(19T7)93,TSA v TSA (2et))
(CALL OUTPF (FoLTZI(198)939SVOL  oSVOL (241))
CALL QUTPF (3+LTZI(199)93TWT  oTWT  (201))
IF (IFLG .EQ. 2) GO TO u20 o
‘CALL OUTPF (3sLTZ1(1+12)¢2+SHRATE+SHRATE(241})
GO TO 430 .
Y20 (CALL OUTPF - (3+LTZI(1910)y3+SITHIKsSITHIK(241])
"CALL OUTPF (3oLTZI(1+11)y35TINT oTINT (241))
N
430 RETURN
(4
ENTRY OTPACC
€ OUTPUT ACCUMULATOR DATA
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ARRPANRY-

s
449
1950
951
952

15y

A5y
:95%
956

457

458
159
160

1961
962

463

964
6%

366

967

1368
469
470
971
472
373
374
475
476

977

978
‘379
‘980
‘98|
482
983
984
185
986

1987

988
4089
390
991
992

99

39y

995

4946

99T

1998
999
400
uot
w02
4073
40y

40§

OTRTNS

500

510

700

T10

ARRRA AR

1F (P
JP 2

‘CALL
‘CALL
CALL

AGE{ 0} WRITE (107,6090}
PAGE {16)
SPACE

OUTPA {1v6H
“SPACE

195 JFLUIDW JFLULD{102) )

DO SQ0 I=1,9%

12 2
caLL

.CALL

Do Si
12 =
CALL

.CALL

2% (I=1) ¢l

OUTPY (3.LTZI(I,
OUTPF (3oLTZi( 1y
0 I=4yit
2*(L=1)+! . :
OUTPE (3oL TZU(141)43H9EQACITI2),EQAC(T2¢4]))
OUTPF (3+LTZ1{1913)43+WGRACCIWGRACLL2))

1935 EQAC(12) JEQRC(T 204 })
) g9 ACYHTLACYHT12))

RETURN

ENTRY OTPACQ

IF «
JP =
CALL
CALL

CALL

It =
123
CALL

CALL
‘CALL
CALL

RETUR

‘ENTRY

IF (P
JP -2
11 =
12 =

K02 :=
MVL ‘=
NCPH
MCPO
MXCP :
IF (M
H2IWT

H2SWT

021WT

025SWT

OUTPUT ACQUISITION DEVICE DATA

PAGE(.0)) WRITE (107,6100)

PAGE { 9)

SPACE . ..
QUTPA (196H +3)JFLUTDJFLUID(1,2))
SPACE

SATYPE

SATYPE(2)

ouTPA (3ILTZ3('O|) 11LTZZ(|9!')-LT!Z(|012))
OUTPF (30LTZ,("2)"’“7ACO0HTACO(20|))
OUTPF (3oLTZ3(1+3) 23 WLRoWLR(2))

OUTPF (30LTZI(1o4)y 3o WLRTyWLRT (20 11))

N

OTPWSM
OUTPUT WEIGHT SUMMARY DATA
AGE{ Q)) WRITE (107,6110)
PAGE ('8}
10STT
1HSTY

KH2 3 |

|
3 ,
& KHEND -= IHSTY
2 KOEND = 10STY
= NCPO
XCPO «LTe NCPH) MXCP = NCPH

o,
0,
0.

DO 770 I=1,MXCP

GO0 To

1l =
IF (1

(700+730] K02
" SET UP OXIDYZER SIDE
1 ¢ )
{ .EE. KQEND) 60 TO 710

02 = 2
MVL = MV = !
GO To 730

CALL
1IF (¢

"GETCON (1))
FUNCT . ,EQ, 1) -GO 'TO ‘700
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geec-d

v

) .
LAl L1 LN

ForpPPOoPEREREL
D4 VNEN D~

roores
NN —
- —-0 0

52y
h2s

OTRTNS

730
Tu0

780

RRARNRAN

KONAM .= -FNAME(CFUNCT) ;
02IMT = 021WT ¢ WI(I1)
02SWT 2 02SWT -« WEIGHT(II)

GO TO (THO0#760)KH2
: SET UP FUEL SIDE
122 12 ¢ 1|

IF (12 ,LE., KHEND) GO YO 750
KHa := 2 -

MVL = MVL - 2

GO 'TO 760

CALL ‘GETCON (12)

"IF . (CFUNCT LEQ, 1) GO 'TO 'T40
-KHNAM -3 ‘FNAME (CFUNCT)

T60

770
780

H2IWT = H2IWT .& WI(12)
H2SWT 2 H2SHT & WEIGHT(12)

IF (MYL JEQ, 0 GO 'TO 780
IF (PAGE( 1))NRITE (10T+6110)
PRINT A LINE
CALL OUTPW (MVLIKONAMoCODE(I!) e WETGHT (11} eHT{ 1!
KHNAMyCODE (12) s WETGHT(12) 9N (12
coutxnue

CONTINUE

JP T PAGE { 9)

CALL SPACE

WRITE (10T+6112)

TILSWT -2 ‘ENGHT ¢ H2SWT ¢ H2IWT o O2SWT .+ 02INT

CALL SPACE

PRINT SYSTEM WT., TOTALS

"CALL OUTPF! (49 LCNFILENGWT)

DO 790 1=+%

[CALL QUTPFI (Y4oLCHFI(T1olad)yWTOFSY(]))

790

"CONTINUE

RETURN

ENTRY OTPFLT L.
v . OUTPUT FLOWRATE DATA (FOR TURB,GG)

IF (PAGE( 0)) WRITE (I10T,6120)

JP £ PAGE (1%}

.CALL SPACE

800
8lo0

JKM 2 0

11 =)

12213 .
"CALL OUTPA (le6M #39KFLUIDIKFLULID(142))
.CALL .SPACE

00 820 t=liy

CALL OUTPF (10kFRT(li!)'9pEORT(!'|)oEGRY(!ol))
JKM iz JKM - |

GO TO (83048404840] o KM

ENTRY OTPFLX
(FOR HEX GG ‘FLOWRATES)
JP 3 PAGE {I1)
CALL SPACE
WRITE (10T,6120)
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Avantane  OTRINS  -aetatads

4oy JKM = 2

46S €

466 830 CALL SPACE

487 1=y

468 1226

469 GO TO (810»800) ¢JKM

470 840 CALL ‘SPACE )

4T CALL OQUTPF (YsLFRT(I+7)+3yWDOTTIWDOTT(2))

472 RETURN

{7y C

GTY . ENTRY OPAPUF (NCY)

475 14 ~ OUTPUT APU FLOWRATE DATA

476 . IF (PAGE({ 0)) HRITE (I0T,6132) FMR

47T WRITE (10T,61%0)

478 JP = PAGE (&4NCY)

479 DO 900 I=},NCY

480 900 WRITE (I0T+6140) T+PCTHP{1)yWD(1)oTE(T)

4et IF (PAGE ( 9)) WRITE (10T,4150)

482 CALL 'SPACE

489 CALL SPACE

48y DO 910 I=}+5 .

485 910 CALL OUTPFI (UoLAPUL(101)9EQAPI(]))

486 CALL OUTPFI (4yLAPUI(146),¥DOTT )

487 CALL QUTPFI (4¢eLAPUN(I¢T)yWDOTI(2))

488 RETURN

489 4

490 ENTRY OAPUSP (MCY)

49| < OUTPUT APU=SUPERCRITICAL DATA

492 IF (PAGE( 0)) WRITE (10T,sts0) FMR

491 JP 3 PAGE (9eNCY)

49y 4

098 WRITE (10T+6162)

996 DO 1000 I=1,NCY .
49T 1000 WRITE (10T6161) 10Q10DOT{1)oQIHDOT (1) eWOD{T1)oWOA(L ]}y
YT t Q20DOT(1)02HOOT (1) ,WOE (1), WOB(T})
499 € ) )

500 IF (PAGE (7¢NCY)) WRITE {10T»6160) ‘FMR

501 WRITE (IOTvéIéH)

502 DO 1010 I=l,NCY

509 1010 WRITE (10T,6161) 1,GIODOT(1)eQIHDOT(1) o WDF(TiowDC(E) s
504 ! WTO(T1) s WTH(1)4DWDB(T)

508 € . .

506 IF (PAGE (74NCY)) WRITE {(10T:6160) FMR

507 WRITE (10Ty6166)

508 DO 1020 l=)yNCY

509 1020 WRITE (10T,6161) 1yNGOC(T) o WGHC (1) TTO (1) ¢ TTH(1)+PCOIND(T )0
-5:0 ! PCH2HD (1) yDRODNO (1) ,DOODNH{T)
St C -

512 IF (PAGE (T+NCY)) WRITE {10T96160) ‘FMR

519 WRITE (10T16168)

Gy DO 1030 I=1,NCY

518 1030 WRITE (lOTy6|6|) IyPHIO2{1)PHIH2(1)¢Q20DTC(1),02HDTCIT),y
516 { WOEC (1) ,WDBC(T)

st 4 . ,

sl . IF (PAGE (T4NCY)) WRITE {10T+6160) FMR

519 WRITE (10T96170)

520 DO 1040 P=iyNCY

521 1040 WRITE (101,611|) 1+QI0DTC (1) eQINDTC(1)4WDFC () WDCC{T)
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i
LI T

522
‘5213
52y
828
526
‘527
'52g
LY-4)
530
5%}
832
~S3Y
19y
675
1536
83T
58
519
540
54|
‘542
S4y
Suy
S48
1))
sS4
548
‘849
8550
551
552
559

OTRYNS
€

€

1080

f1o00

"CALL OUTPA (l16H

AARRARAR

"IF (PAGE{ 0}) WRITE (10Ty8160) FMR
JP = PAGE (18)

‘CALL ‘'SPACE
CALL OUTPA {1+6H

03 JFLUID W JFLUID (1921 )

CALL SPACE

DO 1050 I=1y1!

CALL OUTPF (uoLAPUZ(I 1)93¢EQAP2( T4 1) 4EOAP2{Ts2) )"
RETURN

ENTRY OAPUSB (NCY)

_.OUTPUT APU =. SUBCRITICAL DATA
IF. (PAGE({ 0)) WRITE {10Ty6172) FMR
JP = PAGE (9eNCY)

WRITE (10T,6174)
00 1100 .1=1,4NCY"

WRITE (S0T»6161) 1¢Q80DOT(T)eQUHOOT(T)oWDJ(T)oWOG( T
)

Q70D0T(1)¢GSHDOT(1),HGG0(1) WGGH(T)

IF (PAGE{ 0)) WRITE (10T,6172) FMR

JP 2 PAGE (18)

CALL ‘SPACE .
v 33 UFLUID s JFLUID (192§ )
CALL SPACE

DO 1}110:321,11

NVL =2 9

IF (1 .EG, '7) NVL &: 2

:é#t OUTPF (4,LAPU3(1,1),NVL,EQAPY(T, 1) sEQAPY(T, 2}
/N

END
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wanwadne SUBRGUTINE BUTPUT

6001

6002
6003
6004
6005
6006
6007
6008
6009
6010

6011

1o
120

210
220

o
320

vio
420

4130
450

SUBROUTINE QUTPF (NTLoITITL,NVL.VAR))VAR2Y
DIMENSION (ITITL(6)s1VAI{2)41VA2(2)

FORMAT (29Xy8A6) :
FORMAT (1416UXsE15.6)
FORMAT (t4'84XsEIS,6)
FORMAT " ¢ LatouXy111)
FORMAT (t4f84XeI11)
FORMAT ('416B8X¢2A6)
FOPMAT ('4788X¢246)
FORMAT (' !

FORMAT (TI3¢A69T2TeA812F 1, TeThb0!, 1)

FORMAT (T66s'41TTI0ASyTET9AG2FIHLY)

FORMAT (T|3¢A6+7279Ab02F 1Y, 3o7660"'TYIoléoTBTolészlH.!)

WRITE (10U»6001) (ITITL(I)eI21,NTL)
GO YO (11091209 110)9NVL

HWRITE (10U»6002) VAR

IF (MVL ,EQ, |) RETURN

HWRITE (I0U+6003) VAR2

RETURN

ENTRY OUTPF{ (NTLyITITLyVARI)
WRITE (10Us6001) (ITITL(I)eIm1yNTL)

WRITE (10U96002) VARI
RETURN

"EMTRY OUTPI (MTLsITITLaNVLeIVRI»IVR2)

WRITE (10U+6001) (ITITL(I}e121¢NTL)
GO TO (210¢2200210)NVL .

HRITE (10U+600Y) IVRI

IF (NVL ,EQ, 1) RETURN

WRITE (10U,6008) IVR2

RETURN

ENTRY OUTPA (NTLoITITLoNyLeIVAls1yA2)

WRITE (10U,4001) (TTI’TL(”HEHNTL)
GO Y0 (31093200310)eNV

WRITE (10Us6006) IVAI

IF (MVL . ,EQ, ) RETURN

HRITE (IoUs6007) IVA2

RETURN

ENTRy OUTPY (MyLeJvAlsJyA2+yART ¢VART»JyATeJyAt VAR, VARY Y

GO TO (410+420,430)9NYL

WRITE (10U+6009) JVAL JVAR4VAR|VARS

GO YO 450

WRITE (10Us6010) JVAZeUVAHeVARZ,VARY.

GO Y0 450 . ..
WRITE (10U26011) JVAIyJVA2eVART s VARTs JVAY s JVAUS VAR, VARY
RETURN

96€T66V-DSINL




Le2-49

J
t
[

[ A 221 22 1

58
59
60
&1
62
63
| 64
. 65
66
6T
68

r

OUTPUT  #atesws

€
‘ENTRY SPACE
€
WRITE (I10Uy6008)
RETURN
< .
ENTRY. OTUNIT (3IONO)
€
10U = 1ONO
RETURN
END
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AR RRRR

@O N TSN -

FUNCTIZN @XENTH

‘FUNCTION OXENTH(PRESyTEMP)
ROUTINE ‘CALLS STEWARTS COMBINED 02«N2 PROPERTIES PROGRAM

(a¥alal

CALL ONPROP(TEMPyPRES9OXoENTHI ¢SXoUXo2X0 1)
OXENTH = EMNTHI

RETURN

END
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teaanery FUNCTI@N PAGE

l

1l ¢ 'anawcﬁ*t'aaap.ttﬁ.ua\qag PAGE 0100001
2 4 % ROUTINE NAME = PAGE HEADING SUBFUNCTION, - PAGE 0200002
3 4 4 ROUTINE LANG = FORTRAN 1V UNIVAC [10P71108 PAGE 0300003
4 (4 :% PROGRAMMER = R, BOLLINGER S4%2. 104 22898 /% ‘PAGE QuOO000U
5 [4 - -DATE CODED .= 03/10/66 PAGE 0800005
'S 4 W W R R R R R R R R R R AR R PAGE 0600006
T (4 PAGE 0700007
8 FUNCTION PAGE (NLINES) PAGE 0800008
9 < . PAGE 0900009
10 C wwnan: EXPLANATION OF CALLING SEQUENCE ‘tetaw: PAGE 1000010
" C ' PAGE 1100011
12 4 INPUT 'TO PAGE ’ ) PAGE (200012
[ (4 ‘PAGE - 130001Y
Iy (4 NLINES « HUMBER OF LINES PAGE 1unooluy
s (4 IF NLINES = «=ls THE ROUTINE WILL INITIALIZE PAGE 15000!S
16 C THE ROUTINE FOR A NEW CASE, PAGE 1600018
T (4 PAGE EJECT, AND OUTPUT THE ‘PAGE 1700017
K} C PAGE HEADING, . PAGE gOOOIS8
19 (4 O0s THE ROUTINE WILL''PAGE EJECT) PAGE (900019
20 C AND OUTPUT 'TME' PAGE HEADING, PAGE 2000020
21 4 ¢y THE ROUTINE WILL ADD NLINES. PAGE 210002t
e2 [ 4 TO LINECT AND TESY TO SEE IF ‘PAGE 2200022
23 4 LINECT 1S GREATER, THAN HAXL!N. PAGE 27300023
24 C IF 1T 1Ss 'THE ROUTINE WILL ‘PAGE 2u00024

‘28 C PAGE EJECT AND OUTPUT THE PAGE: PAGE 2500025
26 C READING, PAGE 2600028
2T Ko PAGE 2700027
28 K4 OUTPUT 'FROM PAGE PAGE 2800028
29 < PAGE '2900029
%0 C '‘PAGE = PAGE: EJECT OR NO PAGE EJECT . PAGE 3000030
k]| € IF PAGE :&:'TRUE o THE ROUTINE HAS PAGE EJECYED, PAGE 31C0073)
32 C FALSE, THE ROUTINE HAS' NOT PAGE PAGE 3200032
1% € EJECTED. PAGE 3300033
"N .

‘3% LOGICAL PAGE
36 [ PAGE 3400036
”" INCLUDE .CPAGE

%8 .C PAGE 4100038
L1 PAGE :=. /FALSE, PAGE 4200039
40 IF(NLINES) 10990020 PAGE 4300040
L2 C ) PAGE “uOOOH1

uz2 10 NCASE = NCASE ¢ | PAGE 4S00042

'S | "CALL DATE(9,00R) PAGE 480N0UY

-4y GO TO 40 PAGE LOQOOUY

-us € ‘PAGE 500004S

-4é 20 LINECT := LINECT .e NLINES PAGE 5100046
ur IF (LINECT LE,MAXLIN) RETURN . PAGE S200047
ye 30 .LINECT .= NLINES: ‘PAGE 54000U8

-ug 40 NPAGE ‘& NPAGE ‘& | PAGE Su4i00U9
50 (CALL 'TOD(84TIME) PAGE §500050
St PAGE = ,TRUE, PAGE §7000S51
52 WRITE(OPTLUN¢6000)INAME ' NPAGEY DEPT'PTITLEoDORQEXYQTXHE,BLD. PAGE 800052
59 | JNUMeNCASE+CTITLE .

B4 RETURN PAGE 5900054
L1 6000 FORMAT (ll! T28¢ INAME 1 246y 21(! ®t)y1 PAGE ¢ 1Y 7.

56 1 T28 'DEPT: ' AyedX'® ¢ gAg,' * DATE YAQ4AS /

57 2 T2Be1EXTo - ' AGeBXINIROXI® TIME ¢ A6eA2. /
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(32211113

58
59
60
61

PAGE

<

NRRRARER

END

T2807BLDe ' A0 [OX'®V1TXAL, 16X *H CASE 1%
T28. 39('* 0 f 4 T304 12a6 )

PAGE 6000060 °

PAGE 6500061
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SUBR@UTINE PARPMP

ARRIRRRRRRRRARRRANRRRNR AR AR AR RRARRARRRARRORRROANNR NN A NAEANRRENR

H
*
»

"

®

K

2
»

3

i

R

]

‘W

8]

R ]

R
»

.

®
»
*

W

"
»

B g

H

‘N

w

R

3

]

2

"

T R 2R 110 Y Ir I
PUMP PARAMETRIC DATA ROUTINE
UNIVAC 1108 ‘FORTRAN ¥
JoAJMCKAY D947 Be20] XuS[I78:
DATE CODED AUGUST 241971~
REVISED MARCH 1972

T R R e

AR R
222 i8R

ook R INPUT VARTABLES - & #

16GS

JKM

oLpP
WOP
RNPS

‘RHW

wh ne

#

‘-

: 1 FOR OXYGEN
~2 FOR HYLROGEN

I FOR MINIMUM POWER REQUIREMENT
2 FOR MINIMUM WEIGHT REGUIREMENT

REQUIRED PRESSURE RISE (PS1)
‘FLOWRATE REQUIRED (L6/SEC)H

.NET POSTTIVE SUCTION PRESSURE AVAILABLE (NPSPA} (PS1)

FLUID DENSITY (LBS/CU.FT.)

*h % QUTPUT VARIABLES # #» w

“TOTNU

v

E

WT
PNSG
NSTG
NPSPR

b -

PUMP EFFICIENCY
PUMP VOLUME

: PUMP -POMER

PUMP HWEIGHT

~PUMP SPEED

NUMBER OF PUMP STAGES
COMPUTED NPSH REQUIRED BY PUMP

AERRRANRERARRAERRARRR RN NANARRINARAAARRRARRARAARAARANAAR RN NRN AR

SUBROUTINE PARPMP {16SyJKMyDLPyWDP yRNPS,RHNyTOTNUy Yy E)WTyPNSGy
! NSTGe NPSPR)

"REAL NMAXoNPSPA(2) +NPSPRyNSSI9NUMX(S)

INCLUDE (CIOUNT
INCLUDE .CONST
INCLUDE DuMiY
INCLUDE 'SPUNMPsLIST
INCLUDE "TaBLOK

DIMENSION DELP{214RHO(2),5(2),%DOTP(2)
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NeReRRNY PARPMP RRARRR AR

58 DIMENSION AE(S)s+AV(5)4AW(S)

89 DXHENS!ON XM(12)9SHB(2)

60 C

] EQUIVALENCE (SCRTCH(4)#NUMX) ¢ (SCRTCH(12)+DELP)

62 19 (SCRTCH( 1t ) s WDOTP)y (SCRTCH( 16 1NPSPA) ¢ (SCRTCH{ 18] sRHOj
63 29 (SCRTCH(IY) 9 AE) 9 (SCRTCH({39) 9AV) s (SCRTCH (4L ) yAN)

64 C

65 DATA s/SOOOO.v?OOOOU-/

66 DATA XM /2,51734513¢5920¢2593,2513¢2502.0¢0247512,75¢2.003.0¢%.0 /
67 ¢ DATA SWB /50,¢3./ PB 71000,/

68 .

69 DELP(1GS) = DLP

70 NPSPA(16S) & RNPS

hdl RHO(1GS) := RHW

r2 WDOTP(1GS) .& WDP

™ pHNS = 2 o]

Ty SQT06 - SQRT (HHQ. % WDOTP(16S) / RHO(16S))

‘78 ) 1fF (NPSPA(XGS) «£Q, O0,) 60 TO 10

76 (4

T NMAX ‘= S(IGS)'(IHH *NPSPA(!GS)/RHO(IGS))"(.1§) I SGToe
‘78 IF (NMAX LT, 100000.) GO TO 20

79 10 NMAX = 100000

80 20 DO SO I=145

81 4

82 C 1 -« NUMBER OF PUMP STAGES

83 4

[:1] NSTG = 1

8% [4 .

gg{ g CALC HEAD RISE PER STAGE

gs H:2 144,%0ELP(1GS) 7 (I#RHO(1GS))

9 €
30 C ‘CALC MULYT, FACTOR FOR SPECIFIC -SPEED

| C )
ga XNS = SQTQ / Hew(,75)

3 C .
32 g LOOP 'TO FIND MAX PUMP HYDRAULIC EFF; iNUHX)
96 DINT :@ NMAYX
97 NSG = 0,

98 NSSt = 0.
99 DO MO Jsiyl0
|00 DINT = DINT 7 2.
10! NSS! = 'NSS
|02 NSG .=* NSG -¢ DINT -m. 2,#DNS/XNS
103 .CALL PUMPEF (2)
L} SD ‘= DBLE(NU(2)) '« DBLE(NU(1))
108 DINT :® .SIGN (DINT,SD)
106 NU(T) =2 NU(2)
{or IF (ABS(NSSI=NSS) = DNS) H!-HEv“O
jos 40 CONTINUE
09 4
ito 42 CONTINUE
fit NPSPR = 0,
:IZ 1F (NPSPA(!GS) .EQ, 0,) GO TO 60
13 C
1y C CALC., REQUIRED NPSP
s 4

96€T66V-DOSIN'T
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ARRRRARA PARPMP RRRRARRN

Illb NPSPR = RHO(IGS) '/ (UL *{NSGRSATO / S(16S))*w(y,/3,)
=l7 IF (NPSPA(1GS) ,GE. NPSPR) GO TO 60
18 C
‘:ég g IF MPSP (REQ) GREATER 'THAN NPSP' (AVIL) RECALC NU
Y NPSPR 2 MNPSPAL1GS) . oL,
’:az NSG -= S(1GS) / SQTQ ‘* ({u4 ,#HPSPR/RHO(1GS) yo*{¥,/4,)
cley <
tau K< RECALC NSSy,,.eNU
1 {2s c :
|26 DNS = O, )
27 CALL PUMPEF (1}
128 DHS = 2,0
129 60 CONTINUE ,
© 170 IF (U 6T, 1700,) NU = 0, .
.1 ‘TOTNU B NU/(1.4,05%(NSTGal,)/NSTG)
132 .ISTG .= NSTG
A IF (NSTG ,GT. 3) ISTG = 3
‘ !;2 c IF (NSS..LE, 375,0) GO TO 120
. 136 C FIND DIAMETER AND LENGTH OF PUNP
137 C PUMP TYPE A OR €
118 (4
139 POI = {,7 % O!
L] IF (D1 ,GT. 1.5) GO TO 100
C i PLGT ‘= 'XM(ISTG)*DI
CN2 GO TO 130
LT 100 IF (DI ,GT, 2.0) GO TO 1}0
Cjuy PLGT = XM(ISTGe3ynDY
i INS GO T0 130 .
. 146 110 PLGY ‘= XM{1STG+6Y#DY
IK}; GO TO 130
ILL] C
(49 € PUMP TYPE B
150 (&
i51 120 PDI '= 1,4 .% DI
152 PLGT ‘= XM(15TG49)*D?
151 130 IF (NSTG LUT. .3} GO TO {40
[S4 PLGT :3 PLGT ¢ DI®(NSTGe=2) / 2,
.1 {58 140 CONTINUE
- [56 4 ..
CIsT ‘CALL 'FINTAB (NTBID(22))
Ise. WB = MIPE (]401) .
159 FH = (WDOTP(I1GS) '/ SHWB(I1GS))*n(,2%)
; :20 ‘P MNPSPA{IGS) - DELP(1GS)
\ < )
‘ ::2 g CALCULATE PUMP WEIGHT
3 )
|64 IF (NSS ,GT, 375,0) GO TO 150
T Y 4 ,
. {68 C PUMP "TYPE B
1Y C
- 168 w1 =z ,08
169 WH =z ,38
L 70 WS .= NSTGw*(,75)
o In GO 'TO 160
172 c

Ty ¢ PUMP "TYPE A OR €
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RN RRRNE

1Y
175
178
7T
178
179
180
8|

~NO U £ WN—O 0 D~

210

naAn Aann

PARPMP

[aNaYs]

nnNnnNn

150

160

S0

200

210

220
230

RERRRERR
Wi = ,IeFy
WH = . ,8%
WS = |,
WI 'S WIANSTG*WB
WH 2= WHYWBRNSTGR®(],/%,)
NS ‘2 WS, ISHWBRP /PRAFY
WT = Wl ¢ WH ¢ WS
CALC, PUMP yOLUME
VS L 25%PI*PLGT*PDIwPDL
' CALC, -PUMP POWER

E = WDOTP{IGS)}*H®NSTG / (550.,*TOTNU}
AE(1) = E

AV(1) \

AN(I) = WT

NUMX(I) = "TOTNU

CONTINUE

XMN = | L,E}0

DO 230 K=19§

GO TO (2000210 +JKM

FOR MIN. POWER REQ,

IF (AE(K) .GE. XMN}) GO TO 230
XMN = AE(K)
60 TO 220

FOR MIN, WEIGHT REQ.

IF (AW(K) oGE. xMN) GO TO 230
XMN = AW(K)

NSTG .. K

CONTINUE i

E = AE(NSTG)

V.2 AV{NSTG)

WT ‘= AV(NSTG) .

TOTNU = NUMX(NSTG)

PNSG ‘= NSG

OFF=DESIGN PUMP PERFORMANCE

RETURN
END
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SUBRUTINE PFND

Cooove
e 00

|
SUBROUTINE ‘PENDITD P}

COMMON ' /RFPR/ ‘RF(10)
COMMON /CEOS/G(u4l)

TCOHHON /SCRH/ B(40Q)
'TH!S ROUTINE CALCULATES PRESSURE GIVEN TEMPERATURE AND DENSITV

FROM THE EQUATION OF 'STATE
l

R=RF (%)
D2=0%D
DIz=DawD
D4=D3*D
DS=0y+D
D6=D5*D
D7=D6%D
D8=07*D
09=Dg*D
DI0=D9*D
DI1=D10*D
Di2=D} D
DI3=D|2#D

‘TS = SQRTLT)
T2sTey
TIzT2wy

TUSTInY
GHM=G(4))

F & EXP{GM*D2)
B{ 1)=D2*T

B( 2)=D2*TS
B{ 3y=D2

B( 4)=D2/T

B( S)=sD2/T2
B( &6)=03*y

8( 7)=D3

B( 8)=03/T

B¢ 93=DI/T2
B(10)=0y*T
B(11)=0y
Bll2)=busT
B(13)=D5
B{I4)=D6/T7
B(15)=Ds/T2
B(16)=D7/7T
B(17)=D8/Y
B(18)=08/72
B(19)=D9/7T2
B(20y=03*F/T2
B{21)=D3I*F/TY -

B(22)205F /T2

R(23)=D5*F /Ty
B(2Y)=DT#F /T2
A(25)=DT*F /T3
8(26)=D9*F /T2
B(27)2D94F /Ty
B8(28)=D1 |#F /T2
B(29)=D I*F/T3
B(30)=D19+F/T2
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58

PEND

2311321 L]

B(I1)=DII*F/TY
B(32)=D(3%F/TY
N=32

P = 0,0 -

DO I I=fN .
P=P+B{1)%G(1}
PP +RADAT
RETURN

END
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SUBR@UTINE PFNDB

SUBROUTINE PFNDB(TB,0B+PBj
COMMON /RFPR/ RF{10)
WTZRF(7)

T . = TB/1.8

D = DB % 457,59237E«37 (KT ‘* 2.831684TE«2)

.CALL PFND(T,DsP)

PB = P % [ ,01325EC45/6,894TST2E+3
RETURN
END
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SUBR@UTINE PHIB

SUBROUTINE'?HIB(DBOCVBQDZBoEDB)

CALCULATES 'THE ENERGY DERIVATIVE FROM THE EGQUATION OF STATE 1IN
BRITISH UNITS

MUST FOLLOW CALLS OF PROPB+CPVTDB4AND DPDTB 'TO DEFINE DBy CVBy o

D2 : .
INPUT AND oUTPUT PARAMETERS' ARE IN BRITISH UNITS

ANRAANNAA

v = 1,0/08
EDB=(VR/CVB)*D2B
RETURN

END
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awadwann  SUBRGUTINE PHTHEN

SUBROUTINE PHTHON(TEMPsDENS NGASePHIyTHETA)

T
2 4
y COMMON /METH/ M :
4 € ,
5 c INPUT' T0 ‘THIS SUBROUTINE MUST BE IN BRITISH UNITS
[ ‘6 (4 .
Lo T2 TEMP
'8 D = DENS
9 M=
10 ¢ :
RN IF(NGAS,EQ. 1) KF = 1
S : IF(NGAS,EQ. 18) KF = 2
3 1
Iy ¢ KF 2 | -CALL IN OXYGEN PARAMETERS
s C KF 22 "CALL IN NITROGEN PARAMETERS
6 c .
o IF(KF.EQ,1) CALL DATAC2
IR IF(KF.EQ.2) CALL DATAN2
19 ¢ .
20 D1=DPDDBT+D)
21 D2=DPDTB(TYD)
22 CALL .CPVTDB(TyDyCPyCV)
L2y CALL ‘THETAB(DsCPyD4D24SKI)
2y THETA = SHI
bo2s c ,
26 CALL PHIB(DyCV4D24ED)
27 PHI = ED
. 28 c
29 RETURN
10 END
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SUBR@UTINE PREP

SUBROUTINE PROP(TyPyDeKoHyS,Usl)
COMMON /CRPR/ CR(3) /METH/M

Ceeee GENERALIZED PROPERTY :CALCULATOR

Ceseo ROUTINE CALCULATES PROPERTIES FOR FOLLOWING INPUT OF K

(2 XaXaka¥ala¥alaXaNaalaXaXaXaXaXakaFaYa¥aakasXalaXal

1 INPUT IS T 9. P PETURNS Do He Sy ¢ U

2 INPUT IS T ¢ D RETURNS Ps Hy Sy ¢ U

3 INPUT IS T RETURNS Py Dy Hy Sy ¢ U FOR SATURATED VaAPOR
L] INPUT IS T RETURNS P+ D¢ He Sy ¢ U FgR SATURATED L1gQUID

sees NOTE ALL REAL VARIABLES IN CALL STATEMENTS TO ROUTINES ‘IN

‘THIS PACKAGE MUST BE TYPED IMPLICIT DOUBLE PRECISION
(A=Hy O0=1)

vess NOTE 'THE FIRST 'CALL STATEMENT IN THE USER'S MAIN PROBRAM MUST

BE TO A DATA INITIALIZATION ROUTINE
EXAMPLE CALL paTAO2

veve NOTE ‘THE METHOD OF PROPERTY CALCULATION 1S OETERMINED By THE

VALUE OF M CONTAINED IN COMMON BLOCK /METH/M

M=) INDICATES PROPERYTY CALCULATION TO BE CARRIED OUT BY
‘CONTIMUOUS INTEGRATION OF ISOTHERMS THROUGH THE TWO PHASE
"REGION

M=2 INDICATES PROPERTY CALCULATION IS INTURUPTED AT THE 'TWO
PHASE VAPOR BOUNDRY AND THE CLAPEYRON RELATION WITH THE
VAPOR PRESSURE EQUATION IS USED TO CALCULATE THE LATENT
HEAT, INTEGRATION Of ISOTHERMS 1§ CONTINUED AT THE
SATURATED LIQUID BOUNDRY

PC=CR(!)
DC=CR(2)
TC=CR(Y)
IF((K,6T,0) ,AND, {K,LT,S)i60 TO I
HRITE(b 300)K
300 FORMAT(' ®#%% ERROR IN CALL PROP #%wi,/,
. ' K MUST EQUAL 142¢30 OR 41y /,
N ' K = '110)
RETURN
I IF(K,LT,3160 TO 3
IF(TLLE,TC}GO TO 2
WRITE (630137
30! FORHAT(I kwk ERROR IN CALL PROP #*%wi1,/,

. SATURATION PROPERTIES HAVE BEEN REGUESTED',/,
. ' FOR A TEMPERATURE TAMT EXCEEDS "CRITICAL'y/+

' T = 1,615,5%)
2 PzveN(T)

IF(K.EQ,3)CALL DFND{TsP,De2102)
IF(K,EQ,4)CALL DFND(ToP,DsZ1ol)
GO 10 4.
3 IF(K,GT.1)60 TO 7
CALL DFND({T+PsD+21,0)
IF(T,GT,TCYGO TO §
] IF(D;GT,DC)GO TO 6
5 CALL VPROP(TsPeDe3eH¢S1UyZ)
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AN NARIE

i 58
59
60
61
-62
6y
L]
i 65
.Y
6T
68
69
T0
v Tl
T2
‘73
il
78
T6
77

PROP ARRRRRNR

RETURN

6 IF(M,EQ.1)60 TO S ..
CALL LPROP(T+P9D239HsSIU;2)
RETURN

T IF(T.GT,TC)GO TO 8
VPZVPN(T)
CALL DFND(ToVPaDVy2242)
‘CALL DFND(TyVPeDLyZ24 1)
IF(D,GE,DL)GO TO 9-
IF(D,GY,DV)GO TO (O ..

8 CALL VPROP(TPyDrloHeSIUs2)Y
RETURN

9 IF(M,EN,I)GO TO 8
CALL LPROP(TePeDolsHySeUy2)
RETURN

10 VL =" (,0/0L
yv o= 1,0/0V
v = |.o/°
X=(VeVL)}/(VVaVL)

CALL VPROP(TyPeDVyleHBVeSYUVs2V)y
IF(M,EQ,2)G0 TO !
CALL VPROP(TePyOLs 1 oHLYSLsULY2ZL)
GO 10 t2
11 CALL LPROP(ToPoDLe loyHLeSLyULeZL)
12 HSHLeXR (HY=HL)
S=SLeX*(SVeSL)
UsULeX* (UVaUL)
= It
RETURN
‘END
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Q?wf*at' SUBR@UTINE PRE@PB

SUBRQUTINE PROPB(TBvPBoDBvaHBvSBvUBle)
COMMON /RFPR/RF(10)

P = PB%.6,B94T5T2E41/1.01125E48
= DB * 453,59237E=3/(WT * 2.8316847Ea2]
CALL PROP(T'PvDoK’H's'U!Z’

AL WM =0 0RBdCNL W —

2 PR ] ,01325E45/6.8947572E+3

DB = n-w wT * 2,8316847E«2/453.,59237E=
! HB .= H % 453,59237/(1,0543502E+3 * WT)
| UB = U ® 453,59237/(1.,0543502E¢3 = WT)
i SB = S:% 45Y,59237/(1.0543502E43 % 1.8 % WT]
I 28 = 7
] RETURN
! END
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FUNCTI@N PSATH

101

to2

1oy

FUNCTION PSATH{PRESS+HGyHL)

DIMENSION R(l9)vTL(l°)tTG(l9)tTF(|9l

DATA R/1.,022¢12,004.0¢8¢0¢14,0025,0¢43.0+69,0¢99, 0¢128,00151,00
11651176401 182409185:0018645¢187:259187,46875¢187,506/

DATA TF/724,845,
227.07!29-8]v11.07016.l8039 95rUU. 12948, 3305].9705“.79056.72.57 80
358.57¢58,99959,18159.29¢59.94959.753059,356/

DATA TG/60,31¢65, llv?D .59
H9T6435980098085.11987040986.541B81+940¢TUs15064.8Y956. B6vu7.3hv39 L1}
S133046028,34122.71918,66416,55/

DATA TL/’I’Z B8ral29,139a12U,25¢=117.79
6r=110.86r2101+3+=89,041aTY4, 221a58,580=43,439030,0T9u20.560=11s130
Tulo 2T 1ol T5.54010,83114,29¢16436/

P=PRESS

IF(P4LT.1,022)P=1,022

1F(P.GE,187,506)P= 187, 506

DO 104 I=2419

IF(P=R(I))102¢104y 104

HL=TL(T)

HG=TG(1)

PSATH aTF (1}

RETURN

D=R(1}=R{1=])

PRR=R(I)=P

PPR= P-R(l-l)

HLE(TL(I)Y*PPReTL{I=1)*PRR)/D

HG=(TG(1)*ppR+TG(I=1)*PRR) /D

PSATH =(TF(1)'PPROTF(I'|)'PRR)/D

RETURN
-OHTINUE

RETURN

END

1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
18yl
1842
18413
1844
1845
1846

1847

1848
1849
1850
1851
1852

000!

Q002 -

0003
0004
0008
0008
0007
0008
0009
oolo
aolt

pot2
0011
001y
nots
0016
0017
oot8
0019
0020
0021

0022
0023
0024
002s
0026
0027y
0028
0029
0010
0031

0032
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I I PTDENS ARRER AR

58 DATA AD /5.03?v5-llz»%.lﬁ!.u'elbvu 010r4a 99Uy, 9980“.

LT 167604, TEY 4, 248U DS ) 4,533,3,880,4,00U,4,2U6,3,442,93,743,%.958,2,
60 2953+3, 36lv3 6?]'2o43l92 975+ %, 107v2.09!v2 6'603.0020!.30“72.109'2,
61 36980 1.58892,05902.U62¢01,U2%114085602022691029¢1469102.,05601,18741.,
62 uss5Se |, 8869!.'00!! Yt loTSUs 140260103041, 639¢,962791.262¢1.5460,9
6% 5076014189 1,45% BeTH2944853r4,94695.03114,43004,58404470904,816
.1} brY 024 94,270 U uiTr4e55813416513, 7780H.0§00H.2h8-|.H3012.988v3-§°5
65 T+3.880 «e02339,5581¢1,18991.804vme015¢e503001,0%¢1( ssav-.0099'.
66 8H59lv.9H§y|.H23»~.0065'.H23|v-86l8v| 2931=,0042043928947% 301870
61 GmeD0259436690aT3TT1 10l 0wy 00151 I4NSr o688} 40269m,0007r.3249/
68 DATA AE /eb64831¢962T1400010430751,61209.9078/
69 DATA AF /'00770“'.02968'.l3070.238“;-.067860.022620.|
T0 P14 9,207 9=, 0606604020229 101894 184lra,054BUy.01828¢.09179¢4165%w
dl 24050049 .016689¢08361+15081=,04602¢40!5342.0T67T9,(383¢ 3.887¢3,.9
‘T2 38614, 105y TeHUTII6H693e70202,91003,22603.44292,32302.76093,051+1,.8
Ty U5 T 92631 T02e6T0r 1454971 69630203269143%0 1470192403501 618%1e49T01,80
Ty 5Ly 2785911030901 485T1.868640 o106 o540 ebiUlved6890]14349.558]10,8
15 6T359],189%, 16751435240, 55T70078599 0153000 3178B0e49550.68649.1409
T6 ’ ‘7.2902vvhq79v.61“170l307v.267Hv.H|27vt558|' »e0322894032241.09858
77 BelbT59ee 0297429402971 90090430415390,0275619402T54¢408359041409%¢=,0
T8 9256809,025681.078199413077
19 DATA AG /102260148070 2:32902.6TH02, 9|0| 0521, UBI'I ]
80 1H1926732692¢61614937811427%0 1465612, 0'9'20123'.3526".|“|"0“56'|0T
81 27“!2.089v.78590l-OU7'|-3090|0583'| 85Ty «09975¢.20849.32799.4601046
82 15078479 986U 1422690094780 «19629:30630,U42640,55859,7052+.86930
8y Ui 052’-0898|v.IBSS'.ZB78v01977O.§I6H|-6U5l!o78§l0.?388,.085°00.l76
8y B e 2T T7ee3TIHeolBITroS9T210T2071.85261408199%041675¢,259994352L09.455
85 6005577 9e6T181oTB5Fy  wei93640,0193&1,058881.09975+~.0175589,0175
86 7394053231.08981¢=s0161Sr,016110.04882+.08199, 3,304¢3.U422¢3,5U1}e
87 83.659!3.777!300““!3.290'3035003c972'?.66702&7“003.l0203.30“v3o“9°0
88 930551'20122'20880'3||H|'303|§'3;““7"086‘02062"2.959!3.‘70'303|1/
89 pATA AH '/1e55102:¢329¢2¢760034014¢3,17%91,358¢2.0450
90 12 wava.aqaya.oqq'l 2269 14B0792432%90746T492,910/
91 DAT AT 746295924292 T7c602,84992, 937+3.005¢7, 06'03 !
92 ".’ IS?V? |9|'3 2270’0259’.9’}80‘0076'|0265'lar)99'2.202'2' )06'2 6%
93 2992¢7681248512491812:97693.026048297949201403001,15%01.322¢1.5420
9y I1eBIG12419612075692,50912461892.70991075909¢83230,912101.00010}0103
95 H1e220v 1035911520 1,710 1e91602.10602426790705%30,76700483264,9039
9 5.9807v|.0660|ol601| 2659 143830145130 01¢65501+8030,66210,T161¢,772Ry
97 6.813!v.89161.9656$|.0“0v5.120!! 20691029991 .400¢1,5070.62591.6TU4%,
98 7.7250v.7780v.83379.8927v,95370l'0l9v|.089.l-lb?cl.ZHEvl.?ZSo.%?Hl'
99 BuabY 12906883147 3551078261,83721489211¢9469¢1,005¢1,07001.13501.200/
{00 DAYS AJ/= e 000TH 9o 04BUG 14098549 ,09,00=,0007879,0402%s.
1ol 1084661 413150019151 2,0004379,033939.07032¢+10979415%49=,0002579.029
“lo2 2419406027 94092781412759,000177¢.02599+.05289¢.0808+41098+-,000122
-jo3 39402330, 0472+00T 7710097 14+we0000839002112v.04266¢,064650.0871% .
jo4 Y0000659.019320,0381094058889407930e  0era01172¢4027630+,000111+,00
ios 597364.01989+¢000059¢¢0081549¢0164B+=0000036940070219+01414¢=,00002
8¢ 6490061 6671,01240m,000015,,005498+,0110y9=,000011,,004942+,00995u0e
jor Te0CR00%9 4004521 94009063 92e00000T900UISI1400832192,0000229+0038460
108 8,0077i5/7
{09 DATﬂ AK/, |66Hv-2q800-'0"0.00-9-|“69v.2413vo3197v0ay0ov0-vcl1|5'
0 o210 1T0e3091 9042330453180 0000189500890 90268N903626024B11v.61150

1 20109890 i T1Tre24000e31669,405011451240el0iTre15780421830428410,3568¢
2 FeH38Ty o 0TUBEY L (46T1,2009102592943221039031,088929,13TTe.186S9.2407
3 00-2950.156§v.57|20-7270.9725000oO.vOoo.Sl!ho.bSSOv.aslkol.llévo.o

[N 5009 eHT559,582T9073299496040 14252014 Tl80.H3870o531?0,6“77v.799“’!-0
3 66841 o534 UiUSy 49569959 4rT0609:8535+1.08214390%0,46539,5491 0,64
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LT PTPENN PTDENS RARRARRR

TYTreTSTS 189850 63T 043990 05151+05986926928¢,80200,956500418) .48
8981561694648 T0eTISB140889294186%5¢ 029500418 reS6160,7589,083730,1
97404273 043822005044 90843T0 007931016490 ¢256200384S0eU610y,5814/

GGg-d

hﬂ—choﬂ-{@dL‘an—Q*ﬂ@-!0Jl:dﬁh—°~°@~l@d\Iuﬂv—crom-i@dhtﬂhh—d*om-JO

e e e e o i ot e e A S e e S S S e . S e o o e e e T o o . o e o S e
COCrANNNNANANNEL ELLLELLELE DB DS DD DD WIS TO N I =e == =

I3 ecoooe
N—COBICNE

|

P=PRES .
1F{P,LT.1,0) P=1,0
TETEMP _
IF(T,LT7,180,0) 6O To 8
IF(7.,GE,1300,0) GO TO 4
IF(T,GE,490,0) GO To0 .2
IF:P.GEQBOOQ) 60 T°'|
N=

G0 10 3Y

N22

GO TO 33
1F(P.GE,300,0) GO TO ‘%
N=9

G010 313 .
1F(T,GE,2500.0) GO 'TO -6
IF (P.GE,100,0) GO TO S
Nz6

GO T0 33

N=6

GO 10 33

6 1F(Y,GE,5000.0) Ta4999,99999

10

R
k]

1F(P,GE,§0.0) GO TO 7T

T2224,8440,00317*P
IF(T,LT,T2) T=T2
[F{P.LT.881,78) GO TO I{
IF(P.LT.2645.,28) GO TO 9
Nz 9 -
G0 10 33 .
;F1P.LT.IH69.6)'GO'TO-I0
=10

G0 T0 33

Nt

GO T0O 19

ﬁrtz.ce.so.g)fco'ro 1y

1F{P,GE,187,6385) GO 'TO 33

DO 12 122420

IF(RePS(I)) {3 13912

"CONTINUE

1=20 o . X L
THZTS(1al}4{TS{T1}aTE(Tel}1n{PaPSITat)}/(PS{1)aPSiLal})
IF(T,GE,TM) GO TO 24

G0 10 33

1F(T,LT,108,0) GO TO {6

IF(P,LT,£32,264) ‘6O TO 18

NE(3 i

GO 'T0 13

Nz Y

GO TO 33
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LA 24 0l d]

17Ty
{75
176
Irr
178
179
180
181
|82
183
{8y
|8s
186
187
jes
{89
190
191
|92
193
19y
19%
196
st
198
199
‘200
201
202
201
204
205
206
207
208
209

n
o

VOO o R
@O E -

PTDENS  Ashwdasne

16

17

19
20

2!

22
23

24

25

26

27

28

29
33

!FEP;LT.SBT;BM) G0 TO0 7
N=iS ’

GO YO 33
IF{T,L7,72,0) GO TO 2%
IF(TLT.864%) GO TO 20
IF(P.LT.293,92) GO TO 18
Nzl6" |

GO T0 N

IF(P,LT.73.48) GO TO |9
N=IT

GO 10 3}

N=18

G0 10 33 | :
IF(P.LT,297,92) GO TO 21
Nz1(9

GO T0 33 |
IF(P.LT.36,74) GO TO 22
N=20

GO T0 3%

N=21

GO 10 33 L.
1IF(P.LT.293,92) GO TO 24
N=22 '

G0 TO 313
1F(P.LT,180,0) GO 'TO 25
N=23

GO T0 13

IF(P,GE429,0) GO 'TO 27
IF(P.LT.2.9392) GO 'TO 26
N=2u4

GO T0 33

N=29

60 10 33 |
IF(T,GE.64.8) GO TO 29
IF(P,GE,102,0) GO TO 28
N=26

GO 70 33

N=27

GO TO 33

N=28 .
FP=(P=BP{N))/0P(N)

1P=FpP

IF (1P, GT MX(N) ) IPBMX(N)

Fl=Ip
F2FPaF!

FP=y0=F
FT=(T=BT(N) J/DT(N)

1T=FT

Fl=lT

FF=FT=F1

FTel,0-FF .

ISIToJP (N)+IP4LOC(N)

JET+JP(N) _ , . . . .
;TDENS=FP'FT*R(I)+FRFT'R(!0{)OF"FP'R(JDOP*FP'R(JQl)
ETURN

‘END
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AWARERAE

OWACNELN —O CDNPNE SN—

FUNCTI@N PTHEAT

20

FUNCTION PTHEAT(PRESyTEMPyKTRANS)
COMMON/SPHEAT/CP(823),CV(827)
DIMENSION LOTI2I) e 0P LIS) o MRIIT)IeBPLITY4DP LIV} eBTI2Y) 4DTII9)oPST12)
1eTS(12) ¥ TL(10)
DATA; PS/I.022'2.910.'8.'I'J.vZ‘inU'!ué’.ﬂQuthvl‘lovlboo/ .
DATA TS5/240845027¢07029.81033007+36018039¢%60U4s12148.3315(1.97¢
154,7945647295T, 46/
DATA LOC/|o50eTIol 13013390410l T001865r228026493480372,4269492,528,
ISBMv626v638,739v65H1682v69Uy7l8/
DATA JP/?o?vva'z'N'9 9vu'7pﬂv906o6'70702'2v5/
DATA FX/50194130002902049295920T0%949595¢0¢00%/
DATA BP/0,920.¢0491000¢9100,0=1000,90469,6104¢1469,69587.84+587.84
Fe0.9100491004940,9406004904014/
DATA BT/2600492800092600¢12600¢¢8004¢3000¢120e0$20¢925¢ 2'27.'720'
18149254956412640U1¢935¢¢25,92600495000,+5000,+50004950004/
DATA DP/5,140¢920001 10004149604 92000008175:680293:9201175,68¢
"“6'96'|“6096'7‘v”8'|°°cv|00l'20.02°0'“00'“°0'|0[
DATA; DT/HOOO'HOOO'“000'5000'6000'|0°0"°o"0|"206'9.".6'9005"
1SetHerB8erl,98,0200,/
DATA TL/2Y, 8“6v27.|75!29 3100314299933, 176994.962+36:672+38,317%
139,904,456/
P=PRES
IF(P.LT,!,0) P31,0
‘TTEHP
‘KTR=KTRANS |
IF(TalT,126,) GO TO 9§
IF(TeLT.2600,) GO YO §
IF(T.6E.6000,) T=5969,99999
IF(P.GE.100,4) GO TO '3
IF(P,GE,30,) GO TO 2
IF(P,GE.5,)6G0 TO :20
N=19
=19
GO TO0 I3
IH]
Niz=20
GO T0O 1
N=2 .
Ni=21
GO TO 33 )
IFgP.GE.Iooo.) GO YO §
N=

Nt=22

GO TO 33

Nl

Ni=29%

GO 70 31
IF(T.LT4300,)30 TO 7
IF(T,LT,800,}60 TO &

N=§ -

G0 70 13

Nzé

GO T0 W)

IF(PLT, 14695 6j GO 70 8
Ns7

G0 'TO 1

Nz=8

000!

0002 -

0003
0004
000S
0006
0007
0008
06009
oclo
oot
oot
ool
ooty
001s
0016
0017
oois
00119
0020
0021
0022
0021
002w
002%
0026
0027
0028
0029
0030
0031
0032
0033
0034
0013s
0036
0037
00138
0039
o040
ookl
oou2
0041
004y
oous
oous
oout
oous
ooue
0050
0051
0052
0053
0054
0055
0056
0057
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RANRR RN

58
59
60
6i
63
64
65
66
67

PTHEAY

AR ARRR

GO T0 I3

T IF(PLLT.58T.84) GO TO 12

IF(PLT,1H469.6) 830 TO 10

N=9

GO T0 30 ) . ]
IF(S.LT.toaa.?Z.AND.T.GE.TZ.O.ANo.T.LT.9o.0) G0 To 11
N=1

G0 YO 30

N=tY

GO TO 33

IF(T.LT.,81,) GO TO 13

N=12 )

G0 70 33 -

IF(P.LT,1604) GO TO IS

THR{(+B686TOYTE=T*P =0 [261370IE~3)*P+.10353383)%P+43,8056878

"IF(T,GT,TM) GO YO Iy

1y
1S
té
17

30

kR

NzI3

Go To 30
RERR

GO TO 33
DO 16 1z2y1
IF(P=-PS(]))
CONTINUE
1=|2 ‘ . . . L. . -
TH=TS (Ll }4{TS(1)=TS(Inl )% {P=PS(1al))/{PS{1jaPSttali}
IF(T.GE,TM) GO TO I8

N=1S .

IF(P.LT,40,) N=I7

G0 TO 30 :

N={6 o

IF(P4LTeU40,) N=18

GO TO 33

F=P/587.8Y4

1=F

IF(XOGT|8) I=8

Fi=1

FaF=FI . . .

TA= (1, 0=Fy*TL(I+0)}SF*TL(T32)

IF(T,LT,TQ) T=TE

!F(T.LE.'SOQQ.HH:N

FP=(P=BP(NY}) /0P (N}

tp=Fp '

IF (1P GTyMX{N)) IP=MX(N)

FlzlpP

FaFPaF!

FP=! ,0=F

FIe(T=BT(NI))}/DT(N)

IT=FT

Fl=17

FF=FTwFI

FT=1,0=FF

1S1T*YP(N}+IPLOCIND)

J=1edPIN) |

IF (KTR,EQ,2) GOTO 37 . ) i
CTCPFPAFTACP (1) ¢F*FTACP (141 ) ¢FPRFE*CP (J)#FRFF*CP(Ja1})
IF{N,LT,13,0R,N.GE.,1T) GO TO 36

IF(NLT.IS) GO TO 3%

2 .
I7e17216

CTCP=CTCP/(187,506=P¢ABS (T=TM)#28,13)

1360
1361
1362
1363
1364
136%
1366
1367
1368
1369
1370
1371
1372
1373
1374
1378
1376
1377
1378
1379
1380
1381
1382
1383
1384
1185
1386
1387
1388
1389
1390
1394
1392
1393
139y
1995
1396
1397
1398
1399
1400
fuol
1402
14013
fuoy
1408
1406
1407
1408
LTLE
tulo
1utt
1412
jutry
144y
lyls
1416
1417

0058
0059

0060

0061
0062
0083
006y
006%
0066
0067
0068
0069
0070
0o07TI
oorT2
0073
0074
007S
0076
0077
0078
no79
0080
0081
ona2
0083
008y
008s
0086
0087
0088
0089
0090
0091

0092
0093
0094
009%g
0096
0097
no9s
0099
ol100
0101

0102
0103
0104
0108
0106
0107
0108
0109
ottlo
ot

oli2
[IRR}
o1y
olts
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|
|
'

ANRANSND .

¢ty - — e A — — — g v

NN RN — — =
LW =0 0®4o

‘PTHEAT

15
36

37

AR EANDN

60 Y0 16 . L,
CICPRCTCP/{ABS (T=TH)/1,844BS (P=-187.506)*,008008982]
1F (KTR,GE,2) GO TO .37

PTHEAT=CTCP

RETURN o . -
PTHEATZFPAFTHCY (1) 4FOFTRCY (141 ) sFPRFFRCV{JjoF*FFOCY [ Jol)
IF(KTR.LT,3) RETURN

PTHEATEZCTCP/PTHEAT

RETURN

.END

1uis
tu{9
1420
tu2t
fy22
1423
fu2y
1u2s

-fu26

427

oile
oty

oils

oLle
0t20
0121
0122
012)
otav
o128
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ARARRANE SUBR@BUTINE PVAP@R

SUBROUTINE PVAPOR(TsI¢P}
GO TO (1929392eS90pTy00Ty10030b2e12,1Uy15,16),1?
1 P=EXP(12,04=1519,/T)
RETURN . ‘
2 PZI0.%%(2,9307=T79.821/T4.011628%T)
RETURN . .
3 P = EXP{I1,63=1374,/T)
IF(P,GTv200,) P & EXP(13,49=1763,/T)
RETURN , .
S P 2 JB2SWEXP(11463=13T4, /T4 ITS*EXP(12,04«1S194/2TYy . .. .. ..
IF(P,CT,200,) P = ,825%EXP(13,43=1763./T)+, [7TSEXP(12.0u=1§19,/T)
RETURN o
6 P = EXP(11,83=1839,/T)
RETIRM )
T P 2 [0,%%(5,73=1050./T)
RETURN .
10 P = EXP(12,3579~3168,7/7)
‘RETURN
12 P = EXP{14,45~5090,/T)
RETURN
13 P = EXP(16454098a7,3483%{1000,/T))
RETIURN . .
23 14 P = EXP(13,4055=6,65%(1000,/T))
24 RETURN .
25 15 PLOGHM = 'T,4837=1.8%[197,/T
26 P = J0193Ur(10,#*PLOGMM)
27 RETURN )
28 16 PLOGMM := 8,2875=1,8%1996./T
29 P = ,01934* (10, 4*PLOGHM)
30 RETURN
3 END

U A e — e e e — e
N-OOOICNTWN OOV AL W~
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BNENESN—OC VRGP NE WN—

SUBR@UTINE RHALIQ

SUBROUTINE RHOLIQ(T»1¢R}" :

GO TO (1429302¢5969796479100301201301U015416)1
R 2 62,43*%(1,6983=,0074)8+*T)

RETURN

RZ18,25132T=1,4162T15#T4,058929935nTFaT~e00121 3THBHG6#TATHT 4

12140 TEE NP TANY o 4B I TIETATRRE
RETURN o

R 2 135,8864=,272046%T
RETURN

R 2 |29,5e,25%T

RETURM

R 'z 38,78+,0589%T

RETURM .

R = 134,45e, 69#T

RETURN , ,

R 2 62,43%(,76188=,000978*T)
RETURN _

R 2 62,4153=.04611397

RETURM

RS 131,336=.077952T

RETURN

Rz 73,374=,03218T4T

RETURN .

R 2 62,43%(2.805909~,0019uyT)
RETURN

R 2 62,492(1.2521%=¢00045I%T)
RETURN

END
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Whhkahddn

CRICAF WM —~Q DD ~IONE W —

SUBR@GUTINE SPHSEG

aAn A A n

SUBROUTINE .SPHSEG (PVOL,RAD,M)
INCLUDE ‘CONSTyLIST
DIMENSION Y(3)

CALC, VOL, OF 'TOTAL HEHISPHERE

TVOL '= '‘P120% * RAD**3

GO TO 70

0o

ENTRY 'FOR ELLIPTICAL SPHEROID
RAD ALONG AXIS OF ROTATION

ENTRY ELIPSG (PVOL+RADsRPDsH)
‘TVOL = PI203*RPD*RPD®RAD

T0 IF (PvaL.

H = 0,
RETURN
80 CONTIN

+NE. 0,) GO TO 80

XM = PVOL / TVOL
IF (XM ,GT, 0,) GO TO 90
WRITE (vaOOZ) XM

RETURN
90 COMTINUE

PHI3 .= ACOS (!,0=XMj '/ 3.0

DO 100 I=

193

X1 = 1 = |
¥Y(1) = RAD*{1.0 ¢ 2,0%C0S (PH13 & XI#P120%))

100 CONTIRUE

DO 200 I=1+3

1
IF (Y(Iy
200 CONTINUE

«GT. 0. +AND, Y{1)..,LT., RAD) GO TO 20

WRITE (6¢+1000) ¥

RETURN
120 H = Y(K)
RETURN

(a¥a¥a)

FIND HEAD IN CYLINDER

ENTRY CYLHED tPyOLeRAD,H}
H = PVOL '/ (PI*RAD¥RAD)

RETURN

nAan

CALC, HEAD IN FRUSTRUM OF 'CONE

‘ENTRy FRHEAD (PyOL,RTOP,RBOT¥HGToH)

RBMT = RBOT =« RTOP

VD= (PI1/3,0)*HGT/RBMT*RROT*RBOT*RBOT -« PVOL

H = (PI*RBOT*HGT=(3,0%(pI¥HGT)##20RBUTRVDYRw{1,/3.5) /-
I (PI*RBNT)

RETURN

A An

RAD ALONG Ax1S OF ROTATION

.ENTRY -CYMSPH (PVQLsRAD¢RPDsH)

TO CALC. HEAD IN A VOLUME BETWEEN A CYLINDER AND

96€T66V-DSIN'T
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LAl 2110 3

SPMSEG HRRAAA NN

< SPHERO1D
D = 3,0°RAD®RAD*PYOL / (PIWRPO*RPD)
Wiz RAD «» (RAD*%3 & D)¥%({,/%4}
RETURN

c1000 FORMAT {1gV 10X TCOULD NOT FIND H £OR HEMISPHERE' 3FI8,u/}

§002 FORMAT (0% JOX YERROR INPUT TO SPHSEGH FIS,7)

END

96£166V~OSWT
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BLOCK DATA - SPHTDA

BLOCK DATA . ) . . L
COMMON/SPHEAT/ZAA(I11)¢ABI I 1) sACIINL)oBD(ILI)oAE(1I6)0AF({112)s
TAG(I 1)y AR(40)y | . . L e , R
2 ATCHTO) wAQCET Y ARLTI Y e ALCTTE) oAMCIE6)0ANCTI2) 2AO(TTL)
AP (UYL) A )
DATAAA3,80493.79693¢7%4 13,794 ¢3,79393,793¢3,79304,025¢3.951+93,9317
193¢931903,92T93492493¢72204.65504:.259 U, 18UoLU,15sU, 130Ul iToU.10Te6
2,H49595,03204,755¢4,69204,55994,5094,472410,98¢6,83996,054,5,706,5
J4H9895435615,252020,06010s4898.6469TeBIHPTo35¢T.0216,7T76935,35016,
M8 1341811550 10s5819¢91919,42993079303479203.79213.92493,91T703.9
Sl o e T o076 He0599NeS 11,3599 4,29B05.3694,93104,75T7¢7.02896.027

615062099361 7923r 7103930793037 1903e7901¢707919030791037993.91693

Te91¢3.90813490793.50593.905+4+07504,04F14.031¢4.025¢yH44022¢4402744)
BOIU 269U 1920 LafT2eHe 16194, 18394, 9T304aBB8 oY, UBTILH MO PH,I6F04,34
9696.0305,21 949204 7F 114, T1514,T7590T709706,27605,692¢5.433¢5,279/
DATAAB/S4 173930790 30T70¢34789134789¢30T8994,02s4e014e401194,010u.0
10BrUe3U6 442004, 2051462504, 2495. 1T U121 4T06e U, T260U. 679934723
251 1934504913,50703,62493,622934792¢r30T899 34 THY M, 106¢H429T 94,6403
306581 3,84293,961914,01513,53793,63793eT08934749¢3,479+3.535¢93,579¢3
Ye60893446113,U49513.52313,5421 304619304 TB23.UUITE)192.5B692.981¢2
5039673.69373.80693.78593,4349318T7¢3.03692,86193,08993,309¢3,U9891

606289366339 3.6H4+ 705011303790 7029303U29TeHTUHPI5B8UI3,67T03,73T03.8¢
T3eTUU93,681934519903463393073813,82613¢903+3,957+440304.041¢4.015¢3

BoTUUP 48380349219 Fe9TUINCO U ITIPNa22T9Ho2H8v . 2U393.87T93,95) 04,
G018 I 0T T ot e i3I H el TTr e 292¢4e33904,34303,926¢3.98¢4.033¢4,087/

DATAAC/Y o 12510, 1520 Ha28 oM, 31T e 3960 o33N0 ] 426N0121Tr142¢01,.88U0t
ToeTUZr 1 ob66T1 5870243871 2,1519024025¢1,9UT012,87192,506r2,337¢2.232¢3
2¢31192¢T9292.58492¢Ub]93,668934035°2e7T89012.65293.8U5693423¢2.96802.
30219 3eBHP3037r 301302696313, 70T 136875930250 341042 15430145159 1,49]
Uelelh8o o LUTrIo428r 1ol Ur2,0030149601,92201,89¢1,862¢1483591.81292
505102426924 35T02430112¢2539242102+173¢3415192,9670283692,73412,6

6521245351245290460T130657193,383¢30198¢3.063¢2.9560248719S,41Te4.u8

T613099793,6993,47723¢318034196¢5.75315,08194,509vUsi19¢3,8440F,6Ur
BIeUBL B8RS UeRITIUL63TeH,3390440849348799 0T IMoU o3 ToU,39 U,
9286944 13493,9813,8411Y073593495694,06994.08F¢U.035¢3.95493,863/
DATAAD/3,50593.69293.81993.88193,89{93,86893,824¢3.378¢3.516¢3,6584
193712930 T793e7699030T6T05e41Tr14sUBEITe99T9346905,82+04.T95¢94,22%9¢3,
28062+5.88795,022044439H4403315463%90510TeH4,5TF04,16305,2395,054 4,64

339 e 251 0l BG5S el BITp M 6ITI U, IIT02.8T92.73¢3,077¢3,550194,19244,958y

H5,65995,94695.79312,482024867892691617.20593.5U49¢3.916¢H,304¢4.637
B4 eB85512.50312¢656124833030033913025593045693,72503,04%0U,1492.535¢2
60659924795 102.9U29T0123e26H93:4303:5993,7350245829024683¢2:.79292.907
Te3402603, 1489302791 30391 93050512641 12.73192.822¢2,91303,003¢3,097
8341919 3,28U093.378125+22030,03735.61¢40.,25+4U,37e48,U5e24,4T7930.120
936.7.42.I61H7.087$|.9H722-95o2°-N5v36.95vu1-|61H8.7H'5“.28020-l8/

DATAAE/2T7465936421430 199494 1955.58916,12024,THe3U,5042,3049,(5+55
1099100337 2046390314939H0e59048407955.Ur 104U 15,19028459938,1]10U6,1
25!51.980-|9.29v|006272H.91v35-vU1-§15|.78v0-18.280|7.76v30.§6v39.§
FIrH8 .90 rmS550 0402801 Te23931s90U2,5690¢00s0mP01103,79¢1Ter323691

H10939w5,25691.59906rel}9]6,88915.48911,94.18pal3:569C4r0,123,81018

5076930420 |,6801T798210,931¢05925.9502Te7116,Uie3e2¢=10431138,05¢
61209933.“2932003!20.87'9.05'””.95139075'39097'39v66'3uc95'aupu6"O

T2Ter 114800123840 13 1 ar 136200 1H0Ter IHUS . 9962,70100%9491202¢912854013

BUU 2§30, pIlIB,eB69, 010260 {1UH2e91235¢91300) 09 135T,9{405,¢727,5¢906
FeTo OO o 1 145 e il Ter1282¢v1335¢¢53343¢7H2,19895.59(016,¢1099%¢/ .

DATAAF/11T7049123009333481512¢89696,3¢838,49934,9+10(5+010834991 420
1290204934 429607,4rT20039814,59893.800.¢0¢¢153e4¢T30265¢433429558.14¢

1429
tu3lo
1yst
1432
1433
143y
1435
1436
1437
fu3s
1439
1440
1uy |
1uy2
1uy3
Tuyy
tuys
1uyé
14y?
luys
luy9
1450
145§
1452
1453
tusy
1455
1456
1us?
1ys8
1459
1460
161
1462
463
Tuéey
1465
466
1467
1468
1469
1470
1471
1y72
1473
1474
tu?s
1476
1477
fu7s
1479
IEE:1¢]
tuay
tug2
1483
148y
tuss

ooo!

0002 -

00013
000y
000S
0006
0007
0008
0009
ooto
oof!

not2
0013
noftk
0o01sS
noté
0017
0018
cote
0020
002l

0022
00213
0024
0025
0026
0027
0028
0029
no3lo
0031
0032
00131
0034
003S
0036
0037
0038
0039
0040
ooyl

oou2
oouy
oouy
oous
[\[L1)
ookt
oous
0Qu4s
0050
005t
0052
0053
005y
0055
0056
0057
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[T TY ™

f—,— e — = — 000000
VL UN—=-O0 ORI AF

SPHTDA ARRRARAR

26530313, 49 T2, 40162412000 [51.502T6:49378,81929.70692.11477.8v288

FeT0i340990,2r=120, 9148949012699 1082,9907.69759.596074ruly,T702017,
YelBITo? 163 Hae1U69,91331.091195,91053¢9258449236%3492180,12016,91881,

SoTTSEa 16204931354 929014927264925630724284922990021T30r14566014557

69 0eT8r !¢ TT92405992,03712¢377020333902:092602.72U0140919342102,4605.2
TB612,45613¢24590242873043192,43493.025+2.46112.81392.46302,7912,465
Be2:87892,UT12¢612935sT4916e83013.18011.550710.5809,919,9,429+54,51
926,45920e1 991 Ta3UpiBe620 1452 13.58964,37+38,U2029,61v25,31022,667
DATAAG/20481919.43956431¢49,66939:9373U,49930.94028,41026.4699,971
1974923070103 115,629100899Fe417922¢66715412012:673¢30494¢020432016.85

‘2'7.9316.276'%.69279.“33'%.279'5.|71'l0.9'7.93“06.883'6.“'706.|q‘§c
Y9G 1S IS 1031185850 TeB2rT 36U eTe05201T.4T013027¢10.7119.57¢8,89,

UBeHAUIT . 1T UeT 1204 TROILT26946T91T405206.27805,93515.73195.5970
59 T618,258 975751 Te16706e89100.23.80203.799¢3¢79703.79793.796¢9%.8
68693,87593.8793.80793e86514,0193.97993.96513,95693.551 1421604, Uy
TUC 069U 08594 e0T20U,5T00l o UBIULITTeUL280L,25905,1919U.B855¢4,70Ts
BUeb181H,55816.20215¢5820543089541U4415.0329TaT850647[31642389549540
q§|76|'lOO|Q'903°6'706'9'7i|$5'6083°7|3n§3"0.8'90§8818n865'8'372/
DATAAH/ I8¢ lUeiHa099 125299 11,21 010470124189 18.44015,86014,32913.26

19301¢64923¢93920.410§842891648214062130.53¢25.96¢234{6¢21023948,%9¢3

27493932381 28.89126,45155498+45439939.27935.23132,33¢59.18+51.5504
35-76v‘0|.58!38.“2v57.03'5'~0.85y50.650'-|7-0‘40'4'0.0‘4/ . . .

DATAAL/2,819¢02.81102.80992.809¢2.808¢2.808¢2,808¢3,03292:96312.95¢
124944902,9492,99892,.93593,62403.255¢30185603,155903,13603,12Us3,011UeS

2031993097293, T1T913.60493,453T903.491930U5799.33395.6(9+4.B8989L,582+4,

1?9ﬂou.265qul7ol7.1508.82307.20306.43l06.0H9'5.75N15.536'29.H7v0&.
U229 1 1ol 199, T08598,86298,2R4+¢7.85592,808+2.807¢2,80792.93812.991¢2,9
82893,124r3.0869300T030492913,953¢3.29694,26B893.87893,719+5.76204.88
6594.498¢8,7396+53315,80902.80702.8071280692,80602.80692.80612.9310
T72¢92592092312+92212.92112.92¢3.,085+34055¢3.04493,03993.036¢3,07493
Be75793¢239930199934181903,1713e18993,8T79+3.559¢3.4U6¢r3.39513.%365¢%
97“5’”0“67'”0'29'70867'3079’030682'3072'6:5“,950077’“0557)90327/
DATAAU/Y, 18994.,095+2,80612.80672.80592.80492,803¢3.034¢3,029+3,026
93,0249 3.0229 3345930290327 193¢25723,2UT94,095¢3,861934757¢3,694
2730652'20“85’20509'205l912.52)2-639’20637'2-807b2'803!2088902-0960
334078934 13492¢72812480212¢8692+4992:57802.62602666712.68992,50602.5
Y389 2,56212.57892.4B292450472¢5297205772.4892,4B993,502.509¢1.6021¢1.
SAYUY [ 166511068295 e6940].70695075801¢8971,83891287691,89308491191,92
699 1e9HT 11 496192:00592e04692.084¢2021592:21602.21702421902422992.213
78924271024 0H12433892453392:5430255212:5602,5T1902+5892.6171924653
B2468Ur2 T5992¢T76812679192.80692:82¢20833902488212,9202.95102.892¢2.
991 92.92692,947912495892497293¢02393¢06203409392¢9492.9%69249737
DATAAK/2.989134003934015¢3406303.00123.83%014013v1,08%0140691,05¢1
o353 1a3350 0,325 1a3t20t w080 4980l eliotrlotidtnl,S57291,59 v 1,60001
2e603 0108981106V 1,65501ebT201:61T01066291069601T2U01465101,69%0],

378 [ e TTH 106930 haTI 0178201819001 o75T01.80T01485914888014(17p104l

UT1o 1680 1aib6501aib0lalShrlaiu9eiaduSo1 34 10teMr1433801e330),332
SVI.129!|.Hﬁbvl.USSQIvQRHvI.HS?.'.USZOI.HS'I.HU9'I.§l70|.5l9vl.92l0
6|.9230l.525'|€5260l.527i[.§$|'I-5529!-536'l.Sbl'lo56u'|.56°'|.572v
TIeS830 0BT o1 aST ol oaSTS S oS80 1eS58Tr e8I 01a6101e5F101,5840)e58U0|
BoGBYr1 a8 0 o6 1e6T0leblolob08r106080( 5101461501 ,62101,6160146230
F1e62T01 46329106350 166M101064691.63201e6'401,6Ubr1,65301,659¢),665/
DATAAL/ 1 46T 10106650 1¢87301:6801488T91e8330]4TeleT0TeleTISe}, 723010,
TR 0o TI80 laTU I LTS h 0l o570 (o580 1eST ol aSTIo1e57501e5970¢8e578¢1,
257H'l.§790|.608vl-5870|.§8l0I.Sﬁavl.blol.596v|.§8911.589'|.6I7I.60
I 1eGIBr 1 eSTB 167110619 ]e60B01e6080T1eUBSI|oSIIr1e5IUNI55T9|5TT
‘”0601\“'063"'v62"l.6f’|.’495".5'6”-5’“"igsa"v569'|u983'1o5°6_"
50606010619 1e51601.53201.5UBs1.56391e5TT01e5910106020046001061601,5

1484

luT

1488
1489
1490
tv9y

1492
1499
149y
1493
1496
1497
1498
1499
1500
1501
1502
1501
1S04
1505
1506
1507
1508
1509
1510
1511

1512
1513
1514
1515
1516
1517
1518
1519
1520
1521

1522
1523
1524
1525
1526
1527
1528
1529
1530
1531

1532
1591
1534
1535
1536
1537
1538

" 1539

1540
1541
1542
1543

0038
0059

0060

0061
00682
0069
0064
0065
0066
0067
0048
0069
0070
oot
0072
0073
00Ty
007S
0076
00T?
0078
0079
0080
0081

0082
0083
008y
008s
0086
0087
0088
0089
0090
0091

0092
00913
LR
009%
0096
0097
0098
0099
0100
0101

0t02
0103
010y
0108
0106
0107
0108
0109
[IRE:]
o1

02
011y
[XR1]
oS
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154

SPHTDA RRRAR R AP

6H90|.562v|o%THol.SBBO|.8976|-60801-6l9v|-6270l-6120|-59§’l6606vl;6
7‘5'\.625']063“"06“2'lobsa‘I|66'|0605"l6§6"lééq"’67"'.619'|068
Bor a6 ieTOlr1aT0BriaTISetal 3o lalD2e)al¥Volal IVl olV3s)at v 2y
9e142399142389142379 1423601423501, 34291,33801,33501,332¢1,3301,328/
DATAAM/ 1 oM I To 1ol l201a4090 1406 14O [ MO0 1 ,HOUPL L6271 46T 4Sy
T1oUSTolalUS691aR0 09T e)oUT50 )41 1S 1049501456501 53501052%0
21eB29 105291452201 4TSUH 478015601 5UOP 1 SUT111S919eFUr26T084TH0
3I-SBGVI-56”1[-557'00'2-H9l.808vl.6§SVI.39“0l.971'0.00.0l-62y|o6830
W e62Ur a5 01458302, 393,1904910632¢146081143301.976¢2,60811.5600,¢
5061145229 1466017360 008171 1049500001e52701e589¢10679¢1.663¢1.609¢1
6.56'].5221!05630|.608v|.6usv|-6270|.60|0|.92".5§|'|-579’|.6l3v|'6

TR20 10,6091, 1510141529 1e1522 1152001015301 401530 04153014260 (,2U201,2

BHI P a2H v adMr o2Ur ) a2Ur]e270103260 10325010324 1032301032200321¢
9167939 1,7920 010391014390 1,3890103880|e38T 0 ioliNel 43901, 4I8e1.438/

DATAAN/§ o4 3708 o436t o360 o lT8 0l JUTYL F NTI0d (UT20 04T el UTEroNT
115081145030 1e5060 1504045010 010591,49890000601e54T01.54601.548010

2579915390 106969 17811092801 46029 14615916280 )46H)91.54%11,60Tv}.6

399 1805714978724 3H60246520 105 T e ST 15781146230 1.68T+},78T1},.96
Y22 oS0 o518 T 53U TS5 e aST01.59201,618¢1,498¢1,508¢1,517¢1,526
S91e53601 5460155601 4499¢1.506018.51291,51991,52691,53291,539¢),129
6o ol 30 0o220 0220000400718 aITBr {020 (o430 T o§TToI 469 144TT
TolaTola4TSe foOT ol oUTOI 10t T To ) aSUUI o UTBI STTel,u7Be1,5040)
BolBlo)aUI8r | o811 0UITI290NTIN220 10l l99sT05+8.86298428Ur7,85504
93570214930 1648hr 4510124080 12009¢[1436950.02030.81024411920.75/
DATRAO/ 1B, 65417170 165.06944026938¢61931+580274559246890223,97¢21,48
198,316.593¢5,809¢13,0819,06817.803¢18.65¢12.54010.569124,89916.66791
23488060601 15.07T04.58T04,32704,189+¢4.095+10.0916451T+5,695419104,9
YT o478 2.698:5217,05296039516.001¢5.732016,8¢10695¢84824r7,86597
B,289964689L,095¢3e860103,75T¢F06U0T.65205.73295:0694.T6194.58Uvl,
54698,05616,7T5606.1T739548[6+5:449¢0.9248170¢2.81302:81292,81192,811
62089992,88812+488302,88[124879¢3.01802.98%+2.976+2,968+2.963713.214
T3ei429 3611190309293 ,07913.5593.394¢3432503428U40342559U61i1993,809¢%
BabT7203¢59+3,5 354044144 T61H422594,0TUP3.9T206.4TBeS5,50495,07) 04,
9813144637 18e58T1Te01496e3149589515,60F011e54¢9,1 3798406197417/
DATAAP/6.9764 15,499 11,99510.42+9.471+8,822920,48v15,66013,46912,1%
fell -22'26.“'0200 ISy '7.2’1 |§.l05' '“'22"2'9"25035’?.'067' '9."0' 17.8100
239,24,30,92426,61923,87,21,03,4%,14,36,29,71,69,28,62,26,38,46,18,
IY0e53036,271 3301 Tr30eB oML HTIH2.64r39,5T7936.9103,T1/

END
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PROCEDURE DEFINITI@N PR@ CESS@R - SPUMP

SpPUMP* PROC
<
REAL NSG,NSS»HUZ#NU

COMMON - /SPUMP/ DIJEFFQs Hy DNS, XNS, NSG, NSS, NUZ, NU{2}e VU
‘END
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SUBR@UTINE STBCON

A ANANN NnAANNANAAN

TABLE,

AR

SUBROUTINE .STOCON({IDX)
wwwwd EXPLANATION OF "THE CALLING SEQUENCE
"";:'IDX‘;'!NDEX OF “THE CONFIGURATION ‘TABLE,.
INCLUDE .CCNF16
DO 10 Il := [+6

IF(ICNFIG(11).EQ,0) ICNFIG(II) = O ‘ L
CONFIG{IDXy|} = GPBYTE(TCNFIGIIt)s6sCONFIG{IDXy1)o11)
"CONTINUE

RETURN

END

N R R N I R LI I I I IR I ST T Se o N
"ROUTINE NAME « ROUTINE 'TO PACK THE FIRSY .
HORD OF 'THE CONFIGURATION *

-

ROUTINE LANG =~ FORTRAN V UNIVAC 1108 EXEC -2#
PROGRAMMER = R, BOLLINGER 1943 102 26933 *

DATE CODED o /11770 L e
WA W R R R R R R R N AR R R R
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CBIONELN—-ODDIONE W~

SUBR@UTINE ST@DTA

Y Xa

nNAn

Fa¥aXaXa)

!
2
3
y

NLE N -

SNE W -

SUBROUT

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLIIDE
INCLIIDE
INCLUDE
INCLUDE
INCLUDE
IHCLUDE
INCLUDE
INCLUDE
ITHCLUDE
INCLUDE
INCLUDE
IHCLUDE

DATA ((
©otoxy
*TOT

10xY,

INE 'STODTA

"CAPU
(CCHF1G
CCNTRL
CECLSS
‘CELRAT
CHEX
CHSORC
"CIOUNT
"CPATRL
CHALES
:COMST
{CPAGE
‘CPUNP
CTANK
"CTURBN
TABLOK

“wewA® PDP CAPU

LAPUL (Ted)al2ipli) oz ¢8)
GEN .LOADED (LBS)!
AL LOADED (LBS)?
MAX, FLOW (LB/SEC)!

'WDOT 0X=TURB=GG (LB/SEC)!

DATA ((LAPU2(Isd)sIxlol)ydmlett)

'GAS

‘GEN, CONSUMPTION 1

TAREA OF 'STORAGE 'TaNK '

. YH2
'WT,
"WT.

VENT = ABSORB ‘'TK LEAK!
OF ACCUMULATOR TANK ¢
OF RESID, IN ACCyM, ¢

DATA {LLAPU3(14J)y I:lv“)'d'lQll)

W16,

OF FLUID TO G,6

" YVOLUME OF STORAGE TANK '
'WT H2~ABSRB TK+PMP HT LK!
'TOTAL HWT, OF PROPELLANT !
" VACCUMULATOR .CAPACITY" '

DATA

ARNRN

. e ® e @ N Ne e e N

4
'
'
'
’
v

'VOLUME OF STORAGE TANK
tWETIGHT OF STORAGE TANK
tWT, OF RESIDUAL IN TANK
YCAPACITY OF ACCUMULATOR,
17T0T. WT, OF PROPL, REQD,

1TEMP, OF "G,G, EXHAUST
'SURF, AREA OF STO., TANK

'PROPELLANT ‘TEMP, {DEG=R)',
tHYDROGEN LOADED {LBS) '
'PROP, USED BY APU (LBS)1,
THYD, MAX, FLOW (LB/SEC)',

'WT, OF CIRCL, COMPRESSOR',

‘e
ty
te
'y
v/

‘e
te

tHEAT LEAK INTO STO, 'TANK',
1T0T,H2=VENTED FOR HT,LK, 'y

'STORAGE TANK RESIDUAL

'ACCUMULATOR TANK REStTOUL?Y/

‘awxes  PDP CONFIG -aweww

(LLCNFI(T9d) 9 InVyl) g d2146)

tFUEL SYSTEN WT, = LBS '
fTOTAL SYSTEM WT,.= | BS !

DATA ((
DATA ((
DATA ({
DaTA ((
DATA (¢

7’
TOXIDYIER SYSTEM WY, «LBS!' o
[
/

aaews  PDP CENTRL

INBLK{Teled)elzly5)edate2)
INBLK(2919d) s I98)ednt,2)
INBLK( 39 YoJ)pI=198)ed=1+2)
INBLK(HyTyeJ)gla!y5)eu=l,y2)
INBLK(Se19d)eIzl95)ednte2)

YCONSUMER WEIGHT .« LBS 1
1OXID INSULATION WT « LBS!
'TUEL INSULATION WT o LBSH ,

Tekhn

Sup CRIT, SUPER CRIT,
FodofoleOo -~ 1ole0els0 /
fotoboinle Pele0rte0
0¢0¢0¢0e00» 0¢v100¢0¢0 /
Oy19091,40Q, OploleOyl ¢
0¢090+0,00 0eOv 19090 /

A Y

966166V -OSIW'I



0Le-4

ARARNRRE

58
59
60
61
62
67
64
65
66
67
68
69
70
1
.5
73
™
75
76
77
78
79

STODTA ARRRA R

FaYaa)

nNnon

nan

non

~NONET W -

DATA (KSUBC(1+1)41519NBRSR)
DATA (KSUBC(2+1)eI=1yNBRSR)
DATA (KSUBC(3s»X)el=teNBRSR)
DATA (KSUBC{YeI)sI=191NBRSR)
DATA (KSUBC(5s1)el=1sNBRSR)

/ b

/ b
7 Te

/ Se
/ b¢

Uo-100 90 By o 109 11y 2/
Yo Yy 01ty 2o 0y 0, 07
O+ O¢ Os Oy O9 Oy Oy 0/
4e Oy Ov Go B» O¢ 0 Oy
Ue 10¢ 99 8¢ o 1080 -11e- 27

DATA JAPUS( Iy 1)y JAPUS(142) /7 Yy ¥/
DATA JAPUS{2¢1)eJAPUS(242) / 3y
DATA NAMSYS , VACPI'APUT,1EC/1etFUEt4tOMST 2

nw*a* ‘PDP CFLRAY

DATA ((LFRT(I+J)ol=24193)9Jsiy7)/
[ tWDOT QX=TURB, =G, G.'p'VDOT HY=TURB,=G,G, i 'HDOT BOTH TURB.-GG'.

2 YWDOT 'OXY HEX =G, G,'y'WDOT HYD HEX =G,6,"!
3 'ToTAL'ELOWRATE '*‘/

wkwkx  PDP CHEYX TERRR

DATA  ((UNAN(Iod)sIzle2) =10k} /

t ' BOILING 1y 'SUP=CRITICAL'y'PARALLELAFLOty 'COUNTERSFLOW?/
DATA  ((LEXI(IoJd)oIzloli)gpd=lyi0)/

1 FTHERML CONDUCTANCE RATIO!y 'HOT FLUID FLOW RATE vy

2 '*¢OLD FLUID DELTA = P tytCAPACITY RATIO ‘e

3 tNUMBER CF TRAMSFER UNITS1, tCOMPUTED VALUE OF UA ty

L} 'COMPUTED VALUE OF W/UA ' 'WEIGHT OF SUBUNIT Yy

5 "WEIGHT OF HEAT EXCHANGER'y 'HEX SUBUNIT TYPE ##w v/

DATA  ((LHX2(Tod)pIx=tel)guxzleil)/

'COLD FLUID IMLET TENP

tHOT FLUIN INLET TEMP
YHOT FLUID SPECIFIC HEAT
'COLD 'SIDE EFFECTIVENESS
'TOTAL EFFECTIVENMNESS
'HEAT EXCHAMGER DIAMETER
DATA LHX3 / 'HEAT EXCHANGER

4/

ARARA

'ytCOLD FLYID OUTLET TEMP t,

'COLD FLUID SPECIFIC HEAT!#'COLD FLUID FLOW RATE Yo

1y tHOT FLUID OUTLET TEMP ty
V9 PHOT ‘FLUID FLOW RATE Yy
ty1HOT SIDE EFFECTIVENESS 'y
Vo THEAT ZIXCHANGER UA/A=WALLY,
ty tHEAT EXCHANGER LENGTH v/
CHARACTERISTICS! -/

bl bt PDP CHSORC

DATA ((LHS!(IsJ)oIZte5)edsly

6) /

E2 247

¢ TWDOT BOTH HEX =G _G',

| 'GAS GEMERATOR CPAPACTERISTICS 1416AS GEN, FLOW RATE w (LB/SEC) 'y

2'GAS GEN, PROPELLAMNT WGT,=(LBS})'s'GAS GENERATOR WEIGHT = (LBS)
ITCUMULATIVE GAS GEN, FPOP. WTG, ' *WEIGHT OF HEX=GAS GEN, ASSY,

DATA ((LHS2(1eJ)sl=leS)edztylil) /

[ 1SPEC,HEAT AVAILABLE'(BTU/LB-R)'y’TOTAL HEAT REGUIRED = (BTU)

2'YHOT FLUID REGQUIRED = (LBS)

3'CUMULATIVE HOT FLUID - (8%
4IMAX HOT FLUID FLORATE(LBS/HR} 1! CYCLE
S1CYCLE MAX ‘REQD ENERGY = N2 HEX1ytCYCLE
6'CYCLE MAX REQD ENERGY= M2 TANK',
"71TOTAL ENERGY FOR MISSION 'SPAN 1,7TOTAL ENERGY REQMT .« KW/HRS -

» "CUMULATIVE HEAT REQD, = tBTU)

) 'o'HASTE HEAT UTIL1ZATION DATA

‘wwaww  PDP ‘CIOUNT

v

Ye
Yy
‘e

MAX REOD ENERGY .= 02 MEX!,
MAX REQD ENERGYe 02 TANK!.

'TOTAL MAX ENERGY '« HEX ¢ TANKS?',

whRRd

DATA IOUNIT/IHQEI'22!23919029v|50161i70|9‘ﬂ§026027v28/

DATA TIN,IOT / S¢é6°/

#awaw  PDP CMATRL

NRARR

V7
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!

11e € .. .. .. .

jir DATA(RHOL(1) e I=1¢5)/50141209176.2589169.%449511,uUB8+276.480/

118 DATA (RHOI(1)e1=199)/201492,45¢02¢8000,83690:5900,65¢5,002.2¢1.,0/7
e DATA {RHOIS(1)9121+9)/0,0428¢0.0490¢0,0280¢0,02786720,01475¢

{20 1 0.02166795,002.20¢1.0/

121 DATA(HINTFK(I)1 Z1115)/0,02000,025¢0,028¢0.020¢0.016+0.035¢0,058¢
122 0. 06500 04290,020¢0,049+¢0,08390,095¢0,049¢0,0357
jay €

'a'-l € R L2321 PDP CNAMES RERRN

j2s (4 ) .

126 oATA(FNAHE(x).!zl.|a)/'GAs Vo ENGINE o 'LINE V4 'CONTRL'y 'FITING?
‘far i “¢!'TAP  Uy'TEE  14VELBOW "4 !VALVE '('REG '
|28 2 v VAQCUM t4rTANK 1, 1PUMP 14 'HEX 1, *TRBINE!
{%9 3 »'F=CELLY¢'EC/LSS14'END '/

130 4 . .

131 DATA ((LO(IyJ)el=190)yJz1,18)/ o
132 | IokwRa% S Y S T E M CONFIGURATTLON wnana i,
133 2 ' wagkxw £ N G I NE D AT A wewnn ty
1% 3 ! *kxan A CCUMULATOR D AT A -waewn Yy
135 4 o o wrdx HE AT EXCHANGER D AT A ®waen |,
136 5 ! wewrd H I GH PREG PUMP DA TA R 1,
137 -6 ' *aew® D JTY CYCULE DATA #nean Yy
138 7 ' wewt® HE AT SOURCE D ATA tewnn 'y
139 8 ! wwarh: T YR B INE DATA twann iy
140 9 ! Adka® M O T OR D A Y A feawe Yy
Jui T teake TANK CONFIGURATION D AT A wheai,
e I T mamax | OW PRES PUMP D AT A tennn e
143 2 ! ARERE T ANK D AT A wewwn Ty
juy. 3 Toamnsd A X T LTARY POMWER UNT T asaan 1,
14s Yy ! Rtk F UE L CELL D AT A whnan Yy
146 [ ' hhkan-E C /L S S D AT A srnnn v
(1734 ¢ . . )

148 DATA ((LI(TyJd)ri=ie2))ednte2i COMP COMP FUNC, NUMB, NU
LT IMB, MATRL, FLOW FRICTION LINE LENGTH LINE INSULATION
Iso 2 INSULATION  NO, LAYERS i1 NAME  CODE TYPE  OPER, STBY,
1514 3 TYPE ‘COEFICIENT OR L=OVER=D DIAMETER TYPE T
152 HHICKNESS  INSULATION t/

15y C . . .

IS4 DATA {(L2(1yJ)91z193)eJd=19T)/'NUNBER OF ENGINES U,

158 1 'GAS INLETTEWP, 191GAS INLEY PRES. 1y

156 2 TENGINE THRUST 'y 'CHAMBER PRES, 'y

1sT 3 TEXPANSION ‘RATIO 1, "MIXTURE RATIO v

Is8 ¢ X . .

159 DATA ((L3I(1e)e1=lol)eyste?) / 'OPERATING TEMP, (DEG R)
160 1 YTANK VOLUME (CU, FT,) ' ’ INOMINAL OPER, DELTA PRES'/
|61 C . .

62 DATA((LM(IoJ) o I=tol)od=14901)/ YHEX HOT INLET TEMP, Yy

163 1 YHEX HOT OUTLET TEMP, V9 YHEX COLD INLET TEMP, 'y

jo6u 2 'HEX COLD OUTLET.TEMP, 19 'HEX HOT INLET PRES, 'y

165 3  YHEX HOT OUTLET PRES, Yy 'HEX COLD INLET PRES, L

j66. W 'HEX COLD OUTLET PRES, Ty 'HEX HOT SIDE DELTAP Yy

jeT .5 'HEX .COLD SIDE DELTA«P  'y'HEX GLS GEN, O/F RATIO '/

l68 €

169 DATA ({LS(1rd)oT=tel)eJ=19%)/ 'TYPE Yy

170 1 TEFFICIENCY Y9 INET ¢ SUCTION HEAD ) 'y

I ‘2 'SHAFT SPEED 19 ESTIMATED DELTA PRES, v

172 4 . .

173 DATA ((L6(1su)eT=tel)oystyu)/ 'PUMP EFFICIENCY )
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17y
178
76
177
178
179
180
181
ja2
183
184
i8s
|86
187
188
189

STADTA RRRRR KRR

! 'NET POS, SUCTION MEAD '9 'PUMP PRESSURE RISE e
2 'PUMP FLOW RATE Y4

DATA LTI 0 e 221909021 ,29)
1

/

' i ’ 'MAXIMUM DTAMETER (FT)
2 'INTTIAL FLUMD LOAD (OPT)T- . TPERCENT ULLAGE VOLUME
3 'HEAT FLUX (BTU/HR=FT##2)! ’ VINITIAL TEMPERATURE (R}
4  'INITIAL PRESSURE ' ) *VENTING ‘PRESSURE
S 'MATERIAL TYPE ' ’ tINSULATION TYPE
6  'INSULATION THICKNESS ' ’ TACOUISTTION 'TYPE )
‘T 'PRESSURIZATION TYPE ' ’ 'OPERATING PRESS, (PS1A)
8  'PRESSURAMT GAS TEMP, (R)! v 'HEX DELTA PRESS, (PSIA)-
9  'PUMP CELYA PRESS., (PSIA)!' ' *HEX OUTLET TEMP, (R)
T 'P SUB C OF GAS GEN (PSIA! ’ 1GAS GEN OUTLET TEMP (R)
I 'GAS GEN MIXTURE RATIQ ! v *NUMBER OPERATING (NOP)
:2  'NUNBER INSULATION LAYERS! /

DATA ((LB(IsJd)oI=1s4)eJz193)/ '( ENG, DEG, DUE TO MIB 1y
v ACTIVE JINACTIVE 'yt TIME TIME vy

DATA ((L9(T1sJ)eI=1oU)eu=195)/ 'TURBINE EFFICIENCY e
1 'TURBINE INLET TEMP, 19 'TURRINE OUTLET TEMP, 'y

2 *TURBINE MIXTURE RATIO 19 'TURBINE GAS GEN, PSUBC 1/

DATA((LIC(1sd)oI=toli)pJ=]sS)/ 'HEAT SOURCE TYPE Yy
1 'HEAT SOURCE MIX, PATIO !y'HEAT SOURCE OUTLET TEHP,!,
2 'HEAT 'SOURCE AVAIL.ENERGY'y'HEAT SOURCE PRESSURE v/

DATA((LIT(TyJ)91=14t)¢J=]1,20)/'NUMBER OF .-APU UNITS 'y
'HORSEPOWER PER UNIT Y9 PTURBINE MIXTURE RATIO 'y
YAPU GAS GEM., INLET PRESS'9!TURBINE INLET TEMP, ty
YHEX EXHAUST DISCHGE,TEMP 1y tH2=SUP,GAS GEN,HIX~RATION,
102-SUP ,GAS GEN,MIX=RATIOU, 'H2=SUP GAS GEN,EXIT TEMP!,
t02=SUP  GAS GENJEXIT TEMP'y'H2eTANK RESID,VAP,TENP, 1o
102~TANK RESID,VAP,TEMP, 's'SYSTEM ENVIRONMENY TEMP, !,
tFUEL MIX=RAT,SUP,GAS=GENty tFINAL H2 TANK PRESSURE 1y
'FINAL 02 TANK ‘PRESSURE 'y 'FINAL H2 TANK TEMP, . Yy
'FINAL 02 TANK TEHMP,. Ve 'TEMP EX,PROD SUP ,GAS=GEN"y
'DELTA=P TANK CIRC,.PUMP 't/

40D NP NE W~

DATA((LI2{1yJ}o2=1ok) pJe],28)/NUMBER OF FUEL CELLS OP,'y
'FUEL CELL MIXTURE RATIO 'y?!SP.REACTANT CONSUMPTION 1t
'F.C,HEAT REJECTION RATE 1y 1SP.WGY, OF FUEL CELL 1y
'FUEL "CELL MOM, 'TENP,= 021y 'FUEL CELL NOM, TEMP,w H21,
YHOT FLUID INLET TEMP, 'y 'HOT 'FLUID OUTLET TEMF, 'y
'02 TANK FILL DENSITY  ty)H2 TAHK FILL DENSITY 1y
YEST, 02 TAKK VENT QUANT, V¢ 'EST, H2 TANK VENT QUANT, ',
'FUEL CELL OPER, PRESSURET1y tNOM,FUEL CELL OPER,POWER',
'02 TANK LO~PRZS, SETTINGYytH2 TANK LO-PRES, SETTING'y
Y02 TANK VAC,JAC, ANNULUS?','H2 'TAHK VAC,JAC, AMNULUS',
‘02 TANK MAXTHUM DIAMETER'e'H2 TANK MAXIMUM DIAMETER?'
'FUEL .CELL VOLTAGE (AVG) 'y'FUEL .CELL 02 PURGE RATE 'y
*FUEL 'CELL H2 PURGE RATE 1,'FUEL CELL 02 PURGE ‘TIME 1,
'FURL (CELL H2 PURGE TINME 15102 PURGE INTERVAL=ANPHRS!,
'H2 PURGE IHTERVAL=AMPHRS!/

OADD>P AVPNOANEL Wi —

DATA((LII(TyJ)p1=)sl4)yJ=)y28)/MISSION DURATION « DAYS 'y
| 'NUMBER OF MEN IN:CREW 1»'ATRLOCK REPRESSURIZINGS !,
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232
293
23
235
276
237
:238
239
2u0
241
242
243
auy
249
246
247
LY
249
250
251
252

257

254
255
256

257

258
259
260
261
.262

267

264
265
1266

26T

268
269
270
271
272
27
27
.275
276

2t

278
279
280
.281
282

28%

28y
:28%
286
287
288
269

|
)
}

STODTA  Aehdade

ANNA NnAnNn

nAN Y2 ¥a)

NnNN

OND OB NONE BN

NE SN

2'WGT, OF TURBINE ROTOR

'DAYS SUPPLY RESERVE GAS 1,'02 CONSUMED PER MANDAY !,
'"WEHICLE GAS LEAKAGE RATE's'DELIVERED 02 NOM. TEMP, 'y
'DELIVERED N2 NOM, TEMP, t9'02 FILL DENSITY 'y
N2 'FILL DEMSITY 19102 TANK FINAL TEMP Ty
'Ne TANK FIMNAL 'TEMP, 19702 TANK FINAL PRESSURE
*N2 'TANK FINAL PRESSURE 14'LSS ENVIRONMENT TEMP, Yo
(CABIN OR AIRLOCK VOLUME 1y1024HEX INLET LINE DIAM,. %,
*N2=HEX IMLET .LINE DIAM, 1, 'HEX HEATER ENERGY RATING!,
FTNK HEATER ENERGY RATING','DELIVERED 02 PRESSURE  t,.
'DELIVERED N2 -PRESSURE 1,102 TaNg HEATER DIAMETER ¢,
SN2 TANK REATER DIAMETER 15102 TANK HEATER LENGTYH  t,
N2 'TANK HEATER LENGTH 1,102 TANK LOW=PRESS, LIMITY,
M2 TANK LOW-PRESS, LIMITI/ .

DATA ((JFLUID(I+J)oTEHe2iodzled)/!  OxYGEN 14§ HYDROGEN 1,
| B . ' NITROGEN '/ .
DAT} ((KFLUID(Ied)923892)pJd=lp2)/" QXIDYZER 1! FUEL ¥4
LT POP CONST AR N
DATA -GRAVTY PEeP1203 7/ 12,172 +3. 14159265 92,094%85] '/
' ‘wraeR-  PDP CPAGE e

DATA MAXLIN,JNUM ¢OPTLUN/SO+'ATYIOT? 6 /7 .
DAYA PTITLE/! ‘THE INTEGRATED MATH MODEL v/

‘RARAR POP CPUMP R AR

DATA ((LPPI(Ted)elale¥)odztob) 7 _
| TTEMPERATURE ty tPRESSURE fotFLOW RATE i

‘2YDELTA-PRESSURE ' INPSH AVIALABLE 19 'DENSITY OF FLUID ¢/

‘DATA LPP2 / 'NUMBER OF STAGES REGQD, ' /
DATA ({(LPPI{1oJ)eI=i103)9gcziye6) 7/ . . ..
f*COMPUTED NPSP REQD! 'COMPUTED PUMP "EFF, 'y *COMPUTED. PUMP VOL'!O

"21COMPUTED PUMP WGT, s *COMPUTED PUMP PWR, 1, 1COMPUTED PUMP 'SPD. '/

DATA .LPPy '/ 'SELECTED PUMP OPTION L4
paTa LPPS / 'PUMP CHARACTERISTICS v

NARRE PDP (CTANK T
DATA ((LTZ1{1ed)olz1 030ty lY)/

IFLUID WGT. (TOTAL) 'y ¢FLUID VOLUME /TANK1y tDIAMETER (FTY/TANK Y,
YSURFACE AREA /TANK',1TANK VOLUME / TANKt,TTANK WGT, (LB) 'TOT!,
'INSUL, 'THICKNESS ', 'INSUL, WT (LB) 'TOT!;'HEAT LEAK BTU/H/FT!,
tGAS RESIDUALS HT. tytHGT ADDED CYL SECYY/

DATA (LLT22(1ed)el2192)9d21,43) ) ) . .

1 "/ ASURF TENSTON' 4 'POSITV DISPL' -+ fDJELCTROPHORY '/ )
DATA ((LTZ3(Ied)ol=t93)pdalioti) /'TYPE ACO. DEVICE. Yo
1 'DEVICE WT. (LBS) 1, ¢TRAPPED BY [EVICE 44 *RESID, PROPELLANT ¢/

MhARR. pDP CTURBN  wtnra

DATA LTBN) '/VYTURBINE "CHARACTERISTICS v/

DATA ((LTBN2(Ied)oEc1+9)9dz106) / . ,
{'TURBIMNE ROTOR MEAN -DIAMETER 1ty IHGT, OF PWR, TRANSMISSION ASSY',
1y 'WGT, OF MANTPOLD AND NO2ILE te

tNUMBER ‘OF TANKS ', IMATERIAL ‘TYPE Ty VINSULATION "TYPE ¥y

96€£T66V~-DSI']
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290
291
292
297
294
295
296
297
298
299
1300
1901
‘302
303
304

STODTA ARRRRS A

NnAN

I'WEIGHT OF "INDUCER 'y "WEIGHT OF'TURB!NE<A$SY;
wewrt PDP TABLOK  #naee

DATA NTYBID 7 19 2% Ty By Yy 30 69 5921y 9y
10e1001To 1390130160 13¢21927¢280

|

2 29¢30731¢32421+32¢35¢32+38¢35
3 10v 13016913941 sUln32032441,18y
y ) 19¢20927 944y 45,46s Or Q¢ 00 0/
MIPE = 0,

‘NIENTH := 0,0

RETURN

EMND
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PRACEDURE DEFINITIZN PRGCESSER - TABL@K

“TABLOK®™ PROC
<
REAL MIPE
COMMON “/TABLOK/ XTAB(T)e NTBID(S0)

END
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SUBR@UTINE TANK

ARAAARNAANAANANANNAN A N

SUBROUTINE ‘TANK

LOGICAL

TNCLIDE
INCLUDE
INCLUDE
INCLUDE
ITHCLUDE
THCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

LI I USRI SRS AR LR B I P T S ST I )
ROUTINE NAME -« TANK PRES, AND WT, DUTY *

PROGRAMMER

DATE CODED

‘CYCLE HISTORY -

» R. VERNCHy 6263 4 562, 2u38Sw
- S/12772 .

o
g
"
‘* ROUTINE LANG-= FORTRAN V' UNIVAC 1108 EXEC 2w
i
e
‘e

LR SN AR BT JE BEL IET N BNR BNR L JNR BN BN R BET ENT IS RN BN BN R

JPy DIAG, PAGE

«CaCCUM
CDCYCL

CENG

CEEX
.CIOUNT
CHATRL
‘CMCOTOR
CNAMES
"CTALK
‘TABLCK

DIMEIISION PRES(ICDL1v2¢1}
DIMENSION PWTOT(2).
DIMEHNSION THED(2) ,
DIMENSION WDOTX(MHX,2)

EQUIVALENCE (WDOTCF,WDOTX)

DATA THED(1)s THED(2)/170,0,40.0/
wwvre INTTIALIZE THE PROGRAM COUNTERS
-
GAS 'TYPE FLAG
16 = | FOR 02
2 FOR H2

IT = | (ONLY) REVISED 6=30.72

B 2424

IF (DIAG(0+6HTANK

SRR SRS SRR AR

16 =

1P -

IW -

IF -

COUNTER FOR
OF THE DUTY

COUNTER FOR
OF THE DUTY

COUMTER FOR
OF THE DUTY

‘THOSE VARIABLE STORED FOR EACH ELEMENY

CYCLE, TANK PRES,y HE PRES

‘THOSE VARIABLE STORED FOR EACH COAST

CYCLE, VENTED GAS WEIGHT,
THOSE VARIABLE STORED FOR EACH BURN

‘CYCLE, HE FLOW RATE, PRESSUREANT GAS

FLOW RATE, ENERGY FLOM,

})) WRITE (10T+6000) NDCYCLoNOPoSATYPESITYPE,

| SMTYPESPTYPESHMDIAMySVLFLDySULGPC+SHFLUXSTTEMP,SIPRES,SVPRES,
2 SITH!KySOPRES.SPGTEH.SHDEvaSPDELPpSHOTEH.SGGP(;SGOTEH.SGHRAT

16 =
IT = |
30 .16 =

966166V -OSIN'T
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70

WRRRANAR

.JBURN = 0

"ICOAST = -0

dF =0

IP=0

ISW'= 0

Ineo

WLRT (1G5 IT}20,
WHESUM 2 :0,0

GO TO (80+80+70)+16G

JP 2 DIAG(196HTANK )
‘RETUPN

F'****”CALCULATE THE EFFECTIVE TANK DENSITY RHO,.

“TETSAT(SIPRES(1G+IT)s16)
‘PHTOT(1G) = WPTOT(1G)
WP = WPTOT(IG)
CALL RHOLIQ(Ty1GyRHOLI)
VL1a=4P/RHOLY
PVOL=SVOL(IGyIT}=YLIA
_ CALC, RHO OF GAS .
.CALL GSDNST (I1G+TySIPRES{IGy!)+RHOG)
WPVERHOG*PVOL
WPTEWP +WPY
RHO=WPT ASVQL (1G4 IT)
RHOP=RHO
PHE=O,
PPV=SIPRES(16+1T)
WHE=0,
WTOT = WPT

"IF(DIAG(246HTANK=0)) WRITE (6+6008) ToWP oHPyRHOL{,VLIQ,
| SVOL(1GyIT)sPVOLyRHOGYPPVHTOT

wxwed LOOK UP THE INITIAL ENERGY LEVEL

KTAB = 0 . .o

IF (16 .EQ., | (AND, RHOP ,LT, 40,) KTAB = 2
CALL FINTAB (NTBID(26)41G4KTAB)

XTAB(1) '= RHO

XTAB(2) := SIPRES(1GeIT)

ENERGY = MIPE(2+XTAB)

TF (DIAG(2,6HTANKT ) IWRITE (606093) 16, ITiIPsINéIF,
! RHOP)ENERGY WPy WPV WPTySIPRES (16 IT)

JP = ‘PAGE(0)

WRITE (107,7000)

WRITE (107,7001)

WRITE (10T,7002) (JFLUID{TiI6)o12142)y Ty SIPRES{IGSIT}s WPy WPV,
HPT, WHE, WTOT, VLIO, PPV, PHE, PVOL, SVOL{1G;IT}

2 sRHOP¢ ENERGY

wxxxe DO ENERGY BALANCE FOR FIRST 'COAST FOR ALL FOUR SYSTEHS.
waRkn AND ALL COASTS FOR SYSTEM | (SELF PRESSURIZATION),

96€T166V-DOSIN'T
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"TANK

90

100

1o

s

la)

1té

e

IRRARR AN

IP = 1P ¢ |

IF(IP,LT NDCYCL) GO 'TO 110
IF(1P.EQ,NDCYCL) GO T 115 .
ISPTYP = 'SPTYPE(IGsIT)"

IP 2 IP = |

1C04A8T = 0

IBURN =2 O

60 TO 1010

ENERQGY := 'ENERGY -4 ‘SHRATE{1G,ITY®DCYCLE(IP4]Y/WPT

1COAST = ICOAST ¢ |
IF(DTAG(2y6HTANK=A) ) WRITE(696030) ICOAST+ISH

IF(PAGE(I5}) WRITE (10T+7017)

WRITE (107+6030) 1COASTy ISW
HWRITE (107,7003)

GO TO 116

ENERGY = EMEAGY -4 SHRATE{1G4IT) * 300,0/WPT
JIF(DIAG(296HTANK=F)) WRITE (6r&011)

IF(PAGE(1T7)) WRITE (10Ty70t7)

WRITE (10T.6031)
HRITE (IO0T,7013)

"CONTINUE
kkwws | OOK UP RESULTING PRES,

CVP=CSUBV(TyPPV+16)
"CVH=0.745 .
RATIOS(WPTRCVP )/ (WPTECVR4WHERCVH)
KTaE = O . )
"IF (1G .EQ, | ,AND, RHOP ,LT, 40,) KTAR = 2
CALL FINTAB (NTBID{27}+1G+KTAB)
XTAB({[)Y=PHOP
XTAB(2)=ENERGY*RATYO
‘PPV=tIPE({2yXTAB)
TRTSAT(PPVy16) ]

CALC, RHO OF GAS
‘CALL GSDHST (IG«TyPPVyRHDG)
IF(WHE,LE,D,) GO 'TO 119
‘CALL ZFIND(TyPHEsI1TyZHE) -
PHESFINDR( 17)®HHERZHE®*T/ ( 14l ,2PVOL)
PRES(IPyIGryIT)=ppPVepHE
WPV=RHOG*PVOL
WPEWPT=WPY

IF(DIAG(2,6HTANK2 1) WRITE {6v6060) IGeITeIPetWsIFy

t RHOP yENERGY s CVPyCVHyRATIOyPPV¢PHE¢PRES(IPy1GoIT)
2¢9HPs WPVy RHOG

IF(DCYCLE(IP+1),LT,0,0) DCYCLE(IP+1) = 300,0

96E166V-DSIN'I
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WRITE (10T+7004) (JFLUID{I41G) v 12102} e Ty DCYCLE{TRe{) 0. WPy WPV,
| WHE, PPV, 'PHEy PRES(IPyIGsIT)sENERGY

T THE RESULTING PRES, 1S GREATER “THAN ‘THE_VENTING
™ PRES,s ‘COMPUTE THE WEIGHT OF THE VENTED MATERIAL AND
wened SET PRES 'TO THE: VENT!NG PRES,

iv.2 IW o | .

SVHT{ I 1G4 ITY = 0,0

IF(PRES(IPsIGyIT) = SVPRES(IGyIT))}130,4130,020
‘PV2SVPRES(1G,IT)

PI=PRES(IPs1Ge1IT)

‘VasSvVOL(1GyIT)

‘CALL VENT(O.1NHEQHPV9HPoToPV'P!9V;lePPVpﬁHOP)
SVHT(IHyIGyIT)2NPT=HP=WPY

PHTOT(1G) '= WP'

HPT=UP+WPY

WTOT = WPT ¢ HHE

PHE=PV=pPPV

PRES(1Ps1GiIT) = 'SVPRES(1G+IT)

wARRW CALCULATE A NEW TANK DENSITY

RHOP=WPT/SVOL(16GyIT)"

.CVP=CSUBY (TyPPYs16)

CVHZ0, 745
RATIOZ(WPT®CVP )/ (WPTRCVPaWHERCVH)

Rurkd: LOOK UP NEW .ENERGY' LEVEL

KTAB =2 0

IF (16 ,EQ, | .AND, RHOP LT uo, ) KTAB =2
CALL FINTAB (NTBID(ZB)Q!G#KTAB)
XTAB(1)=RKOP

XTAB(2)=PPV

"ENERGY=MIPE{2+XTAB) /RATIO

.-!F(DXAG(Z'6HTANK3 }) WRITE (6»6035) 1G+ITvIPoINs1F,
| SVNT(IW.XGOIT)QNTUTOPPVuHPvPHEoPRES(!PcIG.t?)oRHOPvRAT!OoENERGV

WRITE (10T+700%)
WRITE (IO0T+7006) ‘SVPRES(1G+IT)s SVNT(IWe1GoIT)e WPe WPV, WHEy
I WTOT, .PPV, PHEv ‘PRES(1Py1GyIT)s ENERGY

waned UpDATE 'THE DUTY CYCLE COUNTER AND DO THE D!FFERENT
Ll i SYSTEHS.

I!O P2 1P+ |

IF(1P,GT,NDCYCL) GO TO 100
ISW = SPTYPE(1G.IT)

IBURY ‘& TBURM '+ |
IF(DIAG(2¢6HTANK=B)) WRITE(6¢6020) IBURN,ISW

WRITE (10T,6020) IBURNs ISW

DATE 0N

96€T66V~-OSIN'T
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272
2N
127
‘275
216
23T
28
239
241
242
24y
244
rLLs
246
2T
2u8
249
1250
251
252
25%
254
5%
256
25T
258
299
260
261
262
261
264
265
266
26T
268
269
270
274

272

2713
&T4
278
276
2717
278
279
.280
281
282
28%
284
288
288
28T
288
289

0 NnAn A n

AARAN A

"TANK

nan n

RITT T
WRITE (10T,7007)
GO TO (1000¢1000¢3000] ¢1SH
asan DO ENERGY BALANCE FOR ALL BURNS

IOOO CALL FINTAB (NTBID(29}e16)

nan

H = MIPE(|PPV)
WDOTJM = WDOTU(IBURNyIG) w Pwror(to)/wrrortrc)
E=ENERGY*HTOT-H*HDOTJH'DCYCLE(IP-I)

!F(D!A6(2'6HTANK“A)) WRITE(696040) IGyITo1PeINeIF,.
HyWDOTU(IBURNy1G) s PHTOT(1G) s WTTOT(16) yWDOTUMsENERGY»NTOT)
DCYCLE(IP=1)+E .

HRITE (I10Ty7008) (JFLUID{I+IG)el=142)y DCYCLE(IPmI)y
!

WOOTJU(IBURN,1G)y WTTOT(1G)y PHTOT(1G)e ENERGY, 'Es
HWDOTJUM

WOUT=WDOTJYMADCYCLE(IP=])

NTOT=WTOT=WOUT

WPT=WPT=WOUT

ENERGYZE/WTOT

WTTOT{1G) := WITOT(1G) = WDOTJ{IBURN,TG) ‘% DCYCLE{IR<i)
PWTOT(16G) ‘=. WPT

wxnws CALCULATE NEW ‘FANK DENSITY

“RHOP=WPT/SVOL(1GsIT)

1

IF(DIAG(vaHTANKHB)) WRITE(6¢6050) 1Go1T,1Ps e 1F,
wOUT.HToT,HPT.ENERGY.HTTOT(XG).PHTUT(!G).E'SVOL(IG.lT)vRNOP

wr#an LooK UP THE RESULTING PRESSURE

-'KTAB

0
1F (IG «EQ, 17 AND, RHOP ,LT. 40.) KTAB ®'2

"CALL -FINTAB (NTBID(30)4IGeKTAB)

XTAB(1)=RKOP

RAT102 (HPTRCVP )/ (WPTRCVP +HHERCVH)
XTAB(2)ZENERGY#RATIO
PPV=MIPE(2yXTAB)

IF(1SW,EQ, 1) PRES{IP,IG,;IT)=PPV

1F(DIAG{246HTANKYC) ) HRYTE(60606|) valTlevlwlev
RHOP, kNERGYo RATIOy PPV, PRES(!P-!G.IT)

WRITE (lOT,TOOQl
HRITE (10T47010) WOUT, WTOT, WPT, HTTOT(XG)o RHOP, PPV, ENERGY

£ GO TO (200042000y3000)¢1SW
‘wawwn DO THE FINAL CALCULATIONS FOR ‘SYSTEM 1| AND PART SYSTEMS 243

*awwk SUM UP ‘THE VENTED GAS WETIGHT

96E€T66V-OSIN'T
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290 {010 WYSUMt = 0,0 )

1291 : DO 1020 I1 © 1eIW | .

1292 . HWVSUIt = HVSUM - SVWT(I141GeIT)

1293 1020° CONTINUE

..294 (&

. 295 SHVTOT(I1G,IT) = WVSUM

296 4

_231- C wxknt CALCULATE THE PROPELLANT PARENT GAS RESIDUAL,
.98 .C ’

1299 ‘TFINAL = TSAT(PPV,.1G)

1300 N4 CALC, RHO OF GAS

1301 CALL -GSZDNS{IGTFINAL,PPV,RHO1G,216)

~302° WGR(IGs ) '= RHOTG*PVOL -¢ WHE

303 WLRT(1Gy 1) .= WP

"90u4 <

~308 IF(DJAG(2¢6HTANKS )) WRITE(6¢6070) 1G4 IToIPy I IF oHYSUMSTFINAL,2,
“306 1 SHVTOT(1GsIT)sWGR(IGyIT) ¢ WLRT(IGH1IT)

#307 €

<;gg. c WRITE (10TyT7014) TFINALy SWYTOT(IGsIT)e WGR(IGeIT)e WLRT(IGsIT)
200" . ‘

3:? ¢ GO TO (90,201043010)+ISPTYP

‘3'2 C . wkennd CALCULATE PRESSURANT NEEDED FOR 'THIS BURN

19 C

kL 2000 TETSAT(PPV+1G)

1315 C ‘CALC, RHO OF GAS

316 "CALL GSZDNS (1G+T¢PPV,RHOG+2)

317 CALL RHOLIQ{TsIGsRHOL})

918 PVOLESVOL (16, ITY* (RHAL 1 «RHOP ) / (RHOL | =RHOG )
919 VLIGESVOL(1G,1T)=PVOL

320 WPeVLIAwRHAL |

921 WPVERHOG*PVQL

‘$22 .IF(1SW,EQ,1) GO 'TO 90

9213 THE ' THED(16)

324 1F=1F+) )

325 IF (PHELLE,0,) GO 'TO 2004

326 CALL ZFINOD(T+PHEWITHZI)

32T RHE=WHE /PVaL , )

328 PHESRHERZ I*FINDR{ITY®T/ 144,

329 2008 PTOT=PPV4PHE .

3130 1F(PTOT,LT,SOPRES{IG+IT)} GO TO 2008

39 WDOTHE(IFs1GsIT)=0,

332 WHEADD = 0,0

333 PRES(IPyI1GyIT)=PYOT

334 GO TO 2006 .

335 2005 PHE=SOPRES(IGe1T)=ppV

& 51 4 CALC, RHO OF GAS

19937 .CALL GSZDNS (IT+THE¢PHERHOGTs 1)

918 WH = RHOGT*pPvOL . .

919 WOOTHE (TF 4 1Gy ITYE(WHaWHE ) /(DCYCLE(1P=1})

U0 PRES(IP,IGy ITYaSOPRES(1G,IT)

341 WHEADD = WH = WHE

kLY WHE =WH

43 2006 PRESHE(IP41GsITIZPHE

34y WHESUM = WHESUM .4 WHEADD

us € .. . N
B 1T IF(DIAG(2¢6HTANKG )) WRITE (606080) IGeIToIPolyelF,

mr ! TeZsRHOGeRHOL ¢ PVOL o VLIQsWPoHPY,
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1368
1369
370
I
372
1Y
7Y
378
178
77
978
379
380
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388
386
387
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389
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391
392
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39y
395
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39T
398
399
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4013
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2 "SOPRES(16¢eIT)sPPV THE 2] o WHoWHE,
3 DCYCLE(IP=1)sWOOTHE(IF41GoIT),
Y ‘PRES(I1Ps1GsIT) o PRESHE{IP,1G,+IT)

WRITE (10Ts7011)

WRITE (10Ty7012) T+ THE, PVOLs VL8, WP, WPV, PRESHE{IP+1Gs1Tj,

1 PTOTy .SOPRES(IGeTT)y WDOTHE(IF41G41T)y WHEADD,
2 PRES(1P,16,IT), WHESUM

GO Y0 90
wewxd DO FINAL CALCULATIONS FOR SYSTEM 2,
wwax¥ ‘CALCULATE PRESSURIZATION SYSTEM WEIGHT,

:2010 SUMWDH .= 0,0

D0 2020 f] := 1,4IF
SUMWDH '=* SUHWDH -#+WDOTHE(Z1+ 3G ITY*DCYCLE(2%11=1)

2020 ‘CONTINUE
C

N wAnANAN A

(2aY¥a¥aNaXa BNl

WHETOT(1G4IT) = WHESUM

WPGTOT(IGyIT) = |,S*WHETOT(IGs1IT) .4 40,0
IF(DIAG(2+6HTANKS )) WRITE(696100) IGeIToIPyIWeIFySUMHDHYy

I WHETOT(1GsTTHo

2 WPGTOT(1G92IT)s WPTOT(1G), PHWYOT{16)

WRITE (10T¢7015) . ]
WRITE (10T+7016) WHETOT(1G+IT)s WPGTOT(I1G,ITj

GO 70 3C

kA R® SYSTEM J :whnaw

wrrrn CALCULATE PRESSURANT GAS -FLOW RATE,
T = ‘TSAT(SOPRES(16+IT)+16)

IF 2 IF « |
‘CALC, RHO OF:' GAS

CALL GSZDNS (1G+TySOPRES(1Go!)sRHOG,Z)

CALL RHOLIQ(TeI1GeRHNLY)

PVOLESVOL (16, IT)*(Ri1OL 1 =RHOP )/ (RHOL | =RHOG)
PRES(IPy1G+IT)=SOPRES(1G,1IT)

PPV=PRES(IPy1GyIT)

HWPYG=PVOL*PHOG . ,

WDOTPG(IFs1Gy IT)=(WPVG=HPY) 7 (DCYCLE(IP=1))

WPV=HPVG

IF(DIAG(2+s6HTANKY )) WRITE (6906012) 1GeITslpsIWelFy

! “TeZyRHOGyRHOL1 4PVOLyPRES(IP+1G¢IT) PPV,
2 KPVGyWDOTPGIIF,I1GoIT)yDCYCLE(IP=])oWPV

GO0 To 90
wwwe® DO FINAL CALCULATIONS FOR SYSTEM 13,

kntkd FIND MAXIMUM FLOWRATE OF THE PROPELLANT GAS,

* LOOK UP THE HEX WEIGHT PER FLOWRATE FOR THE HEX DELTA P,
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I LTI I TANK LITYT T

I
1406

4 WRANE CALCULATE ‘THE WEIGHT OF THE HEX,
Mor C i
408 C : .
u?v < DELETE NON<EXISTANT TABLES
410 < . :
‘HII ‘3010 CONTINUE
12 c
G139 WOPGHX := “WDOTPG( |4 1GoIT)
Gy . 003020 1] :=:241IF
a1s WDPGMX ‘& AMAXI (WDPGMX o WDOTPG(I141GeITY)
Yle 3020 .CONTINUE
Gy ¢
%18 JX 2 UX e |
4l (4 .
420 WDOTX(JXs1G) = WORGMX )
Y2 UCODE (JXv¥G) = MXCODE(JXy16)
y22 <
42y CALL HEATEX(IG yUXyHDOTX(JXsIG )oHEXHITIJIX1G JoHEXCITIUXsI8 )
2y PoHEXHOT (UX216 ) ¢HEXCOT(JUXe 16 )} o MEXHIP(JXo16 )'Hex:xp(dx.:s ie
M5 2 HEXHOP (JX¢16 ) oHEXCOP(JX+sIG )oHXMRAT(JXsIG )oWDGTH (JX¢16 1o
426 3 HHXTOT(JX.IG ))
1‘427 C .
(gga NTHXPG(IG):: WHXTOT (JX9 16}
G29 4 ,
]qao < | wRwR% COMPUTE 'THE WEIGHT OF GAS GENERATOR ‘PROPELLANT REQUIRED
M3 C S o
32 ‘CALL ‘FINTAB (NTBID(31}+16)
433 XTAB(2) := :SPGTEM(1G,1T)
3y XTAB(3) = SHOTEM(IG,IT)
415 WT = 0,0
49 DO 3030 11 & IyIF
M3 XTAB(1) := PRES{2#11eis1G5IT) - SPDELP{1GyIT)
1438 XTAB(Y4)Y :2 WDOTPG(INy1G+17)
maq WT = WT .¢ MIPE(4,XTABY*DCYCLE(2%1141)
QU0 9030 :CONTINUE
1Y (4
Hu2 WGGPPG(1G,1T) := WT
a4y € \ . .
;3:2 g , wmew® | 00K UP 'GAS GENERATOR SYSTEM WEIGHT,
: .
Hus. ATERM 2 13,824204 .= (0.0||t7azaassepc( 1Gr 1T §) ¢ (1.8632927ES »
Hur c 1(SGGPC( I1Gy IT )**2)) = (],108423E=8 % (SGGPC( IGIIT jew3))
ju8
Hu9 BTERM = 7,9470262 = (,0356361984S6GPC( 16T §) o (6.4684BUYESS »
450 1(SGGPC( IGSIT %#*2)) @ (3, 7946E«8 * (SGGPC( 15511 jeraj
%51 < A
452 WGGAPG(IGsIT) = ATERM # BTERM ‘% WDPGMX
05y <
N6y < awswe CALCULATE MOTOR HOURE POWER REGUIRED,
us% < . hawaw NOTE = OVERALL MOTOR ‘PUMP EFFECIENCY FIXED AT 0.5,
N66 3
45T .CALL ‘RHOLTIQ(SITEMP(16yIT§416+R)
458 ) HPHXPG ‘& J44,0%SPDELP(1GyIT)*HDPGMX/ (550,0%0,S*R)
459 €
460 < wxews | 00K UP MOTOR WEIGHT, MOTOR SPEED = CONSTANT = 30000.0
461 ¢ ‘
562 .CALL ‘FINTAB (NTBID(3IY))

863 XTAB(l) := HPMXPG
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ANK ANANRR Y
XTAB(2) ‘= 30000,0
WMPG(1G4IT) = MIPE(24XTAB)
‘wxawk CALCULATE BATTERY WEIGHT,
W8 = 0,0
CNST = [hy, oiSPDELP(IGvIT)'7H6 0/(550,0%0.5*R%3500, o)
no 3040 If - IF
WB = WD .4 cnsr*woorpc(!|.rc.rryﬁocchE(z'xl.|)
3040 "COMTINUE
WBPG(IGyIT) = wB “JPDNSTY
wawan LOOK UP PUMP WEIGHT.
wxwa® NOTE = DELTA PRES, NPSH = O, AND EFFICIENCY = .7

CALL FINTAB (NTBID{(34}+16)

XTAB(1) =

XTAB(2) = 0 0

‘XTAB{Y) := SPDELP(IG,IT)

XTAB(4) = WDPGMX . .
WCPPG(IGyIT) = MIPE(4eXTAB)

wawxe DETERMINE THE PRESSURIZATION SYSTEM WEIGHT,

WTSYPG(1G,IT) = WTHXPGI16) ¢ WGGAPG(I1GsIT) & WMPG(IG,IT) &
! WBPG(IGsIT) & WCPPG(I1GsIT)

wrxxd SEPARATE 'THE GAS GENERATOR PROPELLANT WEIGHT INTO
ckkwkR 42 AMD 02 COMPONENTS

WTGGH2(1G,IT) = WGGPPG(IGyIT)/(SGMRAT(16,IT) = 1,0}
WTGGO2(IGyIT) = WGGPPG(IGyIT) = WTGGH2(IGeIT)

IF(DIAG(2,6HTANKI2)) WRITE (6+6015) 1G4IToIPyIWe1F,

| WDPGMX s NTHXPG(TG) ¢ WTyHGGPPG (16 IT) ¢ WGGAPG(1GoIT) oRyHPMXPGy
2 WHPG({IG,yIT) s CNSToWBaWBPG(I1GsIT) HCPPG(IGoIT)ySPDELP{IGIIT)
3 HTQYPG(IG IT)yWTGGH2({16,IT)»SGMRAT(IG,IT),NTGGO2(216,IT)

GO Y10 30

C
6000 FORMAT (t4'fuxii15 7 (I5XUE]IS.8))

C . .
6005 FORMAT('47 9 UXsT23) ' STEMPa! 4 TITo'aWAPS! 1752 taWPal yTEHT v taRHOLIe,

! T82v’-VLIG-'1’971'TANK-VOL'/ISX96EI5 8/723¢ 'ULLeVOL Ty 737y ' mRHOGw!
297529 LaPPVtsTOTr LalNTOTLl /ISXIUELS,8)

(< L .
6010 FORMAT( %43, |UXeS15/(ISXsTEIB,8))

C . . . .
6012 FORMAT(taty lUxetTG= o 1%92Xe 1 IT2 91 V02xe 1P o130 2xy Iz v 302Xy

| 'IFR I3/ 15Xy T21 e ' TEMP=GAS ¢ TITe1Z=GAS1TS2, 'RHOG1 4 Y67, TRHOLIGY,
2 T8y tULL-YOL 'y TG 7o 'PRESSURE 1y T112,'«PPVeal/igX,TEIS,8/15X,T27%)
T 'WPVGTyTITy 'HDOTPG 9 TR2y 'DCYCLE 9 T6T e teWPV=! /ISXoHETIK,8)

<
6015 FOPHAT('#'vI“Xp'IG"vl?o?Xo’IT"ol?vZXo'XP"0!372X0'IN"01392Xv

1 tIP=e g1/ 15Xe T2 THDPGMX1 ¢ TITo tWTHXPG 1y TS2¢te WY wi Ty FHGGPPG T o
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| 523
52y
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52T
528
) 529
530
1 %31
5132
51
574
513%
K136
537
.-538
;539
5“0
5“|
5"2
I 6u3
»SQH
 BYs
1846
i$q7
548

TANK CARARANRR

2 TBZ,'NGGAPG"T97"- R -’9TI|Zp'HPHXPG'/I5X(7EIS a[l%x.f??c'HHPG'o
3 TITHICNST9TG2e Ve HB m? yTET INBPG! ¢ TB2y WCPPG! o TOTy ISPOELPT /5,
Y 6EIS ﬂ/l%X'TZIo'NTSYPG'.T?T"NTGGHZ'.T;Z.'SGHRAT"7679'HTGGOZ‘

5 /ISXQ“EIS 8)

€
6020 FORHAT(/ZOXvZO(’*')" BURN NUMBER 2414 sSX¢'PRESS.SYS.NO. =41,
§ |X020('*'7/)

C
6030 FORHAT(/ZOX'ZO("'),' COAST NUMBER "7y 1UySX» IPRESS,SYS.NO, BV ¢ 1l
1 IXe20( k1))

6031 FORMAT(/18X,20{'*1),? FINAL ENGINE SHUTDOWN PROPELLANT TANK CONDI
ITIONS  1420(t*1)/)

6011 FORHAT('+'vl“Xo'16"'1312X0'17"0130?X0'!P"ol?v?Xv'!N"'l’v?Xo~
1 VIR 3 13/15XeT2 30 "RHOP g T s PINT(ENERGY ' 4TS U+ tWP 1 4 THOy WPV g T8U
2 '"MPT1y TG94 'PRESSURE'/ISXy6E15,8)

6035 FORMAT( 14ty |lXet16=0913y2 Xo'IT"vl"ZXo'IP"Q!‘OZX.'!N:’!I!!BX.
I CIFS eI 3/18Xe T2y !SVRT g 737 INTOT 4 T82,'PPVIeTHAGIWP I TR, IPHE,
2 T96 tPRESSURE 1/ |SXe6EI548/15XeT239 'RHOP19T379tRATIO TS|y
7 VINT,EHERGY'!'/15Xe3ELS.8)

6040 FORMAT(NHIHX' IG-'vt'!'aXo'!T-'othXo'IP-"nozx.'zw-'on.z)(o
I tIFzt, 13, /15X9T21 0 VENTHALPY 147369 'WDOTJ 1 yT514 TPUTOT?,
‘2 T66'lWTTOTIoTGl'OHDOTJHQ'TQQvllNT ENERGY"TI|3v'NTOT'/l5Xo7El§ Be
] IISXQTZE"DCYCLE'fTZBv’-E-!/lﬁX'ZEIS.S) )

6050 FORMAT( L4ty [UXy ' IGE o1 102X e VTR 91 V92X e VP 91 302X ot WS o 302X
P RIF=t s I3 /7108XeT23p tHOUT g T3T o tNTOT 4 TS 39 IWPTY 4 T6b ' INT,ENERGY Yy
2 TB29 ' MTYTOT 19 T9Te 'PRTOT ' 4TI 120 '=Ewt /{SXyTE]S, 8/]9X0T230'5V0L'0
3 T3I7+'RHOPY/ISXe2E15,.8)

6060 FORMAT(t4 0y [U4Xyp?1G=1 e 392Xo TITZ o 392Xe tIP=1p1302Xe i INZ? 2 1302Xe
P OYIFRY p 13 /18Xa T2 YRHOP g TIU VINTY  ENERGY 19 TS ICVP 14 TE9, 'CVHI , TB2y
2 '"RATIO'yT99s'PPVI/ISXy4ELS, GITZN"PHE'Qleq'PPESSURE"TSQ"W"O
3 T69¢ WPV TB2y 'RHOG'/15X+SE1%,8)

6061 FORMAT('0'.lRXo'IG-!vI?oax»'!T"ol?vZXo'IP"'1?92X0'IH:'9!102X9
1 "IFS19239/15X9T230 YRHOP 19 TIUs VINTENERGY 19 T519 'RATIO 6 T704 1PPV e
2 T80, 'PRESSUREY /15X,ySELS,B)

6070 FORHAT(N"Wx"16-"1‘ha><o'n-'.n'zx.txw-nn'zxuw:nn.ax-
U YIF= e I39/15%eT21 e YWYSUMY ¢ T360 ' TFINAL ! ¢TS 30 a2ty T6hs 'SHVTOT?,
2 T84 INGRTyTITYIHLRTY/15X+6E15,8)

6090 FORHAT('ol,|qx.'IG:'.I?.QX.'IT".X!.ZX.'IP-'.IS'ZXv'lw"vlleXo
1 ‘!F"vIT'/ISXQTZZv’7557'1737"Z-GAS"75|Q'RHO-GAS'QTbbo'RHO-LIG'
2 TBIy tULLAVOL 9 TIGe 1LTI0=VOL ¢TI 129 'alPat /{BXyTEIS,8/T23 0 'uiPVal,
3 T4y 10P, PPLSSUPE'OTGEO'PPV'0767"HE-TEMP'OTBUQ’Z-HELXUM"T97v
Y ety TI129 " ~WHE=t/ISXyTE]S, 8/T239 'DCYCLE #7379 'WDOTHE "9 TS2y
S 'PRESSURE!'yT65¢ 'HEPRESSURE!'/1Sxe4EIS,8)

6090 FORHAT('O"INX'lIG"013'2X0'!T='013'2Xo'lPE'ol?o?Kt'lNS'!!?v?xv
1 11F=19190/15XpT220SVHTI4T38e 1= WP w !, T5yy tRHO Ty e P INT ENERGY )
2_15X,5E15,8)

6loo FQRHAT('O'9|Nxo'!6:‘OXQOZXv'!T-'o!?,ZXt'lP-'o!’chp'!N-'o!102xo
I tIF2e a3/ 15XeT22¢ 1SUNHDHI ¢T38 INHETOT 14 TS| tWPGTOTY s T6ETHWPTOTY
2 T8I+ 'PNTOTI/I5X¢5E15,8)

7000 FORMAT(/TY2, wax TANK AND VENT PARAMETER CALCULATIONS -##nt/j§-
7001 FORMAT{T20¢)%** INITIAL TANK CONDITIONS #ad1y)

7002 FORMAT(TS, 'FLUID CONSIDERED =« 'o2A6,T43e TFLUID TEMPERATURE a
19F8.297814 'TANK INITIAL PRESSURE = 19F8,2/T5¢'HGT,OF L1G, PROP,
‘2 -2 tyFB,2yTHI YWGT, PROP, VAPOR 1@ 19eFBode .
3 . ‘TBLe'WGT, L1G, ¢ VAPOR
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59y
595
596
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598

620

‘TANK RITT 7YY

4B 1yF8,2/T5y1WGT, HELIUM IN VAPOR = t,F8,2,Tu%,'TOTAL FLUtDS IN

STANK = 1,F8,29T8)9tVOL, OF LIGUID FLUID = t+F8,2/T5¢!PART,PRES,P

6ROP VAPOR .=V F8,3¢T43,'PART PRES HELIUM GAS = ', F8,3,781, ULLAGE

7 VOLIE IN TANK = 14F8,2/7S 'TANK VOLUME = 1eFB,29TUY'E

8FF, TAMK DENSITY ‘= VyFB,2TBI'EFF, INTERNAL ENERGY = 14E[S,8

9) .

2001 FOPHAT(TZO,"'* PRE= OR NONVENT CONDITIONS ###1/})

“7004 FORMAT(TS»'FLUID CONSIDERED « '42A8,Tu3,'FLUID TEHPERATURE 2!

1eF8.2¢78BY,*COAST DURATION = SEC, '= '4F8,0/T5y'WGT,OF L1Q, PROP,
2 = 1eFB.I1THI, 'WGT, PROP, VAPOR 2 VyFB 0T8I 'NGT HELTUM IN
3VAPGR = "yF8. 3/T$v'PART PRES.PROP.VAPOR = '4F8,3sTUIy'PART, PRES.
YHELIUM GAS = '4FB8,39T81'CURRENT TANK PRESSURE = 14FB8,3/TS¢'EFF,I
SHTERNAL .ENERGY = 1,E15,8)

“TO0S FORMAT(/T20,'%x* POST VENT CONDITIONS wwwt/)

7006 FORMAT(TS,'TaHK VENT PRESSURE S VeF8,2¢TUY'WGT,VENTED FLUIDS
| = 'eFB8,29T8 ¢ IWNGT,OF LIQ,IN TANK =tsF8,2/TSy 'WGT,VAPOR IN TA
2HK = 'yFB F¢THI, IWGT HELIUM IN VAPOR = '.Fs I¢TBIL'TOTAL FLUY
INS IH TALK = 'oFB.E/TSv‘PART.PRES.PROP.VAPOR S V4FB8,3:THY IPART,
YPRES,,1ELIUN GAS .= '0F8.3178lv'VENTED TANK PRESSURE = 'yF8,3/7Sy
5 'EFF,INTERNAL ENERGY = '4EI5,8)

“TOCT FORMAT(T20st**% COMPUTE ENERGY BALANCE FOR BURN whk1 ) )

7008 FORMAT(TS, 'FLUID CONSIDERED = 'y2A6,T43,1BURN DURATION .= 'SEC, = !
lvFB.OrTSI,'FLowaATE'FoR THRUST = 'iFB.!/TS,'THRUST'PROP.REMA!N!N
26 =v|'F8.2iTH71'PROPELLANT 1IN TAMK = 14F8,2¢T8I1y'EFF, INTERMNAL
IENERGY = ',F15, e/Tg.'EFF,-TAHK ENERGY = '4E|5,8
Y4 T8Iy 'TOTAL FLOWRATE 2 14F8,3)

7009 FORMAT(/T20,'*%% CONPUTE REGULTING TANK CONDIT!ONS want )

7010 FORMAT (TS, 'PROPELLANT WITHDRAWN = 14F8,3.T43,'TOTAL FLUIDS IN TAN
1K 2 "WFB,2:T81s "PROPELLANT LIG,+VAP, = '4F8,2/75,!THRUST PROP,RE
RUAINING & UyFB,2,TUIy'NEW EFF. TANK DENSITY = V4F8,4¢T8)1¢'PART.PRE
35.,PROP,VAPOR = '2F8,3/TSs'NEY INTERNAL ENERGY = 1,E15,8)

7011 FORMAT(/T20y P#*% COMPUTE PRESSURANT HEEDED FOR THIS BURN wwwi/}

7012 FORMAT(TYS, 'TANK L10, TEMPERATURE = V,Fg, 2°Tuv, 'STORED HELIUM TEMP,
] = 19FB8,29T8I¢'NEW TANK ULLAGE VOLe = "9F8,3/TSy'NEW PROP._LYG-
2 VOLUME :&= 'yFB8,2+¢TH3¢'PROP, L1Q, REMAINING = '"+F8,2¢TBI¢'WGT, OF

3PROP, VAPOR 2 YyF8.4/TSy 'HELIUM PART,PRESSURE = 'V4F8,3yTu3,'TOT

YAL 'PRES, ‘*PPVePHE* = !+F8,39T781+'NOM, OPERATING PRES, = 'yF8,3/78
Se 'HELIUM FLOW RATE = VyEf0.49TYIy 'WEIGHT OF HELIUM USED = 1y
6 E1Q0,4+T81,y'NEW TANK PRESSURE = U4 F8,3/75, 'TOTAL HELIUM CONSUM

TED = 1wF8,.3) .

‘7013 FORMAT(T20, '*%% COMPUTE FINAL TANK CONDITIONS wawi/]

‘7014 FORMAT(/TSy'FIMAL TANK TEMP, = 19FB,39TY3 ' TOTAL VENTED GAS W
16T, = 14F8, ¥ TB1etHGT, OF GAS RESIDUALS = 19F8,3/T5¢'WGT. OF LIG.R
2ESIDUALS = 1,F8.7)

“TOLS FORMAT(/T20, ba%* cOMPUTE PRESSURTZATION SYSTEM WEIGHT #awiy/j

“7016 FORMAT(TSy'TOTAL HELIUM GAs REGD = t',F8, avyuao'wcr.PkessunANT SYST

1EM = 19F8,73)

T0L7? FORHAT(/THZ."*' ‘TANK AND VENT PARAMETER CALCULATIONS -= CONTD, ##w
1)

C

C
END
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PROCEDURE DEFINITI@N PROCESSER - TANKWT

‘TANKWE® ‘PROC
C .
PARAMETER Niwc!10yN2ws2

COMMON /TANKWT/ TWOPyNOSHAP,JTKYYP(NIW) s JFLTP(NIWI yXDININ) ¢¥D{NIW)
| yZD(NlN)o’TAR(I‘HN)v'TVL(NlN).THD(NZH)oTOTVL(NZN)

DIMENSION Al (N2W)9A2(N2W) oA (N2W) oV I (N2W) o V2(N2W] ¢ VI{NZW) o VMX (N2W)

EQUIVALENCE (TOTYLoyMX)y (TAR9AL) o {TAR(3) 4209 (TAR(S ) +AYY 9 (TyLoviie
I (TVL(3)#V2) ¢ (TVL(5)9VY)

‘END
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FUNCTIN TBBIL

FUNCTION TBOIL(I)
DIMENSION TC(IT) .. . S
DATA(TC(N)INZ{117)/277.85056,8+289,1%:59,8,260.,349,2+387,2,
1 347420387427521 0892590 1307300 0776414210944 1749,50 1 156,09,37/
TBOILATC(1)
RETURN
END
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SUBR@UTINE TC@ND

n Annnnn

nAan n

Ann

nan

nan

20

22

30

L1y

y2

DEMIT
‘GO 'TO 4
2

# FOR .CRINKLED DOUBLE ALUMINIZED MYLAR~TISSUE GLASS
.

SUBROUTINE "TCOND (TH,TC,NRAR, THKIN, INTYPE,GCOND)
e

THIS 'SUBRQUTINE COMPUTES THE THERMAL CONDUCTIVITY FOR NINE
INSULATION MATERIALS, REF,s LMSC=A96494T7«VOL,I1, LMSC 2981608,
WITH MICROSPHERE EGNS, PER R,PARMLEY, EMITTANCE VALUES ARE FROM

LMSC A903116 (NASA CR=T2605),
L 2

REAL HSHLD NBAR

-

DELT = TH=TC

TMEAN =2 (THeTCjs2,0

SUMT = 'TH4TC
SUMSAT 'z (THw®2)e(TCH2)
THPRI '= TC/TH

‘THPR2 ® TMPRI*TMPR!

TH3 = THRTH*TH
HSHLD .= THKIN*IIBAR

‘THKFT = 'THKIN/12.0
“THETAl =
“THETA2 '= (1 ,04TMPR2)

(1,04THPRI}
SIGMA = 0,1713E-08

‘"

GO TO (10+20+30+40+50160+7D¢80+90)¢INTYPE
L B

‘® FOR DOUBLE ALUMINIZED MYLAR=SILK NET
"

SCNST =-.2,22E-09

EMITI = 4,40E~04 % (TMEAN®*0,667)
DEMIT = ((2,0/EMITI)=1,0)

Go To 22

.

* FOR DOUBLE GOLDIZED MYLARRSILK NET
. .

SCNST = 2,22E-09

ENIT2 = 8,74E=0y ‘% (TMEAN%*0,509)
DEMIT = ({2,0/EMIT2)=1,0}

SCOND = SCNSTRNBAR®TMEAN

RNUM := SIGMARSUMSQT*SUMTHTHKFYT

ROEN & (NSHLD=|.0) 'w DEMIT

RCOND ‘= RNUK/RDEN

QCOND = (SCOND+RCOND) ‘®(DELT/THKFT}

RETURN

.

‘® FOR DOUBLE ALUMINIZED MYLAR=TISSUE GLASS
LA

SCNST = '7,00E=~|2 . ..

EMITI = 4,y0E=Oy % (THEAN®®0,667)
2 ((2,0/EMIT1)=1,0})

2

SCNST = 8,80E=12 o
EMIT] 2 4,90E~0Y4 .%. (TMEANW0,6T)
DEMIT = ({2,0/EMITIy=1,0}

SCOND "= SCNST* (NBARR®2YATMEAN

RNUM 2 | JT*SIGHA*SUMSQTASUMTOTHKFT
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ARRRRARE:

58
59
60
61
62
6%
b4
65
66
67
68

TCOND

ANnN

50

NnAN

40

62

nnnN

T0

nan

80

[aXa¥al

90

RARRRRA R

RDEN 'z (NSHLD=1,0} & DEMIT

RCOND ‘= RNLUIM/RDEN R .

QCOND = (SCOND4RCOND) ' (DELT/THKFT)
RETURN

*

"
SCNST = '2,00E=10 )

EMITA = 4,90EaQy * (TMEAN®40,67)
EMITB = §,58E=03 % (TMEAN®*0,667)
GO TO 62

»*

* FOR SUPERFLOC

*

SCHNST = 15,40E~11

EMITA = W y0F=0u % (THEAN®#0,667)
EMITB ‘= 4,10E=01 . . .
DEMIT = (() ,0/EMITAYS(]1.0/EMITB)1,0)
SCOND "2 SCHST*(NBARW*2)*TMEAN
RHUM = STGHARSUMSOTRSUMTRTHKFT
RDEN = (NSHLD=1,0)Y*DEMIT

RCOND = RNV1/RDEM

QCOND = (SCOND4RCONDY®(DELT/THKFT)
RETURN

-

* FOR MICROSPHERES (10% TO 135 MICRONS)
R ]

RCNST & 1,56E=~13

RCOND = RCNST®THIXTHETAI*THETA2
QCOND = RCOND '*# (DELT/THKFT)
RETURN

.,

* 'FOR POLYURETHANE FOAM

[ ]

PKSUBE = |,1295€=03 4 (3,48[E=0% * "TMEAN)
QCOND = PKSUBE % {DELT/THKFT)

RETURN

-

‘#-FOR FIBERGLASS BATTING = HELIUM PURGED
-

FKSUBE ‘& |,3836E=03 ‘N (TMEAN®%p,862)
ACOND = FKSURBE * (DELT/THKFT)

RETURN

‘W,

‘END

® FOR NRCe2 CRINKLED SINGLE ALUMINIZED MYLAR
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AANANANNN ANNNANAN

6000

6100

AN An

n nnn

20

30

32
3

SUBR@UTINE TEL

R R R RLR R R AR R R R R Rk W R
% ROUTINE NAME = TABLE EVALUATION OR LOOKUP :®
* ROUTINE .LANG = FORTRAN V UNIVAC 1108 EXEC 2
* PROGRAMMER = R, BOLL!NGER 1949 102 -2693) %
* DATE .CODED = 2/2%/70 i
CE B SFT I INL I R SRt DT RS T R JNC AT T90 TR0 T TS JNT SO TIPS

SUBROUTINE 'TEL(XsY)
wewws EXPLANATION OF THE CALLING SEQUENCE

X -= VALUE OF THE INDEPENDENT VARIASLE 'TO ‘BE
INTERPQLATED ON,

‘Y « 'yaLUE OF THE DEPENDENT VARIABLE WHICH 1S THE
INTERPOLATION RESULTS,

IMCLUDE (CIOUNT
INCLUDE (CKEYS
THCLUDE CTAB

FORMAT (10! |0X!##x INTERPOLATION ERROR « OVERFLOW OR NV WRONG Nygi
i

I3, wwwi
FORMAT (1HQ 10X twee XNDEP. VAR, '=' Flo,4y ! OUT -OF TABLE RANGE (¢
“F10sUy ¢ TO' FIOs4e " ) TABLE NO,T144! NO, SUBTABLES'I3y! -ewet)

IF(TYPE,EQ,1) 6O TO 30

wawaw EVALUATE ‘THE ‘COEFICIENT POLYNOMIAL FOR Y,

v .= XTAB(!)
DO 20 It := 24NV

YE XTAB(Il) ¢ xwey

CONTINUE
RETURN

wherd EVALUATE 'THE ‘TABLE LOOKUP FOR v,

IF (XTAB(I) ,LE. :XTAB{Ny}) 60 TO 33
MAKE XNDEPENDENT VAR, NON-DECREAS!NG
NVI:: NV .4 |
NVD2 :2 NV '/ 2
D0 32  1=1,NVD2
PIVOT .= ‘XTAB(NVIel)
XTAB(NViIe]l) .= XTAB(1)
XTAB(1) = PIVOT
PIVOT := 'YTAB(NViel):
YTAB(NVIa]) = 'YTAB(1)

‘'YTAB(I) = PIVOT

IF (KEY! LT, 1612) GO TO 4.
TEST FOR INDEP, VAR, OUT OF RANGE
IF (X oGE, XTAB(1).,AND, X ,LE, XTAB(NV)} -GO.'TO ‘34
WRITE (!07.6|00) XQXTAB(l)pXTAB(NV)oJTABlD,NETBL
IF (KEY!1.,NE. 1612) GO TO 4
KEY2 ‘= KEYI
RETURN
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AORRARNY

58
59
60
(7]
62
63

TEL RENRRR S

T4 Y YLGINT(XTABYTABINV,X,)NIPySUO)
RETURN

940 WRITE (10T»6000) NV
CALL EXIT

END

96€T66V~DSIN'T



€62-4

i
fennhane

[

CNFWN—0O@~40 AL N —

o®m-3

-20

SUBR@UTINE TEMP

Crene
Craoe
Coooe

Coooo
(AN ]
c!lol

-SUBROUTINE "TEMP(T)

‘ROUTINE To CONVERT NBS=S5 T 1PTS=48 IN THE RANGE BELOW NBP=OXYGEN
(90,18 NBS~55 OR 90,188 1PTS=68) BY INTERPOLATION FROM TABULATED VALUES
GIVEN IN METROLOGIA Sy HT(1967)

ROUTINE ‘To .CONVERT 1PTS«u8 ‘To 1PTS=63 BY METHoD GIVEN BY
‘THOMAS. B, DOUGLAS {JOURNAL OF RESEARCH NBS VOL 73A NOS SEPT=0CT 1969}
IN THE RANGE 90.18 TO 10000 K.

DIMENSION "CHNG(38)

DATA (CHNG(I)'I 1¢38). /8, ,900¢7, 100+5.,200v3. HOOvI.?OOvO.)OOr-O 800
2 =1,400¢r=],5009=1, 2009-0 T00¢=0+100¢0.500¢0,900¢14100+0.900¢0,.300
3 ©0,6009=1,700¢=3, ouo.-q.aoo'-s.eoo.-e 8009w7,800008,6009=9,000¢

-9.000’-8 6000<T7¢700926,40090=4¢900922,90090:500v2,200¢4,900¢
“Te400+9,600+11,100/

IF((T.IT.271 150100).AND, (T.GT 273.149900) JREYURN

IF({T,.GT7,90.1800)G0 TO 2

IT=Y

TI=1IT

IT=1T=53 . . . . .,

DELT=(CHNG(IT)#((CHNG(IT#l}=CHNG(IT))*(TF=T1)))/1000,00

T=T+NELT

RETURN .

IF(V7,GT,273,1500)G0 'T0 3

C=T=273.18

CaLL WFIND(TyW)

TOPZ1,E049.9BYS1 TE=INCe’ 85501 9E=T*CA 244,35 71 7E=] 2'(!00.00-()*
' cﬁl‘;-

TOPZTOP*250,97 .

BOTZ21.00=2¢9389E~RCoY ITYIE=I*(TS,00=C)0COND

DELT=T0OP/BOT

TaT+DELT

RETURHN

IF(T.67,903, +8900)G0 TO &
€2T«273,1%

TOP= u.90qE-7*C'(C-lDO 00)

B80T21,00=2,939E=4nC

PT=0,04S

PT~PT*(C/|00 00)

PT=PT*(C/100,00-1,00)

PT=PT*(C/HI9.5800-I.00)

PT2PT*(C/630.,T400=~1,00)

DELY=TOP/BOT

DELTRDELT+PT

TeT+DELT

RETURN

1F(T.GT, 1337, 5800)G0 'TO §

€sT=273,15

TOPz=].3145¢1, S016E=Y*Ce{, JSL2SEebRCEN2

BOT2{,00044, I01Euly®C :

DELT=TOP/BOY

T=T+DELT

RETURN

S IF(Y.GT,10273.1500)WRITE{6+100)T
100 FORHAT(! "TEMP TO BE .CONVERTED EXEEDS 10000 '€ INPUT WASI+F20,10)
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ANRARRNY

58
59
60
6|
62
63

TEL RERRRERA

4 ¥V B YLGINTIXTAB,YTRByNV,X,NIP,$40)
RETURN

40 WRITE (10T»6000) NV
CALL EXIT

END
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58
59
60
61
62
|

i

TEMP

ARNARRNE

Ez EXP(=22135.,00/T)

DELY=S S6E~Y*TeI,BUEST®(|,00=E) *TH42
T =T+ DELT

RETURN

END
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SUBR@UTINE THETAB

SUBRQUTINE ‘THETAB(DB+CPB,D1B,D2BsSKI)

"CALCULATES SPECIFIC HEAT INPUT (THETA) FROM EGN OF STATE

IN BRITISH UNITS

HUST FALLOW CALLS OF PROPB,CPVTDB.DI'DDBs AND DPDTB 'TO DEFINE
DB+CPByDIBy4D2B

INPUT AND OUTPUT PARAMETERS ARE IN BRITISH UNTTS
SHI=pB*CPB*(D1B/D2B)

RETURN

END

NnAAnAA
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SUBRGUTINE THKWTG

n

AnAnAnNNANAN

N NnanAanNnNnnAan

100

110

'SUBROUTINE'THKNYG (KFLGy1GAS ITYPE MTYPE y TEMP s PUoHDy AREA yHT ' RAD,

RAD 1y THEGHT +KMT)

WARRR RN R RN Rk RN
THIS ROUTINE CALCULATES WALL = *
THICKNESS AND WEIGHT {1F NOT L]
SPECIFIED WEIGHT IS LE
MINIMIZED) -

DATE CODED JULY 1972 ‘.
PROGRAMMER  J, MCKAY ¢ D19=y3 *
BLDG 201 Xus178 *

R AR R R R R AR RN RR R

I EE R EEEERE]

INCLUDE .CMATRL.LIST
INCLUDE "TABLOK

DIMENSION ‘ER(S)eIM(3)9RK({S+2)9sWT(I)

DATA
DaTA

IM/24 1057
ER/Verb42501.59047502,/

DATA (RK(I¢1)912145) / ,500,6054,809,925+1,13"/
DATA (RK(1¢2)01=195) '/ +8Te THS1.849.95501,20 /

KFLG = | FOR COMPLETE ELLIPSOID
- = 2 ELLIPSOID CONNECTED TO OTHER -SHAPE
1G4S =. | FOR 02 ¢ = 2 FOR H2
ITYPES. TANK .SHAPE |2CYLe2= FRUS OF CONEy3=ELLIPSO1D
4=CYD,=ELLIPSOID
MTYPE=. TANK MATERIAL TYPE (IF NOT INPUT PROGRAM WILL
SELECT LIGHTEST)

FIND FLUID DENSITY

(CALL ‘FDNSTY (1GAS,TENPyPUyRHOF)

TANK PRESSURE

P = PU ‘4. 0,0229*HD*RHOF
JKH = 0

IF (P .GE, 1000.] Kt = 5

ISTP =

10
|

IF [(MTYPE (EQ, O} ISTP =: %
KMT = IM

DO 200 I=1,]STP

IMTR = IM(1) R
IF .(MTYPE (EQ. 0) GO'TO {00
KMT .2 MTYPE

IMTR

MTYPE

.CALL FINTAB (NTBID{25)+IMTR}

LOOKUP ‘FTU FOR THE PART!CULAR METERTAL - {1MTR

'FTU 8 MIPE(1+TEMP)

"CALCULATE THICKNESS FOR THE GIVEN SHAPE

GO0 'TO (llOolZOvl?O'IIO)'ITVPE

"THK .=
GO 1O |80

. CYLINDER OR CYLINDER -= ELLIPSOID
2,0%PWRAD / FTU

‘FRUSTRUM OF :CONE

96166V -OSIN'T
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‘58
59
60
81
62
63
o4
65
‘66
67
68
69
70
]
72
& 8]
7y
5
76

27

‘78
‘79
80

8-

THKWTG RREKRARR

CALC, "CONE HALF ANGLE

< . X .
120 COSALp ‘= HT / (SQRT(HT*HT ¢ (RAD!=RAD)#*2))

nn

€

C
C:

K<

C

130

140
150
160
170
180

200

THK := 2,0%R*AMAX| (RADyRADI) , (COSALP*FTU)

GO TO 180
ELLIPSOID {SPHERICAL)
CALC, ELLIPSE RATIO

ERATO = AMAXI(HToRAD) / AMIN{(HT«FAD)

INTERPOLATE ON ERATO TO FIND K
.DO 140 J=1e%

NN o

IF (ERATO = ER(J}) 1409160¢150

CONTINUE

YK = RK(JI=§oKFLG)#(ERATOER (J1=1) Y*(RK(JI4KPLG}=RK(Jl=t sKFLG) |
| / ER(J1I=ER(JI=1))

GO0 To 170

YK = RK(J1KFLG)

THK ‘= (ERATO/2,¢YK)*P*AMAX| (HT RAD) / (2.0%FTU}
CONVERT 'THICKNESS FROM FEET TO INCHES
THK = 12,0 % THK
CHECK FOR LESS THAN ALLOWABLE THICKNESS
1F (THK LT, MINTHK(IMTReJUKM)) THK = MINTHK(IMTReJKM}
7 CALC., WEIGHT FOR EACH MATERIAL
WT(1) 2 0,1125 * RHOL{IMYR) ‘* THK * AREA
SAVE MIN WEIGHT AMD MATER!AL TYPE
IF (WT(1) +GE. WT) GO 'TO 200
HT "2 WT(I)
KMT '= IMTR
CONTINUE
SET WEIGHT EQUAL 'TO LIGHTEST
TWEGHT '=: WY
RETURN
END

96E£T66V-OSIN'T
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FUNCTI®N VFUNC (TKGE@M)
|

N AN A nanNDNANAN N

100

1o

120

130

200

220

230

250

ENTRY AFUNC (1)

"FUNCTION VFUNC (1)

! LRI T S TR I R I T TR A
ROUTINE INTERPRETS INPUT DIMENSIONS
T0 CALL GEOMETRY PROGRAMS
DATE CODED JULY (972
PROGRAMMER Je MCKAV Dl9-u!

BLDG 20° Xus178
T JC L TE BTN I LI Rt IR ST e

R EE R i

.INCLUDE ‘TANKWT,LIST

JMP = L1ABS (JTKTYP(1))

VOLUME CALCULATION ROUTINES
GO/'TO (100+110s1200136)sJHP
| ‘CYLINDER
VFUNC = CYLNDR (YD(1),XD{1})
IF (IWOP ,EQ, 3) VFUNC = O,

G0, TO %00

i FRUSTRUM OF "CONE
VFUNC .= FRCOME (YD(I)sXD{1)s20(I))

GO 10 500
ELLIPSOID

VFUNC := HSPHER (XD(1)9YD{1))

GO T0 500

' CYLINDER LESS ELLIPSOID

"VFUNC '3 (QYLSPH (XD(I)yYD(1))

G0 To 500
AREA CALCULATION ROUTINES

JHP = 1ABS (JTKTYP(I)):

GO TO (20002109220+230) v JMP
‘ CYLINDER

VFUNC ‘=" ARACYL (YD(I)4XD{1)}

GO T0 250
. ‘'FRUSTRUM OF 'CONE
VFUNC = AREAFR (yD(1)¢XD(1)920(1))

G0 T0 250
: ELLIPSOID
VFUNC ‘= ARSPHR (XD(1)9¥D{I1}}

GO 10 250
CYLINDRICAL -4 ELLIPSOTDAL SHAPE
'VFUNC = ARACYL (YD(1),XD{I})
.SHOULD AREA OF ELLIPSOLD BE INCLUDED
IF (JELTP(I} LT, O} 6O TO 500
YES INCLUDE IT _
VFUNC = VFUNC -4 ARSPHR (XD(1)9¥D(1)}
GO TO S00
IF (JFLTP{1) .LT, 0) VFUNC 'z 0.
GO T0 500

‘ HEAD :CALCULATION ROUTINES
ENTRY HFUNC (I4PVOL)

s
‘w
-
..._
'.
'Y
B

96€£166V-OSIN'I



oog-d

ARRARONRY

‘58
59
60
61
62
6%
64

C

‘TKGEOM

300

310

320

330

340

350

360

370
500

RARRRARAER

JMP = IABS (JTKTYP(1))
GO TO (300+3109340y3T0)9gMP

: CYLINDER
CALL CYLHED (PVOL,YD(1)yHD)
VFUNC = HD
Go To S00
FRUSTRUM OF CONE
PV = PVOL

IF (JTKTYP(]) .GT. Q) GO 'TO 320
INVERTED FRUST, OF CONE

PV = TVL(1) = PV )

CALL FRHEAD (PYosYD(I)eZD(1)4XD(1)sHD)

“IF (JTKTYP(1) .GT. O) GO.'TO 330

HD 2 XD(I) = HD

VFUNC 1 HD

60 TO S00
ELLIPSOID

PV =2 pPVoL )

IF (JTKTYP(1) .GT, 0) GO TO 350
INVERTED ELLIPSOID

PV 2 "TVL{]) = PV

‘CALL "ELIPSG (PV.XD{1),YD{1),HD)

1F (JTKTYP(I) «GT. 0) GO 'TD 360
HO = XD(1) .= HD

VFUNC = HD

GO To 500 .
HEAD BETWEEN CYLINDER -/ND ELLIPSO1D

"CALL CYHSPH (PVOLeXD(I)9YD(I)}eHD)

VFUNC = Hp

CONTINUE

RETURN
END
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Aewese  FUNCTION TMELT

a

v

"FUNCTION TMELT(PK)
1F(K,ER,2)G0 TO I
€, 3 1769
PO 2637.2
PT 0,00150
Y S443507
X' 1s0/¢ .
1w ((TT*xC) % ((P/PO)=(PT/PO)e1,0))eny
CALL ‘TEMP(T)
TMELT=T
RETURN
I CONTINUE
A .=-=1879,082%
B = 0.,926%018
.C vo= |.0/|.795
T (P=A)/B)w*C
THELYRY
RETURN
END

CDIONEWBN—-CADPIC AL S N—
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!
!
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!
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i
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FUNCTI@N TMELT B

FUNCTION ‘TMELTR(PB4K)

P = PR % .6,8947ST2E43/1,01325E45
TETMELT(PyK)

TMELTB & 'Tw 1,8

RETURN

END
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SUBR@UTINE TNKWTA

”~

nn

la Yo YaXaXoXaXaXaXalaXal

SUBROUTINE “TNKHTA (ISWyFLDVOLyPCULLGyDIAMsTKTEMP  TKPRES,MTYPE,
“ITNKVLeWTOFTKe TOTARA¢HC)

LR B0 2N B R 231 ZED R NIU K B BT 20 BN BN B IR 3N
* ROUTINE CONTROLS THE CALCULATION OF
* TANK VOL., AREAS, HEAD, WALL ‘'THICK=
‘* NESS AND WEIGHTS,

* FOR BOTH OXYGEMN AND HYDROGEN 'TANKS
‘* DATE CODED JULY 1972

* PROGRAMMER Je MCKAY o D19a4y

]

L]

BLDG 201 Xysi78
LR R R A A R R R E R

$hidded bR

INCLUDE CONST»L1ST
INCLUDE TANKWTSLIST

D!HENSION DIAM(N2W) ¢ FLDYOL (N2W) ¢ MTYPE (N2w) s PCULLG (N2W) s RMAX (N2W ] o
! TKPRES(NaH)vTKTEMP(NZN)oTNKVL(NQH)oTOYARA(Nzw)oHTOFYK(Nzw)

.2 sHO(N2ZW)

100

1o

00 100 1=142 .
RMAX(1) = DIAM(I) /7 2, .
THKVL (1) =-F LDVOL(I) /7 (1,0=PCULLG(21/100,)

TOTVL(I) = .
ISH = | 'STORAGE 'TANKS
ISW = .2 ACCUMULATOR TANKS
IF (ISW .EQ, 2) GO 'TO 11O
!F (IWOP ,GY, 1) GO TO 200
: CALCULATE MAX. VOLUME (SPHERE)
DO 190 I=1y2 )

VMX(1) = :SPHERE (RMAX(1),RMAX(1))

~1F (VMX(1) ,LE, TNKVL(I)) GO TO I30

120

130

140

150

. CALC, NEW RADIUS OF SPHERE
(FLDVOL(T) '/ (25*P1207))#%((,/%,)
2,0*RMAX(])

RMAX(I) .
DIAM(I) -
va(l)
MALRE
vi(1)
HC(T)
GO TO 140
IF (VMX(1) ,EQ. TNKVL(1)} 60 To t20
‘ REQUIRED VOL. GREATER ‘THAN MAX SPMERE
CALC, VOL OF ADDED CYLINDRICAL SECTION

0,
TNRYLLTY °/ 2,
vien

V2(1) '8 “TNKVL(1) = VMX(1}
... CALC, HEIGHT OF CYLINDER
HCII) = V2(]) /7 (PINRMAX(1)}w#2)
VI(T) = YMX(1) 7 .2,
VI{1) = Vi(})

VMX(1) = "THKVL(T)
CALCULATE HEAD FOR OPTION IWOP = |
!F (FLDVOL(Y) 6T4 VI(1)) GO 'TO IS0
HEAD IN LOWER HEMIS
"CALL .SPHSEG (FLOVOL(T}eRMAX(T)sTHD(1))
GO Y0 170
THD(1) := RMAX(D)
1F: (FLOVAL(Y) . .GT. VI(I14V2(1)) GO YO 160
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RRRARNE TNKNTA ARERRARR

58 C HEAD IN CYLINDER
59 PVOL = FLOVOL(I)=VI(l)
60 "CALL ‘CYLHED (PVQLoRMAX(1joHC!)Y
61 THD{I} ‘= THD(I) -+ HCI
62 GO TO 170
63 160 THD(I) = THD(1) ¢ HC(I1)
oY PVOL .= 'THKVL(I) @ FLOVOL(1})
65 c HEAD IN UPPER HEMIS
66 - CALL SPHSEG (PVOLyRMAX{I)yHCI)
67 THD(1) '= THD(I) ¢ RMAX(I) « HCI
68 € FIND APEAS
69 170 A1(1) = ARSPHR (nnAx(l)-RMAX(X))
70 A(D) = AL
71 A2(1) := ARACYL (RMAX(1),HC(1))
72 C TOTAL AREA
T3 TOTARA(I) .= AI(T1) & A2(1) ¢ AN(D)
" C CALCULATE TANK WEIGHY (IWOP=1})
‘75 KFLG = 1
76 WTGl = 0, |
T IF (HC{I) ,EQ. 0.) 60 'TO |80
‘78 KFLG = .2 . .
79 (4 CALC, WEIGHT OF CYLINDRICAL SECTION (1F NECESSARY)
80 CALL ‘THKWTG (KFLGyIytyMTYPE(D) o TKTEMP({1) s TKPRES(L)yTHO(1)yA2(1 )
81 I HC(I)yRMAX(I)sRMAX(I)yNTGIeMFLGI)
82 C CALC, hEIGHT OF HEMISPHERICAL ENDS
83 180 CALL TPKHTG {KFLGy Ty 3gMTYPE (1) ¢ TKTEMP (1) s TKPRES (1) ¢THD{ 1),
8y ! 2.0%A1 (1) 9RMAX (1} 9RMAX (1) oHCIWTG24MFLGI)
85 C . )
86 C ‘TOTAL 'TANK WEIGHT (02 OR H2} (MAIN OR ACCUMULATORS)
87 WTOFTK(1) = WTGI -¢- WTG2
Y 190 CONTINUE
89 RETURN
9Q C
9t C CALCULATIONS FOR GENERAL TANK SHAPE INPUT
gz g MAIN STQRAGE TAMNKS ONLY (IWOP = 2 OR 3)
3
9y 200 KF = |
95 ISV = NOSHAP ¢ 1
96 o FIND FLUID TYPE OF BOTYOM TANK
9T KFL := IABS(JFLTP)
98 RS
99 K2 = .2
100 K3 =1 ]
lot IF (KFL JEQ, 1) GO TO 210
|02 Kt =.:2
jo3 K2 = i
104 K3 = =
|05 4 CALC, VOLUME ANO AREA OUF TANKS
106 210 DO 240 [=|¢NOSHAP
lor KFL2 = TABS(JFLTP(I))
jos 220 IF (KFL ,EQ, KFL2) GO YO 2%0
|09 < CHANGE IN FLUID TYPE
110 1SV =1
fHy Kf = 2
12 KFL .= KFL2
113 < VALUME FOR A PARTICULAR TANK SHAPE
Iy 230 TVL(1) '= VFUNC (1)
15 'TOTVL(KFL) ‘@ TOTVL(KFL) .4 TVL(])
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ARRARANN TNKHTA | whtwrnaw

1116 4 . AREA FOR A PARTICULAR TANK SHAPE
I TAR(1) = AFUNC (1)
118 240 CONTINUE .
;119 4 ‘ . HOW MANY SETS OF TANKS (! OR 2j
Ly2y Ki = KFL
rlaz K2 = k!
Flay K3 = |
'ggu 250 IF (1WOP ,NE. 3} GO TO 300
T c
}{gg_ g- FIT CYLINDRICAL SECTION (IWOP 3 )
ias 1ST = |
1129 DO 280 KeKlyK29X3
130 c K 1S ‘THE FLUID "TYPE FLAG
k) DO 260 I=ISTyMNOSHAP
32 € SEARCH LIST 'FOR CYLINDER (ONE MUST BE.:PRESENT AND
113 C THE HEIGHT .SHOULD BE 1ERO 'FOR IWOP 2 %)
i 134 JeyL = 1
1135 IF (JABS(JTKTYP(I)) +EG. 1) GO TO 270
| 136 260 CONTINUE
13 4 CYLINDER 1S AT JCYL IN LIST
1138 270 TVLIJCYL) .= THKVL(K) = TOTVL(K)}
1139 c ; FIT CYLINDRICAL SECTION 'TO REQUIRED VOLUME
{uo XD(JCYL) ‘= "TVL(JCYL) /7 (PI*YD(JCYLIN*2)
|t < , RE-CALCULATE AREA FOR FITTED CYLINDER
| 142 TAR(JCYL) = AFUNC " (JCYL)
L juy TOTVL(K) '& TNKVL(K)
I uy 1ST = Jeyp ¢ |
. 148 280 CONTINUE
L ue Go 7o 320 . . .
4T [ RE«CALCULATE PERCENT ULLAGE VOLUME (IWOP B 2 ONLY}
T 300 DO 310 K=K14K2sK3
| 149 C TOTVL CALCULATED FROM THE INPUT DIMENSIONS
L 150 PCULLG(K) = ((TOTVL(K) e FLDVOL(K)) 7 TOTVL(K))*l00,
Lisg 310 TNKVL(K) 'z ‘TOTVL(K)
152 C
{53 c MOW .CALCULATE HEAD FOR EACH TANK SET
, 154 320 IST 2 |
. 159 IND = ISV = |
"lgg 00 370 K=K14K24K3
LIST THD(K) = 0,
{58 . TOTARACK) = O,
t159 PV = O,
160 WYG! = 0,
169 c )
162 DO INO I=ISTHIND
"6 2 PV ¢ TVL(I])
i hey IF, (PV.,LT, FLDVOL(K)) GO TO 330
. 168 PVOL := FLDVOL(K) ‘= -PV -4 'TVL (1)
1166 < ' CALCULATE HEAD FOR TH1S 'TANK SHAPE
. k67 THD(K) "= “THD(K) -¢ HFUNC{]+PVOL)
"]68 GO TO 350
L169 330 THD(K) .= THD(K} + Xp{1)
110 40 CONTINUE
i ¢ NOW CALCULATE ‘TANK wercurs
T2 350 DO 360 I=IST+IND
1Ty JTKTP = IABS{JTKTYP(1))
!
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174
175
178
177

-t78

179
180
181
182
183
i84
i85
186
187
jes
189

TNKWTA

370

1

RRRARERN
CALL THKWTG (2¢KoJTKTPoMTYPE(K) ¢ TKTEMP (K} § TKPRES{K) §THO(K) ¢TAR{ 1},
XD(1)e¥YD(I)s2ZD(T) s WTG2,MFLGT)

HTGI := WTGI ¢ WTG2 ) .
CALC, 'TOTAL AREA THIS (02 OR H2) 'TANK

“TOTARA(K) = TOTARA(K) ¢ TAR(1)
"CONTINUE

TOTAL WEIGHT FOR TH1S {02 ‘OR H2) Tank
HTOFTK(K) = WTG!
RESEY INDEX ‘FOR UPPER 'TANK
IST = ISV
IND = NOSHAP
CONTINUE
RETURL
END
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SUBR@UTINE TRAC

SUBROUTINE TRAC (NAME)

" 100 FORMAT (IHO '*% TRACE #% 1 A6)
<

WRITE (64100) NAME
RETURN
END
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enpwngan  FUNCTION TSAT

T FUNCTION TSAT(P,1)
2 60 70 ('p2910’201'6"7'6'7"|°'3v'2"’0|“0|50|6)v!
3 I T = 1519,/7(12,04=AL0G(P))
Y G0 7O SO ] .
b 2 T = 2254T4/(8.7137=-ALOG(P)) = »9%
6 IF(P.OT.19,)T2252,11/(9,4288=ALO0G(P)) .= Ly
ki IF({T.GT,59,8) T = 59,8
8 ‘G0 TO SO
9 3 T = |379./ér|.63.ALoc(pj)
10 IF(P.GT,200,)T 2 1763./(13,43=ALOG(P))
1 6o T0 50 ,
12 6 T = 1839,/({11.83=-41.06(P})
13 GO TO S0
i T T = 1050,/(5.T3=ALOGIO(P))
s GO T0 S0 )
16 10 T = 3168,7/(12.3579=AL0G{P))
T G0 'TO S0
18 12 T = 5090,/(14,45=ALOG(P}))
19 GO TO 50
‘20 13 T =2 7TI48.3/(16.54098~AL0G(P))
21 GO TO S0
22 14 T = 66504/(13.4055=4L06G(P))
2y GO TO SO0
24 IS T = 148%11974/(T,4837=ALOGIO(P/.01934))
2 G0 T0 S0
26 16 T = 1.8%19964/(8,28T5=AL0GI0O(P/-01034y)
27 50 TSaT=T
28 RETIRM
29 END
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CTI@N TSAT

¢
2

10
2
13
4
15

16
S0

FUNCTION TSAT(Py1)

GO TO (1929392039065 7989Tr 10090120139 14415016),1
T 2 1519.7(12,04=AL0G(P))

60 T0 S0 B

T = 225(7"‘/|(8o7|17—AL°5(P)) - 499
IF(PyGT(19,)72252,11/(9,4288=ALOGIP)) = 4
IF(T.G7,59.,8) T = 59,8

60 TO S0

T 2 1374,/7(11.63=ALOG(P)) .
IF(P,G6T,200,)T 2 1763./7(13,43=ALOG(P))
Go To S0 )

T 2 1839,/(11,83=AL0G(P})

‘60 TO 50

T 2 10504/(5.739~ALOGIO(P})
GO TO S0 . .
T 2 3168,7/(12.9579-AL0G(P)}
GO TO sO0

T 2 5090,/{14,45~ALOG(P})

G0 TO 50

T 2 7948,3/(16.54008<AL0G(P))

G0 TO SO

T 2 -665047({13.4055=AL0G(P))

GO TO S0 . N
T 2 1,8%1197./(T.483T=ALOGIO(P/. 0194}
GO TO 50

T 2 {,81996+/(8.28T5~ALOGIO(P/40193)

TSAT=Y
RETURN
END

DAYE
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101
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" FUNCTI@N TSATH

FUNCTION “TSATH{TEMPyHG o HL,)

DIMEMSION P19} sTL(19)9TG(19) s TF(19)

DATA R/IoOZZvZ.O’H.UvS Oolu 0'2500"‘"00’69.0'99 0"28.0"5'000
1165¢9176400182409185.0v186459187425¢187,46875+187,5067

‘DATA TP/24,84%,
227.07129 81133.07936418+39, 96944, 12148, 33'51.97'§H.79v56.72057 800
358457158499 95%918959429159,34959+352959,356/

DATA T6/6041065,11070,59
HeT6475¢80.98+85, 11987.40086, SUQBloQHvTU-ls'bk 83¢66,86047,3U039.56
S133.46928.34022431 918466916455/

DATA TL/~- I?Z 8v-l29 l!v-lzu 25¢= 17,79
6r=110.86r=101.30=89, O4raTl, 221258.585wl3,439030.079a20.569m1 1,130
Tebe2T0la 1 T15.54210483014,29016436/

T=TEMP

IF(T,LT,2h,84S5) T=24,845

IF(T,6F.59,356)T=259,356

DO 104 I=2419

IF(T=TF(1))1024101010Yy

HL=TL(T)

HG=TG(I)

TSATH=ZR{ 1)

RETUEN i

DETF(I1)«TF(I~1)

TRRZTF(I)=T

TTR=T=TF(l=})

HLE(TL(I)*TTR+TL(I=1)Y*TRR) /D

HG=(TG(I)}*TTReTG(I=| Y*TRR) /D

TSATH=(R (1)*TTReR (lel)*TRR)/D

RETURN

CONTINUE

RETURN
‘END

1783
1784
1785
1788
1787
1788
1789
1790
1791
1792
1793
I1T94
1795
1796
1797
1798
1799
1800
180t
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814

0000000000000 000D2000000000300000
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SUBR@UTINE TSIZEL
I

~

nnon

PR B U P NT N NT T P RCIR TIPT TP AR YT WY RY ST ST Ter SR et

* ROUTINE NAME « INITIAL 'TANK SIZE ROUTINE *
‘ -# ROUTINE LANG - FORTRAN V UNIVAC 1108 EXEC 2%
! ‘# PPOGRAMMER « R, BOLLIMGER 1943 J02 26913

'* DATE CODED = 4/28/70

:® REVISED « JUuLY 1972

+ PROGRAMMER = J, MCKAY' DI9W3 201 _ u%(T8
| TR KT IR T ST PN AR 25 L IRT IR IR 2R SR 2RE I SN

IE R R

SUBROUTINE TSI1ZEI{IFLG)
LOGICAL DIAG

1
INCLUDE CACCUM
INCLUDE CCNF16
INCLUDE .CENG
INCLUDE CHEX
INCLUDE "CIQUNT
INCLUDE .CHATRL
INCLUDE .CNOTOR
INCLUDE CTANK
INCLUDE (CTURBM

oxnéusxon WGGHEX(2) yWGGTP (2)

IF (DlAG(OvaYSIZEI)) WRITE (10T46000) FLOLODsSTITEMP,SPGTEM,
1 SOPRES» SHFLUXyHGGTOTy (HXMRAT (1o} e I=l02)0

2 GWEGHT,TMRATO, TIPWT MIXRAT

70

80

iwwan® COMPUTE THE ‘TOTAL PROPELLANT USE B8y THE ‘ENGINES, MEYX
‘axwa® AND GAS GENERATOR FOR EACH GAS (02 AND H2j

+0 ¢ HXMRAT(1¢1)})
+0 ‘¢ HXMRAT(1¢2))

H22

(1) = H21 + WGGTOT(2) = Ha22

H2| 3 WGGTOT (I} /(
H22 £ WGGTOT(2)/(
WGGHEX(2) .= H21 +
WGGHEX(1) = WGGTOT

H21 & GWEGHT(1}/(1,0 -4 TMRATO(1))

H22:z GWEGHT(2) /()40 ¢ TMRATO(2))

WGGTP(2) := H2l + H22

WGGTP()) ‘= GWEGHT(]) ‘= H21 ¢ G“EGHT(Z) Yy sz
1F (IFLG,EQ,2) GO TO 70

HWETOT2 := "TIPWT/(1.0 ¢ HXXRAT)
HTTQT(Z) ‘& WETOT2 ¢ 0% * WETOT2

WETOT| :2 'TIPWT = WTTOT(2)
WTTOT(1) :z WETOT! -+ .03 .% WETOT{

GO TO 80

WITOT(2) =& T!PNT/(I o0 -4 MIXRAT)
NTTOT(1) = ‘TIPHT -= WTTOT{2)

"CONTINUE
DO & It=l,2
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L3l 142113

58
59
60
62
63
6y
65
66
67
68
69

AnANAN N

(o)

[a X a BN 2 ] n

N NN

‘¥SILEY

y
6

20
30

L1

50
60

100

C
6000

RARKARIN

IF (IFLG.,EQ, 2) GO TO
_ FIRST pASS »
WPTOT{Il) = WTTOT(I!) ¢ WGGTP(IIl) & WGGHMEX(1!)
WTOTP(I1) '= WPTOT(I})
GO T0 6
SECOND PASS

WPTCT(11) = WPTOT{I1) ¢ WGGTP(I1) & WTHXPG(11) o WGGPPG(1l¢!l}
] .

*

WGR(THe 1) -+ WLR(II) & WGRACC(II)

CONTINUE

IF (DIAG{246HTSTZED)] WRITE (I0T46000) WPTOT,WTTOT,WGGTP+WGGHEX

wawad COMPUTE THE VOLUME AND HEAT RATE FOR EACH TANK FOR
*xhkk EACH GAS WITHIN THE INPUT TANK COMFIGURATION,

PO 30 T1=1,2 _ _
CALL FDMSTY (I8sSITEMP(1191)eSIPRES(T141)oR)

HAS AN INITIAL LOAD BEEN INPUT
IF (FLDLOD(I11) 26+20+10

CINTTIAL LOAD INPUT = USE 1T
IF (IFLG ,EG, 2) GO TO 20
WTFLUD = ‘FLDLOD (11)
60 T0 30

PPROPELLANT .LOAD .CALCULATED
WTFLUD ‘= WPTOT(11)

CALCULATE VOLUME OF FLUID
SVLFLD(I1) := WTFLUD / {(R*NOP(I1fe1))

CALCULATE TANK WEIGHT AND AREA

CALL “TNKWTA (1¢ySVLFLDySULGPCySHDIAMy SPGTEMySOPRESySHTYPE,SVOL, -
] .

THT ¢ TSAsTCYHT)

DO 60 1=}y
IF (IFLG ,EQ. 2) GO TO 40

FIRST PASS .
SHRATE(I1,1) = TSA(I1, |)#*SHFLUX(T141) / 3600,
60 T0 50

SECOND PASS

1DXRT = SITYPE(Il¢1) 4 , . L
TIWT(IFoT) '= NOP(Thyl)® TSA(T1ol}#RHOT(IDXRI#SITHIK{N41) 7 12,
THT(I1e1) = NOP(TI sl }*TUT(1101)

CONTTHUE

OUTPUT 'THE TANK SIZING DATA
CALL QTPTSZ (IFLG)

IF (IFLG ,JEQ, |) RETURN
DO 100 Ilzly2

fOX = INOXTK(II) .
WI(IDXY = TIMT(I141)
HEIGHT(IDX) = TWT(II
RETURN

i)

FORMAT (14'{UXs8E1S5,8/(1SX6E15.6))
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FUNCTI@N TSTART

FUNCTION TSTART(N)
DIMENSION 'T({!T)

DATA (T(I)s1=0+1TI/1624% » 3645 #153.04s 36,5 0154, +20),
l 21'."‘ ’20“ ~2'4l.H "2%. v|§’o°u'q’zn

2

530.' 96[8-2 v446,.8 065241 o

TSTART ‘= “T{N)
RETURN
END

T.668/
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wenwnwns  SUBRGUTINE TVP

-SUBROUTINE "TVP(PyT)

|
2 ‘COMMON /CTEVP/GT(8) /CRPR/CR(Y)
o .COMMON /SCRH/ 'X(40)
) (& . .
'S Coeee ROUTINE 'TQ SOLVE VAPOR PRESSURE EQUAYION ITERATIVELY FOR
I Lseee TENPERATURE BY NEWTOR'S METHOD
= 3 (& ,
-8 TC=2CR(3)
-9 (4
:? Ceses USE "TEMP EXPLICIT EQN FOR FIRST APPROX
c.
k2 p2=Pwp
R ) PIz=P2%P
1y PYEP WP
18 PS=pywp
1.3 P6CPE#P ]
T X(1) = ALOG(P)
18 X(2) = 1,0
19 %{)=p
;20 X(4r=p2
2l X(S)1=p3
22 X(5)=p?Y
23 X(61=PY
24 X(1r=pS
25 X(8)=pé
26 T ‘= 0.0
27 DO | I=1+8
'28 t T=TeX(1)*GT(1)
29 T 2 1e0/T
30 (4 .
‘N Coeoee T 1S NOW FIRST ESTOF T
92 K4
73 ITRMAX=25
Y EPS: = |,0Es7
, 35 DO 2 ITER=1,1TRMAX
36 PPEVPN(T)
3T CALL DPDTVP(T+P+DPDT)
.18 DELTA=(P=PP)/DPCT .
39 T=TeDELTA
40 1F (ARS{DELTA/T) JLTVERS) RETURN
'Y 2 CONTINUE
‘42 HRITE (69300)PyToDELTA
43 300 FORMAT(' :%#n TYP -DID NOT CONVERGE!s/»
4y . ' P 214615, 70-
4% . 1 ‘2GS, Ty
Yé . ' DEL s'.GlS T)
4T RETURN
48 END
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SUBR@UTINE TVPB

.SUBROUTXNE TVPB{PB,TB)

: m PB N 4,B94T572E¢Y/1,01925E4%
CALL TVP(PeT)

TB = T:x |,8

RETURN

END
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SUBR@UTINE VARNAM

C

c .

SUBROUTINE 'VARMANM

INCLUDE
INCLUDE
THCLUDE
INCLUDE
INCLUDE
INCLUDE
INGLUDE
INCLUDE
INCLUDE
THCLYUDE
INCLUDE
INCLUDFE
INCLIDE
INCLUDE
INCLUDE
THCLUDE
INCLUDE
THCLUDE
INCLUDE
INCLUDE

.INCLUDE

INCLUDE

"THNCLUDE
"INCLUDE

RETURN
END

‘CACCUM
.CAPU
‘CCNFIG
‘CCNTRL
"COCYCL
‘CENG
‘CHEX .
"CSYSHT
.CHSORC
CIOUNT
"CKEYS
‘CHATRL
‘CHOTOR
"CNAMES
‘CONST
‘CPAGE
‘CPUMP
CTAB
"CTABA
"CTANK
‘CTURBN

DUHMY

SPUMP
‘TANKWT
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SUBRBUTINE VENT

[a¥aXal

95
100

SUBROUTINE VENT(QyMHyMPY ML, T)PV,P1,V,16,PPVF,RHOP}
LOGICAL JPyDIAG

REAL MHyMPV,MLyMUyMTyMHF,MPYFyMTOT

INCLUDE TABLOK

THIS SUBROUTINE ‘COMPUTES 'TOTAL VENT MASS DURING COAST
AS WELL AS REVISED VALUES OF LIGUID AND ULLAGE MASSES
AND TEMPERATURE FOR A MIXED FLUID SYSTEM

#%* DEFINITION OF SYMBOLS %%

Q ‘TOTAL AMOUNT OF HEAT ADDED 'TO ‘TANK (BTV)

MH MASS OF HELYUM IN ULLAGE (LBM)

MPV MASS OF PROPELLANT VAPOR IN ULLAGE (LBM)

4158 MASS OF LIQULID IM TANK (LBM) o
T ‘TEMPERATURE OF FLUID (LIQUID o VAPOR) IN TANK (R)
PV VENT PRESSURE (PSIA)

Pl INITIAL PRESSURE (PSIA)

v TOTAL TANK VOLUME (cU FT)

16 PROPELLANT FLAG (1=0XYGENs 2=HYDROGEN)

whwwk  DIAG SWITCH 1S PLACED HERE wawanw

IF(DIAG(O,6HVENT }) WRITE (6+6000) QyMH MPy MLy Ty P¥yPToVi1G,PPYF

wn% INITIALIZE PRESSURE AND VENT MASS INCREMENTS wew

UKI=n,

UHF=0,

pPM={,
DVTEST=|,0E=|0
DEP=PL«PV
pP=DEP/IO, | .
1F{DP,GT,DPM) GO TO 95
DPzAMIN| (DEP+DPM)
GO TOQ (100,110} 416
CMWR=7,996 ’
GC=uB, 25

GO T0 120
CHWR=20,5036%
GC=TH6,

wre ENTER LOOP ON PRESSURE IMCREMENT ‘wee

po 70 I=1,100
LOOP=0
DVMAX=0, 99 (MPV4MH)
OMVMAXZDVIAX
DMVMINZ0,000000001"

W CCHECK Mi| wew

IF (MK LE.0.) GO TO |
PHZP1=PPVF
/CALC, RHo OF GAS

DateE oMITT
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‘CALL RHOLIQ{T;1G¢RL)

yu=veML/RL

MHF = RHOGwVL, |

DIF=ABS (MEF=MH)
IF(DIF,GT,0,001) MH=MHF
P=P1=~DP

MU=MPVeMH

PBz0,5%(PeP])

MT=MUML

‘W% “COMPUTE ENTHALPY OF VENT VAPOR -##e

PG=PPVF*PB/P1
IF(MH,LE,0,) GO TO 3
CALL FINTAB (NTBID(3%})
XTAB(1)=T
XTAB(2)=PH ’ ’
HHIZNIPE(2,XTAR)
PHZ(PI=PPVF)*(PB/PT)
XTAB(2)=PH
HHV=MIPE(2+XTAB)

CALC, RHO OF GAS
CALL GSDHST (IG+T1PGIRG) .
CALL FINTAB (NTBID(36)e16)
XTAB(1)=RG
XTAB(2}=PG
HGIZN1PE(2,XTAB)
HVZ (MPV /11U Y*HG T ¢ (MH/MU I *HHY

*n% COMPUTE NEW INTERNAL ENERGY FOR ASSUMED VENT MASS INCREMENT wwe

KTAB =:0 . |
IF (16 EG, | .AND. RHOP ,LT, 40.) KTAB = 2
CALL FINTAB (NTBID(37)+IG+KTAB)
XTAB(1)=(ELeMPV) 2V
XTAB(2)2PPVF
UI=MIPE(2yXTAB) ¢ (MLaMPV)

CALC. RHO OF GAS

CALL GSIDNS (16G+T¢PPVFyRHOGyZPV)

CALL ZFIND(TsPHos ITyZH) .
DENZ 1, # (MH/ITPV ) RCHWR® (ZH/ZPV )
PPVFZP/DEN

MPVF -2 RHOG*VU

DMVE (MH4MPY (1 , =MPVF /HPY)
DHVB=0,5% (DMVMAX4DHVMIN)

IF (DMV.GE ,DMVMAX) DHVEDMVE
IF(ONV.LE.DHVMIN) DMV2DMVB
UHIZz0, ,

IF(HHQLEUOO) Go To S
PHZPI*(],=|,/DEN)
UMI=MHHH=0, | 8S*PHAVY

UTZUT +UHT

UFASSZUL+Q=DMV*HY

.LOOP=| 00R« 1 .
% COMPUTE PARTIAL PRESSURE OF PROPELLANT yAPOR -#aw

MHFSHH® (| s=DMV/HY)
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LTI T LTS VENT REERNRRA
MPVF=NPV* (| ;=DMV/MU)
‘waw COMPUTE INTERNAL [ENERGY FOR THE NEw SETUR£+!ON'CONDI?XONS‘.*'

[a¥a¥al

KTAB = 0 . .
IF (16 ,EQ. ! ,AND, RHOP LT, 40,) KTAB :® 2
CALL FINTAB (NTBID(38)41G+KTAB) '
XTAB(1)Y=(MLSMPVFI/V
XTAB(2)=PpPVF | .
UF=MIPE (2, XTAB) * (ML&MPVF)
TFETSAT(PPVF,16})
IF (MHF,LE,0,) GO TO IS
PHFZP=PPVF
RHZMHF /VU
CALL ZFILD(TFIPHF1742H)
PHFZFIMDR (I 7)RH*ZH*TE/ 14y,
CALL FINTAB (NTB1ID{39))
XTAR(1)=TF
XTAB(2)=PHF
HHFZNIPE (24 XTABY .
UHF 2HHF ®*HHF =04 | B5* (P=PPVF ) *VU
IF(UHF.LT,0,) LOOP=20
S UF =UF 4UKF ‘
w*R®  CHECKOUT WRITE STATEMENTS ARE FLACED HERE ww#

P )W W DWWV TV TV Y P = = e e
VOO NFWN—~OIDOCNTFTIN—~O0 D3O

#ne COMPARE UF AND UFASS ‘waw

[aXa ¥ aXa Rl

4 DIF2UFASSaUF
PIFF=ABS(DIF)
IF(OIFF,LE.1,) GO TO 640

frrr rro
~NOo i N —0

*** REVISE VENT MASS INCREMENT wew

nANA

149 DMYC=DYMAX=DMY
150 IF (DMVC.GT.DVTEST) GO 'TO 20
st DP=0.5%DP
52 DP=0,5"DVMAX
G0 10 TO
20 IF(OIF) :30+60940
30 PHYHAX=DMY
1F (DMVMAX,GT,DVTEST) GO TO SO
WRITE (6, 1000) 1,P,UFASS,UF DMV ) ) .
1000 FORMAT{(3!HOS/R VENT ANOMALY AT ITERATION o12¢173H DATA ‘FollLoWNt/tUX,
14613,8) .
4o DMVYMIN=DMY .
50 DMEDMV=DIP®*{ (DMV=DMVALD)/ (DIF=DIFOLD})
PHVOLD=DMY
DIFOLDaDIF
DMV =DM )
IF (DMV,LE,DMVMAX, AND,DMV ;6T ,DMVMIN) GO TO &1
DMVZ0, 5% (DMYMAXSDMVMINY
IF(LOOP.LT.20) GO TO 55
An* CHECKOUT WRITE STATEMENTS ARE PLLACED HERE -wew
GO TO 60
GO 10 10

-

wwx yENT MASS ITERATION HAS CONVERGED, RECOMPUTE MASSES AND
CHECK FOR PRESSURE CONVERGENCE, #ow

e - — —— S et S e i e o —— oo — - T —
NN NSNS NAN
W =-—O0 DB NFWN—-0 DO~ O~ T

ARNA Naan
YN
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RRARAERY

1Ty
1rs

—— i —— — ——— — - —
O 0 OO DD mDD®DD
BN =0 OO~ NTFT N

el9

AN AN AAANNAN

VENT RRARRRRY

60 ‘PIRP
TETF
HHEMHF

CALL RHOLIQ(Ts164RL)
CALL ZFIND(T+PPVFI1G+2ZPV}
RGSIUY, *PPVF/(ZPVRGCHT)
RFP= (ML4MPVF) /7Y
QUAL=(RL/RFP=14)/(RL/RGwI,)
IF (QUAL.GT,0,) GO TO 6% _
d ‘wA®  CHECKOUT WRITE STATEMENTS ARE PLACED HERE #w#
QUAL=0,01
GO Y0 66
65 IF(QUAL.LT.1.) GO TO 66
c ‘ww*  CHECKOUT WRITE STATEMENTS ARE PLACED HERE www
AUAL=|,
66 MTOT=ML4MPYF
MPVZQUAL*MTOT
MLSMTOT=MPY

IF(DIAG(2,6I'VENT=1) ] WRITE (6160103 MHyMPYyMLsToUFsUFASS)PPYF 4P
DIFzP=PY

ADIF=D1F-,001

1IF(ADIF,LE.Qs) GO TO .80

IF(DIF,GT,DP) GO 'TO 70

DPZDIF

‘wnxre  DIAG SWITCH IS PLAC!D HERE wiwnde

CONTINUE

(=]

‘www: CHECKOUT WRITE STATEMENTS ARE ‘PLACED HERE -#ww

o
o

CONTINUE

#*eae DIAG SWITCH. IS PLACED HERE -Aenane
P 2 DIAG(1y6HVENT )

RETURN

6000 FORMAT( ey [UXy T2y tHEATQINT ¢ TITo 'HEULL! ¢ TS0y ' PYARIN«ULL yT6S,
I 'L1Q=INSTANK! ¢ T829 YTFLUID' /18XsSE1S5,8/T20, ' VENT=PRES' ¢ T15,
2 VINIT=PRES!,T52, 1 TOT=VOL ' ¢T&T+ ' 1GAS! yTB0s 'PRESSURE?/1GXs3EIS, 8,
3 6Xe1306X9E15.8)
6010 FORMAT( L4ty [tXeT23y taMHaiyTITytaMPVat yTE2, (aMlel yT6T) taTFLUIDT,
I Z1SXeHEIS, 8/7239t-UF-'vT170'-UFASS-'.TSZQ'-PPV-‘.TbT"-'P--'II§Xo
2 4Eis5,8)

6020 FORHAT(39HOS/R VENT QUALITY ANOMALY AT ITERATION vIZ/

I T23¢'QUALY e TIT9 TUF 9 TS2) TULF 1 e TOTy TUFG1/ISXetG13,8)

6030 FORMAT( 'Oy [yXeT239tLOOP Iy TYTy 'UFASS T4 T§2) TUF19TETy IMHF Y/
I ISXe115¢3G15.8/T20 0 1MPYF o TITo ' TFI Y62, 'PPVF1iTETy IPHF !,
2 T80,'DMY!,/15X456G15,8)

€

‘END
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wawewars  SUBRGUTINE VGVS

| ¢ IR RO TR I T SRR R TR S I N S R N P
2 C # ROUTINE NAME « MACH NUMBER COPUYATION . .
14 C * ROUTINE LANG « FORTRAN V UNIVAC 1108 EXEC 2
L} 4 * PROGRAMMER = R, BOLLINGER 1967 102 26933 '™
5 [4 * DATE CODED = 3717/70 ) L.
Y (& L R R I N I I I L I I I I RN I S S I
T C
8 SUBROUTINE VGVS(IDX,RHO,1GAS)
9 (4
10 < whnxd ‘EXPLANATION OF “THE CALLING SEQUENCE
N C n
12 (4 ‘® IDX = INDEX OF THE CONFIGURATION TABLE
‘3 (4 2 o
L} c * PHO e DENSITY OF ‘THE GAS
Is C - ‘
16 C ‘wngkd IGAS « GAS NUMBER (SEE S,R, FINDR}
17 C
18 INCLUDE "CCNF1G
19 INCLUDE CONST
20 €
21 DATA IBLNK,IASTIIASTS/? totw Vytanannnt)
22 (4
23 C exank COMPUTE THE VELOCITY OF THE GAS
ey C
25 MFLG(1DX) = IBLNK .
26 VG :2 576, 'w WOOTN(IDX)/(P1 » DIAM(IDX)aw2 -% RHO)
27 4 ,
ge C waxtt COMPUTE THE VELOCITY OF SOUND IN GAS,
9 C ) ]
30 call (CSUBP{TEMP(IDX)yPRES(IDX)¢1GASyCPGAS)
3 CVGAS = CSUBV(TEMP(IDX)sPRES({IDX)s1GAS)
32 C ' .
k) ) VS = SQRT(GRAVTY®CPGAS*FINDR(IGAS)*TEMP(1DX)/CVGAS)
kL <
15 C wawxw COMPUTE MACH NUMBER
38 € .
17 MACH(IDX) = vG/VS
38 C
39 R4 wawsk CHECH MACH NUMBER, FLAG MACH GREATER THAN «3 WITH ONE
L1¢] C kRRNr ASTRIK, FLLAG MACH NUMBER GREATER THAN 1,0 WITH 6 ASTRIK
Yy < )
he IF(MACH(IDX) ~ 0.3) H40:40s10
43 10 IF(MACH(IDX) = 1,0) 20030930
Y4 20 MFLG({IDX) = IAST!
u% GO TO 40
LT 30 MFLG(IDX) .= 1ASTé
N7 40 RETURN
ug END

966166V -OSIN'T



€ee-d

snwewaww  FUNCTIZN VPN

- — o — —

N =
(-2 -X. ]

2l

n
n

~NONLWN—QODIOANE I

Cooense

FUNCTION VPNLT)

"COMMON/CVPN/G(11) /CRPR/CR(3)

COMMON /SCRIH/ "X(40)
CALCULATE 'THE VAPOR PRESSURE

TCE=CP ()
A=G(HI1)Y

Y22TeY

TI=TRY2
TYCST#TY
TS=T#TY

T6ETRTS

X¢1) .= t.,0/7
Xt2) .= 1,0
X{3=r

X(4r=ve

X{5)=73

X(6)=Ty

X({7)=7S

X(81r=76

X{9) = ALOG(T)
X(10)=(TCaT)**A

P = 0.0
DO | I=iy10
P=P+X(1)*G(])
P ‘= EXP(P)
VPN=p

RETURN

END
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FUNCTI@N VPNB

FUNCTION VENB(TB)

T = TB/1.8
PVPH(T) )
VPNE = P& |,
RETURN

END

01325E45/6,894 7572843
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|

seamnann SUBRBUTINE VPR@P

SUBROUTINE VPROP(T¢PsDeKeHeSeUy2)

|
2 COMMON /RFPR/ RF (10}
o | 4
) Coeee ROUTINE TO CALCULATE ‘THE PROPERTIES OF THE yvAPOR
5 C
U (4 K =) INPUY IS 'T ¢ O
T 4 K =2 INPUT IS T o P
[ - € K =9 INPUT IS Ty-Py ¢ D
9 €
10 IF(X,EQ 1 )CALL PFHD(T,yD,P) .
1 IF(K,EQ,2JCALL DFHD(TsPyDe24+0)
12 HOTO=RF (1)
M SOTO=RF(2)
L) ‘RFST=RF(3)
15 RFHT=RF (Y4)
18 R =RF(S5)
|l7' AK  =RF(6)
18 FIDSFINGI(TyD)
19 FIO = FINGI(Ty0,0)
4 F2D2FING2(TyD) R
21 F20 := FING2(T+0,0) .
"2 S0=S0TNCPSY(T)=CPSItRFST)
1293 HOSHOTOSCPHI{T)=CPHIIRFHT) .
124 S 2 SO = (R & ALOG(DaRAT)=FiD ¢ FI10) ‘» AK
2% H=HO# (TR (FID=F 10)¢F20=F204P/D=R2T)#AK
126 UzHe (P/D Y*AK
2T 23 P/(D*R*T)
28 RETURN

|29 €ND:
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bbbl SUBR@UTINE VPR@PB

SUBROUTINE VPROPB(TBePByDBeKeHR¢SByUB,2B)
COMMON '/RFPR/RF(10)

WT=RF(T)

T TB/1,8.

[4 PB * 6.894TST2E4Y/1,01925E+8

0 DB % 453,5923TE=/(NT * 2, aatasuvs-z)
(CALL VPROP{TyPyDyKeHeSeUy2)

wHn

NELE S N—-C OO~ NE NI~

PB = P % | ,001725E45/6489475T2E«Y
pB = ¥ WT * 2,8%1684TE=2/453.59277E-3
1 HB = H % 453,692377(1.,0543503E+) » wT)
i B = U * Y53,59237/(1,0543503E+3 » WT)
) SB = S % yg3,59237/(1.,0543503E+3 * 1,8 * WT}
! 82 7
| RETURMN
| END
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SUBRGUTINE VSND

SUBROUTINE VSND(T¢PyDeKeW)
COMMON /RFPR/ RF(I0)

vese ROUTINE 'TO (CALCULATE THE SONIC VELOCITy FOR FOLLOWING INPUT OF K

K =1 INPUT IS T ¢ P RETURNS SONIC VELOCITYs W ¢ D

K 22 INPUT IS'T ¢ D RETURNS SONIC VELQCITYs W

K =3 INPUT IS°T PETURNS Wy Dy & P FOR SATURATED VAPOR
K =y INPUT IS T RETURNS Wy Dy ¢ P FOR SATURAYED LIGUID

NnANRANANAN

AKEZRF (6)
AMSRF(T)
IF((KoGT00),OR, (K,LT,5))GO TO |
WRITE (64300)K .
300 FORMAT(t ~#%% ERROR IN CALL VSND wtwi,/,
. ' K MUST EQUAL 1,243+ OR 4Y',/,
. ' K = tyI10)
RETURN
t IF(K,EQ,2)G0 TO 3
IF(K,GT,2)60 7O 2 .
CALL DFND(TyPeDsl1+0)
GO 70 3
2 PSVPN(T)
IF(K.EQ,3)CALL DFND(TyP,DeZ1y2)
IF(K,EQ,4)CALL DFND(TyPyDyZ1y1)
3 CALL CPVTD(TyDyCPyCV)
W.2 (CP/CV) * DPDD(TeD) o (AK » 1000.0/AM)
Nz SORT(W)
RETURN
4 CONTINUE
H&e 0.0
RETURN
END

96166V -OSIN'I
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SUBR@UTINE VSNDB

SUBROUTINE VSNOB(TByPByDByK, WA}

COMMON /RFPR/ RF{10)

WT=RF(T)

T = TB/I.B ..

P = PB'* $,8947572E43/].01325E4% )
D & DB % 453,59237E=3/(HT * 2,8314B4TE2)
CALL VSND(TyPeDeKoW)

WB & W/3,048Eml

RETURN

END

96£T66V-OSIN'T
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sengnnan SUBRBUTINE WFIND

|
!
i
!
|
|
t
|
!
|

ARSI IO N TP TV U = = e e e e = == - )
BEAONF W =0 O RBION FRN— 00D NE SN —

c...‘

c....

loo

SUBROUTINE WFIND(TyW)

DIMENSION A(20)

DATA A/0+25084621E¢3r: 04]3509987€+ Yy
! 0.39105321E42r 0,65561323E42y
2 0 UYTBUTSIES2r 0421252565E420
3 0+459843ISELDr 0.7636146YE=]y
4 0.63811659E=4r 0,70229323E=%

ROUTINE 'TO CALCULATE w{IPTS~68(T68))
CALCULATION DONE BY NEWTON'S METHOD

ITERMX=100 . .
EPS = 1,0E=k

CALC FIRST ESTIMATE

w<=jo.uoT|165uE.z-t-T = 0s11209746E40
DO | ITER=!,ITERMX
DLW & ALOG (W)

CALC T GIVEN EST OF W

|
TY =.0.0
DO 2 121,20
TTZTTeA(L)#DLWR*T
T2 TT ¢ 27%.15

CALC DT/Dy

DTOW .= 0,0

00 3 114920

Al=l .
DYOWSDTDOWSAI®A (I YRDLWA*(Tal ) /W

DELTA=(T<TT}/DTON

WZWeDELTA

1F (ABS(DELTA).LT.EPS) RETURN

CONTINUE |

WRITE(64100)DELTA

FORMAT(! %% WFIND FAILED TO CONVERGE
RETURN

END

0.527856T6E42¢ 0,27676855E420
0.8080358TE+2¢ 0.70524212E420
0.76797636E4ly 0.,213689USEsl
0.,96932862E=2¢ 0,92306915E-T

0.87755139E=Ty 0, 11770261E8/

GIVEN TEMP

= DELTA =14620,10)
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eeannnnw  SUBRBUTINE WTACC

PR == = o o e — .

AN N N

N AnAANNNANAN

(L BN B PRL BB SN INI INT 2ET BN JNT B JRY ZRD BNE BNL N N1 JEL IET R RRY B

‘# ROUTINE NAME « ACCUMULATOR WEIGHTS »
i* DETERMINATION ROUTINE 2
** ROUTINE LANG = FORTRAN V UNIVAC 1108 EXEC 2%
#* PROGRAMMER .= R, BOLLINGER 1943 )02 26933 #
% DATE CODED e« 5/20/70 ..
% REVISED = JULY 1972 *
% PROGRAMMER  « g, MCKAY DI943 201 45178 =

IR I R I R R R R
SUBROUTINE WTACC

INCLUDE .CACCUM
.JNCLUDE (CCNF16G
"INCLUDE "CMATRL

DIMENSION ADUMMY{2),ZERO(2)
PATA ZERO / 0490,/
‘wares COMPUTE ACCUMULATOR WEIGHT AND SURFACE -AREA,

'C:EL'TNKNTA (20AVOLsZERD,ADIAM,ATEMPy APRES s AMTYPE  ADUMMY  ACWT 9 AA s
YHT)
DO 10 It=1y2
1A1 = ATTYPE(I])
CALC, .  ACCUMULATOR IMSULATION WEIGHT o
ACIWT(I1) = NAOP(I1)*AA(T]}aRHOT(IAT)®ATTHIK(TI) 7 12,
ACHT(TE) := NAOP(T1)Y*ACHT (11}
10X = INDXAC(II)
WEIGHT (IDX) = ACWT(II)
WI(IDX) = ACIWT(I!)
CONTINVE .
PRINT ACCUMULATOR DATA
CALL 0OTPACC

RETURN
END
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FUNCTI@N YLGINT

FUNCTION YLG!NT(XvY,NvXBARoNPTSoS) ,,,,, ~YLGINT
C —nen YLGINT
(4 LAGRANGE INTERPOLATION YLGINT
(rrasrervrccncasnescnas YLG‘NT
C ARGUI‘ENT DEFINITION YLGINT
C ‘== ARRAY OF N INDEPENDENY VARIABLE VALUES(INPUT) YLGINT
c v .wa ARRAY OF M DEPENDENT VARIABLE VALUES (INPUT) YLGINT
[4 N ‘we NUMBER OF DATA POINTS (INPUT) YLGINT
4 XBAR .e= INOEPENDENY VARIABLE VALUE FOR WHICH YLGINT 1§ THE YLGINT
.C INTERPOLANT (INPUT) YLGINT
4 NPTS .== NUMBER OF DATA POINTS TO 3E USED IN INTERPOLATION{INPUTYLGINT
C 3 <~ ‘EPROR EXIT IF N IS LESS THAN 2, OR IF OVERFLOW IS YLGINT
4 . ‘DETECTED, . YLGINT
Comemmnsme . - emaYLGINT'
[4 REFERENCE YLGINT
C K, S. KUNZ, NUMERICAL ANALYSIS, MCGRAW=HILL BOOK COMPANY, 19ST,YLGINT
(4T ITT LY TN L L P R L D T L L LT L T T P Ly YLGINT
DIMENSION X(M)pY(N) YLGINT
Crescncncrannmnconcrcrcccsn s erocnaranmacecannea - YLGINT
C CHECK ARGUMENTS N AND NPTS YLGINY
C IF NPTS 1S QUT OF RANGE, USE ALL POINTS _ YLGINT
[ L L T e Y il et ledied i b L L L L ) ee YLGINT
IF{N,LT,2) RETURN 6 YLGINT
IF(NPTS,GT,. ], AND.NPTS,LT,N) GO TO 2 YLGINY
NPTS=N YLGINT
I Ju=t YLGINT
JHENPTS YLGINT
GO T0 9 YLGINT
(romnennvonnrann LT T TS w=YLGINT
(& DETERMINE POSITION OF XBAR WITHIN X ARRAY YLOINT
< UPON EXIT FROM LOOP 3¢ X(yH=1) LT XBAR LE X(JH) .. YLGINT
(AL T T L L P Y TP TP LT P Y T e ) eneYLGINY
2 DO 3 UHsz| N YLGINT
IF(XBAR=X{JH}) S¢]2,3 YLGINT
3 COHNTINUE YLGINY
4 JdH=N
JL:N-NPTSH
GO T0 N _ YLGINT
Ce crme snea YLGINTY
€ DETERMINE NHICH POINTS. USED IN INTERPOLATION YLGINT
[4 THE POINTS CHOSEN ARE THE ONES WHOSE ABSCISSAS ARE CLOSEST 'TO XBARYLGINT
C JL 1S LOWEST SUBSCRIPT OF POINTS USED, JH 1§ HIGHEST SUBSCRIPY YLglNT'
[4 - crcesesras =YLGINT
§ JL=JH YLGINT
. DRI=X(JH)=XBAR YLGINT
6 JL=ulL~! YLGINT
1F(JL,LE, 1) GO TO 1~ YLGINT
IF(NPTS LEQ, 2) GO 'TO 99 .
DI=XRAR=X (JL) YLGINT
T IF{JHeJL#| ,EQ,NPTS) GO TO 8 YLGINT
IF{XBAR=X{JL=1),LT,D2) GO TO 6 YLGINT
JHzJHe ! : YLGINY
IF(JH,GE,N) GO TO 4.
D2=X(JH)=XBAR YLGINT
Go T0 7 YLGINT
8 INDCT=0 YLGINT

IF(JL.GT, | JAND,XBARSX(JLel),LT,D2) INDCTZe1
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ARRNAANR

58
59
60
(3]
62
63
64
65
66
67
68
69
70
71
T2
73
T
75
‘76
7
78
79
80
81
82
89
8y
85
86
87
88
89
90
9l
92
93

YLGINT RERERNRR.

TF (UH, LT N AND XTI JHe 1 )@ XBARLLT,D1) INDCTEY

YLGINT

JLzJul 4 INDCT
JHEZUHeINDCT L ... YLGINY
(onconnceconnrarnccnnrtrnetaratetosasnranacrs soman enaYLGINT
C DETERMINE INTERPOLATING POLYNOMIAL VALUE YLGINT
(4 INNER LOOP COMPUTS PRODUCT YLGINT
(4 OUTER LOOP "COMPUTES SUM YLGINT
C ERROR RETURM FOR DETECTED OVERFLOW ) . YLGINT
Crrosecnravneonnonnennaroennsecansvanne cessenaYLGINT
9 IF(NPTS . .EQ, 2) GO TO 59 '
YLGINT '= Q.
DO 11 KzJLsJH YLGINT
PROD=Y, YLGINT
PO 10 J=dLyJH YLGINT
IF(K,EQ.J) GO TO |0 ) YLGINT
PROD=PROD® {XRAR=X{JYI/Z(X{KYuX{J)) YLGINT
4 TEST FOR OVERFLOW
IF (PROD ,GT, 1.E+20) RETURN &
10 CONTINUE YLGINT
YLGINT=YLGINT+Y(K)*PROD YLGINT
¢ TEST FOR OVERFLOW
IF (YLGINT ,GT, 1,E+420) RETURN &
It COMTINUE YLGINT
RETURN .. YLGINT
[ L L T wmaYL GINT
C XBAR EQUAL 'TO AN ELEMENT OF 'THE X APRAY YLGINT
[ T T Y T T LY T Y L LY Ty - emaY GINT
12 YLGINT=2Y(UH) YLGINT
RETURN YLGINT
<
C FOR {.INEAR INTERPOLATION USE THIS SIMPLIFIED FORM, MODIFIED BY
4 JoMCKAY  3e2t=1972
99 YLGINT ‘= (Y{URH)=Y(JL)IR{XBAR=X(JL) I/ (X(JH)»X{IL) )Y (JL)
RETURN .
END YLGINT
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senawans  FUNCTIZN YLNTRP

1 4
2 c
3 C
Y c
- 8 (4
b
o <
.8
.9 RETURN
10 :END

NOT USED

YLNTRP ‘= (,0E+10

ROUTINE YO INTERPOLATE ON LOG=LOG

"COORDINATES, FOR TABLES WHICH WAVE

BEEN INPUT LN{X)sLNCY) FORM  (6=BaT1)

FUNCTION 'YLNTRP (NV,XVAL}

~= DELETE
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SUBR@UTINE  ZFIND

C

SUBROUTINE ZFIND(TyPyN,V)
DIMENSION G(3417)sSLIT) .
DIMENSION A(1Te6)yTS(17)
DATA (TS(K}iKkziv}6)
1 /'50" 0. I“O.v ’0.!'“0-"900'22000'900'
2 2204930042140, 9370, 24TS o480 2450, 0450,/
DATA(G(1o1)oI=1017)/2T7,85¢59.80259,13959.89260.9349,2¢987,934Y.2
1938749521,89259139 7300 TT6. U010, 97U9.5+1155,99,377
DATA(G(ZtI)vX—IolT)/7N1 780 187.70822,80187,74795,1673.19719.467%.
1 19719¢958149822.811652.91470+0169649TT1491470.933.82/
DATA(G(31 )9 1=1917) /480310 T7664Bs40.6T¢766,8142,01196,35028,62¢
I 96,35028,62155¢81140e6719047T016.78¢37,0011.90933,50¢0386,.,3/
DATA S/5HLC2 +SHLH2 +8HLF2 +5HLH2 »SHFLOX +SHCHY +SHOF2
SHCHY  «BHOF2  y5HR2H6 »SHLF2 +SHHH3  sSHN20U +5HALG0 o
2 SHCLF=5¢SHMHF S s GHHE 2
DATA(AL [9J)od2le6)/e2|U2592E1910,3228322Ewl9,3563987E=Ty
| =e1895669Fa51.4823166E=8y=-,5002793E=]1/
DATA(A( 29d)eJz )18} /=eiyBBUBOE)+463502020m,2863016Em1
! +6260532E~39=,6704223Ee5,,2763409E=7/
DATA(AL 39J)9d=196)/.19209203E0 v=,4GG6045F=] ¢, T505833E=3y
| =e5522453E=51,1900218E=?y-,2526448E-10/
DATA(A( ) od=196) AmsiuG3459E11.63502020m 28630 14E=1,
| +6260532E=T1=¢6T04223E=Ry,276I409E~T/
DATA(A( Sod)rd=196)/ 4 1BUTHETI2E s e HIUE00BE]y,87N2B7TE=Ty
| =e4B89SYSSES 4 1674002E=T =, 221 TUOTE~(0O/
DATA(A{ 69J)9J=196)/,17005803E1v=, 1569025E=14,1534145E=Ty
| =sbb6915TTE=6r413609972Ew8ymo 1 13STBIIE=I)/
DATA(A( TyJd)od=i96)/415219622F2¢=,28012466+.22001021E«2y
| =oB6119226E~51.16835330EwT 4w, 13264[5E=10 /
DATA(A( 8yd)ed21p6)/,17005803E1¢=,1669025Enly, 16A6145E~T,
U =s669157TE=604136099T2E<8rmq | 135TB|IE=11/
DATA(A( 99U} od=z196)/015219822E21=,280124669,22001021E=2)
| ~eB6119226E=51,16895339F =T~y 1326415E~10 /
DATA(A(TOrd)sU=116) foyBI4u950TET s, 15604836Eal ey 9105y274Eay,-
! 27813987E-61=,42739498E0,,251 705 | 2E~12/
DATA(A(T19J)odzti06)/e19209203E 0=, 4596045Emir,7505833E=T
| =s5522453E«R14 1900218 =T r,2526448E=10/
DATA(A{129J)0d=114)/,35233718E10=,34565291E=19,16306507E=3,
1oe38Y52432Cmbe 4SS T2T95EwTra,21979859E=12/
DATACA(199J) 0= 116)/0T0122306E19ey57413097E11.2196TH9TETy
| »eU2198721E~69.40864988E«Gy=, [6089]6E=12/
DATA(A(ILpJd)eJdZ96)/eB6405843E 1=, 721T76161E=1y,2724231E=T,
| »eS13TUBGEwbs UBYYTSEE )=, 8308062Fw]2/
DATA(A(ISyJd)edz146)/ SHRSBEIFEL += 4480628 TE=lvol17T89492EaTy
! =s35089558E=6+.34539726F =9 9=y 1 3832016E=12/
DATA(A( g )J) v Jd=196) /0494075558 e, 39649956Ealye, 1595548 E=T,
I =s3211566TE~6+,32356T06F ==, [3068156E=12/

IF(P,GT,0,0.,AND,T,GT.0,0) GO TO 666
WRITE (6v777) PyT
TTT FORMAT(SX,1EMTERING ZFIND & PRESSURE OR A TEMPERATURE 1% OUT OF RA
INGE ' /15, 'PRESSURE ‘=4,E15,8,T30, '"TEMPIRATURE =1,EI5,g)
CALL EXIT
666 CONTINUE

IF(NJEQ.17) GO 'TO 56
IF(T.6T4650,00ReToLT425,) GO TO 3§
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AL 2212 ]
S

ZFIND

AANRRR AR

IFCT, 6T, TS(N)+100, ,0R, T, LT, TS(N)) GO YO S6

Crann TEST TO SEE IF SATeD COMPyY L APPLIES ARANRARNRRANARNRAAANRARRAEN

CALL PYAPOR(T¢NyTRYP)
TRY=TRYPP ,
IF (ABS(TRY),LT.S,) GO TO §s

%6 CONTIMUE . .
CRRRRARANARARNR AN AR ENRARRAARRRREDL JCHoKNONGARRRASRRARAANARARNACORGONRRRNARARRRNOROO6Y

199

VF=G(3N)*T/(P*14L,)

IF(N,EQ,2,0R,N,EQ,4) GO TO 10

AS2 H2TBRG(VoNINGIYIN) /7 (G(eN) MUY IRG(LoN) 22,5
BS=,0R6T*G(IeNING(1oN)/(GL2oN)* 1LY, )

INZ0

n220

E=,0000)

VaVF
Y2G6({3sN)IRT/(VmBS ) =AS/(THR , GAVR(V4BS) JaPh LYy,
IF(ABS(Y), LT,E) GO TO 200

CORRRRRARBRARARNANRARARRRANRAFIRST DERIVITIVE oF REDchN;Kuonﬁ RESPECT 'TD Vesaann0?s

Yy

4y
200
201
4o

50
1
5S

t

'FORMA

YPZ=G(3IsN) . . :
RT/{(VoBSIH(V=BS) }#ASH{2,%VeBS )} /(TR GAVRYR(V4BS)N({VeBS))

INZINed

N22MN2e i

IF(H2.,EQ,25) E=22,*E

IF(M2.EQ,25) N2=0

IF(IN,GT,j000) GO TO 20}

VEVaY/YP
IF(V,67,0,) GO To 43
OLDVzVeY/YP
DELTA=Y/YP

‘FACTOR=,09

V=0LDV=-FACTOR®DELTA
FACTOR=FACTORW,9

JAF(V.LT.0.) GO TO uy

CONTINUE
GO TO 199
CONTINUE
60 70 50
CONTINUE
HRITE;erO)'TvPoS NysVeVF .
{ Xy JYHREDLICH « KWONG FLUNKED T £ ¢F4,2:2X¢sNHP 2 o
F1.,20 L.
SH FOR yA%92Xe4HV .8 9E10,5+2X¢BHRETURNEDE10,5)
Vz=VF
GO TO 50
TT27+0,5
VZPTDENS (P sTT)
VTR
vVav/VF
RETURN
V=i,
RETURN
CONTINUE . . ) .. o
VAN, | JoA(NG2IOT oA (N ST RTHTOA (N HINTRTRTOAIN,SINPRMUGA (N 6} AT NS
RETURN
END
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FUNCTI@N ZGET

FUNCTION ZGET(TsPs1GAS)
ROUTINE .CALLS STEWARTS COMBINED 02eN2 PROPERTIES PROGRAM

CALL ONPROP(TePoDXsENXeSXrUXrZX016AS)
LGET = ZX

RETURN

END

non
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Appendix B

THE CRYOGENIC INTEGRATED MATH MODEL
(TCIMM)

PART IT — PROGRAM FILE ELEMENT TABLE OF CONTENTS

The next several papes contain the program file table of contents, also know as the
PRT,T index. The table is printed when called for by a ATPRT, T control card. The
output-contains the '""element table,'" '"procedure tables,'" and, if a ATPREP card

has preceeded the PRT card, the "entry point table."

The column headings given at the beginning of the element table have the following

meanings:
D-FLAG — an asterisk means that the entry is deleted from the file.
NAME — name of symbolic/relocatable/absolute element.
VERSION — version of element.
TYPE — if the element is symbolic, the processor which created it

is indicated.
DATE, TIME - time that element was added to the file.

SEQUENCE — position of the element in the file. This is sequentially issued
NO. as elements are added to the file.
PRE-SIZE — for relocatable elements, the preamble length is given in
sectors (28 words per sector).
TEXT-SIZE -~ this is the text size in sectors. _ o
CYCLE — the cycle word is broken up into three separate parameters;
WORD starting from left to right, they are:

(1) the number of cycles the system will maintain

(2) the number of the most current cycles
- . .. _ _(absolute scale) _

(3) the number of cycles currently being maintained.

LOCATION - refers to the sector position relating to the start of the file
(1792 is the base).

B-337
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It should be noted that the entry point table is fugitive in the sense that it must be

recreated each time a change is made in the program, and is subject to the following

constraints:

(1)
(2)
3)
(4)
(®)

Destroyed when an update is made to any element in a program file.
Destroyed when program file is put on magnetic tape.

Is not re-established when file is copied from tape to drum.
Contains externalized labels.

Is created by the ATPREP statement which will prepare or re-estabhsh
an entry point table for a specified program file.
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, .
TABLE @F CONTENTS - FILE TCIMM,

D NAME
CACCUM
CAPUL
CCNF16
"CCNTRL
‘CpeycL
CENG
CFLRAT
CFLUID
CHEX
LHTX
CHSORC
CIOUNT
CKEYS
CHATRL
LHOTOR
"CONSY
CPAGE
CPUMP
CSYSWT
CTAR
CTABRA
CTaNK
CTURBN
DUMMY
spPump
TABLOK
‘TANKWT
ACCRES
ACCRES
ACQWT
ACQWY
ALPHAB
ALPHAB
APUFLO
APUFLO
APUSUP

VERSION TYPE
‘FOR PROC
FOR 'PROC
FOR PROC
FOR PROC
-FOR 'PROC
FOR PRGC
FOR PROC
FOR PROC
FOR PROC
‘FOR PROC
FOR PROC
FOR PPOC
FOR PROC
FOR PROC
FOR PROC
FOR PROC
FOR PROC
FOR PROC
FOR PROC
‘'FOR PROC
FOR pPPOC
FOR -PROC
FOR PROC
FOR PROC
FOR PROC
FOR PROC
FOR PROC
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYi8
RELOCATABLE
FOR SYMB
RELOCATABLE

- e - - -
[ XV RV VRV RV Q' RV ]

- wn - — -
[ XV XV RVT AV VTRV IR VT RV

- > - - — - - -
Wl W W W W WD N DD

DATE
MAR
MAR
MAR
MAR

" MAR
MAR
MAR
MAR

‘MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
HAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR

"MAR
MAR
MAR
MAR
MAR

73
73
73
73
73
7
13
73
79
i&)
73
7
L&)
LA )

Ty

7
73
n
73
13
73
73
71
73
73
7
71
73
™
73

L&)
13
7
ks

‘TIME
0tsStiue
0lsS1150
013151351
0lsSlts2
olsSleS2
013S1tSu
Cl1S115Y
018S1Sy
013S115S
01151156
01151157
01251157
0151158
01351158
0115159
01:52100
01¢$2300
01¢52:0!
0l1sS2:01
01152102
0131523102
01152103
01152103
013152104
01352104
01152106
01¢52406
01:52:09
01152109

011522113

ol1S2e1%3
01521158
oti1S2118%
01152120
01352¢20
01352349

SEQ # SIZE.PRE,TEXT (CYCLE WORD} PSRMODE LOCATION
1y

! t 6 i 1792
2 so t 0 1 1806
] u3 l 0 ) 1856
Y 10 | 0 1 1899
5 1o 1 o 1909
6 10 1o | 1919
7 3 ! 0 t 1929
-8 1 | 0 | 1932
‘9 22 ! 0 i 1939
10 Y | 0 ! 195%
n 13 1 0o | 1959
12 5 [ I | 1972
13 I 1t 0 1 1977
4 1T | o 1978
s 2 | 0 ] 1998
16 2 ! o 1 1ot
17 8 | 0 1 1999
i8 20 t 0 { 2007
19 6 | 0o | 2n27
20 10 | 0 1 20313
2t 2 ! 0 1 2041
22 19 1 0 t 2048
ki) 3 0 |} 2064
24 3 [ T | 20717
25 2 1 6 1 2n80
26 ! ! 0 | 2082
27 3 ! 0 ! 2089
28 b . 208
29 T s 90 | 2090
30 3 2097
31 10 s 0 ! 2102
32 1 . 2112
23 3 s 0 ! 2119
Al 15 ) 2017
15 i1} S 0 1 2138
£ 1) 100 2166
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APUSUP
BETAB
BETAB
.CFTH
CFTH
COMFLO
COMFLO
CONSUM
CONSUM
CPH1
CPHI
.CP1G
"CP16
CPS1
CPS1!
CPYYDB
CPVYTDB
cPVTO
CPVTD
“CRYCON
"CRYCON
CSpPF2l
CSPF21
csuap
¢SuRp
csuapy
CSuBPY
CSuRP}
CSuBP1
.CSuBv
.CsuBy
DATAN2

DATAN2

DATAO2

‘DATAQ2.

‘DCaLe
bcaLc
‘DEMNSON
DENSON
DFNDB
DFNDB
OFND
DFHND
DlacG
Dlac
DPDDB
oPDDB
oPDD
oPDD
DPOTB
oPDTE
DPOT
pPOT
DPDTVP
OPDTVP
DSATL .
-DSATL
OCATY

FOR .SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYNB
RELOCATABLE
FOR SYNMB
RELOCATABLE
FOR SvYtiB
RELOCATABLE
FOR SYNB
RELOCATABLE
FOR SYNB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYI'B
RELOCATABLE
FOR SYNB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR svyMB
RELOCATABLE

‘FOR SYI'8

RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELCCATABLE
FOR SYnB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE

‘FOR SYMB

RELOCATABLE
FOR SyYM8
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR syuB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SvliB
RELOCATABLE
FOR SYMB
RFI OCATARI &

13

-y - —
W W ) W P

v A A - . o — - e MR W e m e P M e = B G e e = - - e m ——
WD WA DD WD WD WD WD DD N D WD DDA D DD W DWW R D DN DD DD WD W

D b ) W

MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
NAR
MAR
MAR
MAR
HAR
MAR
MAR
MAR
MAR
MAR
MAR
MaR
MAR
MAR
MAR
MAR

MAR °

MAR
MAR
MAR
ttaRr
MAR
MAR
MAR
MAR
MAR
MAR
MAR
HAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAD

018%2149
01152152
01152152
ott52188
01352155
01:53118
01353118
0tt54308
01354106
01854110
oFsS4s 1t
0154113
04:15us13
olsSUel6
0tiSutié
00154218
0ltSusts
olSus2t
[IRELT N
01tS4e2s
0!:S4s2%
01154327
0tsiSug27
otiSut30
01154130
oli1S4t32
0154532
CIELIYR L
0118436
0135438
0lsShyrds
[IEALILE]
LRAERLTLE)
[IEALEAL:
0ltS4148
0355101t
01355102
01155408
01155108
01155310
013554110
01155¢12
01355113
01:55¢18%
01355315
01355316
011551516
01155121
01155121
01155122
0t15%5122
01155126
01t85:27
0155131
0135531
01155199

01155439
AlsBCeln

N

N -

LY I TR RN YR )
VO —NE-BTFANVO DN WINCCNAG W AN O N

- N N = W N -
- -

- @ N

- -
FALENO=NNNMN NG N D= BN

o o o o0 o o o o o o o O O 0O O O O O O 0O 9 O O O o o o o

A A A A A A A A A A A A A A A A A A N A A A A A A

[T TR ¥

o
o

v

2271
2u27
2u
2u1e
2uub
2u5y
2u70
2495
2u99
2502
2510
2518
2522
2528
2534
2541
2545
2548
25s8
2564
2578
2591
2597
2601
2611
2622
2628
267
2645
2662
2670
2679
2698
2734
2751
2788
2R04
2820
2825
2810
2894
2817
2850
2859
2R6S
2878
2880
20813
2900
2912
2915
2917
209
20u2
2950
2055
2961

-- YN
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|
DSATV i ‘FOR SYMB 132 MAR 7Y 01:SS14! 9% s L S
ENGINE ‘ RELOCATABLE 13 MAR T3 0115621 96 3 4
ENGINE FOR SYMB 13 MAR T3 01356111 97 22 S o0
FINDR RELOCATABLE 13 MAR 73 01156119 98 ! 3
‘FINDR FOR SYMB 13 MAR T3 01356319 99 2 S 0
FING| RELOCATABLE 19 MAR 73 01356316 100 2 1 . 3028
FINGI . FOR SYMB t3 MAR 73 0Ol1S56t16 10} 12 s 0 ! 041
FING2 ’ RELOCATABLE 13 MAR 73 01156120 102 2 14 . sy
‘FING2 FOR SYMB 17 MAR 7 01156120 103 ) " s 0 | NG9
‘FINGY RELOCATABLE 3 MAR T3 01156124 fou 2 ™ . 1080
FINGY ! FOR SYHNB 13 MAR T3 01156124 105 12 s 0 | ] 1094
FINTAB _ RELOCATABLE 13 MAR 79 01156327 108 ‘2 9 . 1108
‘FINTAB FOR SYI'B 13 MAR 7Y 01156127 107 . 12 s 0 t 3116
FLORATY | RELOCATABLE 13 MAR T3 013156132 108 ) ) 22 ‘ nNn
FLORAT FOR SYMB 13 MaR T3 0f:56¢3) 109 i 28 s 0 1 3156
FLODE® | RELOCATABLE 13 MAR T3 01156134 1o | -3 _ . 3184
FLODEQ FOR SYMB 13 MAR T3 01356834 11t , 8 S o0 | 3188
GASGEN RELOCATABLE 19 MAR 73 01570 TH 2 10 . 3196
GASGEN } FOR SyMB 13 MAR T3 01tSTtI0 1 15 s 0o 1 1208
GETCON RELOCATABLE 13 MAR 73 01357y 1y F 4 . 1224
.GETCON ) " FOR SYMB 13 MAR 73 0018STHIV s 8 s 0 1 3229
GOMTRY | RELOCATABLE 19 MAR 7Y 01157118 e L K 28 - 12137
o] GOMTRY FOR SYHB 19 MAR 77 01:STii8 (BR N s 0 | 1268
ga HEATEX ; RELOCATABLE 13 MAR 73 01157130 118 ] 67 . 1282
o~ HEATEX J FOR SYMB ty HAR 73 01:¢STIY! e . ‘89 s 0 | 1152
- HEXELC RELOCATABLE |9 MAR 79 013157136 120 2 u uyy
HEXELC | FOR SYMB 19 MAR T3 01157136 121 24 s 0 us?T
HTLEAK RELOCATABLE 13 MAR 7%  OF157T:42 122 1 | . sl
HTLEAK : FOR SyMB 13 MAR TV 01357342 121 2 s 0 3u8y
HPTCP RELOCATABLE 19 MAR 73 0157144 12y ' 2 . u8s
HPYCP ! FOR Syns 13 MAR 73 01357145 125 3 s 0 3ues
HPTCV ‘ RELOCATABLE 13 MAR TY  0(157146 126 { 2 . w9t
HPTCV : FOR SYMB 13 MAR 73 01157146 127 3 s o | Moy
HPTGAM- RELOCATABLE 19 MAR 73 01557148 128 | 2 . u9y
HPTGAM FOR SYMB 19 MAR T3 01157148, 129 ] s 0 1 9500
HPW < RELOCATABLE 13 MAR T3 01157150 130 ! [ L 3503
HPH FOR SYMB 13 MAR 7Y 01157150 191 4 s 0 1 3508
HVAP RELOCATABLE 13 MAR 73 01157158 132 1 ] , N 3509
HVAP FOR SYMB 13 MAR 73 01157158 113 5 s 0 ] 1518
HYEMTH RELOCATABLE 13 MAR 73 011583110 134 1 89 . 1523
HYENTH FOR SYMB 13 MAR T3 01158111 135 137 S 0 | %19
INTAB RELOCATABLE 13 MAR 77 01159115 136 2 L14 . 3750
INTAB FOR SyMB 19 MAR 73 01159t16 117 &6 s 0 | 3809 -
LIGRES ; RELOCATABLE 13 MAR 73 01159119 138 | 4 . 1875 =
LIGRES : : FOR SYIB 13 MAR 7Y 01359119 179 ] s o 1880 7
LOCATE RELOCATABLE (9 MAR 7% 059123 140 2 . 9 . 1891 A
LOCATE , FOR -SYMB 13 MAR T3 01159129 141 K} S 0 ] 7902 i
.LPROPB RELOCATABLE 13 MAR 7Y 01159126 {4 1 6 ) 198 >
LPROPB FAR SYMB 13 MAR T3 01359126 149 N S 0 1 1922 ©
LPROP RELOCATABLE 13 MAR 73 01,59;29 14y 2 13 . 3926 et
LPROP FOR .SYMB 13 MAR T3 01159330 148 8 S 0 1 3941 o
LNEGHT ‘ RELOCATABLE 13 MAR 73 02100122 146 2 16 . 949 ©
LWEGHT' FOR SYMB 13 MAR 73 02:10012% sy . 24 § 0 1 9987 o
HATHAX RELOCATABLE 13 MAR 73 023100341 148 4 29 N 3991 :
MATHAX ‘ FOR .SYMB 13 MAR 73 02100342 149- 10 s 0 | unau
MIPE RELOCATABLE 13 MAR 73 02100347 150 ‘2 21 uosu
H1PE FOR -SYMB 13 MAR T3 02300147 151 28 s o 1 47Ty
NIENTH. ‘ ‘RELOCATABLE 13 MAR 7% (02100149 {52 1 2 ui1ns




ore-d

NIENTH
ONPROP
ONPROP
oUTPUT
oUTPUT
OXENTH
OXENTH
PAGE
PAGE
‘PARPHP
PARPMP
PFNDB
PFNOB
PFHD
PFND
'‘PHIB
PHIB
PROPB
PPOPB
PROP
PROP
PSATH
PSATH
PTDENS
PTDENS

PTHEAT
PTHEAT

PHTHON
PHTHON
PVAPOR
PVAPOR
RHOLIQ
RHOLIG
SPUSEG
SPHSEG
SPHTDA
SPHTDA
STOCON
STOCON
‘TBO!IL
TBOIL
“TCOND
“TCOND
TEL
TEL
-TEMP
TEMP
THETAB
‘THETAB
THKWTG
THKWTG
"TKGEOM
‘TKGEOM
‘THELTB
TMELTB
TMELT
“THELY
TNKWTA

FOR :SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE

‘FOR SYMB

RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYI1B
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYUB
RELOCATABLE
FOR SYNMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYNB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYIIB

‘RELOCATABLE

FOR SYMB.
RELOCATAQLE
FOR -SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SyYMB
RELOCATABLE
FOR SYMp
RELOCATABLE
FOR SYHB
RELOCATABLE
FOR SYM8
RELOCATABLE
FOR SYMB
RELOCAYABLE
FOR SYMB
RELOCATABLE
FOR SY(B
RELOCATABLE
FOR SYMB
RELOCATABLE

e e - - e . A e . - - R P T e A % e W e e TE —n e M W R e e = - . > . —— -

MAR
MAR
MAR
MAR

MAR

MAR
MAR
MAR
MAR
MAR
HAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
HAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
HAR
MAR

MAR

MAR
MAR
MAR
MAR
MAR
MAR
HAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR

023100349
02:001%2
02100852
02t01¢29
02:01¢29
02:01¢3u
02301134
02:0( ¢4
02100843
021011852

02101152

02101157
02:011:57
02302101
02102301
02102304
02102104
02:02110
02t02111
02102118
023021418
02302118
02102118
02302136
02302t37
023102152
02102152
02103316
02103116
02103134
02103134
02303137
02:03137
02103141
02303142
02103153
02103154

02103157

02303457
02106155
02106185
02107107
02407307
02107113%
02107138
02107145
02507345
02307148
02307148
02108309
02308110
02108428
02108128
02308153
02:08151
Q2108¢56
02308357
02109108

153
154
155

156
1T

158
159
160
16l
162
163
164
165
166
16T
168
169
170
1Tt
172
173

1Ty

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

196

197
198
199
200
201
202

20Y

204
205
206

207

208
209

-

. £ N .

o 0O o o909 O o O O o O O 0 O O o 0O O O © o o

A A A A A A A A A A A A A A N A A AR N A A NN A A S AN

o o o o o o o o

yion
utle
ut19
yi2?
4150
uied
Y166
Y148
utry
w208
u218
u28
u28%
y287
w101
ult2
ulis
'R
u1y2s
4129
uis|
uiT?
u181
Y
Ny
usyy
us79
usyT
U659y
uss9
us76
4489
UA9S
4701
ur22
u1s
us |y
4a9y
us9a
yqos
U908
ualo
ua28
u9s0
Lyl
u97Ts
4995
s010
5019
S816
5034
5058
5081
5101
5104
5108
st12

r e
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TNKWTA
“TRAC
“TRAC
TSAT
“TSAT
“TSATH
‘TSATH
“TSyZE]
TS1ZE1
“TSTART
“TSTART
“TURBN
‘TURBN

TveB

‘TVPR
VP
TVP

VARNAM
VARHAM
VENT
VENT

‘VGVS

VGVS
VPNB
vPHB
VPN
VPN
VPROPB
VPROPB
VPROP
VPROP
vsHns
VSNDB
VSND
VSHD
WF 1HD
WFIHD
WTACC

‘WTACC
YLGINT

YLGINT
YLNTRP
YLNTRP
LFIND

ZFLHD

2GET

LGET

APUSUB
APUSUB
CONTARL

‘CONTRL
CNAMES
"TANK

TANK
CECLSS
CFUEL

CHPCAL.
cHpCaL;

FOR SYMB
RELOCATABLE

‘FOR SYMB

RELOCATABLE
FOR SYMB
RELOCATASLE
FOR SYMB
RELOCATABLE
FOR .SyMB
RELOCATABLE

-FOR SYMB

RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYHB
RELOCATABLE
FOR SYHB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYIB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR .SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR 5vMB
RELOCATABLE
FOR SYIB
RELOCATABLE
FOR SYNB
RELOCAYABLE
FOR SYHB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYHB

RELOCATABLE

FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR -SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
FOR PROC
RELOCATABLE
FOR SYMB
FOR PROC
FOR PROC
RELOCATABLE

‘FOR .SynB

ty

—-—— e > - . — ——— . - -
W W W D WD WD

e - o . - - - e —— wm e —

- - - - -
g g g gV E P}

W W W WD WD WD DWW W WP WD W WD W

MAR °

MAR
MAR
MAR
MAR

s Map

MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
HMAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
HaAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
AR

02209108
0230931%
02109118
02309722
02309122

023109132

021093133
02309399
02109439
02109141
02109141t
02:09:4U
0210984y
02:09146
02t09146
02109148
02109149
02:09354
02:09tSy
02310101
02110101
02110203
02110t04
02310106
02:10806
02310307
02310107
02t10110
02310110
02¢410g12
02s10¢12
02t101tY
02310314
02310116

02110816 -

02310819
02310119
0211022
02310¢22
02¢1012%
02910325
02: 10227

02110127

0211031
025110832
02:103k40
02110140
22109149
22309149
221121132
22112432
00:05:08
00sikHt2u
00814828
10831137
10831139
10132104
10232104
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5152
s198
8201
5203
5215
$222
5213
5251
$271
5298
5101
5304
5912
5321
5324
5326
5116
S48
5152
5358
su0y
sus |
sus9
SuTy
SuTY
5476
5ugy
suse
su9s
5500
8514
5517
5521
552y
551§
559
5552
5541
5567
5577
5594
5638
5638
5641
5678
5711
571y
57186
5748
5792
580%
5818
sA21
5986
614y
6162
6175
6271
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coMptL
COMPIL
STODTA
STODTA
LSSCHp
LSSCHP
OTRTNS
OTRTNS
ECLSS
ECLSS

FUELCL:
-FUELCL

HEXF21
HEXF21

NEXT AVAILABLE LOCATION=-

RELOCATABLE
FOR SYNB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SvYI'B
RELOCATABLE
FoR SviiB
RELCCATABLE
FOR SvYnB
RELOCATABLE
FOR SYMB

ASSEMBLER PROCEDURE TABLE EMPTY

CoBOL PROCEDURE TABLE EMPTY

D NAME
cACCUM
CCHNTRL
CENG
CFUEL
CHTX
CMATRL
CONST
CSYSHWT
CTANK
SPUMP

28 AR
28 MAR
28 MaAR
28 MAR
29 MAR
29 HAR
29 MAR
29 MAR
06 APR
06 APR
06 APR
06 APR
06 APR
06 APR

FORTRAN PROCEDURE TARLE

LOCATION
50178
53Ty
53734
172538
SHTH2
55386
55918
56758
57262
58242

ENTRY POINT TABLE EMPTY

LINK
I
4
6
266
1o
1y
16
19
22
25

D NAME

CAPU
¢DCYCL
CFLRAT
CHEX
CIOUNT
CMOTOR
CPAGE
CTAB

‘CTURBN

TABLOK

73
7
73
73
7
s
73
73
173
73
73
7
is)
n

10332152 269
1032152 270
10135149 27
1033514y 272
Qug2us !y 2N
(LEFLEAL 274
04126102 275
0426103 276
13332102 277
13332104 278
13151152 279
13151184 8¢
13152100 281
13152100 282
LOCATION
50870
5148y
5L0IY
5L126
55218
55862
5597y
56926
5TT94
58298

A O N £ £ o

LINK

12
1S
1T
20

26

‘260

168
137

15
103

71
14l
127
190
218
217

11
15

A A A A A A N

D NAME
CCNFLG
CECLSS
CFLYID
CHSORC
CKEYS
CNANES
CPUMP
crapa
DUMMY
TANKWT

o o o 0o o o o

LOCATION |
51970
172006
5u098
Sugsy
55358
162906
56198
‘§7206
58158
58326

-3 4
65T
6708
6787
6890
6946
7017
7165
7292
7488
7704
7928
8188
8220
821%

LINK
3

265

8
]
[

262

e
21
24
27
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Appendix B

THE CRYOGENIC INTEGRATED MATH MODEL
(TCIMM)

PART III — CROSS REFERENCE OF PROGRAM FILE

It is often of interest to know which subprograms call a specific routine in a given
program sequence. This kind of information for program file TCIMM is presented
in the following pages. An explanation of the XREF processes which generates the

cross reference listing is given below.

XREF (Cross Reference Listing of Relocatable Elements): The XREF processor
generates a cross reference listing of all entry points and undefined symbols in the
specified program file that has been PACKed and PREP'D, The names of the re-

locatable elements are listed alphabetically. Beside each element name, the names

of the element entry points are listed. Beside each entry point name, the names of

all relocatable elements in the program file which reference this entry point are listed.
An element entry point is the result of an assembly or compilation and specifies the
location at which execution of the program element commences. A compiled FORTRAN V
subroutine or function has one entry point corresponding to the name of the subroutine

or function. An undefined symbol (or external reference) is the result of a subroutine
call or reference to an array not contained within the element. Any external FORTRAN

reference creates an undefined symbol.

B-345
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CREZSS REFERENCE @F FILE TCIMM,

BXREFW#XREF ,XREF

ACCRES 0! (000037) (ACCRES) . +CRYCON

ACOWT . 01 (000034) (ACGWT) yCRYCON

AFUNC 01 (000446) (TKGEOM) #TNKWTA

ALPHAB 0! (000007) (ALPHAB)

APUFLO 0! (000337) (APUFLO) +CONSUM

APUSUB 0! (000707) (APUSUB) #CRYCON

aAPUSUP 01 {003F7S) (APUSUP) yCRYCON

ARACYL 01 (000617) (GOMTRY) yTKGEOM,TNKWTA

AREAFR 01 (000660) (GOMTRY) sTKGEQM

ARSPHR 01 (000727) (GOMTRY) yTKGEOM,TNKWTA

BETAB 0! (0000%6) (BETAB) »ECUSS,FUELCL

CFTW 01 (000131} (CFTW) oCHPCAL,LSSCMP

.CHPCAL, Ol (002673) (CHPCAL) ¢CRYCON

"COMFLO 01 (000267%) (COMFLO) +CMPCAL,LSSCHMP

COMPIL 01 (00S5142) (COMPIL) #CONTRL

CCHE 01 (000245) (GOMTRY)

CONSUM gt (000027) (CONSUM) yCRYCON

CPHI 0! (000103) (CPHI) yVPROP

CPIG 01 (000103) (CP1G) §CPVTD

cpst 0! (0001!3) (CPSI) »VPROP

cPVTD Gl (000157) (CPVTD) ., VSHD,CPYTDB

CpVTDB 01 (000040) (CpVTDB) »PHTHONYCSUBPY

CRYCON 01 (000202) (CRYCON) ¢CONTRL

CSPF21 01 (000063) (CSPF21) oFUELCL . .

csugp 0! (000151) (CSHBP) ,HEXELC,VGVS,APUSUByCOMFLO,APUSIP,ECLSS, FUELCL
CsuBpv 0! (000056) (CSUBPV) +CSUBV,CSUBP

CSURP) 01 (000115) (CSUBPI) +GASGEN,FLORAT,APUSUB,CMPCALyAPUSUP,APUFLO
"‘CsUBY 01 (000113) (CS5UBV) ¢VGVSyTANK,COMFLOJECLSS,APUSUP,FUELCL
CYLHED 01 (00ND36H) (SPHSEG) »TKGEOM, TNKHTA

CYLMNDR 01 (000306) (GOMTRY) yTKGEOM

CYLSPH 01 (000347) (GOMTRY) +TKGEOM

"CYHSPH . 0} (000451) (SPHSEG) ¥TKGEOM

DATAN2 0! (000257) (DATAN2) +PHTHON,ONPROP,DENSON,CSUBPV,BETAB
DATAO2 0! (000265) (DATAO2) ,PHTHON,ONPROP,DENSON,CSUBPY,BETAB
DCALC 0) (000274) (DCALCY oDFND

DEMNSON 01 (000352) (DENSON) .+1.5SCMPoECLSS+APUSUP,FUELCL

DFHD 0! (000211) (DFND) oPROPyLPROP,VPROPyVSNDsDFNDB

DFHDB 0t (000034) (DFNDB) yDENSONyCSUBPV .
D1AG 01 (000062) (DIAG) ,MIPE,LWEGHT,LOCATE,TS1ZEL,VENT,GETCON,FLORAT,FINTAR,ENGINE, TANK,CRYCON,COMFLO
DPDD 0! (000927) (DPDD) - yVSHD4DPPDB,CPVTD

DPDOB 0! (000034) (DPDDB) yPHTHON,BETAB

DPOT 01 (000271) (DPOT) 4OPDTB,CPVTD

DPDTB 01 (000027) (DPDTB) ¢PHTHON,BETAB

pPOTVP 01 (00010!) (OPDPTVP) »L.PROPyTVP

DSATL 01 (000060) (DSATL) ¢DFND

DSATY 01 (0000g4) (DSATV) (DFND

ECLSS 01 (004406) (ECLSS) 9yCRYCON

ELIPSG 01 (000324) (SPHSEG) sTKGEOM

ENGINE 0l (000310) (ENGINE) yCONSUM

ENTHOM Ol (000550) (MATHAX) #HEATEXsFLORAT

FDNSTY 01 (000576) (MATHAX) #THKWTG,TSIZE?

FIHOR Gt (Q00O0tH) (FINDR) .,MATHAX,VENT,VGVS,TANK;COMFLO,APUSUP
FINGI 01 (000322) (FINGI) +LPROP,VPROP .
FING2 01 (0003t4) (FING2) yLPROP,VPROP
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‘FINTAB 0! (00016%)  (FINTAB) (PARPMP,MATHAX,LWEGHT,  THKHT Gy HEXELCy VENT yHEATEX o ENGINE y TANK , CMPCAL yECLSS s APUSUP

, +FUELCLsAPUFLO
FLODER '01 (000041) (FLODEG) .+COMFLO
FLORAT .01 (000531) (FLORAT) »CONSUM
‘FRCONE 01 (000422) (GOMTRY) »TKGEOM
FRIEAD 01 (000422) (SPHSEG) oTKGEOM
FUELCL 01 {005955) (FUELCL) +CRYCON
GASGEN 01 (0Q0211) (GASGEN) +CMPCAL¢APUSUP
GETCON 0l (0000%3) (GETCON) oCHMPCALsLSSCMPOTRTNS
-GSDNST 01 (000623) (MATHAX) sVENT,APUSUB,y TANK,CMPCALFUELCLyACCRES
GSZONS '01 (000650) (MATHAX) »VENT,TANK
HEATEX 0l (001742) (HEATEX) yTANK,CMPCAL,APUSUP
HEXELC 100 (000263) (HEXELC) 4ECLSS
HEXF2 1 01 (000751) (HEXF3l) »FUELCL
HFUNC 01 (000504) (TKCEOM) ¢yTNKWTA
HPTCP 01 (000014) (HPTCP) .,CSUBP
HPTCY 01 (000014)  (HPTCV) . yCSUBV
HPTGAM 01 (000014) (HPTGAM) »CONMFLO
HPY 01 (000006) (HPW)
HSPHER 01 (0004TI) (GOMTRY) yTKGEOM
HTLEAK '01 (U00006) (HTLEAK)
HVAP 01 (000110) (HVAP)
HYENTH ‘01 (000821) (HYENTH) ¢MATHAX,APUSUB,APUSUP,FUELCL
INTAB 0l (001510) (INTAB) oCONTRL
LIQRES ‘01 (000069) (LIORES) ,CRYCON
Locgar 01 (000167) (LOCATE) +MIPE
LPROP 01 (000254) (LPROP} 4PROP+LPROPByCPVTD
.LPROPB '01 (000073) (LPROPB)
LSSCMP 101 (001u52) (LSSCMP) HECLSS
LHEGHT 0t (000353) (LWEGHT) +CHPCAL,LSSCMP
NIPE 101 (000506) (MIPE) yPARPHPyTHKNTG,MATHAX,LHEGHT) HEXELC, VENTHEATE X, ENGINE y TANK, CMPCAL yECLSS FUELEL

. 'APUSUP+APUFLO

NIEHTH Ol (000022) (NIENTH) »ECLSS
04PUSA 01 (003773) (OTRTHS) »APUSUB
OAPUSP 01 (003766) (OTRTHS) ¢APUSUP
OHPROP 101 (000146) (ONPROP) »OXENTHsNIENTHsZGET
OPAPUF 01 (003761) (OTRTHS) +APUFLO
OPTPOW 0) (003722) (OTRTHS) 4ECLSS
OTPACC /01 (003742) (OTRTHS) ,WTACC
OTPACO 01 (00374S) (OTRTHS) »ACQUT
OTPFLT 01 (003753) (OTPTHS) sFLORAT
OTPFLX 01 (003756) (OTRTHS) +FLORAT'
OTPHEX 01 (003711) (OTRTNMS) syCMPCALAPUSUP
‘OTPHXE ‘Gl (003717) (OTRTHS) ,ECLSS =
OTPHXF 0l (003714) (OTRTHS) sFUELCY =
OTPPMP "01 (00372S) (OTRTNS) +CMPCAL 2]
OTPTRA 01 (003730) (OTRTNS) #CHPCAL ¢
oTPTS2 01 (003733) (OTRTHS) ,TSIZEI 5
OTPHSM 101 (003750) (OTRTHS) +CRYCON ©
OTUNLIT . 01 (0008512) (OUTPUT) ,CONTRL (¥}
OUTPA 0! (000425) (OUTPUT) yOTRTNS =
OUTPF 101 (000344) (OUTPUT) »OTRTHS 3
OUTPF ! 01 (0001371 (OUTFUT) yOTRTNS for)
OUTPY "0l (000402) (OUTPUT) 40TKTNS
QUTPW 0! (0004SQ) (QUTPUT) +0TRTHS
OXENTH 01 (000022) (OXENTH) JMATHAX,APUSUB.ECLSS+APYSUP s PUELCL
PAGE 01 (00012t) (PAGE) vINTAB'ENGINE'CONTRL,DlAGoTANK'CHPCALvCOHP!LQLSSCHP.OYRTNS.ECLSS-FUELCL

PARPHP 01 (000600) (PARPMP) ,CMPCAL
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‘PFND 0! (00025%) (PFNDJ ¢PFNDByLPROP+VPROP:DCALC,CPVYD

PFNDB 0t (000030) (PFNOB}

PHIB 01 (000012) (PHIB) ¢PHTHON

PHTHON C! (000100) (PHTHON) ¢ECLSSyAPUSUPFUELCL

PROP 0t (000374) (PROP) +PROPR

PROPB 01 (000073) (PROPB) »ONPROP

‘PSATH 01 (000i22) (PSATH) »APUSUB

PTDENS 01 (000%551) (PTDEMS) +ZFIND

PTHEAT 01 (0006T!) (PTHEAT) otiPTCPyHPTCVyHPTGAM

PUMPEF 01 (000522) (MATHAX) ,PARPMP

PVAPQOR 01 (000316) (PVAPOR) oLFIND

‘RHOL1G 01 {000203) (RHOLIQ) oMATHAX,VENT,FLORAT,APUSUByTANK,CHMPCAL

‘RVMIPE 01 {000521) (MIPE)

SPACE 01 (000507) (OUTPUT) ,0TRTNS

SPHERE 01 (000544) (GOMTRY) »TNKWTA

SPHSEG 01 (000266) (SPHSEG) ¢TNKWTA

STOCON 01 (000040) (STOCON) #COMPIL

STODTA 0} (DO0DD6) (STODTA) »CONTRL

TANK 01 (003716) (TAMK) #CRYCON

TBOIL Ol (000014) (TRALL) »HVAP

TCOHD 01 t00D3ITY) (TCOND) 4APUSUB,APUSUPJECLSS,FUELCL

TCRCAL 0! (000527) (MATHAX) »HEATEX

TcRCLC 01 (000700) (MATHAX) »HEATEX

TCRLOW . 01 (000735) (MATHAX) #HEATEX:

TCRRAL 01 (000746) (MATHAX) ¢HEATEX

TEL 01 (000161) (TEL) oMIPE

TEMP 01 (000321) (TEMP) o»THELY

THETAB 01 (0000J2) (THETAB) »PHTHON

THKNTG O) (000323) (THKHTG) yTNKWTA

THELT g1 (000077) (THELT) »THELTD

“TMELTH o0t (000021) (THELTB}

THKHTA 01 (001057) (TNKWTA) »TSIZE19WTACC

TRAC 0! (000013) (TRAC)

"TSAT 01 (000234) (TSAT) ¢HEATEX,VENTsTANK

TSATH 01 (000122) (TSATH)

TSI1ZET 01 (000416) (TSIZEI) +CRYCON

“TSTART 01 (000014) (TSTART) ¢HVAP

TURBN 01 (000105) {TURBM) 2CMPCAL

“TVP 01 (000136) (TVP) +TVPB

"“TVPB 01 {000020) (TVPBy .

VARNAM 01 (000004) (VARNAM)

VENT 00 (001105) (VENT) ¢TANK

VFUNC D! (00041D) (TKGEOM) yTNKWTA

VGVS 0l (000106) (VGVS) »CMPCAL,LSSCMP . E;
VPN 0! (000I04) (VPM) ¢PROP+LPROP+TVP¢VPNRyYSND¢DFND w
vPHB 01 {000020) (VPNB) a
VPROP 01 {000157) (VPROP) ,PROPyLLPROP+VPROPB 1
YPROPB o1 (000073) (VPROPB) 3>
VYSND 0! (000145) (VSND) ,VSNDB ©
VSNDB 01 (000036) (VSNDB) et
WFIND 01 (D00{24) (WFIMD) »yTEMP o
WouACL 0t (000726) (MATHAX) »HEATEX ®
WTACC 0) (000062) (WTACC) yCRYCON

YLGINT 01 (000405) (YLGINT) ,TEL

YLHTRP 01 (0000Q7) (YLMTPP) . .

IFIND 01 (000436) (ZFIND)  ¢MATHAX,VENT,APUSUBsTANKsAPUSUPFUELCL

LGET 01 (000022) (ZGET) +FUELCLyAPUSUP,ECLSS,APUSUB

“*RDONEWwH:
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